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Abstract

One of the major side effects of cancer chemotherapy is myelosuppression leading to an obligate period of neutropenia. Systemic infection 
resulting in neutropenic sepsis is the leading cause of morbidity and mortality in cancer patients. Due to these reasons chemotherapy induced 
neutropenia has been considered as an “oncologic emergency”. The current system of management of febrile neutropenia involves administration 
of prophylactic antimicrobials and hematopoietic growth factor supplements (granulocyte colony stimulating factor G- -CSF). However, neutropenia 
is detected in these patients only after the onset of infection limiting the efficacy of these therapeutic interventions. Repeated infections results in 
prolonged periods of hospitalisation, delay in treatment and chemotherapy dose reductions. Therefore, timely detection of neutrophil nadir and 
prevention of systemic infection can significantly improve the outcome of cancer treatment.
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Introduction
Chemotherapy treatments for cancer are well- -known to be 

associated with a depletion of white blood cells, in particular 
neutrophils, causing a condition known as chemotherapy- -induced 
neutropenia (CIN), as described in Figure 1. Where neutropenia 
is significant, it is associated with an increased risk of systemic 
infections that lead to sepsis and death (1,2,3,7,9). As per the 
National Institute for Health and Care Excellence (NICE) guidelines, 
cancer centres instruct patients receiving chemotherapy to “take 
their temperature if they feel unwell and, and to report this to 
the centre as soon as possible”. Patients having fever or febrile 
neutropenia (FN) then attend hospital and undergo assessment 
including a complete blood cell count (CBC). Fever in FN indicates an 
ongoing infection and is considered an oncologic emergency (7,9). 
The CBC requires admission to hospital for access to gold standard 
equipment and hospital personnel to complete the blood draw and 
subsequent analysis. If a blood test reveals that neutrophils are low, 
the patient is admitted to hospital for futher treatment with intra- -
venous antibiotics, growth factors and blood transfusions.

The risk increases with the duration and severity of the 
neutropenia. If neutropenia is detected early, a number of prevention 
methods can be used to lower the risk of infection and prevent FN; 
namely the use of granulocyte colony- -stimulating factors (G- -
CSF), which stimulates production of new neutrophils and the use 
of prophylactic antibiotics. However, a meta- -analysis has shown 
that overall mortality is not influenced significantly by the use of 
antibiotics or growth factors (4,6). The current treatment regime 
provides only a small reduction in infection- -related mortality. 
The critical element in reducing neutropenia related mortality is 
early diagnosis before the onset of infection and fever resulting in 
reduced need for hospitalisation and a faster neutrophil recovery.

Chemotherapy Induced Neutropenia
Neutropenia is a serious adverse effect frequently associated 

with cancer chemotherapy (1,7). Loss of neutrophils causes 
disruption of immune defense mechanisms and increases the 
likelihood for infections. Infections lead to fever known as febrile 
neutropenia (FN). According to the European Society for Medical 
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Oncology (ESMO), FN is defined by oral temperature greater than 
38.5 °C for two consecutive readings within 2h and an absolute 
neutrophil count (ANC) below 0.5 x 109/ (1). Neutrophils (Figure 
1) constitute the first line of defense against invading pathogens. 

Reduction of ANC leads to a predisposition to infection caused by 
bacteria and fungi [1,2]. Chemotherapy induced Neutropenia (CIN) 
and its consequences are described in (Figure 1).

Figure 1: Current practice in management of CIN in cancer patients. Schematic representation of the onset of chemotherapy induced 
neutropenia and its consequences. A rapid response within 2 hours of onset of fever is crucial to prevent sepsis and death.

Timely diagnosis of neutropenia before the actual onset 
of infection provides the opportunity for appropriate clinical 
intervention (with G- -CSF and antibiotics). The biggest challenge 
in the diagnosis of FN is patients recognizing the symptoms [1,3]. 
On referral to hospital, rapid treatment of FN patients with broad- -
spectrum antibiotics is paramount to prevent serious infections. 
Neutrophil count is currently diagnosed hospital admission using 
an automated cell counter. This results in a fatal delay before 
treatment can begin. Early detection of the onset of neutropenia 
can improve diagnosis and management. FN is an indication 
of underlying infection and must be considered as a “medical 
emergency” that requires immediate hospitalization for further 
evaluation and administration of hematopoietic growth factors and 
broad- -spectrum antibiotics [1,4,5]. Neutropenia has a negative 
impact on the delivery of planned chemotherapy regimes, with 
dose reductions and treatment delays that compromise long- -term 
clinical outcomes and cancer treatment [3]. There is no monitoring 
system available at present to detect neutropenia at the time of 
onset in an at- -home or near- -patient setting.

Incidence, management strategies and impact
The incidence of FN can be as high as 50% in solid tumors and 

≥80% in hematological malignancies [4,5]. Globally, the mortality 
rates associated with FN amongst cancer patients is extremely high 
ranging from 10- -21% [4]. Chemotherapy- -induced neutropenia 
is the major cause for infection- -related complications in cancer 
patients [4], including fungal infections, sepsis resulting from severe 
bacterimia, pneumonia and other respiratory tract infections, 
cerebrovascular disease and disorders of the liver and kidney [6,7]. 
Globally, the mortality rates associated with FN amongst cancer 
patients is extremely high ranging from 10 to 21% [8]. The risk of 
death is further increased due to the presence of co- -morbidities in 
the patients which poses an additional risk, these include patient 
specific characteristics such as age, type of malignancy, treatment 
regime, performance status, health and nutritional status and 
infectious complications (Figure 2) [6,9].

Figure 2: Schematic representation of the onset neutropenia and 
its complications.

In the current management if CIN occurs in the first few cycles 
of chemotherapy it results in significant dose reduction and delay 
in delivery of subsequent cycles, compromising effectiveness of 
treatment and disease- -free/overall survival in patients treated 
with a curative intent [3,10,11]. Increasing age is associated with 
a higher risk of cancer. In addition age also leads to reduced bone 
marrow reserve and compromised lung, kidney and liver functions, 
further increasing the risk of chemotherapy- -induced complications 
[3,11]. Other variables contributing to higher risk of developing 
neutropenia include the treatment regime, the chemotherapy drug 
or combination of drugs and associated toxicity (Figure 2) [1,2].

CIN when accompanied with fever needs to be treated 
immediately as the body can no longer defend itself against an 
active ongoing infection, which may result in systemic infection and 
sepsis [3,11]. Patients are required to be admitted to the hospital 
for further evaluation and treatment with broad- -spectrum 
antibiotics must be initiated within hours of developing fever. The 
patient is monitored in the hospital until the neutrophil counts fully 
recover. They may receive therapeutic injections of myeloid growth 
factors (e.g., granulocyte colony- -stimulating factor (G- -CSF) to 
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boost neutrophil production [2,5]. Duration of hospitalization 
varies from a few days to weeks depending on the duration and 
depth of neutropenia [12]. FN patients can be discharged from the 
hospital when their neutrophil count is greater than 0.5X109/l 
and no evidence of infection has been found [12-14]. In many 
patients, particularly with age greater than 60, and patients with 
hematological malignancies the recovery of neutrophils are 
very slow making prolonged hospitalization and multiple blood 
transfusions necessary [14].

In addition patients suffering from febrile neutropenia may 
be given prophylactic G- -CSF during the next and subsequent 
chemotherapy cycles. Prophylactic G- -CSF can significantly 
reduce the depth and duration of neutropenic nadir [15,16]. The 
long- -acting peg- -filgrastim has several advantages including 
convenience of administration to patient, improved compliance and 
greater potency [7]. Multiple randomized controlled trials (RCTs) 
have demonstrated the safety and efficacy of CSF use in patients 
admitted to the hospital with FN following cancer chemotherapy 
[15,16]. However, a recent review of FN patients who received G- -
CSF in addition to antibiotics showed no significant effect on overall 
mortality [15,17]. Though the duration and depth of neutropenia 
seemed to be reduced in participants receiving G- -CSF and 
antibiotics compared to patients who received antibiotics alone, 
G- -CSF did not significantly reduce the risk of infections and related 
complications from occurring during the neutropenic episode 
[3,15]. The risk of systemic infections and sepsis increases in direct 
proportion to the severity and duration of neutropenia [3]. Another 
study revealed that although myeloid growth factors, such as G- -
CSF reduce the duration and depth of neutropenia (Figure 3) but 
did not reduce infection and associated morbidity and mortality 
[6,11,13].

Figure 3: Neutropenic nadir duration and depth depends on 
therapy, dose, route of treatment and patient status. ANC recovery 
depends on regimen and patient status. G-CSF reduces neutrophil 
nadir duration and intensity.

The Multinational Association of Supportive Care of Cancer 
(MASCC) risk- -index scoring system was designed for identifying 
cancer patients with high risk of CIN [18]. The tool consists of 
8 factors that can be easily assessed upon admission with FN. 

Patients with a score greater than 21 are considered low risk, and 
patients with lower scores are considered at a higher risk and need 
more intensive management. Poor predictors of prognosis include 
age greater than 60, moderate symptoms with febrile neutropenia, 
hypotension, dehydration, inpatient status, and prior fungal 
infection [18]. The MASCC Risk Index can identify patients at low 
risk for complications and that it could be used to select patients 
for further monitoring and administering cost- -effective therapies. 
The MASCC Risk- -Index Scoring system is shown in (Table 1). This 
tool was endorsed in 2002 by the Infectious Diseases Society of 
America and has also been adopted by the European Society of 
Medical Oncology [16]. The MASCC risk scoring system is extremely 
useful as it allows health care providers to determine a patient’s 
risk for developing medical complications from CIN and infections. 
A patient’s treatment plan can be determined based on their risk 
category. It is important to know whether a patient is expected to be 
at high risk for developing FN or has a history of FN, in order to take 
appropriate prophylactic measures [19]. The detailed treatment 
plan and clinical management of CIN is described in [5,19].

Table 1: MASCC Risk index and weights.

Characteristics Weight

Burden of febrile neutropenia with or no mild symptoms1 5

No Hypotension (systolic blood pressure > 90 mmof Hg) 5

No chronic obstructive pulmonary disease 4

Solid tumor orhematological malignancy with no previous 
fungal infection 4

No dehydration requiring parenteral fluids 3

Burden of neutropenia with moderate symptoms 3

Outpatient status 3

Age < 60 2

Burden of febrile neutropenia refers to general clinical status 
under the influence of the neutropenic episode. Score no or 
mild symptom - -5, moderate symptom - -3, severe symptom - -0, 
moribund - -0.

Maximum score possible is 26. A score of > 21 is considered 
low risk and a score of < 21 is considered high risk. (Source: http://
www.mascc.org/mascc- -fn- -risk- -index- -score)

The European Organization for Research and Treatment of 
Cancer (EORTC), recommends routine prophylactic use of G- -CSF 
in those receiving a regimen with a FN risk score of greater than 
20% in order to maintain effective chemotherapy dose intensity 
[[1,2,4] (Figure 4). For patients with a score of risk score of 10 to 
20% an individual assessment needs to be done to decide on G- -
CSF administration. This intermediate category represents 52.5% 
of cancer patients and there is significant variability in treatment 
received [20]. Many patients belonging to this category often 
experience FN during their first cycle of chemotherapy. They are 
then classified as high risk and given G- -CSF in subsequent cycles 
[20]. More research is therefore needed in the intermediate regimes 
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to identify patients who are at risk of FN. The EORTC does not 
recommend use of G- -CSF when the risk is less than 10% (Figure 
5). However, in patients where a dose intense chemotherapeutic 
regime is believed to be beneficial prophylactic G- -CSF is deemed 
necessary in order to have survival benefit. G- -CSF is also advised 
when dose intense chemotherapy is deemed essential for effective 
cancer treatment [1,4]. Timely detection and diagnosis of CIN 
would also therefore make it possible to administer timely and 
appropriate G- - CSF prophylaxis.

Figure 4: Risk models and management of neutropenia (EORTC).

The mortality and comorbidities associated with FN require 
immediate hospitalization and treatment with antimicrobial 
agents [10]. A recent study evaluating the resource use and cost of 
hospitalization for FN, within the Irish Healthcare system, found 
that the mean cost per FN episode was €8915 ± 718 [21]. A study 
carried out by the Centers for Disease Control and Prevention, USA 
found that in 2012 there were 108,419 (91,560 adults and 16,859 
children) cancer patients admitted to the hospital with CIN at a 
total cost of $2.7 bn [22]. The mean length of stay for adults and 
children was 9.6 and 8.5 days respectively with a mean hospital cost 
of $24,770 and $26,000 per stay [22]. Furthermore, FN frequently 
compromises the chemotherapeutic treatment by requiring a 
dose reduction and/or delay of treatment cycles, thereby affecting 
treatment outcome [13]. Hence, management of CIN remains to be 
a yet unmet clinical need in the delivery of cancer chemotherapy.

A survey conducted by the National Confidential Enquiry into 
Patient Outcome and Death (NCEPOD) in 2008, titled “Systemic 
Anti Cancer Therapy: for better or for Worse?” reviewing the 
care received by patients who died within 30 days of delivery of 
chemotherapy, identified several serious shortcomings in the 
management of CIN in the existing practice [23]. Serious deficiencies 
were identified in education and awareness of the risks of FN in 
both patient and health- -care professional. Also clear protocols for 
patient assessment, treatment and hospital admission were not 
available or properly implemented. The NCEPOD recommended 

that effective strategies for diagnosing and managing febrile 
neutropenia should be essential components of all cancer care 
services. A recent report on projected economic burden and loss of 
productivity associated with cancer related mortalities estimated 
approximately 233,000 projected deaths from all invasive cancers 
occurring in Ireland between 2011 and 2030 [18]. This will result 
in a lost of productivity valued at €73 billion [18]. These losses 
represent approximately 1.4 % of Ireland’s GDP annually. An 
annual 1 % reduction in mortality reduces productivity losses due 
to all invasive cancers by €8.5 billion over 20 years [18]. Though 
the article did not discuss specifically the burden imposed by CIN 
however the potential impact of approximately 20% cancer related 
deaths occurring due to CIN is obvious. A recent study evaluated and 
estimated the cost and burden of hospitalization with FN within the 
Irish Healthcare system and found that average cost per FN episode 
was €8915 ± 718 [21]. Of this the major cost was the hospital stay 
at €6851 ± 549, and additional costs include antibiotics €760 ± 156 
laboratory tests €538 ± 47 and blood transfusions €525 ± 189 [21]. 
The study did not include the cost of G- -CSF given to the patients. The 
mean length of stay was found to be 7.3 ± 0.5 days. There were 42 
FN related hospital admissions at the University Teaching Hospital, 
Dublin reported in this study during one year (August 2008 – July 
2009) [21]. This clearly outlines the incidence and impact of FN 
and the significant burden on the Healthcare system. Therefore, 
there is an immediate and urgent clinical need for rapid detection 
of neutropenia and prevention of sepsis to improve patient survival 
and outcome of cancer treatment.

Figure 5: Monitoring Absolute Neutrophil count (ANC) leading 
to timely diagnosis and better management of CIN. 1,2,3 indicates 
the possible intervention points where monitoring of ANC can me of 
advantage in patient management. ANC monitoring to lead to timely 
detection and prevention of CIN avoiding hospitalization and treatment 
interruption. ANC monitoring could also help identifying the patients 
who could benefit from G-CSF administrated. ANC can also help to 
determine dose and time of next chemotherapy administrated.

Conclusions
One major obstacle faced in the management of FN is the timely 

diagnosis of neutropenia before the actual onset of infection. Timely 
diagnosis would provide a critical window of opportunity when 
appropriate clinical intervention (with G- -CSF and antibiotics) 
can be made. The number one challenge in the diagnosis of febrile 
neutropenia is the patients ability to identify the signs and symptoms 
of CIN and realize that they are seriously ill – and the need to report 
immediately to the appropriate cancer care or hospital ward [3]. 
It is essential to educate all patients with cancer and receiving 
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chemotherapy about the risk of FN, prior to beginning treatment. 
The second challenge in the management of febrile neutropenia 
is to make sure the patient’s symptoms are properly documented 
and communicated so that they enter the appropriate care pathway 
as per local guidelines [3]. Any chemotherapy patient who has a 
fever associated with neutropenia should be regarded as a “medical 
emergency”. It is essential for primary care givers to be aware of the 
patient’s chemotherapy treatment and must immediately refer to 
the hospital.

On referral to hospital, all patients with febrile neutropenia 
must be treated rapidly to prevent serious infections and sepsis. 
So it is obvious that appropriate monitoring and early detection 
of when absolute neutrophil count (ANC) drops below <0.5 x 
109/l indicating severe neutropenia and risk of infections will 
be extremely beneficial to the management of CIN. Patients can 
be alerted and themselves contact the appropriate hospital care 
for further evaluation and treatment. This will give valuable time 
when intervention with prophylactic G- -CSF and/or antibiotic can 
prevent life- -threatening infections from setting in. In addition 
patients diagnosed with neutropenia could be given ex- -vivo 
expanded neutrophils to prevent onset of serious infections as well 
as to rapidly bring any ongoing infections under control, giving 
patient the chance to recover fast and continue on their treatment 
regimen.

The current clinical need can be addressed by introducing a 
regular system of monitoring blood cell counts in patients at a near 
patient or point of care setting. ANC monitoring and early detection 
of CIN will not only prevent FN and subsequent compli- -cations, but 
will also enhance capability of delivering full- -dose chemotherapy 
on schedule for most patients. In addition, monitoring of white 
blood cells (WBC), specifically neutrophils, will have a number of 
benefits.

In the case of CIN, a doctor would typically check neutrophil 
count before each chemotherapy cycle. If neutrophil count is low, 
a patient might not receive their next cycle of chemotherapy until 
they have enough neutrophils. Additional neutrophil counts will 
enable the accurate and timely detection of a fall in neutrophils, 
which may indicate that the administration of growth factors 
may be beneficial. Patients at intermediate risk showing a drop in 
ANC can receive G- -CSF preventing FN. This creates an additional 
value proposition for growth factor manufacturers. This will help 
to stratify cancer patients better who will benefit from G- -CSF and 
reduce the over use of medication. Where neutrophil levels fall too 
low, intravenous antibiotic administration may also be advised. 
Monitoring and timely detection of CIN will significantly improve 
patient management and improve cancer treatment outcome. 
Therefore further research needs to be focused on identifying new 
and novel methods for monitoring neutrophil counts in cancer 
patients receiving chemotherapy.
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