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Procalcitonin Level Can be a Useful Indicator of When Antibiotics
Should be Stepped up in Children with Cancer and Fever without
Source
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Abstract:

Objective: To assess whether procalcitonin (PCT) levels can be a reliable indicator of when it is unnecessary to step
up antibiotics in children with cancer and fever without source (FWS).

Material and Methods: The medical records of children with hematologic-oncologic malignancies aged 3 months-15
years who had FWS =4 days and were admitted to Songklanagarind Hospital from December 2016 to February 2019
were reviewed.

Results: FWS was identified in 89 patients. PCT levels were tested in 43 patients; 21 and 22 patients had low PCT (PCT
<0.5 nanograms per milliliter (ng/mL)) and high PCT (PCT =0.5 ng/mL) levels, respectively. The baseline characteristics
of the patients including age, sex, risk of serious bacterial infection, and duration of antibiotic(s) among the 3 groups
(low-PCT, high-PCT and PCT-not-tested) were not significantly different. The proportions of patients who had had their
antibiotics stepped up after 4 days with conventional treatment were 65.0%, 90.9%, and 95.7% and who were stepped
up to carbapenem were 38.1%, 68.2%, and 73.9% in the low-PCT, high-PCT, and PCT-not-tested groups, respectively,
significantly lowest in the low-PCT group. High PCT levels were associated with sepsis with sensitivity, specificity, positive
predictive value, and negative predictive value of 87.5%, 57.1%, 31.8%, and 95.2%, respectively.

Conclusion: We suggest that cancer children who have FWS without sepsis and low PCT levels do not need to have
their antibiotics stepped up; however, as the sample size of this study was quite small, further studies are needed to

confirm our findings and conclusion.
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Introduction

Febrile neutropenia is a serious condition in
hematologic-oncologic malignancies. The 2010 clinical
practice guideline for the use of antimicrobial agents in
neutropenic patients with cancer recommends empirical
antibiotics that cover common organisms including
Pseudomonas aeruginosa for all febrile neutropenia patients,
and if fever persists for more than 4 days, the guideline
recommends adjusting the antibiotic(s) and/or antifungal(s)
to cover a broader spectrum of microorganisms.’

A previous study in our hospital found bacteremia
in 20 (9.3%) of 216 febrile neutropenic patients and gram
negative bacteria were 80.0% of the identified organisms,
with emerging bacteremia during treatment in only 5/216
(2.3%) episodes.” Therefore, giving broader antibiotics to all
febrile neutropenic patients whose fever has not subsided
in 4 days is not necessary in most of these patients, and
unnecessary administration leads to increased risk of
antibiotic resistance.

Recently, the incidence of carbapenem-resistant
Enterobacteriaceae (CRE) has been increasing®, especially
in febrile neutropenic children, including in the pediatric
malignancy ward at Songklanagarind Hospital, since 2018.
Therefore, identifying febrile neutropenic patients who are
at risk of bacterial infection is important when considering
adjusting antibiotics.

In patients with hematologic disorders it is difficult
to distinguish bloodstream infections from aseptic causes
of febrile episodes. A previous study found that clinical
information scores had a low sensitivity of 46.0% in such
cases.’

Among the biomarkers commonly used for guiding
antibiotic use, such as procalcitonin (PCT), interleukin (IL)-
6, IL-8, and C-reactive protein (CRP), PCT appears to be
more discriminative than the others.® PCT, a 116 amino

acid prohormone of calcitonin, has been proven to be a
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useful biomarker to guide antibiotic use in several clinical
conditions because it is mainly found in bacterial infections.

Previous studies in febrile neutropenic patients
reported that a PCT level 20.5 nanograms per milliliter (ng/
mL) could distinguish bacterial infections from other causes
of fever with sensitivities ranging from 50.0-70.0%."°"
A PCT level <0.5 ng/mL could predict the absence of
bacteremia with negative predictive (NPV) values of 69.0-
90.0%." =™

In addition, other studies have found that PCT levels
dramatically decreased after resolution of the infection,
while PCT levels elevated when the infection worsened.
Notably, pronounced PCT levels were also found in patients
with fever without source (FWS) who were responding to
antibiotics, compared with those not responding to treatment

15,16

with antibiotics. These findings provide new insights

into the use of PCT levels when considering changes to
antimicrobial regimens."*"

To date, there have been only a few studies
which have explored the role of PCT-guided antibiotic
management in cancer children with FWS and fever
persisting >4 days, so this study was undertaken to assess
the situation in our institution, a university learning hospital
and the primary tertiary care and referral center in southern

Thailand.

Material and Methods

Children with a hematologic-oncologic malignancy
older than 3 months and less than 15 years of age who
were hospitalized at Songklanagarind Hospital between
1* December 2016 and 28" February 2019 with one of
the following (1) first episode of FWS lasting for at least 4
days, and/or (2) needing stepped-up antibiotics after the
initial antibiotic due to sepsis, or having a microbiologically
documented infection (MDI) or clinically documented

infection (CDI), were enrolled in the study.
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Patients who were colonized with CRE, had a
carbapenem drug allergy, were initially treated with carba-
penems, or were initially diagnosed as MDI or CDI were
excluded.

A febrile neutropenia episode was defined as a
body temperature (BT) =>38.3 degrees Celsius once or
=38 degrees Celsius on two or more occasions at least
one hour apart during a 12-hour period with an absolute
neutrophil count (ANC) <1,000 cells per cubic milliliter
(cells/mm®). High risk febrile neutropenia was defined as
profound neutropenia (duration of neutropenia >7 days with
absolute ANC <100 cells/mms), clinical instability, or any
organ failure. In the PCT-guided groups, the PCT level
was tested on day 4-5 if the fever had not decreased or
prior to stepping-up the antibiotic(s).

Sepsis was defined as (1) having age-based
systemic inflammatory response syndrome defined as
meeting =2 of the diagnostic criteria, (2) confirmed or
suspected invasive infection, and (3) having cardiovascular
dysfunction, acute respiratory distress syndrome, or =2 non-
cardiovascular organ system dysfunctions. Septic shock was
defined as the subset of patients with cardiovascular
dysfunction along with hypotension, treatment with a
vasoactive medication, and/or impaired perfusion.”

Descriptive statistics [mean and standard deviation,
median and interquartile range (IQR), or frequency and
percentage] were used as appropriate. Comparisons
among the three groups of patients were done with
ANOVA. Comparisons among groups of patients used
Student’s t-test or Mann-Whitney U-test for normally
distributed and non-normally distributed continuous
variables, respectively. Chi-square or Fisher’s exact test
was used for comparisons of categorical data. R program
for Windows was used for statistical analysis.

This study was approved by the Human Research
Ethics Committee, Faculty of Medicine, Prince of Songkla
University (REC. 61-408-1-4).
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Results

Comparing baseline characteristics among the
groups

Of a total of 200 patients with malignancy and FWS
or febrile neutropenia assessed for eligibility, 89 patients
met the enrolment criteria, with 46 patients and 43 patients,
respectively, in the no-PCT and PCT-guided groups. The
PCT-guided group was further classified into 2 subgroups
based on low (PCT <0.5 ng/mL) and high (PCT =0.5 ng/
mL) PCT levels, with 21 and 22 patients, respectively.

The baseline characteristics including sex, age, febrile
neutropenia risk, chemotherapy phase, body temperature,
and platelet count were not statistically significantly different
between the 3 groups. The median WBCs and ANCs at
admission and follow up dates in the PCT-not-tested
group were significantly lower than in the other two groups.
The proportions of patients with ANCs at admission and
follow up date <100 cells/mm?® were significantly higher in
the PCT-not-tested group than in the PCT-tested groups
(Table 1).

According to the inclusion criteria not including
carbapenem usage as the initial empirical antibiotic, none
of the enrolled patients at the initial treatment had sepsis,
but 20 patients developed sepsis over the next 4-5 days.
The proportion of patients with sepsis was lower in the
low-PCT group (4.8%) but not significantly different from
the high-PCT (31.8%) and PCT-not-tested (19.6%) groups
(Table 1).

Of the 20 patients who had sepsis, bacteremia was
identified in 3 patients, 2 and 1 patients in the PCT-not-
tested and low-PCT groups, respectively. Of the 2 patients
in the PCT-not-tested group, one patient had a central line-
associated bloodstream infection, for which Escherichia coli
was identified and was susceptible to colistin. The minimal
inhibitory concentration of meropenem was 12 micrograms/
mL. He was treated with meropenem (120 milligrams per

kilogram per day (mg/kg/day)) via continuous intravenous
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drip for 3 hours every 8 hours and colistin (5 mg/kg/day)
via intravenous drip every 8 hours. The other patient had
Klebsiella pneumoniae and Enterobacter cloacae bacteremia
which was susceptible to a third generation cephalosporin.
None of the 3 patients with bacteremia died.

The patient in the low-PCT group with bacteremia
had a PCT level of 0.18 ng/mL. After he was initially treated
with ceftazidime and amikacin for 4 days, he developed

clinical sepsis then meropenem and colistin were begun.
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Multidrug-resistant Acinetobacter baumannii was isolated
from his bloodstream, an organism fully susceptible only
to colistin, intermediately susceptible to cefoperazone/
sulbactam and tigecycline and resistant to all drugs in
the aminoglycoside, cephalosporin, carbapenem, and
fluoroquinolone groups. He was eventually successfully
treated with cefoperazone/sulbactam (300 mg/kg/day) and
colistin (5 mg/kg/day).

Table 1 Patient characteristics and comparison of CBC values on first day and day 4-5 of empirical antibiotic(s) among

the 3 study groups

PCT-not-tested

Variable

PCT-guided

p-value

(n=46) PCT <0.5 ng/mL PCT 20.5 ng/mL
(n=21) (n=22)

Age (years), median (IQR) 4.8 (4.4,9.7) 4.3 (2.1, 9.5) 6.9 (2.7, 12.2) 0.452
Male, n (%) 30 (65.2) 13 (61.9) 11 (50.0) 0.478
Malignancy, n (%)

Hematologic 29 (63.0)° 16 (76.2)° 8 (36.4)" 0.020

Oncologic 17 (37.0)° 5 (23.8)° 14 (63.6)°
High risk, n (%) 36 (78.3) 10 (47.6) 16 (72.7) 0.078
Induction phase of chemotherapy 15 (32.6) 9 (42.9) 5 (22.7) 0.481
Initial antibiotic(s), n (%) 0.210

Ceftazidime + amikacin 39 (84.8) 18 (85.7) 14 (63.6)

Piperacillin/tazobactam 6 (13.0) 3 (14.3) 6 (27.3)

Others 1(2.2) 0 2 (9.1)

Initial day of antibiotic(s)
BT °C, median (IQR) 38.8 (38.3, 39.3) 38.7 (38.4, 39.0) 38.4 (38.5, 38.9) 0.220
WBC x10° (cells/mm®), median (IQR) 1.1 (0.3, 2.8)* 35 (0.7, 9.9)° 5.4 (0.7, 11.4)° 0.002
ANC (cells/mm®), median (IQR) 0 (0, 704)* 1045 (114, 5561)° 174 (0, 609)° 0.020
ANC <100 cells/mm®, n (%) 27 (58.7)° 5 (23.8)° 7 (31.8)° 0.002
Platelets, x10°(cells/mm®), median (IQR) 73 (47, 154) 195 (80, 345) 88 (30, 342) 0.100
>48 hours after antibiotic(s) begun

BT °C, median (IQR) 38.8 (38.5, 39.2) 38.7 (38.2, 39.3) 38.7 (38.2, 39.6) 0.498
Sepsis, n (%) 12 (19.6) 1(4.8) 7 (31.8) 0.070
WBC x10° (cells/mm®), median (IQR) 1.0 (0.5, 5.7)* 4.1 (1.0, 10.6)° 4.2 (1.4,12.6)° 0.012
ANC (cells/mm®), median (IQR) 0 (0, 821)° 947 (215, 5334)° 607 (205, 7765)° 0.020
ANC <100 cells/mm®, n (%) 29 (63.0)° 5 (23.8)° 5 (22.7)° 0.001
Platelets, x10° (cells/mm®), median (IQR) 62 (27, 192) 176 (33, 276) 113 (322, 298) 0.260

*"Values within rows not having a superscript in common differ significantly (p-value<0.050)

BT=body temperature, IQR=interquartile range, WBC=white blood cells, ANC=absolute neutrophil count, PCT=procalcitonin
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Management of antibiotics and outcomes among
the 3 groups whose fever had not subsided after initial
empirical antibiotics 24 days

The proportion of patients whose antibiotics were
stepped up after 4 days with conventional treatment was
significantly lower in the low-PCT group (65.0%) than in
the other two groups (90.9% and 95.7% in the high- PCT
and PCT-not-tested groups, respectively) (Table 2).

The proportion of patients whose antibiotics were
stepped up to the carbapenem group was significantly
lower in the low-PCT group (38.1%) than the high-PCT
group (68.2%), and PCT-not-tested group (73.9%). The
median durations of total fever among the 3 groups were
not significantly different (Table 2).

The mortality rates among the 3 groups were not
significantly different. The only two patients with fatal
outcomes were in the high-PCT group. The first fatal

case died following a relapse of his acute lymphoblastic
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leukaemia. The second fatal case died from a progressive

brain tumour with severe brain edema.

Factors associated with sepsis in children
whose fever did not subside after initial empirical
antibiotics >4 days

The proportions of patients with sepsis and without
sepsis were not significantly different in patients with BT
>39.0 °C, ANC <100 cells/mm?®, and platelets <50,000 cells/
mm’.

Of the 43 patients who had their PCT levels tested,
the proportion of patients with sepsis was significantly higher
in the high-PCT group and the median PCT level was
significantly higher in sepsis patients than in non-sepsis
patients (Table 3).

High PCT levels were significantly correlated with
sepsis with sensitivity, specificity, PPV, and NPV of 87.5%,
57.1%, 31.8%, and 95.2%, respectively.

Table 2 Management and outcomes among the 3 groups of children whose fever had not subsided after initial empirical

antibiotics >4 days

PCT-not-tested

PCT-tested

v, o ) (n=46) PCT <0.5 ng/mL  PCT 20.5 ng/mL  P-value
(n=21) (n=22)

Stepped-up antibiotic, n (%) 44 (95.7)° 13 (65.0)" 20 (90.9)° 0.001
Carbapenem usage, n (%) 34 (73.9)° 8 (38.1)° 15 (68.2)" 0.016
Duration of fever (days), mean (S.D.) 8.0 (6.0, 12.0) 7.0 (5.2, 11.0) 9.0 (5.5, 13.5) 0.541
Duration of fever in carbapenem usage (days), 8.0 (6.0, 11.0), n=34 9.5 (7.0, 11.7), n=8 9.0 (6.5, 16.0), n=7 0.493
mean (S.D.)

Duration of antibiotics (days), mean (S.D.) 11.5 (4.9) 10.5 (6.1) 11.3 (5.1) 0.751

*"Values within rows not having a superscript in common differ significantly (p-value<0.050)

PCT=procalcitonin, S.D.=standard deviation, ICU=intensive care unit
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Table 3 Factors associated with sepsis in study children whose fever had not subsided after initial empirical antibiotics

>4 days

Non-sepsis Sepsis
Factor p-value
(n=69) (n=20)
PCT level (ng/mL), median (IQR) 0.3 (0.2, 1.6), n=35 2.4 (0.8, 33.5), n=8 0.030
PCT >0.5 ng/mL, n (%) 15 (4.9), n=35 7 (87.5), n=8 0.020
Body temperature >39 °C, n (%) 25 (36.2) 10 (50.0) 0.267
ANC <100 cells/mm®, n (%) 30 (43.5) 9 (45.0) 0.904
Platelets <50,000 cells/mm®, n (%) 28 (40.6) 6 (30.0) 0.391

PCT=procalcitonin, IQR=interquartile range, ANC=absolute neutrophil count

Discussion

Our study is the first study to demonstrate that
PCT was helpful in guiding antibiotic management in
cancer children whose fever persisted >4 days after
initial antibiotics. The proportion of patients who had their
antibiotics stepped up was reduced from 95.7% to 65.0%
and also carbapenem use decreased from 73.9% to 38.1%.

We found higher sensitivity and NPV than in previous
studies, which found that PCT =0.5 ng/mL had sensitivity
of 50.0-70.0%"°° and NPV of 69.0-90.0% to determine

bacteremia.”’*™

The different results in our study from
these previous studies could be explained by the associated
outcomes; our study focused on clinical sepsis while the
others examined bacteremia. Of the 89 febrile episodes
in our study, hemoculture was positive in only 3 episodes
even though 20 patients had sepsis. Of the 3 patients with
bacteremia, 1 had a PCT test which found <0.5 ng/mL.
These findings suggest that PCT testing should not be used
to guide antibiotic management in cancer patients who have
sepsis or systemic inflammatory response.

The cost of PCT testing at the time of our study
was 30 United States dollars per test, which was and is
considered expensive in our hospital, and most physicians
step-up the antibiotic in patients at high risk of bacterial

infection and/or developing clinical sepsis without ordering a
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PCT test. This practice could explain why we found higher
proportions of patients with ANC <100 cells/mm?® (63.0%
vs 23.8%) and who had their antibiotics stepped-up to the
carbapenem group (73.9% vs 53.5%), respectively, in the
PCT-not-tested group than the PCT-guided group.
Although we found that patients with PCT <0.5
ng/mL had a low risk of developing sepsis and/or
bacteremia, one case in the low-PCT group developed
gram negative septicemia. Previous studies found that PCT
had low sensitivity as a marker of infection in patients with
neutropenic fever'® and also poor sensitivity in gram-positive

infections.®™

Taking these things together, we suggest
that PCT-guided antibiotics should only be used in cancer
patients with FWS and no clinical sepsis.

Although one previous study suggested that
neutropenia might affect PCT levels™, we found that PCT
levels were not correlated with ANC (r=0.08, p-value=0.591)
and the median (IQR) PCT levels in those with ANC>500
cells/mm?® and ANC <500 cells/mm?® were not significantly
different (PCT levels were 0.3 (0.2, 1.9) and 0.9 (0.3, 1.9)
ng/mL, respectively), which was similar to a previous study
in febrile cancer children which found no correlation of PCT
levels and ANC (r=-0.08)."

We found that PCT levels were significantly higher

in children with sepsis (Table 3), which was also reported
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in previous studies which found that cancer patients with
bacteremia, especially gram negative bacteremia or severe
bacterial infection, had higher PCT levels than those without
serious bacterial infection or viral infection.®"""**

We found as in a previous study that PCT-guided
antibiotic management did not reduce the duration of
required antibiotic use.® This finding could be explained by
noting that duration of antibiotic use is not influenced by
PCT levels but is influenced by clinical well-being, body
temperature and ANC.

The main limitation of this study was its retrospective
nature, in which clinical decisions depended on the
doctor’s experience, their decisions concerning antibiotic
management and requesting tests for other biomarkers,

and their clinical judgment.

Conclusion

In this study, PCT-guided antibiotic decisions
reduced carbapenem usage by 35.8%. PCT-guided
antibiotics should be used only in patients without clinical
sepsis. Clinically-well cancer patients with FWS and
persistent fever >4 days with PCT levels <0.5 ng/mL can
be continued on their initial empirical antibiotic(s). Due to
the small sample size, further studies are needed to confirm

these conclusions.
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