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Abstract

Background: We evaluated the diagnostic utility of procalcitonin (PCT) in predicting bacterial
bloodstream infections (BSI) in critically ill cancer patients with and without neutropenia. We also
investigated the role of PCT as a prognostic marker of supportive modalities (vasopressors,
invasive mechanical ventilation, and renal replacement therapy (RRT)) in the intensive care unit
(ICV).

Methods: We retrospectively analyzed 2,200 PCT and blood cultures from adult cancer patients
with suspected sepsis. Primary outcome was BSI, defined by positive blood culture, collected
within 72 h of PCT collection.

Results: Median PCT values were higher in encounters with BSI (3.2 vs 0.5 ng/ml, p<0.001).
The area under the ROC curve (AUC) was 0.726 (95%CI 0.698, 0.754). PCT>2.0 ng/ml was
significantly associated with greater likelihood of BSI and this effect was significantly stronger for
neutropenic (OR 9.09, 95%Cl: 4.39, 18.79) compared with non-neutropenic patients (OR 4.00
(95% ClI: 3.13, 5.10), interaction p=0.036). PCT >2.0 was associated with vasopressor requirement
on ICU admission (OR 1.82 (95% CI 1.31, 2.53), p<0.001) and RRT (OR 2.20 (95% CI 1.24,
3.91), p=0.007).
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Conclusions: Procalcitonin is a fair discriminator of BSI in critically ill cancer patients with and
without neutropenia and a PCT >2.0 ng/ml was significantly more likely to require vasopressors
and RRT in the ICU.

1. INTRODUCTION

Despite significant advances in the management of sepsis, early diagnosis remains the most
important factor for patient survival and outcome. Current obstacles to rapid diagnosis
include time required for microbiology methods (culture turnaround time usually takes
several days) and low sensitivity for some organisms. Culture-negative sepsis can account
for up to 50% of severe sepsis cases [1].

Biomarkers that can facilitate rapid, accurate diagnosis of bacterial bloodstream infections
(BSI) would enhance early sepsis diagnosis. Although several biomarkers for sepsis have
shown promising results, single markers have not been effective across all patient
populations. Procalcitonin (PCT), a host-response marker that is upregulated by microbial
toxins and proinflammatory cytokines, has demonstrated moderate sensitivity for identifying
patients at risk of sepsis. The diagnostic value of PCT in sepsis is well-established in non-
cancer patients. PCT concentration less than 0.5 ng/ml is generally associated with a low
risk of sepsis, whereas PCT concentration greater than 2 ng/ml is associated with high risk
[2]. However, the utility of PCT in the diagnosis of BSI and sepsis in immunocompromised
patients including neutropenic cancer patients has been questioned [3-9]. Some studies
suggest PCT lacks both specificity and positive predictive value for diagnosing sepsis in
patients with cancer [10]. PCT elevations have been described in progression of cancer, in
the absence of infection [11]. Neutropenia, frequently due to underlying malignancy or
chemotherapy places cancer patients at an increased risk of infection, which can be difficult
to diagnose and distinguish from noninfectious etiologies. Neutrophils have also been
proposed as the source of PCT in the inflammatory response during infection, introducing
the possibility that the PCT response in neutropenic patients may be impaired or different
than what is seen in the immunocompetent patients[5]. Published studies and meta-analyses
of PCT as a diagnostic and prognostic marker of BSI and sepsis in neutropenic patients have
shown conflicting results [10,12].

In the setting of these conflicting findings, we investigated the role of PCT in the evaluation
of suspected sepsis in our cancer patient population. Specifically, we sought to evaluate the
diagnostic accuracy of PCT for bacterial BSI in critically ill cancer patients with and without
neutropenia. Additionally, we investigated the role of PCT as a prognostic marker of
supportive treatment modalities (vasopressors, invasive mechanical ventilation, and renal
replacement therapy) in the intensive care unit (ICU).

2. MATERIALS AND METHODS:
2.1 Study Design

We performed a retrospective review of clinically ordered serum procalcitonin (PCT) levels
between December 2015 and June 2017 and corresponding blood culture results (collected
within 72 hours of a PCT) in adult patients (> 18 y) with cancer who were treated in the
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Intensive Care Unit (ICU) and Urgent Care Center (UCC) at Memorial Sloan Kettering
Cancer Center (MSKCC) in New York City. This study was approved by the institutional
review board of MSKCC and granted a waiver of informed consent.

Only the initial PCT value from each ICU or UCC encounter within a 6-day window was
included. PCTs ordered on encounters/admissions greater than 6 days apart were considered
separate events because we deemed them to be prompted by a change in clinical condition
and were therefore analyzed accordingly. In total, 2,200 PCT results from 1,886 unique
patients were included for analysis.

Our primary outcome was bloodstream infection, as defined by a positive blood culture
result. Blood culture results were considered if collected within 72 h of a PCT result.
Immune status (neutropenic vs non-neutropenic) for purposes of categorization was
determined by the closest absolute neutrophil count (ANC) result within 24 h of the PCT
sample collection time. Neutropenia was defined as ANC <500/ul.

In the cohort of patients admitted to the ICU (n=697), we collected demographic and clinical
data from our ICU database. This included age, gender, type of malignancy (solid vs
hematologic), Mortality Probability Model 1l score on ICU admission (MPM llg), treatment
modalities used in the ICU including vasopressor agents, mechanical ventilation,
hemodialysis or renal replacement therapy and ICU and Hospital length of stay (LOS) and
mortality. The MPM Il score is the severity of illness scoring system for critically ill
patients utilized by our institution during the timeframe of this study. Patients with multiple
ICU admissions within the same hospitalization were considered independent with respect to
the need for treatment modalities.

2.2 Laboratory Methods

Serum PCT concentrations were measured by an enzyme-linked fluorescent assay, the
VIDAS ® B-R-A-H-M-S PCT ™ (bioMerieux) according to manufacturer’s instructions.
The analytical measurement range verified in our laboratory was 0.05 — 200.00 ng/ml.

2.3 Statistical methods

The primary objective was to investigate the diagnostic accuracy of PCT for discriminating
bloodstream infection results in a cancer population with neutropenic and non-neutropenic
subpopulations. Patient-level and encounter-level characteristics were first summarized with
medians and interquartile ranges (IQR: 25th and 75th percentiles) or frequencies and
percentages for continuous and categorical variables, respectively. The association of PCT
and ANC with BSI was summarized and assessed using logistic regression. Receiver
operator characteristics (ROC) curves were used to evaluate diagnostic accuracy of PCT for
BSI and the area under the ROC curve (AUC) was estimated for our cancer population and
separately by ANC status. The AUCs were compared by ANC status using an unpaired t-test
with estimated variances based on DelLong’s method [13]. A best threshold was calculated
using Youden’s index, which is based on the maximum sum of sensitivity and specificity.

In the ICU population, we further investigated the association of PCT with the severity of
illness score on ICU admission (MPM-11g) and need for supportive modalities (vasopressor

Clin Chim Acta. Author manuscript; available in PMC 2021 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Blouin et al.

Page 4

agents, mechanical ventilation, hemodialysis or renal replacement therapy) as surrogates for
the severity and treatment of sepsis, and with hospital discharge status.

Binary outcomes were analyzed using logistic regression models and continuous outcomes
were analyzed using linear regression. Multivariable analysis (MVA) using the respective
regression models were performed to control for potential confounding effect of neutropenic
status.

A 2-sided p<0.05 was considered significant. All statistical analyses were performed using R
ver 3.5 (The R foundation for Statistical Computing).

3. RESULTS:

3.1 Clinical Characteristics

A total of 2,200 encounters from 1,886 unique patients were analyzed. The demographic and
clinical characteristics of the patients are listed in Table 1. Of the 2,200 encounters, 399
(18%) had at least one positive blood culture result. Median PCT values were significantly
higher in encounters with positive blood cultures (3.2 ng/ml) vs encounters with no positive
blood cultures (0.5 ng/ml) (p <0.001). Using the current recommended cut-off of 2.0 ng/ml,
encounters with a PCT > 2 ng/ml had higher odds of positive blood culture than encounters
with a PCT < 2 ng/ml (OR: 4.6, 95%CI: 3.7-5.8). While neutropenic encounters made up
only 16.8% of encounters with a positive blood culture, neutropenic encounters also had
higher odds of positive culture than non-neutropenic encounters (OR 3.4, 95%Cl: 2.4-4.7).
In both neutropenic and non-neutropenic subgroups, a PCT >2.0 ng/ml was significantly
more likely to be associated with a positive blood culture result; however, the likelihood was
higher for neutropenic patients (OR 9.09, 95%CIl: 4.39-18.79) than non-neutropenic patients
(OR 4.00, 95%CI: 3.13-5.10, interaction p=0.036) (Supplemental Table 1). In our cohort,
the prevalence of BSI in neutropenic patients was 39.6% (67/169 patients). In the
nonneutropenic patients, the prevalence was 16.3% (332/2031).

3.2 Accuracy of PCT in neutropenic and non-neutropenic patients

ROC analysis was performed to examine the accuracy of PCT in the prediction of BSI (Fig.
1). The area under the ROC curve (AUC) was 0.726 (95%CI 0.698-0.754), considered “fair”
in discriminating between culture positive and negative results. Our data suggest that the
best threshold for PCT in discriminating blood culture results was 1.7 ng/ml, with a
sensitivity and specificity of 61% and 74%, respectively. The AUC of the neutropenic group
was higher compared to the non-neutropenic group (AUCs: 0.792 vs. 0.708, p=0.030).
Within the neutropenic group, the best threshold was higher, >2.05 ng/ml, with an increased
sensitivity of 79%. Within the non-neutropenic group, the best threshold was the same as the
overall group, >1.695 ng/ml, with a slightly lower sensitivity of 58%. The positive predictive
value of PCT in neutropenic patients was also higher than in nonneutropenic patients (64%
vs 31%). The negative predictive value of PCT was 84% in neutropenic patients and 90% in
nonneutropenic patients.
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3.3 PCTin the ICU subset

Of the 735 encounters in our ICU population (Table 2), 183 (24.9%) had at least one positive
blood culture result. Encounters with a PCT > 2 ng/ml, had higher odds of positive blood
culture than encounters with a PCT < 2 ng/ml (OR: 3.1, 95%ClI: 2.1-4.3). While neutropenic
encounters made up only 19.7% of encounters with a positive blood culture, neutropenic
encounters also had higher odds of positive culture than non-neutropenic encounters (OR
4.3, 95%Cl:; 2.5-7.2).

Mean MPM Il score was higher in encounters with a PCT >2.0 compared to PCT<2.0
(Mean difference 11.8, p<0.001) (Table 3). Neutropenia was not associated with MPM 11,
score. Univariate analysis demonstrated that PCT >2.0 was associated with requirement for
vasopressors on admission (OR 1.76 (95%Cl 1.27, 2.34)), Table 3. In a multivariable model
controlling for ANC this association remained significant (OR 1.82 (95%Cl 1.31, 2.53)).
Neutropenia was not associated with vasopressor requirements (OR 0.86 (0.48, 1.53)).
Interestingly, both initial PCT >2.0 and neutropenia had lower likelihood of ventilator
requirements on admission (OR 0.71 and OR 0.48, respectively on MVA). Initial PCT
concentrations >2.0 were associated with renal replacement therapy (RRT) requirements
(OR 2.20 (1.24-3.91)). However, ANC was not associated with RRT requirement during an
ICU encounter (OR 0.63 (0.22-1.82)). We also examined the association of PCT with death
at hospital discharge. In multivariable analysis controlling for ANC, PCT>2.0 was
associated with increased odds of death at hospital discharge (OR 1.38 (95% CI 1.01-1.89,
p=0.046).

4. DISCUSSION

This study provides insight into the diagnostic accuracy of PCT for bacterial BSI in critically
ill cancer patients. Similar to previous studies conducted in oncology patients [14-19], we
demonstrate that BSI is associated with elevated PCT. The optimal cut-off to maximizing
sensitivity and specificity in our study was 1.7 ng/ml. Overall, our data indicate that PCT is a
fair predictor of BSI in critically cancer patients, including those who are neutropenic. Bele
and colleagues [4] similarly found that in critically ill immunocompromised patients, PCT
concentrations on Day 1 of ICU stay were significantly associated with bacterial infection
(microbiologically or clinically documented) with an AUC of 0.851 (95% CI 0.782-0.919).
A cutoff of 2 ng/ml had a sensitivity of 0.67 £ 0.12 and a specificity of 0.82 = 0.08 [4]. The
higher AUC and improved performance of PCT in their study may be related to the
differences in population (the definition of “immunocompromised” included non-cancer
patients) and inclusion criteria (neutropenia was defined at ANC <1000/uL), or the
difference in primary endpoint: clinically- or microbiologically-documented infection
compared to the more restrictive BSI as the endpoint in our study.

Although the association of PCT and bacteremia or sepsis is well documented [2,10], a
challenge to its widespread clinical use is its low specificity. This may be explained by low
sensitivity of BSI as an indicator of infection or sepsis. Additionally, PCT elevations may be
explained by severe local infections, as reported in one study of patients with hematological
malignancies [20].
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We observed a stronger association between PCT and BSI in neutropenic patients which
may be due to the higher prevalence of BSI and exaggerated systemic inflammatory
response in this population. This is consistent with other published studies showing that
neutropenic patients have a significantly higher rate of bacteremia, potentially resulting in
sepsis [21-24]. We also found associations of initial PCT values with supportive treatment
modalities in the ICU in our ICU patient cohort. Controlling for ANC status, PCT was
significantly associated with the requirement for vasopressors on admission. However, PCT
was not found to be associated with an increased likelihood for requirement for invasive
mechanical ventilation. This contrasts with previous studies where PCT elevations were
associated with need for mechanical ventilation (considered as treatment failure) in patients
with pneumonia [25, 26]. Yet, in an examination of the prognostic value of PCT in
respiratory tract infections across clinical settings (primary care vs emergency department vs
ICU) Kutz et al. [27] found significant association between PCT and treatment failure in the
emergency department setting, but not for the ICU or primary care patients. The conflicting
findings suggest that the prognostic value of PCT may vary among differing patient
populations or clinical settings.

PCT values were also associated with severity of illness and mortality using MPM Il scores
and death at hospital discharge. PCT >2.0 ng/ml was associated with higher mean MPM Il
scores. Furthermore, controlling for ANC, PCT >2.0 ng/ml was significantly associated with
increased odds of death. The latter finding is in agreement with prior studies [4,28,29] and in
a study of ICU patients with hematologic malignancy [30].

To our knowledge, our study is one of the largest studies of PCT and BSI in patients with
cancer. Chaftari et al. [11] examined PCT concentrations in 985 cancer patients. While the
overall focus was PCT association with cancer progression, their analysis included a
comparison of febrile cancer patients with bacteremia or sepsis vs non-febrile cancer
patients. They reported that PCT was a good marker for bacteremia or sepsis in febrile
cancer patients with an optimal cut-off point of 0.17 ng/ml with 81% sensitivity and 69%
specificity. A recent meta-analysis demonstrated the high discriminative power of PCT to
differentiate bacterial infection from other causes of fever in patients with febrile
neutropenia [10].

Our study has several limitations. First, our primary endpoint was BSI, which does not
impute sepsis. Such laboratory results can be less subjective than clinical measurements, and
this approach made it logistically possible to perform this large study. However, this
approach misses “culture negative sepsis” patients; patients with viral infections, and
patients with severe localized culture-proven infections (i.e., pneumonia) and sepsis but
without BSI. Second, our analysis does not account for treatment at the time of (or before)
the first PCT draw. Additionally, our analysis does not differentiate patients by cancer stage
(others have shown that cancer stage can be associated with PCT concentration [11]).
Furthermore, our dataset represents clinically ordered PCTs in the care of cancer patients in
our UCC and ICU. Although we have largely standardized our clinical approach for sepsis
work-up and Clinical Decision Support tools to assist in test ordering, there is an assumption
that these orders were placed on patients meeting certain criteria for concern of sepsis.
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However, there may be encounters in our dataset that did not meet these criteria (PCT
ordered outside of the concern for sepsis).

In conclusion, procalcitonin is predictive of bacterial BSI in critically ill cancer patients with
and without neutropenia but should not replace clinical decision making regarding the
initiation of antibiotic therapy. Prognostically, PCT is associated with requirement for
vasopressors and renal replacement therapy, but not for mechanical ventilation. Given the
lack of a consensus cut-off and the differing primary endpoint used in previous studies, a re-
evaluation of the cut-offs for PCT values is warranted and may require population-specific
decision levels.
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HIGHLIGHTS:
. Procalcitonin is predictive of bloodstream infections in critically ill cancer
patients
. PCT >2.0 ng/mL was more likely to be associated with BSI particularly for

neutropenic (OR 9.09, 95%CI: 4.39, 18.79) compared with non-neutropenic
patients (OR 4.00 (95% CI: 3.13, 5.10), interaction p=0.036).

. Prognostically, PCT was associated with requirements for vasopressors but
not mechanical ventilation

. Although PCT predicts BSl, it should not replace clinical decision making.
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Sensitivity

ROC curve of PCT ROC curve of PCT among ANC <0.5 ROC curve of PCT among ANC 20.5
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All Encounters, n=2200
Best 1.695 62%, 246/399 74%, 1335/1801
Guideline 2 59%, 234/399 77%,1379/1801
ANC < 0.5, n=169
Best 2.05 79%, 53/67 72%,73/102 64% (53,74%) 84%(74,91%)
ANC 2 0.5, n=2031
Best 1.695 58%, 193/332 74%, 1265/1699 31%(27,35%) 90%(88,92%)
Guideline 2 55%, 181/332 77%,1307/1699 32%(28,36%) 90%(88,91%)

Fig. 1. Receiver operating characteristics (ROC) analysis of PCT Predictive Performance of BSI
Diagnosis.

ROC curves for PCT test for BSI diagnosis in All Encounters (A), Encounters with ANC <
0.5 K/ul (B), and Encounters with ANC = 0.5 K/ul (C).
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Demographic and Clinical Characteristics of Patients

Table 1:

Patient Characteristics

Patients (n=1,886)

Male, 77 (%)

Female, 17 (%)

Age, mean in years (range)

Neutropenia at time of initial PCT, 77 (%)

Encounters per patient

3+
PCT, overall

PCT, median ng/mL
<0.5
0.5-2.0
>2.0

PCT, ANC 2 0.5
PCT, median ng/mL
<0.5
0.5-2.0
>2.0

PCT, ANC<0.5
PCT, median ng/mL
<0.5
0.5-2.0
>2.0

999 (53%)
887 (47%)
62 (19-96)
169 (7.7%)

1643 (87%)

197 (10%)

46 (2.4%)
Encounters (N=2,200)
0.61

1017 (46%)

527 (24%)

656 (30%)

N = 2,031 (92%)
0.55

960 (47%)

498 (25%)

573 (28%)

N = 169 (7.7%)
1.93

57 (34%)

29 (17%)

83 (49%)
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Table 2:

Demographic and Clinical Characteristics of ICU Patients

Patient Characteristics

Patients (n=697)

Male, 77 (%) 364 (52%)
Female, 77 (%) 333 (48%)
Age, median in years (range) 64 (21,95)
Encounters per patient 1 565 (81%)

2 100 (14%)

3+ 32 (4.6%)
Hospital Discharge Status, 77 (%)

ALIVE 451 (65%)

DEAD 246 (35%)
Hospital Length of Stay, median (range) 17 (1,308)
Encounter Characteristics Encounters (n=735)
ICU Discharge Status, /7 (%)
ALIVE 564 (77%)
DEAD 171 (23%)
Pre-ICU LOS, days, median (range) 3(1,173)
ICU LOS, days, median (range) 5(1,72)
MPM Il score, median (range) 41 (2,98)
Malignancy Type, 77 (%)

Heme 239 (33%)

Solid 496 (67%)
Vasopressor Requirement on ICU admission, 7 patients (%) 209 (28%)
Mechanical Ventilation Requirement on admission, 77 patients (%) 241 (33%)
Hemodialysis Requirement, 7 patients (%) 23 (3.1%)
Continuous Renal Replacement Therapy Requirement, 77 patients (%) 42 (5.7%)
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TABLE 3:

Analysis of PCT with Supportive Modalities and Hospital Discharge Status in the ICU Cohort

Page 14

Encounters, N Vasopressor at ICU Univariable OR p Multivariable OR p
admission, N (%) (95%Cl) (95%Cl)
PCT <20 411 96 (23)
>20 324 113 (35) 1.76 (1.27, 2.43) 0.001 1.82(1.31, 2.53) <.001
ANC =205 669 192 (29)
<05 66 17 (26) 0.86 (0.48, 1.53) 0.613  0.71(0.39, 1.28) NS
Encounters, N Ventilator at ICU admission, Univariable OR p Multivariable OR p
N (%) (95%Cl) (95%Cl)
PCT <20 411 151 (37)
>2.0 324 90 (28) 0.66 (0.48, 0.91) 0.01 0.71 (0.51, 0.98) 0.035
ANC =205 669 229 (34)
<05 66 12 (18) 0.43 (0.22, 0.81) 001  0.48(0.25,0.92) 0.027
Encounters, N HD or CRRT, N (%) Univariable OR p Multivariable OR p
(95%Cl) (95%Cl)
PCT <20 411 21 (5)
>2.0 324 33 (10) 2.11(1.19, 3.72) 0.01  2.2(1.24,3.91) 0.007
ANC =05 669 50 (7)
<05 66 4(6) 0.8 (0.28, 2.29) 0.675 0.63(0.22, 1.82) NS
MPMII, Score, Mean (SD) Estimate (SE) p Estimate (SE) p
PCT <20 38.9 (23.8)
>2.0 50.1 (24.7) 11.1 (1.8) <001 11.8(L8) <.001
ANC 205 44 (24.6)
<05 424 (27) -1.6(3.2) 0.615 -55(3.2) NS
Patients, N Death at hospital discharge Univariable OR p Multivariable OR p
(%) (95%Cl) (95%Cl)
PCT <20 391 129 (33)
>20 306 123 (40) 1.37 (1, 1.86) 005  1.38(1.01,1.89) 0.046
ANC =205 636 230 (36)
<05 61 22 (36) 1(0.58, 1.72) 0.988 0.9 (0.52, 1.57) NS
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