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Abstract: Background: Febrile neutropenia (FN) is a medical emergency that requires urgent evalua-
tion, timely administration of empiric broad-spectrum antibiotics and careful monitoring in order to
optimize the patient’s outcome, especially in the setting of both allogeneic and autologous hematopoi-
etic stem cell transplant (ASCT). Methods: In this real-life retrospective study, a total of 49 consecutive
episodes of FN were evaluated in 40 adult patients affected by either multiple myeloma (thirty-eight)
or lymphoma (eleven), following ASCT, with nine patients having fever in both of the tandem trans-
plantations. Results: Febrile neutropenia occurred a median of 7 days from ASCT. Median duration
of FN was 2 days, with 25% of population that had fever for at least four days. Ten patients had
at least one fever spike superior to 39 ◦C, while the median number of daily fever spikes was two.
Twenty patients had positive blood cultures with XDR germs, namely Pseudomonas aeruginosa and
Klebsiella pneumoniae, present in seven cases. ROC analysis of peak C-reactive protein (CRP) values
was conducted based on blood culture positivity and a value of 12 mg/dL resulted significant. Onset
of prolonged fever with a duration greater than 3 days was associated with the presence of both
a peak number of three or more daily fever spikes (p = 0.02) and a body temperature greater than
39 ◦C (p = 0.04) based on odds ratio (OR). Blood culture positivity and peak CRP values greater than
12 mg/dL were also associated with prolonged fever duration, p = 0.04, and p = 0.03, respectively.
The probability of blood culture positivity was also greater in association with fever greater than
39 ◦C (p = 0.04). Furthermore, peak CRP values below the cut-off showed less probability of positive
blood culture (p = 0.02). Conclusions: In our study, clinical characteristics of fever along with peak
CRP levels were associated with a higher probability of both prolonged fever duration and positive
blood culture, needing extended antibiotic therapy.

Keywords: autologous stem cell transplantation; febrile neutropenia; C-reactive protein; blood
culture positivity

J. Clin. Med. 2022, 11, 312. https://doi.org/10.3390/jcm11020312 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm11020312
https://doi.org/10.3390/jcm11020312
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://doi.org/10.3390/jcm11020312
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm11020312?type=check_update&version=1


J. Clin. Med. 2022, 11, 312 2 of 12

1. Introduction

Febrile neutropenia (FN) is a medical emergency that requires urgent evaluation,
timely administration of empiric broad-spectrum antibiotics and careful monitoring in
order to optimize the patient’s outcome and mitigate the risk of complications, especially in
the setting of hematopoietic stem cell transplant, both autologous (ASCT) and allogeneic. If
not treated promptly, it represents a major cause of ASCT-related morbidity and mortality
due to high dose chemotherapy and prolonged engraftment [1]. In this respect, a possible
role of C-reactive protein (CRP) in early risk assessment prior to and in the course of FN
was already evaluated [2–4]. Additionally, microbiological study of the patient including
surveillance swab tests, especially rectal, sputum, urine and stool culture analysis could
help guide antibiotic management, anticipating eventual positive blood culture results [5–7].
The value of the abovementioned examinations together with clinical presentation of the
fever itself could aid in FN severity evaluation, with eventual promptly initiation of targeted
antimicrobial therapy, thus improving fever outcome in the extremely fragile subset of
patients with severe immunosuppression [8,9].

In this retrospective study we discuss clinical presentation of the fever itself and CRP
monitoring, and their role as possible predictive factors to estimate FN severity, in terms of
duration and blood culture positivity in ASCT setting of multiple myeloma and lymphoma
patients.

2. Materials and Methods
2.1. Patient Selection

In this real-life retrospective study, a total of 49 consecutive episodes of FN were eval-
uated in 40 patients ≥ 18 years old (9 patients had an FN episode in both transplantations)
affected by multiple myeloma or lymphoma who received ASCT between January 2018 and
December 2020 in our center. Data from each patient were collected from electronic medical
records from the time of admission until discharge. During the hospitalization, all patients
remained in an isolation unit with high-efficiency particulate air (HEPA) filtration and had
a double lumen central venous catheter (CVC) positioned in the internal jugular vein. The
patient’s median age at admission was 58 years (range 21–70 years), with 35 male and
14 female patients. Karnofsky performance status (PS) at admission was 80% or better in
42 hospitalizations, while inferior PS was present in 7 cases. As mentioned previously, nine
patients were evaluated twice given that the episodes of fever were detected in both of their
tandem ASCT, as part of the scheduled program. Patients’ characteristics are described
in Table 1. The study was conducted in accordance with International Conference on
Harmonization Guidelines on Good Clinical Practice and the principles of the Declaration
of Helsinki and all patients provided written informed consent to data recording and
collection prior to ASCT.

Table 1. Clinical characteristics in 40 multiple myeloma/lymphoma patients (total 49 episodes) of
febrile neutropenia following ASCT.

Age (Total 49 Episodes)

Median in years (range) 58 (21–70)

≤65 years, N (%) 37 (75)

>65 years, N (%) 12 (25)

Gender (total 49 episodes)

Male, N (%) 35 (71)

Female, N (%) 14 (29)

Hematological malignancy (total 49 episodes)

Multiple myeloma, N (%) 38 (77)

Lymphoma, N (%) 11 (23)
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Table 1. Cont.

Treatment line (total 49 episodes)

First line, N (%) 41 (84)

Second line or higher, N (%) 8 (16)

Autologous stem cell transplantation (total 49 episodes)

First, N (%) 33 (67)

Second, N (%) 16 (33)

Treatment response prior to ASCT (total 49 episodes)

≥VGPR, N (%) 26 (53)

≤PR, N (%) 23 (47)

Prior infectious episodes (total 49 episodes)

No episodes, N (%) 37 (75)

One or more episodes, N (%) 12 (25)

ASBMT disease classification (total 49 episodes)

Low, N (%) 40 (82)

High, N (%) 9 (18)
Abbreviations: ASCT—autologous stem cell transplantation; VGPR—very good partial response; PR—partial
response; ASBMT—American Society for Blood and Marrow Transplantation.

The primary endpoint was to evaluate the impact of CRP monitoring and clinical
presentation of fever (day of fever onset according to ASCT reinfusion date, daily peak
number of fever spike episodes with a body temperature greater than 38 ◦C, occurrence
of a fever spike greater than 39 ◦C) on FN severity, in terms of fever duration, and blood
culture positivity. Secondary endpoints were the assessment of CRP and white blood cell
(WBC) monitoring as early predictive factors of fever onset, along with the evaluation of
patient (age, PS status, previous infectious episodes), disease (diagnosis, response status
prior to ASCT according to American Society for Blood and Marrow Transplantation
(ASBMT), ASCT (previous transplantations, conditioning regimen, number of viable CD34+
cells reinfused, number of days from reinfusion until engraftment) and microbiological
characteristics (baseline swab microbiology for multi-drug resistant germs and multi-drug
resistant germ bacteremia) in terms of FN severity and blood culture positivity.

2.2. Conditioning Regimen and Supportive Care

All patients received high-dose myeloablative chemotherapy as part of the condition-
ing regimen. High doses of melphalan IV were used in multiple myeloma (MM) patients
two days prior to ASCT, while a 7-day FEAM conditioning regimen, including fotemus-
tine, etoposide, cytarabine and melphalan IV was used in all but one lymphoma of the
patients, who received high doses of cytarabine. All patients received antiviral prophylaxis
treatment with acyclovir 800 mg orally or 500 mg intravenous twice daily, and antifungal
prophylaxis with fluconazole 400 mg intravenous daily from admission, according to the
center’s policy. Thirty-four patients received levofloxacin as antibiotic prophylaxis from
day 2 after autologous stem cell reinfusion, while ceftriaxone was used subsequently in
fifteen hospitalizations, according to local antimicrobial resistance. In case of two or more
episodes of diarrhea, stool culture was requested, and metronidazole antibiotic therapy was
started at standard dose. Daily granulocyte colony-stimulating factor (G-CSF) treatment
with lenograstim, 263 mcg, was started from day 3 after reinfusion in order to enhance stem
cell engraftment and minimize the morbidity and mortality associated with prolonged
neutropenia, according to ASCO guidelines [10] and the center’s policy. Engraftment was
defined as ANC greater than 0.5 × 109/L for three consecutive days following ASCT, with
subsequent G-CSF suspension.
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2.3. Screening and Management of Febrile Neutropenia

Serum CRP levels were measured regularly on a daily basis during transplant, in-
dependently from body temperature. Patients were evaluated for possible colonization
at admission with oropharyngeal, nasal, axillary, inguinal, vaginal and rectal (including
multi-drug resistant pathogens) microbiological swab tests, sputum, urine and stool culture
analysis. Neutropenia was defined as an absolute neutrophil count (ANC) < 0.5 × 109/L
or ANC count < 1.0 × 109/L that was expected to fall below 0.5 × 109/L in the following
48–72 h, while fever was defined as a single axillary temperature of >38.3 ◦C or at least
38 ◦C sustained over one-hour period [11,12].

In the event of FN, aerobic, anaerobic and fungal blood cultures with antibiotic suscep-
tibility test were obtained from both CVC and peripheral veins, with additional aerobic and
anaerobic peripheral venous blood cultures 30 min after an episode of fever. In case of iso-
lated pathogens with specific antibiogram from baseline microbiological screening, targeted
IV antibiotic therapy was initiated. On the other hand, in the absence of resistant pathogens
antibiotic prophylaxis was substituted with broad-spectrum intravenous antibiotics, like
piperacillin-tazobactam 4.5 g three times a day or ampicillin-sulbactam 3 g four times a
day, followed by amikacin 500 mg twice daily. The antibiotic and antifungal administration
pattern was recorded for each FN episode. Temperature measurements were performed at
least three times a day and, in the case of persistent fever, blood cultures were repeated at
least once every 48 h from both CVC and peripheral vein. Additional imaging and microbi-
ological tests, such as urine and stool culture, were requested based on the patient’s clinical
status. A physical check-up was performed daily reporting eventual clinical evidence
associated with FN, such as respiratory symptoms or catheter inflammation (Table 1).

2.4. Statistical Analysis

Continuous variables were summarized using the median and range (minimum and
maximum). Categorical variables were summarized in counts and percentages. Fever
duration was evaluated from the day of first fever spike until the day of fever resolution.
Fever duration of more than three days was chosen arbitrarily given that, in case of drug-
resistant germs, initial empirical antibiotic therapy has little effect on the FN outcome in
the first 48–72 h. Additionally, age, peak number of daily fever spikes, body temperature
greater than 39 ◦C and day of fever onset from autologous CD34+ cell infusion were
also chosen arbitrarily, based on clinical experience of fever episodes in the ASCT setting.
Number of CD34+ cells reinfused was evaluated as predictive factor due to its impact on
neutrophil engraftment.

Receiver operating characteristic (ROC) analysis was utilized to evaluate initial values
of both WBC and CRP at fever onset in 39 patients, due to lack of data availability in the
rest of study population, in order to obtain specific cut-off values. Combined study of
sensitivity and specificity with Youden index was utilized in the analysis of WBC and CRP,
both singularly and in approximate binormal ROC curve, based on the presence of a body
temperature greater than 39 ◦C, a peak number of daily fever spikes and duration of fever.

On the other hand, peak value of CRP in course of FN was evaluated in terms of
fever duration and blood culture positivity in the whole cohort (49 episodes of febrile
neutropenia). A subset of potential predictive factors was evaluated singularly with both
fever duration and blood culture positivity by using the odds ratio (OR) and 95% confidence
intervals (95% CIs) of. A two-tailed p value < 0.05 was considered to be statistically
significant. Furthermore, each of the factors in the final model was fitted into multi-variable
logistic regression in order to estimate the unadjusted univariate ORs.

All calculations were performed using MedCalc version 12.30.0.0 (Producer: MedCalc
Software bvba, Ostend, Belgium), www.medcalc.org (accessed on 18 June 2021).

www.medcalc.org
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3. Results
3.1. Disease Baseline Characteristics

In the study cohort of 49 evaluated patients with FN following ASCT, thirty-eight
patients were affected by multiple myeloma, while eleven had lymphoma, namely four
Hodgkin lymphoma, two follicular, two diffuse large B cell lymphoma, while mantle cell,
primary mediastinal B-cell and primary cerebral non-Hodgkin lymphoma were present
in one patient each. Thirty-two patients underwent ASCT as part of the first treatment
line with nine undergoing double ASCT as programmed. Transplantation was performed
in the second and third line of therapy in six and two patients, respectively. The patients
were classified according to ASBMT disease classification and treatment response prior
to ASCT that can be found in Table 1. Twelve patients had previous infective episodes
prior to transplantation, namely six cases of pneumonia, meningitis and sepsis in two
each and a one case of viral myocarditis and syphilis, respectively. All patients underwent
induction or salvage chemotherapy prior to ASCT and 16 out of 24 patients (67%) with
multiple myeloma had IgM values inferior to 40 mg/dL. Immunoglobulin G values were
not evaluated, given that the majority of MM patients had monoclonal IgG protein.

3.2. Autologous Hematopoietic Stem Cell Transplantation

A high dose chemotherapy conditioning regimen was chosen according to the patient’s
baseline disease. Melphalan was utilized as a myeloablative conditioning regimen in
twenty-nine MM patients that underwent a total of 38 ASCT procedures, with nine patients
that had FN in both transplantations. A myeloablative melphalan dosage of 200 mg/m2

was used in half of MM patients, while ulterior 19 cases were treated at reduced dosage
between 100 and 150 mg/m2, based on advanced patient’s age and comorbidities. On
the other hand, ten lymphoma patients underwent a myeloablative FEAM conditioning
regimen at pre-established drug doses, while in the case of primary cerebral lymphoma
high doses of cytarabine were used. A median number of 4.2 × 106/kg viable CD34+ cells
mobilized from peripheral blood was reinfused (range 2–14.8 × 106/kg), with each patient
receiving a minimum of 2 × 106/kg of CD34+ cells.

Engraftment was evidenced at a median of 11 days (range 9–16 days) following PBSC
reinfusion, with nearly 90% of the population achieving it within 13 days from ASCT.

3.3. Microbiological Status Prior to ASCT

Patients underwent microbiological screening at admission, including for multi-drug-
resistant pathogens as previously mentioned. Gram positive Staphylococcus were present in
at least one swab isolation in the whole cohort, with the most frequent germs in around half
of the populations being Staphylococcus (St.) epidermidis, St. aureus and St. haemolyticus.
Other Gram-positive bacteria isolated in a limited number of patients (three or less) were
following: Enterococcus faecalis, St. hominis, St. lugdunensis, Streptococcus (S.) pyogenes, St.
saprophyticus and St. xylosus. The most frequently isolated Gram-negative non-multidrug-
resistant bacteria in the study population was Escherichia coli in 15 patients, with extended-
spectrum β-lactamase in most cases, while Stenotrophomonas maltophilia, proteus mirabilis
and enterobacter cloacae were isolated in one patient each. A total of six patients returned
a positive swab test for yeast, Candida albicans in three patients, Candida parapsilosis and
Candida krusei in one patient each, while one patient had both Candida krusei and Candida
glabrata. As for the extremely drug-resistant (XDR) germs, carbapenemase-producing
Pseudomonas aeruginosa and Klebsiella pneumoniae (KPC) were isolated in a total of 14 patients
(twelve and two patients, respectively), mainly from a rectal swab at admission.

3.4. Characteristics of Febrile Neutropenia and Antimicrobial Treatment

Febrile neutropenia occurred at a median of 7 days from PBSC reinfusion (range
2–11 days), associated with chills in all patients. Twelve patients suffered early fever onset
within the first 5 days from ASCT. Median duration of FN was 2 days (range 1–9 days),
with 25% of study population having fever for four or more days. Ten patients had at
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least one fever spike superior to 39 ◦C, while the median peak number of daily fever
spikes was 2 (range 1–5). Signs and symptoms associated with FN along with other clinical
characteristics of the fever episode are described in Table 2. One patient passed away
after developing septic shock with a positive blood culture for Pseudomonas aeruginosa
XDR and extensive pneumonia. The patient was treated with both empiric and targeted
antibiotics and antifungal therapy, including ceftolozane/tazobactam and isavuconazole,
but eventually passed away seven days from FN onset.

Table 2. Fever characteristics in 49 episodes of febrile neutropenia.

Fever Onset from ASCT

Median in days (range) 7 (2–11)

≤5 days, N (%) 11 (22)

≥6 days, N (%) 38 (78)

Fever duration

Median in days (range) 2 (1–9)

≤3 days, N (%) 37 (75)

>3 days, N (%) 12 (25)

Fever ≥ 39 ◦C

Yes, N (%) 10 (20)

No, N (%) 39 (80)

Signs and symptoms associated to FN

CVC local inflammation, N (%) 4 (8)

Dyspnea, N (%) 3 (6)

Skin rash, N (%) 1 (2)

Dysuria, N (%) 1 (2)

Peak number of daily fever spikes

Median (range) 2 (1–5)

<3 fever spikes, N (%) 27 (55)

≥3 fever spikes, N (%) 22 (45)

Blood cultures

Negative, N (%) 29 (59)

Positive, N (%) 20 (41)

Site of positive blood culture (20 patients)

CVC, N (%) 7 (35)

PV, N (%) 4 (20)

CVC + PV, N (%) 9 (45)

Blood culture isolations (20 patients)

Staphylococcus spp., N (%) 10 (50)

Pseudomonas aeruginosa XDR, N (%) 5 (25)

Klebsiella pneumoniae XDR, N (%) 2 (10)

Escherichia coli ESBL, N (%) 2 (10)

Stenotrophomonas maltophilia, N (%) 1 (5)
Abbreviations: ASCT—autologous stem cell transplantation; FN—febrile neutropenia; CVC—central venous
catheter; PV—peripheral vein; XDR—extremely drug resistant; ESBL—extended spectrum beta-lactamase.
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Twenty patients had positive blood cultures with one patient having more than one
positive culture. Half of the patients had Staphylococcus spp., while XDR germs were
isolated in seven patients, respectively, and Pseudomonas aeruginosa and KPC in five and
two patients. The site of blood culture isolation is described in Table 2. Three patients
suffered from sepsis according to SOFA score [13] with subsequent septic shock, and one
fatal outcome.

As for the empirical antibiotic treatment following FN, prophylaxis with levofloxacin
or ceftriaxone was suspended and piperacillin/tazobactam or ampicillin/sulbactam was
started in around 90% of the patients. One third of the patients were treated with empirical
therapy alone, including amikacin, with fever resolution. In case of persistent fever, patients
with suspected Gram-positive germs daptomycin, linezolid and/or tygacil were initiated
based on possible infection site. Carbapenems were used when Gram-negative germs
were suspected, namely imipenem and meropenem. One third of patients initiated novel
antibiotic treatment with ceftozolane/tazobactam based on admission isolation of XDR
germs or persistently high fever without benefit from prior antibiotic treatment (Table 3).
Antifungal treatment with caspofungin and isavuconazole was used in two patients each,
due to suspected fungal infection.

Table 3. Antibiotic and antifungal treatment in 49 episodes of febrile neutropenia.

Antibiotic Therapy

Empirical antibiotics only !, N (%) 16 (33)

Gram-positive antibiotics *, N (%) 26 (53)

Ceftolozane/tazobactam 16 (33)

Carbapenems #, N (%) 9 (18)

Fosfomycin and/or Colomycin 6 (12)

Antifungal therapy

Caspofungin, N (%) 2 (5)

Isavuconazole, N (%) 2 (5)
! piperacillin/tazobactam, amikacin and ampicillin/sulbactam; * daptomycin, linezolid and tygacil; # meropenem
and imipenem.

3.5. Monitoring of CRP and WBC on Febrile Neutropenia Onset

Daily values of WBC, CRP and body temperature were recorded following ASCT in
580 days of 39 FN episodes, verifying fever onset and eventual sepsis. The analysis started
the second day after ASCT (541 data days). The complete group of patients had no fever
on 483/541 days (89.3%) and the onset of fever on 58/541 days (11.7%), with no sepsis on
36/58 days and with sepsis on 22/58 days, given that sepsis can be diagnosed after fever
onset. In order to verify the possible role of WBC and/or CRP cut-off values in predicting
fever onset, analysis of ROC curves of the 541 daily results was carried out. In particular,
possible threshold values of WBC or CRP the day before the detection of fever were studied.
The ROC curve for WBC observed the day before fever showed an area under curve (AUC)
around 92%. The combined study of sensitivity and specificity (Youden index) gave a
cut-off of less than 300 WBC for the onset of fever the day after. An analogous ROC curve
for CRP measured the day before fever showed weak impact on fever onset, given that
AUC resulted around 60%.

Moreover, WBC and CPR levels the day before the onset of FN were analyzed in an
approximate binormal ROC analysis for eventual statistical correlation with high fever (>39
◦C), the peak number of daily fever spikes and fever duration. The maximum likelihood
estimation of the binormal ROC curve reported no correlation. Indeed, the ROC curve for
peak number of daily fever spikes showed an AUC of about 50% both for WBC and CPR.
Analogous results were obtained for the peak number of fever spikes, while only a weak
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signal of a cut-off correlation was evidenced for the duration of fever (>3 days) in terms of
CPR with AUC ' 0.64.

3.6. Predictive Factors of FN Duration and/or Blood Culture Positivity

In an attempt to identify possible predictive factors, which could be of aid in the
evaluation of FN non-responsive to first-line antibiotics and eventual fever from bacteremia
with positive blood culture, OR analysis was used. Additionally, ROC analysis of peak
CRP values was conducted based on blood culture positivity and a value of 12 mg/dL
resulted as significant. As already mentioned, patient, disease, ASCT, microbiological and
fever characteristics were assessed (Table 4).

Table 4. Odds ratio analysis for fever duration and blood culture positivity.

Fever
Duration >

3 Days

Blood
Culture

Positivity

CATEGORIES No Yes Odds Ratio
(95% CI) p-Value No Yes Odds Ratio

(95% CI) p-Value

Age
≤65 years 28 9 1.04

(0.23–4.68) 0.96
22 7 1.05

(0.28–3.93) 0.95
>65 years 9 3 15 5

Disease

Multiple
myeloma 30 7

2.14 (0.5–9.18) 0.3
24 5 2.06

(0.53–7.99) 0.3
Lymphoma 8 4 14 6

Karnofsky PS
≥80% 33 4 2.75

(0.52–14.59) 0.23
27 2 4.5

(0.78–26.08) 0.09
<80% 9 3 15 5

ASBMT disease
classification

Low 31 6 1.72
(0.36–8.29) 0.5

24 5
1.2 (0.28–5.16) 0.8

High 9 3 16 4

ASCT
First 24 13 0.61

(0.14–2.68) 0.52
20 9 0.77

(0.36–4.01) 0.77
Second 9 3 13 7

Prior infectious
episodes

No 28 9 1.04
(0.23–4.68)

0.96
19 10

0.21 (0.04–1.1) 0.06
Yes 9 3 18 2

Conditioning regimen
Reduced dose 13 24 0.54

(0.15–2.02) 0.36

13 16
1.89

(0.57–6.32) 0.29Standard
dose 6 6 6 14

Reinfused CD34+ cells
≥4 × 106/kg 14 23 0.44

(0.12–1.64) 0.22
15 14

2.5 (0.75–8.31) 0.13
<4 × 106/kg 7 5 6 14

XDR germ * swab
positivity

No 26 11 0.79
(0.18–3.48)

0.75
21 8 1.12

(0.32–3.95) 0.85
Yes 9 3 14 6

Day of fever onset from
ASCT reinfusion

>5 days 31 6 3.69
(0.87–15.62) 0.08

23 6 1.28
(0.33–4.94) 0.73

≤5 days 7 5 15 5

Fever duration
>3 days // //

// //
25 4 4.17

(1.04–16.62) 0.04
≤3 days // // 12 8

Fever spike ≥ 39 ◦C
No 32 5 4.57

(1.03–20.18) 0.04
26 3 4.67

(1.03–21.07) 0.04
Yes 7 5 13 7

Peak n. of daily fever
spikes

<3 24 13 5.54
(1.27–24.1) 0.02

18 11
2 (0.63–6.36) 0.24

≥3 3 9 9 11
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Table 4. Cont.

Fever
Duration >

3 Days

Blood
Culture

Positivity

CATEGORIES No Yes Odds Ratio
(95% CI) p-Value No Yes Odds Ratio

(95% CI) p-Value

XDR germ * blood
culture positivity

No 8 4 0.67
(0.09–4.93) 0.69

N.E. N.E.
N.E. N.E.

Yes 6 2 N.E. N.E.

CRP level >12 mg/dL
No 20 17 5.88

(1.13–30.63) 0.03
17 12 4.25

(1.21–14.88) 0.02
Yes 2 10 5 15

* Carbapenemase producing Klebsiella pneumoniae and Pseudomonas aeruginosa; Abbreviations: PS—performance
status; XDR—extremely drug resistant; ASCT—autologous stem cell transplantation; CRP—C reactive protein;
CI—confidence interval; N.E.—not evaluable. Italics are used to underline the statistical significans.

Fever duration greater than 3 days was associated with the presence of both a peak
number of 3 or more daily fever spikes (OR 5.54, 95% CI 1.27–24.1, p = 0.02) and body
temperature greater than 39 ◦C (OR 4.57, 95% CI 1.03–20.18, p = 0.04). Blood culture
positivity and peak CRP values greater than 12 mg/dL were also associated with prolonged
fever duration, OR 4.17, 95% CI 1.04–16.62, p = 0.04 and OR 5.88, 95% CI 1.13–30.63, p = 0.03,
respectively. The probability of blood culture positivity was also greater in association with
clinical presentation of fever, mainly with fever greater than 39 ◦C (OR 4.67, 95% CI 1.03–
21.07, p = 0.04) and prolonged fever duration as mentioned above. Furthermore, patients
with peak CRP values below the cut-off had a smaller probability of having positive blood
culture (OR 4.25, 95% CI 1.21–14.88, p = 0.02).

Multiple logistic regression analysis was conducted in order to analyze the predictive
factors together, both for prolonged fever duration and blood culture positivity, and failed
to confirm their impact.

4. Discussion

Febrile neutropenia mortality in hematological malignancies is extremely frequent,
with a particularly high risk of mortality in patients treated with high dose chemotherapy
for acute leukemia and in the case of hematopoietic stem cell transplantation [14]. Due
to prolonged neutropenia, prompt initiation of broad-spectrum empiric antimicrobial
therapy at first fever episode has become the standard of care for potential infections due
to blood culture positivity [11,15]. Even so, in the era of multidrug resistant bacteria, the
management of FN is becoming a growing issue. History of prior colonization and/or
bloodstream infection caused by XDR Gram-negative bacteria resistant to empiric antibiotic
treatment, such as Klebsiella spp., Pseudomonas aeruginosa, Escherichia coli, etc. represents an
important diagnostic tool in neutropenic patients [16]. In this specific subset of patients,
anticipation of targeted antibiotic therapy could overcome the limits of classical empiric
antibiotics, preventing treatment delay and improving FN outcome in case of multi-drug
resistant bacteria [17,18]. However, not all patients have a history of prior isolation of an
antimicrobial-resistant strain of bacteria and, in the case of poor response to empiric broad-
spectrum antibiotics, waiting for blood culture results that are still undergoing analysis,
there is urgent need for both clinical and biochemical parameters that could help in FN
management.

In our study, we analyzed a total of 49 FN episodes following ASCT. Fourteen patients
showed colonization of XDR Gram-negative germs, namely Pseudomonas aeruginosa and
KPC at admission, while, of 20 patients with positive blood culture, XDR germs were
isolated in one third (Table 2). As for the antibiotic treatment, two-thirds of the population
needed ulterior antibiotics, following empiric therapy, with one third of the patients re-
ceiving novel ceftolozane/tazobactam antibiotic, while in six patients fosfomycin and/or
colomycin were used (Table 3).
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The study cohort was then divided in terms of patient, disease, ASCT, fever, biochem-
ical and microbiological characteristics in order to evaluate possible predictive value in
terms of FN severity, mainly duration, and blood culture positivity in advance. Clinical
characteristics of fever represent an important tool in febrile neutropenia evaluation, espe-
cially after the initiation of empiric antibiotics. According to the experience in our center,
the frequency of peak daily fever spikes and body temperature greater than 39 ◦C represent
important signs of FN severity and were assessed as such. The OR analysis confirmed the
importance of 39 ◦C body temperature in terms of both prolonged FN duration and blood
culture positivity, while three or more peak daily fever spikes were predictive of prolonged
fever duration alone. Prolonged fever duration was also predictive in patients with positive
blood cultures. Peak values of CRP were also assessed, first with ROC analysis, confirming
a cut-off value of 12 mg/dL, and its role was verified in both prolonged FN and blood
culture positivity.

The role of WBC and CRP in predicting the onset of FN was also assessed. In particular,
by daily monitoring of WBC and CRP after ASCT for our sample of 39 patients for 580 days,
certain cut-off values of WBC or CRP could signal the possibility of fever onset one day in
advance. The suggested criterion could be useful in the clinical practice, given the fragility
of the ASCT population. However, the cut-off was not able to recognize sepsis prematurely,
which is among the leading causes of death in intensive care units, due to the inadequacy of
CRP and white blood cell count alone in predicting bacteremia of patients with suspected
infection [19,20]. Indeed, the advent of an affluence of available digital health data has
created a setting in which machine learning can be used for early prediction of sepsis,
on the basis of quite a large set of vital parameters [21–23]. According to our sample, a
WBC cut-off of 300/mmc gave a strong indication of the onset of FN the day after. On the
other hand, the analogous analysis for the CPR level had weak indication. No statistical
cut-off correlation of the approximate binormal ROC analysis has been observed for fever
characteristics, such as high temperature (>39 ◦C), peak number of daily fever spikes and
duration of febrile condition, in terms of WBC and CPR. In our experience, the CRP values
at FN onset are subsequently influenced by the sensibility to initial treatment response
to empiric antibiotics. Therefore, while empiric antibiotics and later changes in antibiotic
approach were based on fever persistence, routine CRP monitoring represented a valid aid
in evaluating treatment response together with associated fever characteristics.

The study was retrospectively designed with limitations, in terms of population
size and heterogeneity, with gender and disease predominance, and nine patients were
evaluated twice given the double ASCT.

5. Conclusions

In our study, clinical characteristics of fever and peak CRP levels were associated with
higher probability of both prolonged fever duration and positive blood culture, needing
extended antibiotic therapy. Based on our experience, routine daily CRP measurements
together with the evaluation of fever characteristics could aid in the management of FN in
the SCT setting. Further studies are needed in order to assess the importance of clinical
presentation together with CRP and other infectious biomarkers, thus improving the
outcome of patients affected by febrile neutropenia following ASCT.

Author Contributions: Conceptualization, D.C. and G.M.; methodology, D.C. and P.C. software, P.C.;
validation, G.M. and U.M.; formal analysis, P.C. and U.M.; investigation, U.M. and V.I.; data curation,
U.M., V.I., T.P., P.G., G.A., F.G. and P.S.; writing—original draft preparation, U.M.; writing—review
and editing, G.M. and D.C.; supervision, D.C. and G.M.; project administration, G.M. and D.C. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with International
Conference on Harmonization Guidelines on Good Clinical Practice and the principles of the Declara-
tion of Helsinki.



J. Clin. Med. 2022, 11, 312 11 of 12

Informed Consent Statement: All patients provided written informed consent to data recording and
collection prior to autologous stem cell transplantation.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author, U.M., upon reasonable request.

Acknowledgments: Authors are thankful to all patients, families and nurses who agreed to participate.

Conflicts of Interest: Authors declare that the research was conducted in the absence of any commer-
cial or financial relationships that could be construed as a potential conflict of interest.

References
1. Rearigh, L.; Stohs, E.; Freifeld, A.; Zimmer, A. De-escalation of empiric broad spectrum antibiotics in hematopoietic stem cell

transplant recipients with febrile neutropenia. Ann. Hematol. 2020, 99, 1917–1924. [CrossRef]
2. Massaro, K.S.R.; Costa, S.F.; Leone, C.; Chamone, D.A.F. Procalcitonin (PCT) and C-reactive protein (CRP) as severe systemic

infection markers in febrile neutropenic adults. BMC Infect. Dis. 2007, 7, 137. [CrossRef]
3. Oksuz, L.; Somer, A.; Salman, N.; Erk, O.; Gurler, N. Procalcitonin and C-reactive protein in differantiating to contamination from

bacteremia. Braz. J. Microbiol. 2014, 45, 1415–1421. [CrossRef]
4. Kollu, V.; Mott, S.L.; Khan, R.; Farooq, U.; Jethava, Y.; Dilek, I.; Tricot, G. C-Reactive Protein Monitoring Predicts Neutropenic

Fever Following Autologous Hematopoietic Stem Cell Transplantation for Multiple Myeloma. Cureus 2018, 10, e2945. [CrossRef]
5. Girmenia, C.; Viscoli, C.; Piciocchi, A.; Cudillo, L.; Botti, S.; Errico, A.; Sarmati, L.; Ciceri, F.; Locatellii, F.; Giannella, M.; et al.

Management of carbapenem resistant Klebsiella pneumoniae infections in stem cell transplant recipients: An Italian multidisciplinary
consensus statement. Haematologica 2015, 100, e373–e376. [CrossRef]

6. Verlinden, A.; Mikulska, M.; Knelange, N.S.; Averbuch, D.; Styczynski, J.; Infectious Diseases Working Party (IDWP) of the
European Group for Blood and Marrow Transplantation Group (EBMT). Current antimicrobial practice in febrile neutropenia
across Europe and Asia: The EBMT Infectious Disease Working Party survey. Bone Marrow Transplant. 2020, 55, 1588–1594.
[CrossRef] [PubMed]

7. Alrstom, A.; Alsuliman, T.; Daher, N.; Abouharb, R. The Impact of Modifying Empirical Antibiotic Therapy Based on Intestinal
Colonization Status on Clinical Outcomes of Febrile Neutropenic Patients. Infect. Chemother. 2021, 53, 63–74. [CrossRef]

8. Averbuch, D.; Cordonnier, C.; Livermore, D.M.; Mikulska, M.; Orasch, C.; Viscoli, C.; Gyssens, I.C.; Kern, W.V.; Klyasova,
G.; Marchetti, O.; et al. Targeted therapy against multi-resistant bacteria in leukemic and hematopoietic stem cell transplant
recipients: Guidelines of the 4th European Conference on Infections in Leukemia (ECIL-4, 2011). Haematologica 2013, 98, 1836–1847.
[CrossRef] [PubMed]

9. Rosa, R.G.; Goldani, L.Z. Cohort study of the impact of time to antibiotic administration on mortality in patients with febrile
neutropenia. Antimicrob. Agents Chemother. 2014, 58, 3799–3803. [CrossRef] [PubMed]

10. Smith, T.J.; Bohlke, K.; Lyman, G.H.; Carson, K.R.; Crawford, J.; Cross, S.J.; Goldberg, J.M.; Khatcheressuan, J.L.; Leighl, N.B.;
Cheryl, L.; et al. Recommendations for the Use of WBC Growth Factors: American Society of Clinical Oncology Clinical Practice
Guideline Update. J. Clin. Oncol. 2015, 33, 3199–3212. [CrossRef]

11. Freifeld, A.G.; Bow, E.J.; Sepkowitz, K.A.; Boeckh, M.J.; Ito, J.I.; Mullen, C.A.; Raad, I.I.; Rolston, K.V.; Young, J.H.; Wingard,
J.R.; et al. Clinical practice guideline for the use of antimicrobial agents in neutropenic patients with cancer: 2010 update by the
Infectious Diseases Society of America. Clin. Infect. Dis. 2011, 52, 56–93. [CrossRef]

12. Link, H.; Böhme, A.; Cornely, O.A.; Höffken, K.; Kellner, O.; Kern, W.V.; Mahlberg, R.; Maschmeyer, G.; Nowrousian, M.R.;
Ostermann, H.; et al. Antimicrobial therapy of unexplained fever in neutropenic patients–guidelines of the Infectious Diseases
Working Party (AGIHO) of the German Society of Hematology and Oncology (DGHO), Study Group Interventional Therapy of
Unexplained Fever, Arbeitsgemein. Ann. Hematol. 2003, 82 (Suppl. 2), S105–S117. [CrossRef]

13. Singer, M.; Deutschman, C.S.; Seymour, C.W.; Shankar-Hari, M.; Annane, D.; Bauer, M.; Bellomo, R.; Bernard, G.R.; Chiche, J.;
Coopersmith, C.M.; et al. The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 2016, 315,
801–810. [CrossRef]

14. Nesher, L.; Rolston, K.V.I. The current spectrum of infection in cancer patients with chemotherapy related neutropenia. Infection
2014, 42, 5–13. [CrossRef] [PubMed]

15. Gea-Banacloche, J. Evidence-based approach to treatment of febrile neutropenia in hematologic malignancies. Hematol. Am. Soc.
Hematol. Educ. Progr. 2013, 2013, 414–422. [CrossRef]

16. Trecarichi, E.M.; Tumbarello, M. Antimicrobial-resistant Gram-negative bacteria in febrile neutropenic patients with cancer:
Current epidemiology and clinical impact. Curr. Opin. Infect. Dis. 2014, 27, 200–210. [CrossRef] [PubMed]

17. Montassier, E.; Batard, E.; Gastinne, T.; Potel, G.; de La Cochetière, M.F. Recent changes in bacteremia in patients with cancer: A
systematic review of epidemiology and antibiotic resistance. Eur. J. Clin. Microbiol. Infect. Dis. 2013, 32, 841–850. [CrossRef]

18. Gudiol, C.; Carratalà, J. Antibiotic resistance in cancer patients. Expert. Rev. Anti. Infect. Ther. 2014, 12, 1003–1016. [CrossRef]
19. Bassetti, M.; Russo, A.; Righi, E.; Dolso, E.; Merelli, M.; Cannarsa, N.; D’Aurizio, F.; Sartor, A.; Curcio, F. Comparison between

procalcitonin and C-reactive protein to predict blood culture results in ICU patients. Crit. Care 2018, 22, 252. [CrossRef] [PubMed]

http://doi.org/10.1007/s00277-020-04132-0
http://doi.org/10.1186/1471-2334-7-137
http://doi.org/10.1590/S1517-83822014000400036
http://doi.org/10.7759/cureus.2945
http://doi.org/10.3324/haematol.2015.125484
http://doi.org/10.1038/s41409-020-0811-y
http://www.ncbi.nlm.nih.gov/pubmed/32047286
http://doi.org/10.3947/ic.2020.0111
http://doi.org/10.3324/haematol.2013.091330
http://www.ncbi.nlm.nih.gov/pubmed/24323984
http://doi.org/10.1128/AAC.02561-14
http://www.ncbi.nlm.nih.gov/pubmed/24752269
http://doi.org/10.1200/JCO.2015.62.3488
http://doi.org/10.1093/cid/cir073
http://doi.org/10.1007/s00277-003-0764-4
http://doi.org/10.1001/jama.2016.0287
http://doi.org/10.1007/s15010-013-0525-9
http://www.ncbi.nlm.nih.gov/pubmed/23975584
http://doi.org/10.1182/asheducation-2013.1.414
http://doi.org/10.1097/QCO.0000000000000038
http://www.ncbi.nlm.nih.gov/pubmed/24573013
http://doi.org/10.1007/s10096-013-1819-7
http://doi.org/10.1586/14787210.2014.920253
http://doi.org/10.1186/s13054-018-2183-x
http://www.ncbi.nlm.nih.gov/pubmed/30290826


J. Clin. Med. 2022, 11, 312 12 of 12

20. Wu, Q.; Yang, H.; Kang, Y. Combined assessment of ∆PCT and ∆CRP could increase the ability to differentiate candidemia from
bacteremia. Crit. Care 2019, 23, 271. [CrossRef]

21. Moor, M.; Rieck, B.; Horn, M.; Jutzeler, C.R.; Borgwardt, K. Early Prediction of Sepsis in the ICU Using Machine Learning: A
Systematic Review. Front. Med. 2021, 8, 607952. [CrossRef]

22. Fleuren, L.M.; Klausch, T.L.T.; Zwager, C.L.; Schoonmade, L.J.; Guo, T.; Roggeveen, L.F.; Swart, E.L.; Girbes, A.R.J.; Thoral, P.;
Ercole, A.; et al. Machine learning for the prediction of sepsis: A systematic review and meta-analysis of diagnostic test accuracy.
Intensive Care Med. 2020, 46, 383–400. [CrossRef]

23. Giannini, H.M.; Ginestra, J.C.; Chivers, C.; Draugelis, M.; Hanish, A.; Schweickert, W.D.; Fuchs, B.D.; Meadows, L.; Lynch, M.;
Donnelly, P.J.; et al. A Machine Learning Algorithm to Predict Severe Sepsis and Septic Shock: Development, Implementation,
and Impact on Clinical Practice. Crit. Care Med. 2019, 47, 1485–1492. [CrossRef]

http://doi.org/10.1186/s13054-019-2557-8
http://doi.org/10.3389/fmed.2021.607952
http://doi.org/10.1007/s00134-019-05872-y
http://doi.org/10.1097/CCM.0000000000003891

	Introduction 
	Materials and Methods 
	Patient Selection 
	Conditioning Regimen and Supportive Care 
	Screening and Management of Febrile Neutropenia 
	Statistical Analysis 

	Results 
	Disease Baseline Characteristics 
	Autologous Hematopoietic Stem Cell Transplantation 
	Microbiological Status Prior to ASCT 
	Characteristics of Febrile Neutropenia and Antimicrobial Treatment 
	Monitoring of CRP and WBC on Febrile Neutropenia Onset 
	Predictive Factors of FN Duration and/or Blood Culture Positivity 

	Discussion 
	Conclusions 
	References

