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Abstract

Introduction: This study aims to determine the use of thiol/disulphide homeostasis parameters together with procalcitonin
(PCT), C-reactive protein (CRP) and Multinational Association for Supportive Care in Cancer (MASCC) risk scoring system
for the prediction of prognosis and mortality in the patients with febrile neutropenia presenting to the emergency department.
Material and methods: The study was carried out prospectively on 53 patients with febrile neutropenia and 51 healthy subjects
presenting to the emergency department. Thiol/disulphide homeostasis parameters, which are oxidative stress markers, were
measured through a new method developed by Erel and Negelioglu. PCT and CRP were also measured. Patients were grouped
in to high-risk and low-risk groups in terms of prognosis and mortality through MASCC scores. Results: Mean values of
disulphide/native thiol, CRP and PCT were found to be significantly higher in the patients having febrile neutropenia (p=0.029,
p<0.001 and p<0.001, respectively). Mean values of disulphide/native thiol, CRP and PCT were found to be significantly higher
in the high-risk patients (p=0.038, p=0.004, and p=0.002, respectively). Conclusion: The use of thiol/disulphide homeostasis
parameters, PCT and CRP together with the MASCC system may be used for the prediction of the prognosis in the patients
with febrile neutropenia.

What is already known about this topic?

Despite the widespread use of CRP and PCT as inflammatory markers and their occasionally inconsistent
results, PCT has become prominent as a diagnostic and prognostic marker in the recent studies on febrile
neutropenic patients with systemic infections.

What does this article add?

We observed that thiol/disulphide homeostasis parameters are significantly different amongst different prog-
nostic groups of febrile neutropenia.

INTRODUCTION

Febrile neutropenia is a well-known complication of chemotherapy and it is one of the most frequent oncologic
emergencies treated by emergency physicians [1]. Neutropenia often develops due to both the toxic effect of
chemotherapy and the spread of malign cells into the bone marrow preventing the growth of hematopoietic
cells. Neutrophils play an important role against infectious agents thus neutropenic patients become more
susceptible to infections [2]. Invasive infections and the conditions that cause sterile tissue damage may lead
to an increase in the systemic inflammation together with inflammatory mediators and high fever. High
fever in the patients with malignancy can result from the malignant cell lysis or mucosal damage induced by
chemotherapy apart from the infections [3].



It is quite important to diagnose and treat serious infections resulting in morbidity and mortality in febrile
neutropenia in the early phase. On the other hand, insufficient clinical and microbiological data in these
patients cause serious problems in the diagnosis of the disease [4, 5]. It is hard to distinguish the infected
patients from the non-infected ones through the use of simple inflammation parameters in febrile neutropenia,
thus reliable biomarkers are necessary for the early prediction of the complications [3, 6]. Certain biological
markers were suggested for this purpose and their relationship with the risk assessments was studied. The
accuracy and predictive values of these markers were generally evaluated by small-scale, single-center clinical
and laboratory studies and different results were obtained [7-9].

The mediators released due to oxidative stress are known to cause numerous systemic diseases accompanied by
inflammation. Thiol/disulphide homeostasis parameters have been used for the detection of oxidative stress,
and they have been measured in a one-sided way since 1979. Today, these parameters can be measured both
separately and collectively by means of a new method developed by Erel and Neselioglu [10-13]. Moreover,
PCT and CRP are the biochemical markers released in infection and inflammation [14, 15].

Researchers have tried to develop prognostic models for many years in order to classify patients with febrile
neutropenia to foresee severe complications and risks that may occur. In 2000, the MASCC risk scoring
index was published so as to make risk classification and especially to identify the ambulant patients at low
risk [16, 17].

This study aims to determine whether it is beneficial to use thiol/disulphide homeostasis parameters, PCT
and CRP together with the MASCC risk scoring system for the prediction of prognosis and mortality in the
patients with febrile neutropenia presenting to the emergency department.

METHODS

This is a prospective and single-center observational study. The study was conducted in an urban training
and research hospital’s emergency department with approximately 150000 patient visits per year. Patients
were screened and were included in the study if they were over the age of 18, underwent chemotherapy
within the last 7 days due to malignancy and were febrile at the time of presentation. According to Infection
Disease Society Of America guidelines, fever is defined as a single oral temperature measurement of >38.3°C
or a temperature of >38.0°C sustained over a 1 hour period. Patients were than excluded if they did not
have neutropenia. The cases with an Absolute Neutrophil Count (ANC) of 500 cells/mm? or an ANC that
is expected to decrease to 500 cells/mm?® during the next 48 hours have been included in the category of
febrile neutropenia [18]. The patients who had another condition that may change oxidative stress para-
meters(degenerative disease, diabetes mellitus, cardiovascular disease, acute renal failure, cerebrovascular
disease, and chronic liver disease apart from the malignancy) were also excluded from the study. Control
group included the healthy volunteers.

Written informed consents of both patients and subjects in control group were obtained before their inclusion
in the study.

The researchers recorded demographic features (age, gender) chief complaints, medical history of disease and
drugs, and signs and symptoms at the time of admission to the emergency department the standardized
study forms.

Blood samples were drawn from all patients at the time of admission in order to analyze the blood culture,
complete blood count, biochemical markers, thiol/disulphide homeostasis parameters (thiol, disulphide, na-
tive thiol, disulphide/native thiol, disulphide/total thiol, native thiol/total thiol), CRP and PCT levels.

After we collected venous blood samples for the measurement of thiol/disulphide homeostasis parameters,
centrifuged them at 1500 rpm for ten minutes, and we separated the serum. We stored the serum samples
at -80°C until the collection of all samples. Then we sent the serum samples to the biochemistry laboratory
at Ataturk Training and Research Hospital, Ankara, Turkey subsequent to the completion of the sample
collection process.



The laboratory staff measured the native thiol and total thiol by means of a new and fully automatic
system, and they calculated the disulphide and ratios of disulphide/native thiol, disulphide/total thiol and
native thiol/total thiol [10]. PCT (Roche Cobas 6000 Japan) and CRP (Siemens BNII, Germany) were also
measured in the same laboratory.

MASCC risk scores (Table 1) of the patients were calculated at the time of admission. Patients whose MASCC
score was [?] 21 points were classified as a low-risk group while the patients that have MASCC score < 21
points were categorized as a high-risk group [18,19]. The patient group was compared with the control group
in terms of thiol, disulphide, disulphide/native thiol, disulphide/ total thiol, native thiol/total thiol, CRP
and PCT values. Moreover, the patient group was divided sub-groups: patients who had mortality within 28
days and patients who survived over 28 days, high-risk patients and low-risk patients according to MASCC
scores and the patients who had a positive or a negative blood culture. These groups were compared to each
other in terms of thiol, disulphide, disulphide/native thiol, disulphide/total thiol, native thiol/total thiol,
CRP and PCT values.

The results were presented as mean +- SD. Univariate statistical analyses were performed by using a chi-
square test for categorical variables and Student-t-test for continuous variables. P <0.05 was accepted to be
statistically significant.

RESULTS

Fifty three patients were included in the study, 32 of these 53 patients were male, and mean age was 62.624-
12.80. Control group had 51 volunteers, 23 of these 51 volunteers were male and mean age was 60.25+-6.86.
There was no statistically significant difference between the patient group and the control group in terms of
age and gender (p = 0.245 and p = 0.169, respectively).

When the treatment group and the control group were compared according to thiol/disulphide homeostasis,
PCT and CRP parameters, mean values of disulphide/native thiol, PCT and CRP were found to be signif-
icantly higher in the patient group in comparison with the control group (p=0.029, p<0.001 and p<0.001,
respectively) while mean values of disulphide, native thiol, total thiol and native thiol/total thiol were de-
tected to be significantly lower in the same group (p=0.001, p<0.001, p<0.001 and p=0.046, respectively).
There was no significant difference between the treatment group and control group in terms of the mean
value of disulphide/total thiol (p = 0.057). The thiol/disulphide homeostasis, PCT and CRP parameters of
the treatment group and control group are given in Table 2.

When patients who survived more than 28 days were compared with patients with mortality in terms of
thiol /disulphide homeostasis, PCT and CRP parameters, mean values of disulphide/native thiol, disul-
phide/total thiol and PCT were found to be significantly higher in dying patients in comparison with sur-
viving patients (p=0.007,p=0.012 and p=0.018, respectively), while mean values of native thiol, total thiol
and native thiol/total thiol were detected to be significantly lower in the same group (p=0.002, p=0.006 and
p=0.007, respectively). There was no significant difference between patients who died and surviving ones
in terms of mean values of disulphide and CRP (p = 0.073 and p = 0.115, respectively). The comparison
of results of mean thiol/disulphide homeostasis parameters, PCT and CRP levels in surviving and dying
patients are given in Table 3.

When high-risk patients according to MASCC score were compared with low-risk patients in terms of
thiol/disulphide homeostasis, CRP and procalcitonin parameters, mean values of disulphide/native thiol,
PCT and CRP were found to be significantly higher in high-risk patients (p=0.038, p=0.004 and p=0.002,
respectively) while mean values of native thiol and total thiol were detected to be significantly lower (p=0.012
and p=0.018, respectively). There was no significant difference between the high-risk and low-risk patients
in terms of mean values of disulphide, disulphide/total thiol and native thiol/total thiol (p = 0.497, p =
0.070 and p = 0.058, respectively).Comparisons of thiol/disulphide homeostasis, PCT and CRP parameters
according to MASCC score are given in table 4.

When the patient group was divided in to two groups according to the blood culture results, PCT and



CRP values were seen to be significantly higher in the sub-group with positive blood culture (p = 0.034
and p = 0.027, respectively) while no significant difference was recorded between the sub-groups in terms
of native thiol, disulphide, total thiol, disulphide/native thiol, disulphide/total thiol and native thiol/total
thiol values. The comparison of the thiol/disulphide homeostasis, PCT, and CRP parameters in the patients
with positive and negative blood cultures is given in Table 5.

DISCUSSION

In diseases where inflammation is at the forefront, there is an increase in the production of proinflammatory
cytokines associated with the increase of oxidative stress mediators. Thiol/disulphide homeostasis is also one
of the oxidative stress markers [12, 20]. The impaired thiol/disulphide balance plays a role in the formation of
most inflammatory diseases such as diabetes mellitus, cardiovascular diseases, rheumatoid arthritis, chronic
renal failure, cancer, Alzheimer’s disease and Parkinson’s disease [21]. PCT is a specific marker that is used
in the diagnosis of inflammatory and infectious cases, and it is released from c cells [22, 23]. High PCT
levels are associated with the severity of the infection and they can also be used to monitor the patients
with severe infections, sepsis and multiple organ dysfunction syndrome (MODS). For all the reasons stated
above, PCT is considered to be a reliable marker in the differential diagnosis of bacterial and non-bacterial
inflammation [15, 24]. CRP is a biochemical marker that is secreted as an acute phase reactant after the
cytokines are released in almost all microbial infections and inflammatory conditions [14].

Despite the widespread use of CRP and PCT as inflammatory markers and their occasionally inconsistent
results, PCT has become prominent as a diagnostic and prognostic marker in the recent studies on febrile
neutropenic patients with systemic infections [25]. A meta-analysis performed by Wu et al. has evaluated
the possibility of using CRP and PCT for the early diagnosis in the febrile neutropenic patients with severe
infections [26]. Despite PCT and CRP, the severity of the infection and the risk of mortality still cannot be
predicted accurately. Therefore, new biomarkers are being searched [27, 28].

In the study conducted by Wenneras et al., PCT and CRP values were found to be above the normal range
in all febrile neutropenic patients with proven or unproven infections and severe inflammation. PCT values
were measured to be higher in infected patients as the strongest parameter. CRP was again recorded to be
slightly higher in infected patients [3]. Similarly, in the study carried out by Ruokonen et al., PCT values
measured in the patients with infections or with bacteremia were found to be higher than in patients with
fewer of unknown origin in neutropenic patients [29]. The data of our study also provided similar results
in febrile neutropenic patients in terms of PCT and CRP. In our study, disulphide/native thiol ratio was
found to be higher in the patients with febrile neutropenia when compared to the control group, while the
disulphide, native thiol, total thiol and native thiol/total thiol values were measured to be lower.No difference
was recorded between the two groups in terms of disulphide/total thiol ratio.

Mortality rates in the patients with febrile neutropenia were found to be at different rates ranging from 4%
to 24% in the literature [30-32]. The mortality rate in our study was approximately 25%. In the literature,
Massaro et al. reported that PCT was not a good marker for predicting mortality [33-35], although there
are some studies that have indicated that PCT may show short-term mortality when used as an early
prognostic biomarker in oncologic emergencies. In certain studies on febrile neutropenia, CRP has been
shown to have no significance in predicting the mortality [27, 28|. In another study, the relationship between
mortality and CRP was found to be stronger in the patients with the febrile neutropenic disease, especially
bacteremia, than in those who died from non-infectious causes [36]. In our study, disulphide/native thiol,
disulphide/total thiol, and PCT values were measured to be higher in dying patients while the mean values of
native thiol, total thiol, and native thiol/total thiol were recorded to be lower in the same group. There was
no difference between dying and surviving patients in terms of disulphide and CRP values. PCT values were
found to be compatible with the studies in the literature in terms of predicting the mortality. High values of
disulphide/native thiol, disulphide/total thiol and low values of native thiol, total thiol and native thiol/total
thiol may be used as valuable markers for the prediction of mortality in febrile neutropenia together with
PCT.



Risk classifications are used for deciding which patients will have outpatient treatment, and to prevent serious
complications infebrile neutropenic patients, [37, 38]. The MASCC score is a risk management-based scoring
system with sensitivityof 71% and positive predictive value of 91%, which has been shown to be reliable in
numerous studies for the management of febrile neutropenia and is widely used in clinical practices. Early
discharge and outpatient treatment of the low-risk patients in febrile neutropenia according to MASCC score
increase the quality of life and decrease nosocomial infections. MASCC score has been shown to be a cost-
effective and safe method that can be used for identifying the patients with low risk [16, 17, 39]. Although
there have been many studies in the literature showing the relationship between MASCC and PCT and
CRP, there is no study that compares MASCC with thiol/disulphide homeostasis parameters. Combariza
et al reported that the combination of MASCC risk score and mean CRP value successfully diagnosed the
high mortality risk in the patients with neutropenic fever within the first 5 days [40]. Uys et al. indicated
in their study that PCT and CRP values were significantly associated with the risk classification (strongest
correlation) in the low-risk and high-risk patients according to MASCC risk score [41]. In the study carried
out by Ahn et al., the combination of high-risk MASCC score and PCT elevation was found to be a strong
predictor for the detection of bacteremia and septic shock [42]. PCT and CRP levels were found to be high
in our study in high-risk patients according to MASCC risk score, which is compatible with the literature. In
addition to the literature, high-risk patients were found to have high levels of disulphide/native thiol, while
native thiol and total thiol levels were lower. There was no difference between disulphide, disulphide/total
thiol and native thiol/total thiol values between high-risk and low-risk patients according to the MASCC
risk score. Although there are different studies investigating the correlation between MASCC and PCT and
CRP, our study is the first research indicating the correlation between thiol/disulphide homeostasis and
MASCC risk score.

Although the majority of febrile neutropenic episodes are thought to result from a bacterial infection, it is
difficult to determine the cause of febrile neutropenia because of the relatively poor diagnostic performance
of the blood cultures [43]. In a study carried out by Viscoli et al., The frequency of bacteremia in febrile
neutropenia was detected to be 29% [44]. In the literature, there are also the studies showing high PCT and
CRP levels in the patients with positive blood cultures [45-47]. In our study, PCT and CRP values were
found to be high in the patients with positive culture results, which is similar to the data in the literature.
There was no significant relationship between thiol /disulphide homeostasis parameters and culture results.

To the best of our knowledge our study is the first research analyzing the relationship between thiol /disulphide
homeostasis parameters and PCT and CRP and the MASSC scoring system in the patients diagnosed with
febrile neutropenia. We observed that thiol/disulphide homeostasis parameters are significantly different
amongst different prognostic groups of febrile neutropenia and we believe that with further studies these
markers may be used in the prognostic evaluation of febrile neutropenic patients presenting to the emergency
department.
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Tables
Table 1. The Multinational Association for Supportive Care in Cancer (MASCC) Score

Characteristics of MASCC Score Weight (points)

Burden of illness: no or mild symptoms
No hypotension

No chronic obstructive pulmonary disease
Solid tumor or no previous fungal infection
No dehydration

Burden of illness: moderate symptoms
Outpatient status

Age < 60 years

DN L W Wk = Ot

Table 2. Comparison of the patient group and the control group in terms of mean Thiol/disulphide home-
ostasis parameters, CRP+ and PCT++ levels

Patient group(n=53) Control group(n=51) P value

Noatie Tnroh (rpor/A)  258.27 + 81.36 429.13 + 50.82 <0.001
Totah Tnuoh (LpoA/A) 289.82 £+ 79.84 471.61 £ 53.33 0.001
Awouinnde (Lol /A) 15.61 £ 9.31 21.29 £ 7.39 0.001
Disulphide/native thiol 0.071 £ 0.065 0.050 £ 0.018 0.029
Disulphide/total thiol 0.057 + 0.041 0.045 £ 0.015 0.057
Native thiol/total thiol 0.884 + 0.084 0.909 + 0.030 0.046
CRP (mg/L) 144.58 + 101.29 4.00 + 1.28 < 0.001
PCT (ng/ml) 12.82 + 12.64 5.76 + 2.33 <0.001

+: C Reactive Protein
+-+: Procalcitonin

Table 3. Comparison of thiol/disulphide homeostasis parameters, CRP+ and PCT++ levels insurviving
and dying patients

Death(n=11) Survival (n=42) P value

Notie Troh (woh/A)  224.71 £ 80.86  293.13 + 67.00 0.002
Totah TnroN (ppoN/A)  261.04 £ 80.77  319.70 £ 68.20 0.006
Awcuinnde (ppor/A) 17.85 £+ 10.44 13.29 £+ 7.47 0.073
Disulphide/native thiol = 0.095 £ 0.081 0.046 % 0.029 0.007
Disulphide/total thiol 0.071 £ 0.050 0.042 + 0.024 0.012
Native thiol/total thiol 0.854 £ 0.101 0.915 £ 0.047 0.007



Death(n=11) Survival (n=42) P value

CRP (mg/L) 166.08 + 115.20 122.26 + 80.76 0.115
PCT (ng/ml) 20.31 + 32.83 3.92 & 8.96 0.018

+: C Reactive Protein
++: Procalcitonin

Table 4. Comparison of Thiol/disulphide homeostasis, CRP4+ and PCT++ parameters according to
MASCCS§ score

High Risk(n=40) Low Risk(n=13) P value

Notie Trroh (ppor/A)  241.89 £+ 77.23 308.68 + 75.19 0.012
Totah TrwoN (woN/A) 27451 + 75.76 336.93 + 76.06 0.018
Awouinnde (Lol /A) 16.09 + 9.54 14.12 + 8.73 0.497
Disulphide/native thiol 0.079 £ 0.071 0.047 £ 0.033 0.038
Disulphide/total thiol 0.062 £ 0.044 0.042 £ 0.028 0.070
Native thiol/total thiol 0.874 £ 0.090 0.915 £ 0.054 0.058
CRP (mg/L) 163.34 £ 104.08 86.85 + 66.87 0.004
PCT (ng/ml) 15.95 £ 28.35 0.92 &£ 1.78 0.002

+: C Reactive Protein
+-+: Procalcitonin
§: The Multinational Association for Supportive Care in Cancer

Table 5. The comparison of the thiol/disulphide homeostasis, CRP+ and PCT++ parameters in the patients
with positive and negative blood cultures

Negative blood Positive blood culture
Laboratory markers culture n=17 n=36 P value
CRP (mg/L) 191.23 + 110.52 122.55 + 90.02 0.034
PCT (ng/ml) 27.80 + 38.16 4.93 + 11.02 0,027
Narzie 245.39 + 98.88 264.36 + 72.42 0,486
Triol (ol /A)
ALOUATNLOE 13.92 + 8.40 16.41 + 9.71 0.346
(w0 /A)
Totah TrroA 273.23 + 94.60 297.65 + 72.00 0,355
(wpwor/A)
Disulphide/native 0.074 + 0.081 0.070+0.058 0,863
thiol
Disulphide/total 0.059+4-0.047 0.056 + 0.039 0,806
thiol
Native thiol/total 0.881 + 0.095 0.885 + 0.080 0,880
thiol

+: C Reactive Protein

++: Procalcitonin



