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Abstract. Febrile neutropenia (FN) is one of the most 
common adverse events associated with myelosuppressive 
chemotherapy for cancer treatment. The objective of this 
study was to describe the incidence of hospitalization due to 
FN in Spanish tertiary care hospitals (PINNACLE study). 
This epidemiological, retrospective, multicenter, nationwide 
study involved 119 patients from oncology units of 10 Spanish 
tertiary care hospitals who were admitted for FN. The primary 
endpoint was to assess the epidemiology and characteristics 
of FN. The incidence of admissions due to FN in oncology 
patients was 2.0% (interquartile range [IQR], 1.6‑3.0). In terms 
of fever and absolute neutrophil count (ANC), 37.0% of the 
patients had a temperature of ≥38.2˚C and an ANC of ≤500/m3. 
The number of patients who received prophylactic treatment 
with granulocyte colony‑stimulating factor (G‑CSF) was 
significantly higher in the palliative group (32.6%) compared 
with that in the non‑palliative group (13.5%). The hospital 
length of stay was significantly shorter in patients who 
received prophylactic G‑CSF compared with those who did 
not (5.0 days; IQR, 4.0‑9.0 vs. 7.0 days; IQR, 5.0‑11.0, respec-
tively). The hospital length of stay was also significantly 
shorter in patients receiving palliative treatment (5.0 days; 

IQR, 3.0‑7.0) compared with those receiving non‑palliative 
therapy (7.0 days; IQR, 5.0‑12.0). In conclusion, the incidence 
of admissions due to FN in oncology patients was 2.0% and 
the duration of hospital stay was 7.0 days. Prophylactic G‑CSF 
treatment was found to be associated with better outcomes 
and shorter hospital stays. Therefore, the use of this treatment 
becomes relevant for achieving better clinical outcomes and 
reducing hospitalization cost in the management of FN.

Introduction

Febrile neutropenia (FN) is one of the most common adverse 
events associated with the administration of myelosuppressive 
chemotherapy for cancer treatment (1). There are several defi-
nitions of FN; according to the European Society for Medical 
Oncology (ESMO), FN is defined as: ‘An oral temperature of 
>38.5˚C or two consecutive readings of >38.0˚C for 2 h and an 
absolute neutrophil count (ANC) of <0.5 x 109/l, or expected 
to fall <0.5 x 109/l’ (2). An adverse effect of myelosuppressive 
treatment is the reduction of the ANC and a predisposition 
to infection from bacteria and fungi (3). The incidence of FN 
varies between 10 and 50% in solid tumors and is report-
edly ≥80% in hematological malignancies (4). The mortality 
and comorbidities associated with FN require immediate 
hospitalization and treatment with antimicrobial agents (5,6). 
The FN patient group is heterogeneous; therefore, the course 
of the infection and final outcome depend on individual patient 
factors such as age, tumor type and stage, previous hospitaliza-
tions, or severe comorbidities (7,8).

Furthermore, FN frequently compromises the chemothera-
peutic treatment by requiring a dose reduction and/or delay of 
treatment cycles, thereby directly affecting treatment efficacy, 
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patient survival and quality of life (9). A retrospective analysis 
of breast cancer patients revealed that the survival rate was 40% 
in those receiving ≥85% of the chemotherapy dose, whereas 
the rate decreased to 21% in patients receiving <85% of the 
dose (10). While dose reductions in palliative treatment may 
result in lower rates of tumor response, to the detriment of the 
patient's quality of life, dose reduction in curative or adjuvant 
therapies may be associated with an increased risk for disease 
recurrence and death  (11‑13). Prophylactic treatment with 
granulocyte colony‑stimulating factor (G‑CSF) was found to be 
beneficial regarding patient survival and a reduction in the risk 
of FN (14‑16). Since it is common to develop FN during the first 
cycle of chemotherapy, European and US guidelines recommend 
the use of G‑CSF in patients with an FN risk of >20% (17‑19).

Despite widespread research into chemotherapy usage, the 
risk of chemotherapy‑induced FN in clinical practice is poorly 
documented. Moreover, only a limited number of studies have 
characterized FN hospitalization in oncology patients treated 
in Spanish clinics  (14,20). Therefore, the objective of the 
present study was to determine the incidence of admissions 
due to FN in Spanish tertiary care hospitals.

Materials and methods

Patient selection. This epidemiological, retrospective, 
multicenter, nationwide study assessed the demographic 
and clinical characteristics of 119 patients from oncology 
units of 10 Spanish tertiary care hospitals. The inclusion 
criteria were as folows: Patients diagnosed with cancer and 
receiving chemotherapy treatment; hospital admission due 
to FN; complete clinical information available; and provi-
sion of signed informed consent. The criteria for excluding a 
patient were as follows: Participation in a clinical trial within 
the 3  months prior to hospitalization; and any concomi-
tant disease liable to cause FN. All the procedures were 
performed in accordance with the guidelines established 
by the Declaration of Helsinki and the Ethics Committee of 
each hospital.

Variables and statistical analysis. The primary endpoint was 
to investigate the epidemiology and characteristics of FN in 
oncology patients receiving treatment in Spanish tertiary care 
hospitals (PINNACLE study). The incidence of admissions for 
FN was calculated as the ratio between the number of oncology 
patients admitted for FN and the total number of oncology 
patients receiving chemotherapy treatment in each hospital 
over a 3‑month period (May‑July,  2010). The secondary 
endpoints of the study included a description of the patients' 
baseline clinical characteristics, the FN episode leading to 
hospitalization and its evolution, the different types of cancer 
and the antibiotic treatment for FN. Categorical variables were 
expressed as absolute and relative frequencies, and continuous 
variables as median and interquartile range (IQR). Categorical 
variables were compared using the χ2 or Fisher's exact test and 
continuous variables were compared using the Student's t‑test 
or the Mann‑Whitney U test (when non‑parametric). Normal 
distribution was tested with the Shapiro‑Wilk test. P<0.05 was 
considered to indicate a statistically significant difference. 
All the statistical procedures were performed using SAS 9.2 
software (SAS Institute Inc., Cary, NC, USA).

Results

Patient characteristics prior to hospitalization. Of the 
119  patients, 69  (58.0%) were men and  50 (42.0%) were 
women. The median age was 62.0 years (IQR, 52.0‑70.0). The 
demographic and clinical characteristics of the patients prior to 
hospitalization are summarized in Table I. The most common 
types of cancer were lung (28.6% of patients), breast (21.9%), 
colorectal (11.8%) and sarcoma (10.9%). All the patients were 
receiving chemotherapy treatment. The intent of the treatment 
was palliative in 36.1% and non‑palliative (curative and adju-
vant) in 62.2% of the patients. Prior to hospitalization, 21.0% 
of the patients were under prophylactic treatment with G‑CSF.

Characteristics associated with hospitalization due to FN in all 
patients. The epidemiological and clinical characteristics asso-
ciated with FN hospitalization in all the patients are presented 
in Table II. The incidence of admissions due to FN in oncology 
patients over a 3‑month period was 2.0% (IQR, 1.6‑3.0). When 
classifying FN hospitalization by fever and ANC, 37.0% of 
the patients had a temperature of ≥38.2˚C and ANC ≤500/m3; 
31.9% had a temperature of  <38.2˚C and ANC  ≤500/m3; 
14.3% had a temperature of <38.2˚C and ANC >500/m3; and 
9.2% had a temperature of ≥38.2˚C and ANC >500/m3. Overall, 
the median duration of the fever was 2.0 days (IQR, 1.0‑3.0) 
and that of neutropenia 3.0 days (IQR, 2.0‑4.5). The median 
duration of the hospital stay was 7.0 days (IQR, 5.0‑11.0). The 
median duration of the hospital stay was significantly lower 

Table I. Demographic and clinical characteristics of patients 
prior to hospitalization.

	 Patients
Characteristics	 (n=119)

Age, years [median (IQR)]	 62.0 (52.0-70.0)
Male gender, no. (%)	 69 (58.0)
Type of tumor, no. (%)
  Lung	 34 (28.6)
  Breast	 26 (21.9)
  Colorectal	 14 (11.8)
  Sarcoma	 13 (10.9)
  Head and neck	 8 (6.7)
  Gynecological	 6 (5.0)
  Digestivea	 5 (4.2)
  Bladder	 3 (2.5)
  Prostate	 3 (2.5)
  Other	 7 (5.9)
Chemotherapy treatment intent, no. (%)
  Palliative	 43 (36.1)
  Non-palliative (curative and adjuvant)	 74 (62.2)
  NA	 2 (1.7)
Prophylactic treatment with G-CSF, no. (%)	 25 (21.0)

aOther than colorectal. IQR, interquartile range; NA, not available; 
G-CSF, granulocyte colony-stimulating factor.
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(P=0.05) in patients who had previously received prophylactic 
treatment with G‑CSF (5.0 days, IQR, 4.0‑9.0) compared with 
those who had not (7.0 days, IQR, 5.0‑11.0). As a consequence 
of FN, chemotherapy treatment was modified in the following 
manner: Dose reduction (11.1% of the patients), dose reduc-
tion and delay of cycles (12.0%), delay of cycles only (34.2%), 

delay of cycles and discontinuation (0.8%) and discontinua-
tion only (26.5%). The antibiotic treatment for FN consisted 
of penicillin and cephalosporin (piperacillin‑tazobactam, 
amoxicillin‑clavulanate, cefepime or ceftazidime) in 68.9% 
of the patients, quinolones (ciprofloxacin or levofloxacin) in 
51.3%, carbapenems (meropenem, imipenem or ertapenem) in 
43.7%, aminoglycosides (amikacin) in 19.3%, vancomycin in 
13.5% and antifungal agents (fluconazole or metronidazole) in 
7.6%. The mortality rate during hospitalization was 6.7%, of 
which 25% was due to FN (1.7% of the total patients).

Characteristics associated with hospitalization due to FN in 
patients classified by intent of chemotherapy treatment. The 
epidemiological and clinical characteristics associated with FN 
hospitalization of patients receiving palliative or non‑palliative 
chemotherapy are shown in Table III. The median number of 
previous chemotherapy cycles was 2.0 (IQR, 1.0‑3.0) for the 

Table II. Epidemiological and clinical characteristics associ-
ated with hospitalization due to FN in all patients (n=119).

Characteristics	 Values

Incidence of admissions due to FN,%	 2.0 (1.6-3.0)
[median (IQR)]
Episodes of fever and neutropenia
at the admission day, no. (%)
  Temperature ≥38.2˚C, ANC ≤500/m3	 44 (37.0)
  Temperature <38.2˚C, ANC ≤500/m3	 38 (31.9)
  Temperature <38.2˚C, ANC >500/m3	 17 (14.3)
  Temperature ≥38.2˚C, ANC >500/m3	 11 (9.2)
  NA	 9 (7.6)
Duration of fever, days [median (IQR)]	 2.0 (1.0-3.0)
Duration of the neutropenia, days	 3.0 (2.0-4.5)
[median (IQR)]
Duration of hospital stay, days
[median (IQR)]
  All patients	 7.0 (5.0-11.0)
  Patients previously treated with G-CSF	 5.0 (4.0-9.0)
Modifications in chemotherapy
treatment, no. (%)
  Dose reduction	 13 (11.1)
  Dose reduction and delay of cycles	 14 (12.0)
  Delay of cycles	 40 (34.2)
  Delay of cycles and discontinuation	 1 (0.8)
  Discontinuation	 31 (26.5)
  NA	 19 (16.2)
Antibiotic treatment for FN, no. (%)
  Penicillin and cephalosporin (piperacillin-	 82 (68.9)
  tazobactam, amoxicillin-clavulanate,
  cefepime, ceftazidime)
  Quinolones (ciprofloxacin, levofloxacin)	 61 (51.3)
  Carbapenems (meropenem,	 52 (43.7)
  imipenem, ertapenem)
  Aminoglycosides (amikacin)	 23 (19.3)
  Vancomycin	 16 (13.5)
  Other antibiotics	 14 (11.8)
  Antifungal agents (fluconazole,	 9 (7.6)
  metronidazole)
Mortality during hospitalization, no. (%)	 8 (6.7)
  FN	 2 (25.0)
  Disease progression	 5 (62.5)
  Other	 1 (12.5)

FN, febrile neutropenia; ANC, absolute neutrophil count; NA, not 
available; G-CSF, granulocyte colony-stimulating factor; IQR, inter-
quartile range.

Table III. Epidemiological and clinical characteristics asso-
ciated with hospitalization due to FN in patients classified 
according to palliative or non-palliative intent of chemotherapy.

	 Palliative	 Non-palliative
	 chemotherapy	 chemotherapy
Characteristics	 (n=43)	 (n=74)

Number of previous	 2.0 (1.0-3.0)	 2.0 (1.0-4.0)
chemotherapy cycles,
median (IQR)
Prophylactic treatment	 14 (32.6)	 10 (13.5)
with G-CSF, no. (%)
Episodes of FN on the
day of admission, no. (%)
  Temperature ≥38.2˚C,	 21 (48.9)	 24 (32.4)
  ANC ≤500/m3

  Temperature <38.2˚C,	 13 (30.2)	 28 (37.8)
  ANC ≤500/m3

  Temperature <38.2˚C,	 5 (11.6)	 11 (14.9)
  ANC >500/m3

  Temperature ≥38.2˚C,	 4 (9.3)	 7 (9.5)
  ANC >500/m3

  NA	 0 (0.0)	 4 (5.4)
Duration of hospital stay, 	 5.0 (3.0-7.0)	 7.0 (5.0-12.0)
days [median (IQR)]
Modifications in
chemotherapy
treatment, no. (%)
  Dose reduction	 6 (14.0)	 7 (9.5)
  Dose reduction and	 2 (4.6)	 12 (16.2)
  delay of cycles
  Delay of cycles	 16 (37.2)	 24 (32.4)
  Discontinuationa	 11 (25.6)	 20 (27.0)
  NA	 8 (18.6)	 11 (14.9)

aIncluded only discontinuation and delay of cycles and discon-
tinuation. FN, febrile neutropenia; IQR, interquartile range; G-CSF, 
granulocyte colony-stimulating factor; ANC, absolute neutrophil 
count; NA, not available.
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palliative group and 2.0 (IQR, 1.0‑4.0) for the non‑palliative 
group. The number of patients who received prophylactic 
treatment with G‑CSF was significantly higher in the pallia-
tive group compared with that in the non‑palliative group 
(32.6 vs. 13.5%; P=0.0139). There were no significant differ-
ences between the two groups regarding the duration of fever 
and neutropenia (data not shown), or the characteristics of the 
FN episode on the day of admission (temperature and ANC). 
The median duration of hospital stay was significantly shorter 
for the palliative compared with the non‑palliative group 
(5.0 days; IQR, 3.0‑7.0 vs. 7.0 days; IQR, 5.0‑12.0; P=0.0025). 
Delay of cycles was the most common modification of chemo-
therapy, occuring in 37.2 and 32.4% of patients in the palliative 
and non‑palliative group, respectively. The modifications in 
chemotherapy did not differ significantly between the groups. 
All the patients who succumbed to the disease were receiving 
palliative treatment. The antibiotic treatment for FN was 
similar between the palliative and non‑palliative groups.

Discussion

FN is a serious medical condition affecting patients receiving 
chemotherapy for cancer. The number of studies investigating 
FN in Spanish clinical practice is limited (14,20). In 2013, 
the PRAXIS study prospectively evaluated FN episodes in 
734 patients with breast cancer and 291 with lymphoma (20). 
By contrast, the present study focused on a wide spectrum of 
malignancies, such as sarcoma, lung, breast and colorectal 
cancer, allowing us to characterize FN in cancer with a wider 
perspective. The risk of developing FN is normally associated 
with the cancer treatment. For example, hematological malig-
nancies are associated with a higher risk of FN compared 
with solid tumors, due to the process of the disease and its 
treatment (21,22). When comparing solid tumors, patients with 
lung cancer appear to exhibit a higher incidence rate of FN (5). 
In our study of patients with almost exclusively solid tumors, 
the overall incidence of FN was 2.0% (IQR, 1.6‑3.0%). This 
result is in accordance with the findings for patients with breast 
cancer from the PRAXIS study (2.0%; IQR, 1.0‑3.0%) (20).

There are several definitions of FN. According to 
ESMO, FN is defined as ‘an oral temperature of >38.5˚C 
or two consecutive readings of  >38.0˚C for 2  h and an 
ANC of <0.5 x 109/l, or expected to fall <0.5 x 109/l’  (2). 
According to the Infectious Diseases Society of America, FN 
is defined as ‘single oral temperature of ≥38.0˚C (101.4˚F) 
for  ≥1  h’. Neutropenia is defined as ‘a neutrophil count 
of <500 cells/mm3, or a count of <1,000 cells/mm3 with a 
predicted decrease to <500 cells/mm3’ (6). In the PINNACLE 
study, 119 patients were hospitalized due to an episode of 
FN; however, only 37.0% of the patients actually met the 
criteria of temperature ≥38.2˚C and ANC ≤500/m3. Of note, 
14.3% of the patients had a temperature of <38.2˚C and an 
ANC of >500/m3. One explanation for the inclusion of these 
patients is that their clinical characteristics, disease evolu-
tion, or comorbidities required urgent hospitalization. It has 
also been suggested that, when the patient presented at the 
emergency room (ER), there were no experienced oncology 
specialists on duty who could properly identify and treat the 
chemotherapy‑induced neutropenia. Thus, the lack of avail-
able specialists may have led to an increase in the number of 

admissions. In fact, it has been proposed that certain patients 
with a low risk of complications should be treated as outpa-
tients (23,24), particularly given the medical cost of patient 
hospitalization and its duration (1,5,25).

The addition of G‑CSF has been demonstrated to reduce 
the duration of neutropenia and, consequently, the duration 
of antibiotic treatment and hospital stay (14‑16). In fact, the 
Spanish Society of Medical Oncology, in accordance with 
European and US guidelines, recommends G‑CSF use in 
patients with a risk of FN of >20% (17‑19). A multicenter trial 
involving 210 patients from five Spanish hospitals revealed 
that the duration of hospitalization was significantly shorter 
in the group of patients receiving G‑CSF (5 days), compared 
with that in the control group (7 days) (14). Similarly, in our 
study, prophylactic treatment with G‑CSF resulted in signifi-
cantly shorter duration of hospital stay (5.0 days; IQR, 4.0‑9.0) 
compared with the overall population (7.0 days; IQR, 5.0‑11.0). 
FN may compromise chemotherapeutic treatment by resulting 
in the need for dose reduction and/or delay of cycles, directly 
affecting the efficacy of the treatment, patient survival and 
quality of life  (9,10). Thus, prophylactic G‑CSF is recom-
mended for patients receiving curative or adjuvant therapies 
in order to maintain the complete chemotherapy dose (18). 
By contrast, a dose reduction may be less clinically signifi-
cant in the palliative treatment setting  (26). In our study, 
the incidence of dose reduction was higher in the palliative 
compared with that in the non‑palliative group (14.0 vs. 9.5%, 
respectively). However, it is of interest that the combination 
of dose reduction and delay was higher in the non‑palliative 
group (4.7 vs. 16.2%, respectively). Furthermore, more patients 
in the palliative group received prophylactic treatment with 
G‑CSF (32.6 vs. 13.5%, respectively). This finding may be 
attributed to the more favourable disease status of patients in 
the non‑palliative group affecting decision making. In fact, 
all FN‑related deaths during hospitalization were observed 
in the palliative treatment group. Several studies have quanti-
fied the overall in‑hospital mortality rate for chemotherapy 
patients as being 7.1‑9.5%, with an FN‑related mortality of 
3.0‑11.0% (5,21,27‑29). The rates in the PINNACLE study were 
6.7% for any cause and 1.7% due to FN, which were margin-
ally lower compared with those in the published literature.

The main limitation of the present study was the retro-
spective nature of the available data. The availability of more 
clinical information, such as prior chemotherapy regimens or 
hospitalization, cancer stage (advanced or uncontrolled), or 
concurrent treatment for FN with G‑CSF (not only prophy-
lactic), may have improved the content of the study. However, 
in our opinion, this study demonstrates the actual status of 
clinical practice within the oncology units of tertiary care 
hospitals in Spain. Another limitation of the study was the 
intrinsic heterogeneity between hospitals, which may have 
resulted in different responses. For example, certain hospitals 
with specialists on duty in the ER did not admit patients with 
neutropenia and absence of fever. By contrast, other hospitals, 
with no qualified specialists on duty, proceeded to admit such 
patients.

In conclusion, the incidence of admissions due to FN in 
oncology patients was found to be 2.0% and the median dura-
tion of hospital stay was 7.0 days. Almost two‑thirds of patients 
hospitalized due to FN in Spanish tertiary care hospitals do 
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not meet the established criteria of FN definition. Prophylactic 
treatment with G‑CSF is associated with a better outcome and 
shorter hospital stay. Therefore, the adequate evaluation of 
patients and the use of prophylactic treatments become relevant 
for optimizing clinical outcomes and reducing hospitalization 
costs in the management of FN.
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