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Abstract
Purpose Febrile neutropenia (FN) is a hematological emergency. It is challenging and confusing for the clinicians to make the
decision of the febrile neutropenic patients under chemotherapy to be monitored at intensive care unit (ICU). The aim of this
study was to define the factors supporting decision-making for the critical patients with febrile neutropenia.
Methods The data of 60 patients, who were taken to the ICU while they were under treatment in the Hematology Clinic with a
diagnosis of febrile neutropenia, were analyzed retrospectively, in order to identify clinically useful prognostic parameters.
Results The ICU mortality rate was 80%. Mortality was significantly associated with higher sequential organ failure assessment
score (SOFA), quick sequential organ failure assessment score (qSOFA), and hematological SOFA (SOFAhem) scores on
admission. All cases having SOFA score 10 and above and qSOFA score 2 and above died. In multivariate analysis, qSOFA
score was found to be statistically significant in predicting mortality in regard to ICU admission (p = 0.004).
Conclusion Mortality of febrile neutropenic patients admitted to ICU is high. It would be appropriate to determine the extent of
organ dysfunction instead of underlying disease, for making the decision of ICU admission. It should be noticed that the risk
mortality is high for the FN cases with SOFA score 10 or above, qSOFA score 2 or above, and in need of mechanical ventilation
and positive inotropic support; hence, early intervention is recommended. In our study, the most significant parameter in
predicting ICU mortality was found to be qSOFA.
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Introduction

Patients having hematological malignancy (HM) suffer from
immunodeficiency due to the underlying disease and/or

prolonged neutropenia developing after intensive chemother-
apy, and hence, they are at high risk of serious infection [1].
New chemotherapeutic drugs being launched every day and
becoming available for the patients have an increasing effect
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on the survival rates while severe febrile neutropenia (FN)
attacks induced by resistant microorganisms limit treatment
choices and increase the rate of potential complications (e.g.,
hypotension, acute renal failure, respiratory heart failure).

In febrile neutropenia, which is a hematological emergency,
it is crucial that high-risk patients should be identified and
promptly directed to the right treatment option. Although the
rate of mortality in febrile neutropenia varies according to the
risk group, the survival rates are quite low for the patient group
monitored in the intensive care unit [2]. It is difficult to make a
decision on selecting the patients that need be taken into inten-
sive care unit and those who are eligible for further treatment in
intensive care conditions. Decision-making processes should
be guided by patient-based individual evaluations, case by
case. Nevertheless, understanding all the other factors contrib-
uting to the prognosis will be helpful in the management of this
group of patients, which is a challenging task to follow-up.

Many studies were conducted to predict mortality in febrile
neutropenia and scoring systemswere developed to identify the
risk group. In the multinational association for supportive care
in cancer (MASCC) scoring, scores are given according to the
patient’s age, history, symptoms, outpatient/inpatient status,
and comorbid status. Patients with a MASCC score of < 21
are considered as high-risk patients [3]. Implementation of
MASCC scoring system is guiding particularly in determining
where the patient will be treated. High-risk patients need hos-
pitalization for intravenous (IV) empirical treatment. In low-
risk patients, however, oral antibiotic therapy can be used after
a short inpatient period. Besides this scoring system, many
national cancer associations, Infectious Diseases Society of
America (IDSA) [4], National Comprehensive Cancer
Network (NCCN) [5], American Society of Clinical
Oncology (ASCO) [6], and European Society for Medical
Oncology (ESMO) [7], have published their own guidelines
on febrile neutropenia. In general, the conditions where neutro-
penic period is expected to continue more than 7 days are
defined as high-risk conditions in these guidelines. The pres-
ence of certain types of diagnosis (acute leukemia, high-risk
MDS), comorbid disease, hemodynamic instability, mucositis,
gastrointestinal symptoms, new developing neurological disor-
der, catheter infection, pulmonary infiltration, hypoxemia, un-
derlying lung disease, alemtuzumab use, uncontrolled progres-
sive disease, developing liver and kidney failure, and MASCC
score < 21 was also reported as high-risk disease.

Quick sequential organ failure assessment score (qSOFA)
is a scoring system that is especially useful in emergency
services, developed to predict the relationship between sepsis
and mortality, and it can be calculated independent of labora-
tory tests [8].

Sequential organ failure assessment score (SOFA) score is
an effective scoring system developed to predict the survival
rate in patients followed in intensive care unit, and those with
organ dysfunction and failure [9]. It is very effective in

determining the patients carrying high mortality risk, although
it is not diagnostic for sepsis.

These scoring systems were studied in intensive care con-
ditions for the patients having hematological malignancies
[10]; however, any detailed assessment particularly for the
febrile neutropenic patients, having a special place in this pa-
tient group, could not be found in the literature. The main
objective of this study was to determine the mortality-related
risk factors in the patient group monitored in intensive care
unit with the diagnosis of FN and to investigate the effective-
ness of different scoring systems for sepsis in predicting mor-
tality in febrile neutropenia.

Material and method

The data of 60 patients, who were taken to the intensive care
unit (ICU) while they were under treatment in the Hematology
Clinic with a diagnosis of febrile neutropenia between January
2015 and September 2018 in the University of Health
Sciences Izmir Bozyaka Education and Research Hospital,
were analyzed retrospectively. Febrile neutropenia attack
was defined as single temperature of ≥ 38.3 °C or temperature
sustained for at least 1 h at ≥ 38 °C in patients having a neu-
trophil count below 500/mm3 or between 500 and 1000/mm3

with a tendency to fall below 500/mm3 within 48 h.
Detailed patient data was obtained from electronic health

records database of the hospital. Data were recorded regarding
patients’ demographic characteristics, type and activity of the
hematological disease, length of hospital stay prior to admis-
sion to ICU, time between chemotherapy and admission to
ICU, indication for ICU, need for mechanical ventilation,
need for dialysis, clinical and laboratory parameters, use of
vasopressors/inotropic drugs, and the microbial cultures.
Disease status was determined as newly diagnosed, refractory
disease, relapse, or complete partial remission according to the
last bone marrow biopsy or imaging methods.

Using these data, qSOFA, SOFA, and MASCC scores
were calculated for each patient at admission to the intensive
care unit. SOFAhem, calculated by excluding central nervous
system findings and coagulation values in patients with hema-
tological malignancies, was also calculated for each patient at
admission to the intensive care unit.

Data were analyzed using statistical package for the social
sciences (SPSS) statistics 21.0 (Armonk, IBM Corp., NY,
USA). Pearson’s chi-square test for discrete variables or the
Kruskal-Wallis test for continuous variables was used to com-
pare patient characteristics. The Kaplan-Meier method was
used to estimate ınternal care unit survival. We determined
the optimum cutoff points for the SOFA, qSOFA,
SOFAhem, andMASCC as a predictor for ICU survival based
on the receiver operating characteristic (ROC) curve. The op-
timum cutoff points were the point on ROC curve. Gender,
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age, SOFA, qSOFA, SOFAhem, and MASCC scores all were
tested in the multivariate analysis. p < 0.05 was considered
statistically significant.

Ethics declarations

The study was approved by the Institutional Review Board at
University of Health Science, Izmir Bozyaka Education and
Research Hospital (17/06/2020 2020-05).

Results

Sixty patients, diagnosed with febrile neutropenia and requir-
ing intensive care, were examined in this study. The mean age
was 60 ± 15 (17–85) years, 33 patients were male (55%) and
27 patients were female (45%). Most of the patients had acute
leukemia (78%), amongst which 39 patients (65%) were di-
agnosed as acute myeloid leukemia (AML), 6 (10%) as acute
lymphocytic leukemia, 8 (13.3%) as non-Hodgkin lymphoma,
2 (3.3%) as multiple myeloma, 3 (5%) as chronic lymphocytic
leukemia, and 2 (3.3%) as chronic myeloproliferative disease.
Thirty-seven patients (61.7%) were diagnosed with active
newly diagnosed disease while 10 patients (16.7) had refrac-
tory disease, and 3 patients (5%) developed relapse disease.
Eight patients (85%) were being monitored with complete
partial remission. Fifty-one patients were determined to re-
ceive chemotherapy within the last 30 days before admitted
to the ICU. Respiratory failure was the most common reason
for ICU transfer, in 38.5% of the patients, followed by sepsis
in 25%, cardiac failure in 10%, neurological reasons in 13.3%,
and the need for resuscitation in 13.3% of the cases. The
median length of stay in the hematology clinic before admis-
sion to the ICU was 15 (2–76) days, and the median length of
the hospitalization in the ICU was 3 (1–20) days. The ICU
mortality rate was 80%. During patients’ transfer to ICU,
mean SOFA score was calculated as 12.35 ± 4.5 (2–20),
SOFAhem score as 6.4 (1–12), qSOFA score as 2.2 ± 1 (0–
3), and MASCC score as 10.88 ± 4.36 (4–19). The number of
patients who needed invasive mechanical ventilation in the
first 24 h was 33 (55%). Positive inotropic or vasopressor
support was provided in 39 (65%) patients. Six patients
(10%) underwent hemodialysis during follow-up in the ICU.
Sterile blood, urine, and sputum cultures were taken during
the febrile periods of patients, and 34 patients (56%) had pos-
itive culture results. Twenty patients (33.3%) had gram-
negative infection, 8 patients (13.3%) gram-positive infection,
and 6 patients (10%) had fungal infection.

The mean length of hospitalization in ICU was 4 (1–13)
days for the patients over 60 years of age and 4.6 (1–20) days
under 60 years. Patients over 60 years of age were observed to
have a longer hospital stay (p = 0.038). However, age showed
no effect on mortality (p = 0.42).

It was observed that gender, disease type and disease ac-
tivity, the need for dialysis, and the length of hospital stay
before admission to ICU had no effect on mortality in ICU
and the length of stay in ICU.

The patients who needed mechanical ventilation at the time
of admission to the ICU had a short ICU stay and this was
statistically significant (p = 0.002). The number of patients
requiring positive inotropic support was 39, and the length
of hospital stay was found to be significantly short in these
patients (p = 0.05).

As for the duration of hospitalization of the patients with
positive culture results, it was observed that those with gram-
negative cultures had the shortest time in the ICU, followed by
those with positive fungal cultures and gram-positive cultures.
It was observed that gram-negative bacterial growth signifi-
cantly shortened the length of stay in ICU and all these pa-
tients died (p = 0.05).

The cutoff values for SOFA, SOFAhem, qSOFA, and
MASCC were not uniform in the previous reports for febrile
neutropenia in the internal care unit. Hence, we performed
ROC curve analysis for finding optimal cutoff points for the
SOFA, qSOFA, SOFAhem, and MASCC. The median SOFA
was 9.5 (range 2–20), the median SOFAhem 5.5 (range 1–12),
themedian qSOFAwas 1.5 (range 0–3), andMASCCwas 12.5
(range 4–19). Based on the cutoff points for the SOFA,
SOFAhem, qSOFA, and MASCC, the patients were catego-
rized into the groups as follows: high SOFA group (≥ 9.5),
low SOFA group (< 9.5) (with a sensitivity of 83.3% and spec-
ificity of 0.00%), high SOFAhem group (≥ 5.5), low SOFA
group (< 5.5) (with a sensitivity of 75% and specificity of
10%), high qSOFA group (≥ 1.5), low qSOFA group (< 1.5)
(with a sensitivity of 91.7% and specificity of 0.00%), high
MASCC group (≥ 12.5), and lowMASCC group (< 12.5) (with
a sensitivity of 18.8% and specificity of 75%).

It was observed that 12 of 20 patients with a low SOFA
score survived, but all 40 patients with a high SOFA score
died (p = 0.0001), and also, 36 of 37 patients with a high
SOFAhem score died, 12 of 16 patients with a low qSOFA
score survived, all of the 44 patients with a high qSOFA score
died (p = 0.0001), 3 of 42 patients with a low MASCC score
lived, and 9 of 18 patients with a high MASCC score died
(p = 0.001).

Upon multivariate Cox regression analysis of the age, gen-
der, SOFA, qSOFA, SOFAhem, and MASCC scores of the
patients, it was determined that qSOFA score was statistically
significant in predicting mortality with respect to the length of
stay in ICU (p = 0.004).

Discussion

It is challenging and confusing for the clinicians to make the
decision of the febrile neutropenic patients under
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chemotherapy to be monitored at ICU. The aim of this study
was to define the factors supporting decision-making for the
critical patients with febrile neutropenia.

The rates of mortality of the patients with hematologic
malignity and monitored in ICU display variations with re-
spect to treatment centers. This rate was specified as 33.7%
by Bird et al. [11], as 52% by Demant et al. [12], 56% by
Geers et al. [10], 60.3% by Jing Liu et al. [13], and 84.1% by
Yeo et al. [14]. In some of these studies, the presence of
neutropenia was observed to have an adverse effect on mor-
tality [13, 14], while having no effect in some other studies.
No study was encountered in the literature investigating ICU
results of particularly febrile neutropenic patients. The rate of
mortality of the specific patient group monitored in ICU in our
study was found to be higher than the other ones, as 80%. The
reason of the fact that our patients below 60 years of age seem
to have a higher mortality in ICU was attributed to intensive
induction chemotherapy implemented to young patient group.

Monitoring acute leukemia in ICU may be rather more
difficult, due to the therapy-associated complications.
Contrary to what is expected, no relationship was observed
in many studies between ICU mortality and underlying dis-
ease type and implemented therapy [10, 15–17]. No relation-
ship with mortality was determined in our study as well, de-
spite high number of acute leukemia patients and their major-
ity having had chemotherapy within 1 month prior to admis-
sion to ICU. Besides, due to the limited number of patients
followed in full remission, the effect of disease status on the
rate of survival in ICU could not be clearly assessed.

While Van Dijk [18] and Benoit [19] have specified a pos-
itive relationship in their studies between bacteremia and
prognosis, it was observed that all our patients with gram-
negative growth died during intensive care follow-up.
Negative effects of gram-negative growth on the rate of mor-
tality were supporting the study of Çalık et al. [20], in the same
treatment center with our study.

The need for invasive mechanical ventilator and positive
inotropic support in our study was an important determinant
of mortality as it was the case in several other studies [10–15,
18].

Under the light of all data, in this severely critical patient
group, it is rather difficult to anticipate the course of the dis-
ease by a single variable. It was confirmed in many studies
that SOFA was a good indicator in HM [10, 12, 13]. We have
come across no study in the literature, however, conducted
with febrile neutropenic patient group having hematologic
malignancies, as it is the case with our patient group. Our
study proved that SOFA score was a valuable indicator in
anticipating prognosis in febrile neutropenic patients. Mean
SOFA score of our patients calculated during their transfer
to ICU was 12.35. Mean SOFA scores in HM determined
by Liu ve Geerse were lower and found to be nearly 10 [10,
13]. In the study by Cornet et al., conducted with a view to

anticipate ICU mortality rate in HM patients [21], it was seen
that all cases with HM having SOFA score 15 and above died,
and in our study, all 40 cases having SOFA score 10 and
above died.

In many patients with HM, disease-associated or
chemotherapy-induced thrombocytopenia can be observed.
Considering that traditionally calculated SOFA score was
not a sufficient indicator for these patients, Dermant et al.
defined SOFAhem scoring as a more powerful marker in in-
dicating the mortality in HM [12]. Mean SOFAhem score
calculated in our FN patients was 6.4 (1–12), which was lower
than the score (7.2 ± 2.6) calculated in the study of Dermant
et al. [12]. SOFAhem should be considered as a considerably
quite effective scoring system in anticipating mortality in HM,
and should be used in daily practice (Table 1).

The studies where bedside calculation of qSOFA score was
assessed in febrile neutropenic patients were observed to be
performed only in emergency departments [22, 23]. In a study
where 38 patients were transferred from emergency depart-
ment to ICU, qSOFA score was observed to be inadequate
in predicting sepsis, mortality, and ICU requirement [22],
while in another study where 25 patients were transferred
from emergency department to ICU, qSOFA was negatively
affecting in-hospital mortality [23]. Considerably low number
of patients suggests the need for prospective studies involving
larger patient populations. In our study, 60 patients monitored
in hematology department and transferred to ICU were ana-
lyzed and it was found that the ones with qSOFA score 2 and
above all died. This type of scoring system which can be
evaluated quite fast at the bedside and without a blood test is
considerably easy, and should be kept in mind by the clini-
cians as a repeatable method.

MASCC scoring system is a guiding method used for spec-
ifying where the outpatient febrile neutropenic cases would be
receiving their first empirical antibiotic therapy. Those with
MASCC < 21 are considered as high-risk patients and recom-
mended to get hospitalized for i.v. empirical antibiotic thera-
py. The data of our already hospitalized patients were evalu-
ated with a view to compare the adequacy MASCC score in
ICU follow-up decision with the other scoring systems. Mean
MASCC score determined during ICU admission was 10.88
± 4.36. (4–19), and MASCC score of 39 patients out of 42
patients were found as below 12. In a study conducted on
2142 patients, the relationship between MASCC score and
mortality rates were evaluated, and in that study, 29% mortal-
ity was observed in the patient group with MASCC score
below 15 [24]. In that study, where solid tumors were present
and the majority were followed as outpatient due to low risk,
mortality rates were determined to be much lower than the
rates in our study, as expected.

In multivariate analysis, qSOFA score was found to be
statistically significant in predicting mortality in regard to
ICU admission (p = 0.004).
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The main limitation of this study was that the number of this
particular patient group was small. This was a retrospective
study and we did not have patients with a comparable profile
who did not die. Another limitation is this study was conducted
at a single healthcare center. In other centers, decision on ICU
admission may be also influenced by organizational aspects
and the availability of ICU beds.

In conclusion, mortality of febrile neutropenic patients ad-
mitted to ICU is high. It would be appropriate to determine the
extent of organ dysfunction instead of underlying disease, for
making the decision of ICU admission. It should be noticed
that the risk mortality is high for the FN cases with SOFA
score 10 or above, qSOFA score 2 or above, and in need of
mechanical ventilation and positive inotropic support; hence,

Table 1 Comparisons of between ICU survivors and non-survivors with FN (n with % or mean ± SEM)

Total (n = 60) Survivors (n = 12) Non-survivors (n = 48) p

Age median [range] 63 [17 − 85] 67 [56 − 85] 60.50 [17 − 84] 0.036*
Sex
Male 33 (55%) 8 (66.7%) 25 (52.1%) 0.519
Female 27 (45%) 4 (33.3%) 23 (47.9%)

Underlying disease
AML 39 (65%) 8 (66.7%) 31 (64.6%) 0.648
ALL 6 (10%) 1 (8.3%) 5 (10.4%)
NHL 8 (13.3%) 3 (2.0%) 5 (10.4%)
MM 2 (3.3%) 0 (0.0%) 2 (4.2%)
CLL 3 (5%) 0 (0.0%) 3 (6.3%)
CMPD 2 (3.3%) 0 (0.0%) 2 (4.2%)

Disease status at admission
Newly diagnosed 37 (61.7%) 8 (66.7%) 29 (60.4%) 0,942
Refractory disease 10 (16.7%) 2 (16.7%) 8 (16.7%)
Relapse 3 (5%) 0 (0.0%) 3 (6.3%)
Complete/partial remission 8 (13.3%) 2 (16.7%) 6 (12.5%)
Others 2 (3.3%) 0 (0.0%) 2 (4.2%)

Reason for ICU admission
Acute respiratory failure 23 (38.3%) 5 (41.7%) 18 (37.5%) 0.232
Heart failure 6 (10%) 3 (25.0%) 3 (5.3%)
Sepsis 15 (25%) 3 (25.0%) 12 (25.0%)
Resuscitation 8 (13.3%) 0 (0.0%) 8 (16.7%)
Neurological 8 (13.3%) 1 (8.3%) 7 (14.6%)

Chemotherapy before ICU admission
≤ 30 days 51 (85%) 11 (91.7%) 40 (83.3%) 0.671
> 30 days 9 (15%) 1 (8.3%) 8 (16.7%)

Positive culture
Gram-negative infection 20 (33.3%) 0 (0.0%) 20 (41.7%) 0.028*
Gram-positive infection 8 (%13,3) 2 (%16,7) 6 (%12.5%)
Fungi infection 6 (10%) 3 (25%) 3 (6.3%)
None 26 (43.3%) 7 (58.3%) 19 (39.6%)

Cardiovascular hypotension
Dopamine ≤ 5 or dobutamine(any) 3 (5%) 0 (0.0%) 3 (6.3%) 0.002*
Dopamine > 5 or NE ≤ 0.1 8 (13.3%) 2 (16.7%) 6 (%12,5)
Dopamine > 15 or NE > 0.1 28 (46.7%) 0 (0.0%) 28 (58.3%)
MAP < 70 6 (10%) 3 (25.0%) 3 (6.3%)
Normal 15 (25%) 7 (58.3%) 8 (16.7%)

Dialysis
Yes 6 (10%) 0 (0%) 6 (12.5%) 0.333
No 54 (90%) 12 (100%) 42 (87.5%)

Invasive mechanical ventilation
Yes 33 (55%) 0 (0%) 33 (68.8%) 0.000*
No 27 (45%) 12 (100%) 15 (31.3%)

SOFA score ≥ 10 40 (66.7%) 0 (0.0%) 37 (83.3%) 0.001*
qSOFA score ≥ 3 32 (53.3%) 0 (0.0%) 32 (6.7%) 0.001*
qSOFA score ≥ 2 44 (73.3%) 0 (0.0%) 44 (91.7%) 0.001*
MASCC score ≤ 12 42 (70%) 3 (25.0%) 39 (81.2%) 0.0001*
Time between hospital admission and ICU admission in days, median (range) 15 [2 − 76] 15 [2 − 32] 16 [3 − 76] 0.296
Time spent in ICU in days, median (range) 3 [1 − 20] 4 [1 − 20] 3 [1 − 14] 0.164

*p < 0.05

AML, acute myelocytic leukemia; ALL, acute lymphoblastic leukemia; NHL, non-Hodgkin’s lymphoma;MM, multiple myeloma; CLL, chronic lymphocytic
leukemia; CMPD, chronic myeloproliferative disorders; ICU, intensive care unit; NE, norepinephrine;MAP, mean arterial pressure; SOFA, sequential organ
failure assessment; qSOFA, quick sequential organ failure assessment;MASCC, multinational association of supportive care in cancer; FN, febrile neutropenia
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early intervention is recommended. As a last remark, amongst
the scores reviewed in our study, the most significant param-
eter in predicting ICU mortality was found to be qSOFA.
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