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Abstract

Background: Procalcitonin (PCT) could predict the presence of bacteremia in critically ill patients with febrile neutropenia.
The objective was to determine the predictive value of PCT in the diagnosis of bacteremia and its ability to differentiate
between gram-negative and gram-positive organisms. Methods: Retrospective cohort study conducted at the Oncology
Hospital “Soldn Espinosa Ayala,” Quito-Ecuador, which included patients who were admitted with febrile neutropenia to inten-
sive therapy. PCT values were evaluated at admission together with blood culture samples, from 2010 to 2016. Results: The
association between PCT levels and the diagnosis of bacteremia was investigated in 117 patients. PCT demonstrated bac-
teremia discrimination with a point of cut of 15.5 ng/ml and an area under the curve (AUC) of 0.76. The concentration of PCT
in patients with bacteremia by gram-negative germs was higher compared with patients with bacteremias by gram-positive
germs, 26 vs. 71 ng/ml (p = 0.001). Values > 26.8 ng/ml predict bacteremia by Gram-negative bacilli (AUC: 0.81).
Conclusions: A cut-off value of PCT > 15.5 ng/ml is a predictor of bacteremia (AUC: 0.76) and values > 26.8 ng/ml predict
bacteremia by gram-negative bacilli (AUC: 0.81).
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Introduction

Despite improvements in antimicrobial therapy and in
the management of sepsis, infectious complications
continue to be common in cancer patients with febrile
neutropenia and entail worse prognoses.

A high index of suspicion is required with any infec-
tious process, since late initiation of antibiotic therapy is
associated with higher mortality'. The relative scarcity
of infection-specific symptoms, in addition to delay in the
delivery of culture results and the low probability of pos-
itivity in them, can lead to unnecessary delays or diag-
nostic and therapeutic errors in this type of patients®.
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Procalcitonin (PCT), a calcitonin prohormone, is
profusely produced in response to endotoxins and inflam-
mation mediators in bacterial infections. It has become a
widely used biomarker in the management of sepsis due
to its low cost and high levels of sensitivity (Sens) and
specificity (Sp) to predict systemic bacterial infections, as
well as being indicative of the type of germ involved®®.
These characteristics make PCT an effective tool for in-
fection early detection and guide for the start of appro-
priate empirical antibiotic therapy, with an important
impact on survival’®. The purpose of this study is to de-
termine the diagnostic value of PCT in bacteremia early
identification in critically il febrile neutropenic patients.
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Materials and methods

Primary objective

The purpose of this study is to determine the diag-
nostic value of PCT alone or in combination with other
factors for early recognition of bacteremia in febrile
neutropenic patients admitted to an intensive care unit,
in addition to determining and suggesting cut-off points
for the detection of gram-negative bacteria.

Study design

This was a retrospective cohort study, using the
database of the oncological intensive care unit of the
Solén Espinosa Ayala Hospital of the city of Quito.

Study population and setting

Inflammation markers such as PCT were determined
as a line of study at the unit, and the data of patients
admitted with suspected infection are therefore system-
atically documented and available for analysis in several
subtopics previously programmed by the researchers,
with the database operating uninterruptedly since 2010.

Participants

All critically ill cancer patients admitted to the inten-
sive care unit with febrile neutropenia and suspected
infection from 2010 to 2016 were included. Patients had
PCT values assessed upon admission to the unit along
with blood culture samples, according to the usual care
protocols of the unit,.

Solid and hematological neoplasms were included;
patients who did not grant consent were excluded, as
well as when obtaining samples for PCT or culture
was not possible and patients with neuroendocrine
tumors, since these neoplasms can erroneously ele-
vate PCT values. Sepsis definitions are based on
current guidelines®. Cultures that identified potentially
contaminating germs were evaluated by a team of
specialists.

Ethical aspects

The study did not include any type of special inter-
vention, the patients signed an informed consent for
comprehensive management upon admission, in ad-
herence to which PCT and blood culture assessments
were requested at the unit.

The study was approved by the hospital ethics
committee (Committee of Ethics and Research on
Human Beings) and the National Directorate of Health
Intelligence of MSP-Ecuador (MSPCURI:000227-2).
Data were handled with absolute adherence to stan-
dards of confidentiality and respect for the patient.

Data collection and handling

The samples were processed at hospital laborato-
ries, which comply with institutional quality standards.
The database is frequently subjected to quality assess-
ment and its data are transferred for statistical analysis.
The analyses were carried out with the R program.

Statistical analysis

The study was descriptive, with quantitative variables
being reported as means = their standard deviation
(mean = SD); for those that did not meet normality cri-
teria, the median was reported with its respective inter-
quartile ranges (RIQ) or with median absolute deviation
(MAD). Categorical variables were reported with abso-
lute and relative frequencies as percentages (%). For
the analysis of quantitative variables, Student’s t-test
was used for independent groups, after assessing for
normality requirements, or with their non-parametric
equivalents; when necessary, confidence intervals were
obtained using resampling methods (boostrapping). The
analyses used PCT values with logarithmic transforma-
tion (log), but significant values were reported in their
original units whenever possible. For the analysis of
more than two groups, one-way ANOVA was used. Post
hoc tests were carried out with adjustment according to
the Tukey method only in the presence of significant
differences. For qualitative variables, independence
was tested with the chi-square test (Pearson), with Fish-
er's exact test being used if necessary; stratum-wise
adjustment used the Cochran-Mantel-Haenszel test and
the multivariate methods described below.

Multivariate analyses were carried out using logistic
regression methods, with the models being adjusted for
significant variables and risk assessment being reported
with its beta coefficients, in addition to its equivalents,
such as adjusted odds ratios (adjOR) with their respec-
tive 95% confidence intervals (Cl). Predictive values were
generated with internal validation, with cutoff points being
reported with total performance, sensitivity and specific-
ity values, in addition to generating receiver operating
characteristic (ROC) curves. For all comparisons, values
lower than 5% (p < 0.05) were regarded as significant.



Data were collected on a MS-Excel® spreadsheet
designed for this purpose; statistical analysis was per-
formed using the R program (version 3.5.3, 2019).

Results

During the study period, information on PCT levels
of 117 patients with febrile neutropenia was collected
and the results of their blood cultures were recorded.

Demographic characteristics

Of 117 patients included in the study, 49.6% were
males and 50.4% were females. Average age was 52 +
18.5 years, with a range of 18 to 85 years. In general,
hematological neoplasms predominated with 73.5%, with
the remaining 26.5% corresponding to solid tumors.

Previous corticosteroid therapy had been received by
64.1% of patients, whereas 66.7% received antibiotic
therapy prior to admission to the unit. Acute Physiology
And Chronic Health Evaluation Il (APACHE Il) median
score was 21 points (IQR: 16.28 points) while the Se-
quential Organ Failure Assessment (SOFA) value was
8 points (IQR: 6.11 points).

Forty-five patients (38.5%) had positive blood cul-
tures. In the overall study population (n = 117), 31 pa-
tients were positive for gram-negative bacteria (26.5%),
while 13 were positive for gram-positive microorgan-
isms (11.1%); 73 cultures (62.4%) tested negative for
bacterial development, and one patient was positive
exclusively for fungi (with Candida albicans isolation).
PCT showed wide variability, with values ranging from
0.07 to 794.8 ng/mL, with a median value of 4.1 ng/mL
(IQR: 0.56-17 ng/mL).

Overall mortality in the intensive care unit was 29.1%
(n = 34). Mortality at hospital discharge was 40.2%
(n = 47). Mortality at the end of the 30-day follow-up
was 53% (n = 62).

Baseline characteristics of the groups

At the beginning of the follow-up, patients with posi-
tive and negative blood cultures showed similar char-
acteristics with regard to gender, age and severity
scales (APACHE Il and SOFA). The type of neoplasm
was also similar, with the hematological type predomi-
nating in both groups, with 72.2 vs. 75.6% for the
groups with negative and positive blood cultures,
respectively (p = 0.86).

Corticosteroid previous use was slightly higher in
patients with positive blood cultures, while previous use
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Table 1. Baseline, clinical and follow-up characteristics
of the study sample

Variable Negative Positive blood

blood cultures cultures

(n=72) (n = 45)

Age, years 52+ 19 52+ 18 0.97
(x = SD)
Procalcitonin, 1.8+25 15.0 + 21.5 <0.01
ng/mL
(m + MAD)
APACHE I, 21.0+ 8.0 23.0 + 10.0 0.64
points
(m + MAD)
SOFA, points 8.0+40 8.0+30 0.64
(m + MAD)
Type of 0.86
neoplasm, n (%)
Hematological 52 (72.2) 34 (75.6)
Solid 20 (27.8) 11 (24.4)
Prior 43 (59.7) 32 (71.1) 0.29
corticosteroids,
n (%)
Prior antibiotics, 49 (68.1) 29 (64.4) 0.84
n (%)
ICU mortality, 15 (20.8) 19 (42.2) 0.02
n (%)
Hospital 25 (34.7) 22 (48.9) 0.18
mortality, n (%)
30-day mortality, 33 (45.8) 29 (64.4) 0.08

n (%)

MAD: mean absolute deviation

of antibiotics was slightly higher in the group with neg-
ative blood cultures, although these small differences
were not significant (Table 1).

In the course of follow-up, mortality differed between
groups according to the development of germs in blood
cultures. At intensive-care unit discharge, approximate-
ly 42.2% of patients with positive cultures had died
(n = 19/45), in comparison with 20.8% of patients with
negative blood cultures (n = 15/72); this meant an ab-
solute risk difference of 21.4% (95% Cl: 2.4-40.4%;
p = 0.02). The trend continued until 30 days of fol-
low-up, although the differences did not reach signifi-
cance in subsequent assessments (Table 1).

Procalcitonin as a predictor of positive
blood cultures

Statistically significant differences in PCT values were
found between the groups with and without positive
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Figure 1. Procalcitonin mean values with their respective 95% confidence intervals in the groups with negative and
positive blood cultures; median value is indicated; confidence intervals were estimated by bootstrapping.

blood cultures: for the group with negative blood
cultures, average value was 1.8 ng/mL (MAD + 2.5 ng/mL),
while in the group with positive blood culture average
value was 15 ng/mL (MAD = 21.5 ng/mL) (p <0.01); with
the exception of these values, no differences were
found in patient characteristics assessed at admission
(Fig. 1 and Table 1).

Four fungal isolates (two albicans-type and two
non-albicans) were reported, with only one being iso-
lated independently, while the remaining three were
concurrent with gram-negative bacteria isolates; this
case had a PCT value of 18.9 ng/mL.

Excluding the cases with multiple isolates, PCT mean
level for patients infected with gram-negative bacteria
was 43.9 ng/mL (MAD =+ 47 ng/mL), whereas for those
with gram-positive bacteria it was 3.3 ng/mL
(MAD = 4.4 ng/mL); those with negative cultures showed
values of 1.8 ng/ml (MAD = 2.5 ng/mL). Distribution by
type of germ is presented in figure 2 and table 2.

In the multivariate analysis, only PCT showed a sig-
nificant association with the development of germs in
the culture (Table 3). With a cut-off point of 15.5 ng/mL

Table 2. Procalcitonin values (ng/mL) associated with the

types of isolates obtained

Type of isolate

Gram-negative (n = 28) 439 3.1-71.6
Gram-positive (n = 13) 83 1.0-12.0
None (n =72) 1.8 0.3-9.3

Four patients with simultaneous isolates were excluded.
1QR: interquartile range.

(Prob > 0.42), total performance was 69.4%
(95% CI: 53.1-82%), with a sensitivity of 71.4% (95%
Cl: 45.4-88.3%), specificity of 68.2% (95% CI: 47.3-
83.6%), a positive predictive value (PPV) of 58.8%
(95% CI: 36-78.4%) and a negative predictive value
(NPV) of 78.9% (95% CI: 47.3-83.6%), with the ROC
curve reaching an area under the curve (AUC) of 0.76.

For the prediction of blood cultures with gram-nega-
tive development, PCT improved its performance in
ROC total area under the curve (AUC: 0.8); as expect-
ed, higher values predicted the presence of this type
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Figure 2. Procalcitonin values distribution according to the identified type of germ. Transformed values are indicated

(log ng/mL).

Table 3. Factors associated with the development of
positive cultures in the entire sample, with coefficients
obtained by logistic regression

Procalcitonin® 1.21-2.13 0.001
Age 0.01 1.01 0.98-1.03 0.6
Male gender 0.41 1.51 0.52-4.56 0.45
Solid tumor -0.24 0.78 0.19-2.94 0.72
SOFA 0.01 1.01 0.87-1.17 0.88
Prior -0.1 0.91 0.28-2.87 0.86
corticosteroids

Prior antibiotics 0.25 1.28 0.36-4.65 0.7

*Factors included for control, non-significant interaction effect, intercept (-1.82).
"Model constructed with logPCT.
adjOR: adjusted odds ratio; SOFA: Sequential Organ Failure Assessment.

of germs with higher certainty, thus increasing speci-
ficity, but at the expense of sensitivity (see table 4 and
figure 3 for cutoff points). Figure 3 shows a represen-
tation of the gram-negative curve.

Discussion

The present work, carried out in critically ill patients
with febrile neutropenia, demonstrates the association
between PCT levels and bacteremia diagnosis, both in
the bivariate model and the logistic regression analysis,
with a cutoff point of 15.5 ng/mL and a ROC area under
the curve of 0.81 for the discrimination of gram-negative
bacilli bacteremia, which is comparable to findings by
the MEDUSA group™.

The best performance of the study is found in the
prediction of gram-negative bacilli bacteremia, which
have a higher microbiological prevalence in our institu-
tion (Fig. 4)'>'%. The NPV for gram-positive germs has
been reported at 98.4%, with PCT levels between 0.4
and 0.75 ng/mL°™. In the absence of bacterial infec-
tions, PCT level is rather low (< 0.1 ng/mL)%; in the
context of a febrile patient, low values should lead to
investigate differential diagnoses that include viral infec-
tions and non-infectious fever causes.

Several investigations provide evidence of an asso-
ciation between PCT high levels and bacteremia in
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Figure 3. Procalcitonin performance for the prediction of positive blood cultures for gram-negative germs.

Table 4. Summary of procalcitonin performance in the
prediction of bacteremia by any germ or exclusively by
gram-negative germs

Procalcitonin cutoff
point

Any germ* 4 682 588 78.9 69.4
> 15.5 ng/mL

Gram-negative germs’
High cutoff 581 919 720 8.9 829
(> 327.0 ng/mL)
Intermediate cutoff 806 756 543 91.5 76.9
(87.8 ng/mL)
Low cutoff 806 570 403 89.1 63.2
(> 26.8 ng/mL)

*Area under the curve (AUC) for any germ: 0.76.

TAUC for gram-negative germs: 0.81.

Sens: sensitivity; Sp: specificity; PPV: positive predictive value; NPV: negative
predictive value; Per: total performance (rate of correctly predicted positive and
negative cultures).

patients with sepsis. Among the most recent and rele-
vant is the MEDUSA multicenter trial, conducted in
4,858 patients with sepsis; the optimal cutoff point for
bacteremia diagnosis was 10 ng/mL, with an AUC of
0.72, which is comparable to our results'>'®.

In the MEDUSA trial'', PCT concentration in patients
with gram-negative germ bacteremia was higher in

comparison with that in patients with gram-positive
germ bacteremia, at 26 vs. 7.1 ng/mL (p = 0.001). Pa-
tients with candidemia had a PCT level of 4.7 ng/mL.

Another investigation determined PCT differences
between bacteremia by enterobacteria and by
non-fermenting gram-negative bacteria (171 vs.
3.5 ng/dL; p = 0.0001)8.

PCT NPV for bacteremia has been reported as an
important result'*; for example, levels between 0.4 and
0.75 ng/mL have a NPV of 98.4% for gram-positive
bacteria and 99.9% for anaerobes'.

In neutropenic immunocompromised patients, PCT
sensitivity of 66% and specificity of 78% have been
described for the diagnosis of bacteremia'®. Our study
has the advantage of providing data from a particularly
vulnerable population. During febrile neutropenia, ab-
sence of a typical neutrophil-mediated inflammatory
response is a known phenomenon, as, for example, in
pneumonia without defined infiltrates and cellulitis with-
out overt local inflammation, which makes it difficult for
the infectious focus to be identified. PCT production is
not affected by neutropenia during sepsis, since it is
synthesized in the liver, the lung, the kidneys and the
intestine, among other tissues'®?2,
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Figure 4. ROC curve for procalcitonin performance as a predictor of positive blood cultures (any germ, blue) and

exclusively for gram-negative germs (red).

We found higher values in comparison with studies
conducted in critically-ill non-neutropenic patients. The
mechanism by means of which PCT is highly expressed
by gram-negative bacteria could be explained by the
stimulation of immune system Toll-like receptors (TLR4)
by bacterial wall lipopolysaccharides, which activates
the inflammation cascade, with the production of acute
phase proteins such as C-reactive protein (CRP) and
interleukins 1, 6, 8 and 107. PCT predictive capacity has
been reported to be more specific than that of CRP
(AUC: 0.71 vs. 0.49)%%27,

Mortality in our patients was 29.1% during their stay
at the intensive care unit, 40.2% at hospital discharge
and 53% during the 30-day follow-up, which confirms
the severity of their condition, which is comparable to
international reports of immunocompromised patients
with sepsis. Our patients with bacteremia have a 21.4%
increase in absolute risk of mortality in comparison with
patients with negative blood cultures.

The causes of PCT high levels with no infection pres-
ent include: multiple trauma, major surgery, cardiogenic
shock and the presence of metastases or carcinoma

with a neuroendocrine component, which should be
regarded as limitations of this biomarker'* 8.

There are identified germs that stimulate higher lev-
els of PCT, as for example E. coli, Proteus spp, and
there are also differences according to the infectious
focus'®?829_ In our study, the reduced number of cases
of fungal infection does not allow us issuing conclu-
sions regarding PCT and these microbial agents.

The use of PCT as a biomarker, widely available and
low-cost, could increase the safety of microbiological
diagnosis in sepsis, which is a desired goal in order to
improve the outcomes of critically ill patients in general,
and even more so in critically ill immunocompromised
patients, such as those with febrile neutropenia, in whom
clinical judgement added to a correct empirical antibiotic
therapy will be key to sepsis control. The path of pro-
spective research in this line is viable and necessary.

Conclusions

In critically ill patients with febrile neutropenia, a PCT
cutoff value higher than 15.5 ng/mL is a predictor of
bacteremia (AUC: 0.76), whereas values higher than
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26.8 ng/mL predict gram-negative bacilli bacteremia
(AUC: 0.81), which are results that may help diagnosis
and therapeutic decision-making.
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