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Background: A suitable biomarker for early prediction of unfavourable course in
pediatric oncologic patients with febrile neutropenia is still needed. The objective of this
study was to assess the predictive value of serum interleukin-6 (IL-6) level and C-reactive
protein (CRP) titer in evaluating the need for antifungal therapy for children with fever
and neutropenia during cancer chemotherapy.
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Methods and Materials: In this comparative cross-sectional study, 60 episodes of
febrile neutropenia in 49 childhood cancer patients were enrolled. Serum samples were
collected at presentation after confirmation of febrile neutropenia and also in their third
day of admission.
Results: The positive predictive value of serum IL-6 level and CRP titer on the first day
of admission for predicting the need for antifungal therapy was 55.6% versus 70.8%. The
positive predictive value of serum IL-6 level and CRP titer on the third day of admission
for predicting the need for antifungal therapy were 60% versus 75%.
Conclusions: Altogether, our data suggest that CRP titer as an available and low cost
test, could have a good predictive value in determining the need for antifungal therapy
in a febrile neutropenic episode.
Keywords: interleukin-6 (IL-6), C-reactive protein (CRP), febrile neutropenia.

Introduction
Infectious complications during neutropenic phase after chemotherapy in children with
cancer are significant cause of morbidity and mortality. In most cases, fever is an early
serious symptom of infection. Traditional management for febrile neutropenia (FN) involved
inpatient admission and rapid initiation of empiric broad-spectrum intravenous (IV)
antibiotics until recovery of the absolute neutrophil count (ANC). This approach has
dramatically reduced the mortality of pediatric FN to be about 2% [1]. However, at the time
of fever presentation in a neutropenic child, discrimination between serious and less
significant infections seems to be difficult [2, 3]. In severely neutropenic patients, lack of local
signs of inflammation makes it difficult to diagnose the type of infection [4]. On the other
hand, delayed or inappropriately targeted treatments for situations such as fungal infections
could have fatal consequences [5]. Considering the complexity of the discussed circumstances,
sighting a biochemical marker to lighten a confounding febrile neutropenic episode has
came in to the researchers’ interest. The acute-phase reactant C-reactive protein (CRP) is
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one of most widely used biochemical inflammatory marker in
cancer patients; however, it has a 1-2 days delay to increase after
the onset of inflammation and it’s serum concentration could be
influenced by the underlying malignancy and the grade of tissue
damage [6, 8]. Several macrophage-/monocyte-derived cytokines
which mediate a number of metabolic changes known as acute
phase reactions have been identified among which interleukin
(IL)-6 seems to be the most important mediator [9, 10]. IL-6 is a
polypeptide that promptly increases in the early phases of
infection due to stimulation by endotoxin, tumor necrosis factor
alpha or IL-1, and it may be higher than CRP in early disease and
it has a much shorter half-life than CRP [6, 11, 13]. In a budget
limited medical setting, CRP is a cheaper and more available
diagnostic test comparing with IL-6. However, early detection of
patients at risk for fungal infections complications is crucial in
decision making about the type and the extent of needed
therapy in a febrile neutropenic episode [14].
So we decided to measure serum CRP titer and IL6 level
in our oncologic pediatric patients in order to compare the
ability of these two mediators in predicting the need for an
antifungal drug in order to overcome fever.

Material and Methods
In this cross-sectional study, all febrile episodes of children
aged between 1 to 16 years old who were undergoing anticancer treatment under the care of the pediatric oncology and
hematology department at Ali asghar Hospital, between January
2013 and January 2014 were included. Neutropenia was defined
as absolute neutrophil count <1500/mm3 at the time of
admission. Fever was documented if axillary temperature was
>38 °C or >37.5°C for more than 1 hour. Response to the
therapy was defined as fever discontinuation within 48 hours of
drug initiation.

At the time of admission, samples for Complete blood
count (CBC), CRP titer, and IL-6 level were drawn by venepuncture
concomitantly with blood culture, prior to administration of
antibiotics. The second sample for CBC, CRP titer and IL6 level
were repeated on the third day of admission.
Determination of CRP and IL-6 was based on a quantitative
enzymatic immunoassay. Cultures from other sites and
radiographs were taken according to clinical Indications.

Finally sensitivity, specificity, positive predictive value and
negative predictive in determining the risk of treatment failure
were measured.

variables. We used Chi-Square, Fisher and ROC analysis tests.
For comparison between the three groups also ANOVA test
was used.

Results
A total of 60 febrile episodes occurring in 49 patients were
evaluated. Patient characteristics are summarized in Table 1.
6.45 years
30/19
66.7%
25%
8.3%
6
3
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500-1000/mm3
1000-1500/mm3
Positive Blood culture
Positive Urine culture
ANC

In 31 episodes fever was ceased only by the administration
of the first line of antibiotics, while in 17 episodes the
discontinuation of fever happened after the administration of
the second line of antibiotics. In 12 episodes, fever was
discontinued only after the administration of antifungal
drugs. The mean level of IL-6 on the first and the third day of
admission were 373.5pg/ml and 183.6pg/ml, respectively. The
mean CRP titer on day one was 52.6mg/L and on day 3 was
61.5mg/L. Mean values of IL-6 level and CRP titer in the three
mentioned groups are shown in Table 2.
Table 2. Median values of IL-6 level and CRP titer in the three groups

IL-6 level IL-6 level on CRP titer CRP titer on
on first day third day
on first day third day

Group

Patients who
Mean
109.70
responded to first
Std
Deviation
148.15
line of antibiotics
Patients who
Mean
277.81
responded to
second line of
Std Deviation 568.72
antibiotics
Patients who
Mean
1176.30
responded to
Std Deviation 1962.42
antifungals
P-value
>0.05

186.86

43.47

38.40

909.28

39.39

38.08

109.70

52.41

72.97

192.58

41.16

53.97

286.50

75.81

102.26

351.46

44.92

66.33

>0.05

>0.05

0.001

There was no significant difference between IL-6 level on
first and third day in the three groups (P>0.05). Also there was
no significant difference in CRP titer on day one (P>0.05), but
CRP titer on the third day was significantly higher in the group
who needed to receive antifungal drugs (P=0.001).
Measured levels of IL-6 and CRP from the day of admission
and 48 hours later are presented in figures 1 to 4.
60

As a guideline in our department for management of FN,
our first line antibacterial therapy included ceftazidime and
amikacin, our second line antibacterial therapy included
meropenem and vancomycin. If the fever discontinuation would
not happen 48 hours after the second line antibacterial therapy,
we would add amphotericin B to our patients’ regimen.
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Statistical Analysis
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Statistical analysis was performed using SPSS version 13.
Mean and standard deviation were calculated for quantitative
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Table 1. Patients characteristics

Mean age
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Figure 1. Measured levels of IL-6 in the first day of admission
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culture results, we evaluated the efficacy of two biomarkers in
predicting the need for up leveling the antimicrobial coverage
in our pediatric patients with febrile neutropenia. Whether CRP
and IL-6 plasma levels have any relevance with fungal infections
was the main question that we aimed to answer.

60

50

Frequency
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CRP is the most commonly used marker, however, IL-6 is
the main stimulator of acute phase proteins such as CRP.
Hence, IL-6 level rises more promptly in response to infection
followed a few hours later by a rise in CRP titer [15].
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Figure 2. Measured levels of IL-6 in the third day of admission

CRP has shown to rise significantly in fungal infections by
different research groups [5, 16]. However, the value of IL-6
known as a rapid responder marker in bacterial infections has
not been evaluated in fungal infections. In our study, IL-6, as
a more expensive test, did not show any additional diagnostic
efficacy comparing with the more available test, CRP.
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Figure 3. Measured levels of CRP in the first day of admission
20

The potential to tailor therapy according to more sensitive
diagnostic tests at the time of admission might permit more
judicious use of antimicrobial agents [17]. We suggest that serial
monitoring of CRP could help in deciding about the more rapid
initiation of antifungal therapy in febrile neutropenic children
during chemotherapy. Our results require confirmation in a larger
prospective studies and our study was limited by the lack of
positive blood cultures and documentation for fungal infections.
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Figure 4. Measured levels of CRP in the third day of admission

Sensitivity, specificity, positive and negative predictive
value of IL-6 level and CRP titer on the first and the third day
are summarized in table 3.
Table 3. Sensitivity, specificity, positive and negative predictive
value of IL-6 level and CRP titer on the first and the third day of
admission
IL-6 level on the first day
IL-6 level on the third day
CRP titer on the first day
CRP titer on the third day

Sensitivity
27.8
41.7
47.2
50

Specificity
66.7
58.3
70.8
75

PPV
55.6
60
70.8
75

NPV
38.1
40
47.2
50
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