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Abstract
Objective This study evaluated the prevalence, impact and
predictive factors for the occurrence of febrile neutropenia
(FN) in elderly patients receiving adjuvant myelosuppressive
chemotherapy despite primary prophylaxis with G-CSF
(breakthrough FN).
Methods This was a single-centre, observational, retrospec-
tive cohort study. Elderly cancer patients (≥65 years old) who
have received adjuvant chemotherapy with primary prophy-
laxis using G-CSF from Jan 2008 to Aug 2011 were included.
Variables identified by the univariate analysis as being asso-
ciated with FNwere included in a multivariable logistic model
to investigate the independence of its association with FN.
Results One hundred and forty-five patients and 704 cycles
of chemotherapy were analyzed in this study, of which
majority were Chinese (79.3 %). The median age of the
patients was 69 years old (IQR: 66, 74). Majority of these
patients were diagnosed with lymphoma (54.5 %), followed
by breast cancer (34.5 %) and small cell lung cancer (8.3 %).

In total, 24 patients (16.6 %) manifested at least one episode
of FN, of which 41.7 % occurred during the first cycle of
treatment. Only a minority of FN patients had clinically
significant dose delay or reduction (25.0 % and 12.5 %,
respectively). After adjustment with confounders (gender,
baseline lymphocyte counts and baseline absolute neutro-
phil counts), patients with ≥2 comorbidities were at higher
risk to develop breakthrough FN (AOR=4.42, 95 %CI:
1.36–14.40, p=0.014).
Conclusion Breakthrough FN is prevalent among elderly
cancer patients receiving adjuvant chemotherapy despite
G-CSF support, particularly among patients with more than
two comorbidities.
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Background

Febrile neutropenia (FN) is a serious complication of che-
motherapy. FN may lead to treatment delays and dose re-
ductions, which may potentially compromise the efficacy of
chemotherapy. Patients manifesting FN often require hospi-
talization and administration of antibiotics. Furthermore,
mortality may increase substantially if patients present with
concomitant infections, particularly in those who possess
multiple co-morbid conditions. Hence, it is prudent to take
all precautions to prevent the occurrence of FN, such as
judicious usage of granulocyte colony-stimulating factors
(G-CSF) prophylaxis. In order to determine the prophylactic
strategies of G-CSF, the current guidelines recommend
assessing a number of factors to determine the risk of FN.
These factors include the myelosuppressive risk of the
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chemotherapy regimen, patients’ risk factors, patients’
disease status and treatment intent [1–3].

Elderly patients, defined as age equal and above 65 years
old, are generally regarded to be more prone to FN and its
associated complications due to a decreased metabolism of
myelosuppressive drugs, leading to accumulation and sub-
sequent toxicity [4, 5]. Other reasons for increased risk of
myelotoxicity in elderly patients include reduced bone
marrow function and depletion of hematopoietic stem cell
reserves [2, 6, 7]. As such, elderly patients are often candi-
dates for receiving chemotherapy regimens with reduced
dose intensity or density, which could potentially compro-
mise treatment efficacy.

G-CSF have been demonstrated to be effective in de-
creasing the degree and duration of neutrophil nadir, thus
decreasing the incidence of FN, mortality and frequency of
dose reductions [3, 8]. This was observed across a wide
range of malignancies and chemotherapies. There is increas-
ing evidence that elderly patients may also benefit from
myelosuppressive regimens especially when they are ade-
quately supported by prophylactic G-CSF. As such, the use
of G-CSF as primary prophylaxis in elderly patients under-
going curative chemotherapy with moderate-to-high risk of
myelotoxicity is recommended in major guidelines.

Through clinical observations, it has been noted that a
proportion of elderly patients may still manifest FN despite
receiving prophylactic G-CSF (i.e. breakthrough FN). There is
a need to identify clinical characteristics that may predispose
elderly patients to breakthrough FN in order for clinicians to
improve their supportive care management. Hence, this study
was designed to evaluate the prevalence of breakthrough FN
among elderly cancer patients receiving myelosuppressive
chemotherapy at a cancer center. In addition, we aim to identify
patient characteristics that may predispose patients to a higher
risk for breakthrough FN.

Methods

Study design

This was a single-center, observational, retrospective cohort
study conducted at the National Cancer Centre, Singapore
(NCCS). NCCS is the largest ambulatory cancer center in
Singapore that treats two-thirds of patients with solid tumors
and lymphomas. This study was approved by the Institu-
tional Review Board of NCCS. Patient informed consent
was not required in this study.

Patients

All patients 65 years old and above who have completed at
least one cycle of myelosuppressive chemotherapy for

solid tumors and lymphomas (both Hodgkin’s and non-
Hodgkin’s lymphomas) with curative intent (i.e. dose reduc-
tion undesired) and received G-CSF as primary prophylaxis
were included into the study. In order to be included in the
analysis for the impact of FN on chemotherapy delivery, all
patients must have completed at least two consecutive
cycles of chemotherapy. Patients were excluded if they were
receiving growth factors as secondary prophylaxis with
chemotherapy (i.e. only after a prior episode of FN). In our
institution, antibiotic prophylaxis (such as fluoroquinolones)
is not routinely given to patients receiving chemotherapy.

Data collection

A data collection form was developed to collect information
on patient demographics, past medical history, pre-treatment
laboratory parameters and chemotherapy details. The length
of hospitalization, subsequent dose reductions and chemo-
therapy delays, and treatment given were recorded for every
FN episode.

Definitions

FN was defined as a single temperature greater than 38.3 °C
or a temperature greater than 38 °C for over an hour and an
absolute neutrophil count of <0.5×109/L or <1.0×109/L and
predicted to decline to ≤0.5×109/L over the next 48 h [9].
Chemotherapy dose delay was defined as a delay of planned
chemotherapy for more than 3 days, and chemotherapy dose
reduction was defined as 1−dose received/dose planned as a
percentage [10–12]. A reduction of greater than 15 % was
considered clinically significant [10]. In this study, recent
surgery indicates surgery performed 3 months or less before
or concurrent with chemotherapy while recent radiotherapy
(RT) indicates RT given before chemotherapy or intermit-
tently with chemotherapy. In this study, immunologic disor-
ders refer to autoimmune diseases and/or patients who were
users of immunosuppressants (besides chemotherapy),
while thyroid disorders refer to both hyper- and hypothyroid
disorders.

Statistical methods

Descriptive statistics were utilized to summarize patient de-
mographics, disease characteristics, chemotherapy details
and the complications of FN such as length of hospitaliza-
tion stay, chemotherapy dose reductions and delays.
Mann–Whitney U test was utilized to compare the dose inten-
sities of chemotherapy between groups. Univariable logistic
regression model was utilized to investigate whether pa-
tients’ demographics and clinical variables were associated
with the incidence of FN. Variables with p value less than
0.2 in the univariable analysis and clinical parameters
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clinically known to be associated with incidence of FN were
included in a multivariable logistic model to investigate if
the variables had an independent association. Backward
selection was used whereby variables that were not statisti-
cally significant (with p>0.05) were removed from the
model. All analyses were performed in SPSS version 20.0.
Two-sided p values less than 0.05 were considered statisti-
cally significant.

Results

Patient demographics

A total of 145 patients were included in this study, with a
total of 704 cycles of chemotherapy being evaluated and
each patient received an average of 4.86 cycles. The median
age was 69 years old (interquartile range: 66, 74). Majority
of the patients were females (64.1 %), Chinese (79.3 %) and
had at least two comorbidities (52.4 %). In terms of
comorbidities, hypertension (59.3 %) was the most preva-
lent, followed by hyperlipidemia (37.2 %), cardiovascular
disease (22.8 %) and diabetes mellitus (22.1 %).

Among all patients, non-Hodgkin’s lymphoma (54.5 %)
and breast cancer (34.5 %) were the most common types of
malignancies. Majority of the patients received RCHOP-21
(rituximab, cyclophosphamide, doxorubicin, vincristine,
prednisolone every 21 days, 50.3 %), followed by
docetaxel and cyclophosphamide, with or without
trastuzumab (16.6 %) and FEC (5-fluorouracil, epirubicin
and cyclophosphamide, 6.1 %). Thirty-two percent of the
patients had surgery within 3 months of chemotherapy
and 4.1 % had recent radiotherapy and chemotherapy
(Table 1).

Characteristics of FN patients

Twenty-four patients (16.6 %) developed at least one epi-
sode of breakthrough FN of which ten patients had their first
FN episode after the first cycle of chemotherapy. One pa-
tient had two episodes of FN while another had three epi-
sodes of FN despite having received G-CSF prophylaxis for

Table 1 Baseline demographics and disease characteristics (n=145)

Total number of chemotherapy cycles 704

Mean number of chemotherapy cycles 4.86 (1 to 6)

Median age, interquartile range 69 (66, 74)

Gender

Female 93 (64.1 %)

Male 52 (35.9 %)

Race

Chinese 115 (79.3 %)

Malay 13 (9.0 %)

Indian 1 (0.7 %)

Others 16 (11.0 %)

Number of comorbidities

0 27 (18.6 %)

1 42 (29.0 %)

≥2 76 (52.4 %)

Comorbiditiesa

Hypertension 86 (59.3 %)

Hyperlipidemia 54 (37.2 %)

Diabetes mellitus 32 (22.1 %)

Cardiovascular disease 33 (22.8 %)

Renal dysfunction 6 (4.1 %)

Liver dysfunction 4 (2.8 %)

Infections 14 (9.7 %)

Immunologic disorder 1 (0.7 %)

Hepatitis B 19 (13.1 %)

Thyroid disorder 13 (9.0 %)

Adrenal suppression 1 (0.7 %)

Oncologic disorders 17 (11.7 %)

Cancer type

Non-Hodgkin’s lymphoma 79 (54.5 %)

Breast 50 (34.5 %)

Small cell lung cancer 12 (8.3 %)

Non-small cell lung cancer 3 (2.1 %)

Neuroendocrine tumor of the lung 1 (0.7 %)

Cancer stage

Stage I 31 (21.4 %)

Stage II 60 (41.4 %)

Stage III 46 (31.7 %)

Not available 8 (5.5 %)

Chemotherapy regimen

RCHOP-21 73 (50.3 %)

Docetaxel+cyclophosphamide±herceptin 24 (16.5 %)

AC 12 (8.3 %)

FECb 9 (6.2 %)

Carboplatin+etoposide 8 (5.5 %)

Cisplatin+etoposide 8 (5.5 %)

Others 11 (7.6 %)

Recent surgery

Yes 46 (31.7 %)

No 99 (68.3 %)

Table 1 (continued)

Recent radiotherapy

Yes 6 (4.1 %)

No 139 (95.9 %)

a Patients may present with multiple comorbidities; RCHOP-21:
rituximab, cyclophosphamide, doxorubicin, vincristine, prednisolone;
AC: doxorubicin and cyclophosphamide; FEC: 5-fluorouracil,
epirubicin and cyclophosphamide
b Seven patients received FEC-100 and two patients received FEC-75
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each cycle. Six (25.0 %) FN patients had concurrent in-
fections while four (16.7 %) had open wounds at the time
they were admitted for FN. FN patients were hospitalized
for a mean number of 5.65 days while 16 patients (66.7 %)
received more G-CSF as part of the treatment for FN. There
were no significant differences in terms of number of days
of hospitalization between those patients who received more
G-CSF and those who did not (4.94±1.48 days vs. 7.83±
8.08 days, p=0.42). Six patients (25.0 %) had dose delays of
longer than 3 days while only three patients (12.5 %) had
dose reductions of more than 15 % in the following chemo-
therapy cycle after the FN episode (Table 2). There was a
statistically significant difference in the median dose inten-
sities between patients who had an FN episode and those
who did not (0.87 {0.72, 0.94} vs. 0.96 {0.87, 1.00}, p<0.05).

Association between clinical characteristics and FN
occurrence

Clinical characteristics were investigated for their associa-
tion with breakthrough FN and were identified by univariate
analysis. The results are presented with the odds ratio (OR)
and 95 % confidence interval (CI) in Table 3. Characteristics
identified by the univariate analysis include: male gender
(OR: 3.06, 95%CI=1.25–7.50; p=0.012), having two or more
comorbidities (OR: 3.26, 95 % CI=1.21–8.77; p=0.015),
manifesting cardiovascular disease (OR: 3.81, 95 % CI=

1.51–9.62; p=0.003), baseline absolute lymphocyte count
(ALC) <1.5×109/L (OR: 3.94, 95 % CI=1.41–11.00; p=
0.006) and baseline absolute neutrophil count (ANC) <3.1×
109/L (OR: 3.21, 95 % CI=1.11–9.35, p=0.026) (Table 3).

Several parameters were investigated in the multivariable
analysis for associations with breakthrough FN. After ad-
justment with potential confounders (gender, baseline ANC
and ALC), patients with two or more comorbidities were at
higher risk to develop breakthrough FN (AOR: 4.42, 95 %
CI: 1.36–14.40, p=0.014) (Table 4).

Discussion

This is the first study to evaluate the prevalence and risk
factors associated with breakthrough FN in elderly Asian
patients across a wide range of malignancies and
myelosuppressive chemotherapy regimens for treatment of
solid tumors and lymphomas. To our surprise, despite adher-
ence to current recommendations on primary prophylaxis with
G-CSF, a substantial proportion of elderly patients (16.6 %)
still experienced FN after chemotherapy. The occurrences of
FN have also led to severe complications including dose
reduction of chemotherapy as well as hospitalization.

Although elderly patients receiving myelosuppressive
chemotherapy are at a higher risk of FN compared to their
younger counterparts, current literature (including interna-
tional guidelines) still advocate the treatment of elderly
patients manifesting curable cancers using full-dose chemo-
therapy in conjunction with G-CSF support. For instance,
early stage breast cancer and lymphoma patients constitute
over 80 % of the elderly patients in this study, and all
patients received chemotherapy with G-CSF routinely per
recommendations of international guidelines. It is important
to note that a majority of the elderly patients in the community
who receive myelosuppressive chemotherapy and require
G-CSF support manifest these cancers. As such, patients
who manifested varying types of cancer in this study are
representative of the real world practice.

Non-Hodgkin’s lymphoma is known to occur more fre-
quently among elderly patients. Typically, over half are
diagnosed beyond 60 years old. The International Non-
Hodgkin Lymphoma Prognostic Factors Project showed that
patients older than 60 years of age had a significantly lower
complete response rate and overall survival [13]. The rea-
sons for the poorer treatment outcome in elderly patients are
unclear. However, it is understood that elderly patients do not
tolerate intensive chemotherapy as well as younger patients,
and some studies report that elderly patients have a higher risk
of treatment-related mortality. As a result, many clinicians
treat elderly patients with reduced dose or less aggressive
chemotherapy regimens. In general, these less intensive
regimens have used anthracyclines with less cardiotoxicity

Table 2 Characteristics of patients who experienced FN and associated
complications (n=24)

Median of days after chemotherapy FN occurred
(days)

18 (7, 9)

Cycle during which first FN episode occurred

Cycle 1 10 (41.7 %)

Cycle 2 3 (12.5 %)

Cycle 3 3 (12.5 %)

Cycle 4 4 (16.7 %)

Cycle 5 2 (8.3 %)

Cycle 6 2 (8.3 %)

FN patients with concurrent infections 6 (25 %)

FN patients with open wounds 4 (16.7 %)

Median Nadir TW (×109/L) 0.91 (0.40, 1.40)

Median Nadir ANC (×109/L) 0.71 (0.42, 1.03)

Mean number of days hospitalized due to FN (days) 5.65 (±4.26)

G-CSF given for treatment of FN 16 (66.7 %)

Dose delay of >3 days in the next cycle after FN
episode

6 (25 %)

Dose reduction of >15 % in the next cycle after FN
episode

3 (12.5 %)

Dose reduction after FN episode (%, range) 21 (0, 12.5)

Treatment delay for subsequent cycle (days, range) 24 (0, 5.75)

TW total white blood cell count, FN febrile neutropenia, ANC absolute
neutrophil count
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than doxorubicin, substituted mitoxantrone for doxorubicin,
or used short duration weekly therapy. However, less inten-
sive regimens or regimens that do not contain doxorubicin
may lead to poorer clinical outcomes. Over the past few
years, several trials have evaluated different treatment ap-
proaches in older patients with aggressive NHL [14, 15].
The results of these studies suggest that carefully selected
elderly patients with good performance status and no signif-
icant comorbidities can tolerate aggressive anthracycline-
containing regimens as well as younger patients. These
patients should be treated initially with full-dose R-CHOP
or similar regimens; dosages can be reduced later if severe
toxicity occurs. The routine use of hematopoietic growth
factors may allow elderly patients to maintain dose intensity.

In an observational study that was conducted by Salar A
et al., in the subgroup of patients who received primary
prophylaxis with R-CHOP-21, the mean age is 66.2 years
old (±12.8), with 32 % of these patients manifesting
comorbidities [16]. Interestingly, comparing patients who
were receiving primary prophylaxis against those who did
not, the incidence of FN were similar (19 % in both groups).
However, majority (60 %) of the patients who did not
receive primary prophylaxis required reactive G-CSF
(either G-CSF secondary prophylaxis or treatment with
G-CSF). This stresses that breakthrough FN among elderly
may lead to severe infectious consequences that would
require severe management with additional growth factor
support.

Table 3 Univariable logistic
regression investigating the
occurrence of breakthrough
FN (n=145)

Percentages may not add up to
100 % due to rounding off

CVD cardiovascular disease,
DM diabetes mellitus, WBC
white blood cell count, ANC
absolute neutrophils count, ALC
absolute lymphocytes count

Characteristics Incidence/N Odds ratio 95 % CI p value

Male Gender 14/52 3.06 (1.25, 7.50) 0.012

Race

Chinese 18/115 0.74 (0.27, 2.07) 0.568

Malay 2/13 0.91 (0.19, 4.39) 1.000

Indian 0/1 0.83 (0.78, 0.90) 1.000

Others 4/16 1.82 (0.53, 6.20) 0.305

≥2 Comorbidities 18/76 3.26 (1.21, 8.77) 0.015

Hypertension 18/86 2.34 (0.87, 6.30) 0.087

Hyperlipidemia 11/54 1.54 (0.63, 3.72) 0.341

DM 7/32 1.58 (0.59,4.23) 0.359

CVD 11/33 3.81 (1.51, 9.62) 0.003

Renal dysfunction 1/6 1.01 (0.11, 9.04) 1.000

Liver dysfunction 0/4 0.83 (0.77, 0.89) 1.000

Infections 4/14 2.22 (0.63, 7.78) 0.250

Immunologic dysfunction 0/1 0.83 (0.78, 0.90) 1.000

Hepatitis B carrier 4/19 1.41 (0.43, 4.70) 0.522

Thyroid disorder 3/13 1.59 (0.40, 6.25) 0.452

Adrenal suppression 0/1 0.83 (0.78, 0.90) 1.000

Oncologic disorders 3/17 1.09 (0.29, 4.14) 1.000

Serum creatinine >100 umol/L 5/15 3.03 (0.93, 9.89) 0.057

Baseline albumin <35 g/dL 10/51 1.71 (0.67, 4.36) 0.259

Baseline hemoglobin <12 g/dL 11/45 2.24 (0.90, 5.56) 0.078

Baseline WBC <6×109/L 10/42 2.04 (0.82, 5.12) 0.123

Baseline ALC <1.5×109/L 15/55 3.94 (1.41, 11.00) 0.006

Baseline ANC <3.1×109/L 7/21 3.21 (1.11, 9.35) 0.026

Table 4 Crude and adjusted
odds ratio (OR) of FN for
patients with and without more
than two comorbidities (n=145)

Adjusting for Odds ratio 95 % Confidence interval p value

None 3.26 1.21, 8.77 0.015

Baseline ALC <1.5×109/L 4.31 1.42, 13.07 0.010

Baseline ANC <3.1×109/L 3.77 1.27, 11.22 0.017

Gender 3.34 1.22, 9.19 0.019

Baseline ALC <1.5×109/L,
Baseline ANC <3.1×109/L, gender

4.42 1.36, 14.40 0.014

Support Care Cancer (2013) 21:2137–2143 2141



On the other hand, elderly breast cancer patients often
receive less myelotoxic chemotherapy (e.g. anthracycline-
free regimens such as CMF), and the planned and delivered
intensity of chemotherapy may be lower than in younger
patients. There is, however, increasing evidence that elderly
patients can tolerate standard chemotherapies, provided that
they receive appropriate G-CSF support. One study evaluating
the use of primary prophylactic G-CSF showed that primary
G-CSF prophylaxis does benefit patients above 65 years old.
In that study, each additional day of primary prophylactic G-
CSF increased the chances for patients to receive more cycles
of chemotherapy by 2 % and radiation by 1 % (p<0.05) [17].
This indicates that the use of growth factors may improve
clinical outcomes in breast cancer patients receiving chemo-
therapy. In another study that evaluates the use of growth
factor support in 254 elderly breast cancer patients receiving
chemotherapy, the use of pegfilgrastim has greatly reduced the
incidence of FN from 24 % to 6 %. This is further implicated
by a fewer number of patients experiencing dose delay over
3 days (21 % vs. 14 %) and fewer patients experiencing
clinically significant dose reduction (32 % vs. 15 %) [4].
Despite the use of primary prophylactic G-CSF, FN may still
occur and cannot be completely eradicated.

It was interesting to us that comorbidities such as cardio-
vascular diseases had placed our patients at a higher risk for
febrile neutropenic events. We were only able to identify
one other study that has similarly documented cardiovascu-
lar disease as a predictor for FN occurrence [18]. In that
study, manifesting cardiovascular diseases brings 2.56 times
(95 % CI: 1.04–6.29) higher risk to manifest FN in the
predictive model. The degree of association is similarly high
in our study. This finding may enable clinicians to better
identify elderly patients who are at high risk for break-
through FN and subsequently provide more protection
against FN while they are receiving myelosuppressive che-
motherapy. Strategies such as the use of prophylactic anti-
biotics may be worth exploring. Literature has supported the
use of antibiotics to reduce the occurrence of FN among
cancer patients manifesting solid tumors and lymphoma. In
a randomized, double-blinded, placebo-controlled study,
fewer cancer patients experienced febrile episode among
those who received levofloxacin prophylaxis, as compared
to those who did not receive any prophylaxis (10.8 % vs.
15.2 %, p<0.001) during chemotherapy [19]. However,
elderly patients comprised only one-third of all the included
patients, and this study did not allow the planned use of G-
CSF. Although the use of antibacterial prophylaxis is
deemed appropriate in high risk patients, clinicians are
concerned with the increasing occurrence of antibiotic re-
sistance with routine use; furthermore, elderly patients may
be more sensitive to side effects of fluoroquinolones (such
as QTc prolongation) which may limit the routine use as
prophylaxis among elderly patients.

A number of limitations exist in this study. The retro-
spective nature of this study meant that the information
would be only as accurate as what was entered into the
various electronic systems and hardcopy medical records
of each patient. A number of assumptions were made, such
as all FN patients would be admitted to our hospital or at
least the record of FN occurrence would be captured in our
electronic databases. However, a majority of our patients
return to our cancer center for management of cancer or
chemotherapy-associated complications, especially when
they experience fever and signs of infection such as sore
throat, flu-like symptoms and mouth ulcers. Another assump-
tion is that of full compliance to G-CSF being given. Our
small sample size may have limited the ability to detect
statistical significance for certain risk factors. However, it
can still be hypothesis generating. Further studies could be
designed to specially evaluate each risk factor which had
been identified by the univariate analysis but not the multi-
variable analysis or to evaluate the prevalence of FN for a
specific type of malignancy or chemotherapy.

Conclusions

Despite routine prophylaxis with G-CSF, breakthrough FN
is highly prevalent among elderly Asian cancer patients
receiving myelosuppressive chemotherapy for solid tumors
and lymphomas. The occurrences of FN have also led to
severe complications including dose reduction of chemo-
therapy as well as hospitalization. Furthermore, elderly
patients with multiple comorbidities, such as cardiovas-
cular diseases, are at higher risk. Future studies should
evaluate potential strategies, including the use of prophy-
lactic antibiotics, to reduce the risk of breakthrough FN
in this population.
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