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Objectives: The roles of procalcitonin (PCT) and C-reactive protein (CRP) in febrile

cancer patients is currently unclear. Our aim was to assess these in febrile patients with

solid tumors and to identify cut-off values for ruling out infection.

Methods: We retrospectively evaluated patients with solid tumors admitted to hospital

due to fever. They were divided into those with Fever with microbiologically documented

infection (FMDI), Fever with clinically documented infection (FCDI) and Tumor-related

fever (TRF). PCT and CRP levels were compared. Receiver-operating curves were

plotted to define the best cut-off values for discriminating between infection-related and

cancer-related fever.

Results: Between January 2015 to November 2018, 131 patients were recorded

(mean age 68 years, 67% male, 86% with metastasis). Patients with FMDI or FCDI had

significantly higher baseline levels of PCT and lower CRP/PCT than those with TRF. A PCT

cut-off value of 0.52 ng/mL for discriminating between infection and cancer-associated

fever yielded 75% sensitivity, 55% specificity, 77% positive predictive value (PPV), and

52% negative predictive value (NPV). A CRP/PCT ratio with a cut-off value of 95 showed

56% sensitivity, 70% specificity, 79% NPV, and 44% PPV.

Discussion: PCT is a sensitive marker of sepsis or localized infection in patients with

solid tumors, but its specificity is poor. The CRP/PCT ratio improves specificity, thus

providing a reliable means of ruling out infection for values above 95.
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INTRODUCTION

Treating patients with cancer often requires managing systemic and localized infection, which
is associated with significant morbidity and mortality (1). However, fever in oncologic patients
is a non-specific clinical marker, which may be related to genuine infection, but also to other
clinical conditions, i.e., paraneoplastic syndrome or chemotherapy. Cancer patients admitted to
hospital for fever thus require rapid and appropriate decisions for survival. Laboratory tests can
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be useful for clinical decisions in the initial assessment. Among
these, abnormal leucocyte count and C-reactive protein (CRP)
are highly non-specific and generally do not distinguish between
an infectious and a non-infectious etiology. Among the most
promising and specific biomarkers of infection, procalcitonin
(PCT) has been reported as a reliable indicator of bacterial, fungal
and protozoal infections (2–4). It is usually rapidly produced
in liver, lung, kidney and other tissues from the onset of
infection. In healthy subjects its values are low (<0.1 ng/ml) and
the cut-off value of 0.5 ng/ml is generally used for ruling out
bloodstream infections (5). However, as cancer cells may increase
pro-inflammatory cytokine expression, the specificity of PCT
in cancer patients is generally poorer than for other patients.
Indeed, the clinical interpretation of PCT in these patients has
been evaluated in several studies and results are contradictory
(6–14), requiring further investigation of the role of current
biomarkers to discriminate between the infectious and non-
infectious origin of fever in cancer patients. The aim of this
study was to retrospectively study the reliability of PCT and
CRP in cancer patients admitted for fever and to identify the
appropriate cut-off values for ruling out infection. As PCT values
may differ significantly between solid tumors and hematological
malignancies, usually increasing the most among the latter, we
decided to restrict our analysis to patients with solid tumors.

METHODS

Participants
Using the database of Cannes General Hospital, we extracted data
from patients admitted to the Department of Internal Medicine
for fever and active solid tumors from January 2015 to November
2019, with available PCTmeasurements at symptoms onset. Data
were collected from electronic medical records and included:
age, gender, underlying cancer and stage thereof, comorbid
conditions, vital signs, imaging data, microbiological data and
laboratory markers. Among laboratory markers, leucocyte count,
CRP, PCT and CRP/PCT upon admission were collected.

Diagnostic Criteria
Each file was reviewed in order to confirm the final diagnosis and
the etiology of fever. In particular, microbiological, radiological
and clinical data were reviewed and physicians who had been
directly involved in the care of patients took part in this analysis.

According to the final diagnosis, patients were divided into the
following groups:

- Fever with microbiologically documented infection (FMDI),
when a causative pathogen was isolated from microbiological
cultures. Bacteremia was considered when one positive
culture was obtained, with the exception of coagulase-negative
Staphylococci, which required at least two positive blood
cultures to confirm bacteremia.

- Fever with clinically documented infection (FCDI), when
clinical and/or radiological signs were in favor of infection, but
microbiological cultures were negative.

TABLE 1 | Patient characteristics.

N (%) or mean [SD]

Number of patients 131

Male gender 88 (67.2%)

Age (years) 67.9 [12.4]

Underlying cancer

Colorectal 25 (19.0%)

Other gastrointestinal cancer 23 (17.6%)

Genitourinary 28 (21.4%)

Lungs 16 (12.2%)

Gynecological 17 (13.0%)

Oral cancer 11 (9%)

Other 11 (8.4%)

Cancer stage

Metastatic 112 (86.2%)

Locally advanced cancer 18 (13.8%)

Undergoing chemotherapy 86 (66.0%)

Severe neutropenia (<500/microliter) 2 (1.5%)

- Tumor-related fever (TRF), if patients had no microbiological,
radiological or clinical evidence of infection and the final
diagnosis was fever of non-infectious origin.

Statistical Analysis
Patients with FMDI and those with FCDI were compared
with those with TRF. First, we described demographic, clinical,
radiological and microbiological data and laboratory markers
in both groups using univariate logistic regression. In case of
factors with univariate p-values < 0.2, multivariate models were
then fitted.

In case of significant differences in PCT and CRP/PCT
markers between groups, sensitivity, specificity, positive
predictive value (PPV) and negative predictive values (NPV)
were measured and receiver-operating-characteristic (ROC)
curves were plotted to identify the best cut-off values.

As care of patients with bloodstream infection is particularly
critical and the need for better markers is crucial, we then
stratified patients according to those with positive and negative
blood cultures.

RESULTS

Population Characteristics
Among 5,883 patients admitted to the Department of Internal
Medicine from January 2015 to November 2018, 131 were febrile
and had active solid tumors, with PCT measurements available
upon admission (mean age 68 years, 67% male, 86% with
metastatic cancer, 66% receiving chemotherapy, 36%with gastro-
intestinal cancer, 21% with genitourinary neoplasia, see Table 1).
Only nine out of 131 patients received antibiotics for a short
period just before admission.
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TABLE 2 | Comparison between patients with infection-related and tumor-related

fever.

FMDI or

FCDI

TRF

N (%) or

mean [SD]

N (%) or

mean [SD]

p-value

Number of patients 87 44

Clinical diagnosis

FMDI 66 (76%) – –

FCDI 21 (24%) – –

TRF – 44 (100%) –

Male gender 61 (70%) 27 (61%) 0.314

Age (years) 69.2 [12.3] 65.4 [12.5] 0.103

Metastatic cancer 69 (80%) 43 (98%) 0.006

White cell count below

500/mm3

2 (2%) 0 (0%) 0.550

Antibiotic therapy prior to

admission

8 (9%) 1 (2%) 0.163

Baseline C-reactive protein

value (mg/L)

164.9 [111.5] 164.0 [115.3] 0.981

Baseline procalcitonin value

(ng/mL)

11.3 [23.4] 1.7 [3.3] 0.001

Baseline CRP/PCT ratio 280.4 [641.2] 630.9 [1,001.2] 0.001

FMDI, Fever with microbiologically documented infection; FCDI, Fever with clinically

documented infection; TRF, Tumor-related fever.

Values in bold mean for statistically significant values.

Clinical Groups and Laboratory Markers
According to the final diagnosis, 66 patients had
microbiologically documented infection (51%), 21 clinically
documented infection (16%) and 44 tumor-related fever (33%).
Among the 66 patients with FMDI, 47 had bloodstream infection
(72%), while six had upper urinary tract infection and five
gastro-intestinal infection.

Among the 21 patients with FCDI, the majority had
respiratory tract infection (10 patients, 48%).

Only two out of 131 subjects had severe neutropenia upon
admission, defined as a white cell count below 500 cells
per microliter.

Patients with microbiologically or clinically documented
infection had significantly higher baseline levels of PCT and
lower levels of CRP/PCT than subjects with TRF (see Table 2).

The ROC analysis demonstrated that the PCT cut-off value of
0.52 ng/mL was associated with a sensitivity of 75%, a specificity
of 55%, a PPV of 77%, and a NPV of 52% for discriminating
between infection-related and cancer-related fever (Figure 1).
Further, a ROC curve for a cut-off value of the CRP/PCT ratio
was plotted to improve the specificity, showing that a value of 95
was associated with high specificity (70%) and negative predictive
value (79%), but poor sensitivity (56%), and PPV (44%, Figure 1).

Neither neuroendocrine cancer nor metastatic lesions, which
are potential factors for increasing PCT concentrations regardless
of infections (1), were associated with significantly different PCT
values (see Supplementary Materials).

Moreover, as immune therapy could represent another
potential interfering factor for the interpretation of PCT, we

FIGURE 1 | Receiver operating characteristics curve for CRP/PCT ratio and

PCT at inclusion.

compared subjects who were receiving immune therapy with the
others, and we found no difference in terms of PCT values at
baseline (see Supplementary Materials).

PCT and CRP/PCT Levels in Bloodstream
Infections
Comparison between patients with bloodstream infection and
those with negative blood cultures showed that baseline PCT and
CRP/PCT levels were also significantly different (Table 3).

No difference in either PCT or CRP/PCT levels was
found between gram- positive and gram-negative sepsis (data
not shown).

DISCUSSION

In patients with solid tumors admitted to hospital for pyrexia,
we showed that the combination of baseline PCT and CRP/PCT
ratiomeasurements display good performance for discriminating
between infection-related and cancer-related fever. This could be
particularly helpful for guiding clinicians’ appropriate decisions,
even in patients with advanced cancer.
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TABLE 3 | Comparisons between patients with and without positive blood culture.

Positive blood cultures

No-n = 80 Yes-n = 47

Mean [SD] Mean [SD] p-value

Age 67.3 [12.1] 69.2 [13.1] 0.304

Leucocyte cell count (cc/mm3 ) 11,473.6 [6,064.8] 11,084.3 [9,599.1] 0.179

CRP at the admission 159.0 [100.3] 183.5 [129.7] 0.472

PCT at the admission (ng/ml) 4.8 [13.8] 14.3 [26.4] 0.023

CRP/PCT 455.3 [810.8] 306.7 [796.3] 0.029

n (%) n (%) p-value

Gender 0.212

Female 29 (36.3) 12 (25.5)

Male 51 (63.8) 35 (74.5)

Antibiotic treatment at home 1.000

No 73 (93.6) 43 (93.5)

Yes 5 (6.4) 3 (6.5)

Metastatic cancer 0.024

No 7 (8.9) 11 (23.4)

Yes 72 (91.1) 36 (76.6)

Severe neutropenia 0.530

No 78 (97.5) 47 (100.0)

Yes 2 (2.5) 0 (0.0)

CRP, C-reactive protein; PCT, Procalcitonin.

Values in bold mean for statistically significant values.

Our study confirms that PCT is a sensitive marker of sepsis or
localized infection in this patient population, but its specificity
is poor (15). Indeed, in cancer patients, values of PCT might
be elevated regardless of infection, e.g., as a consequence of
metastasis, neuroendocrine function of malignant cells (1) or
production of pro-inflammatory cytokines (16). Our work also
confirms that a CRP measurement alone is less useful than PCT,
due to its nonspecific character (17).

Adding the measurement of the CRP/PCT ratio significantly
improved specificity, thus showing good performance in ruling
out infection as the cause of fever for values above 95. If
confirmed by larger studies with a prospective design, the key
message could be that the wider the difference between CRP and
PCT values, the higher the chances for a tumor-related origin
of fever. Both CRP and CRP/PCT could therefore be helpful
in guiding decisions in a two-stage decision-making process: a
PCT value above 0.5 points to potential infection. However, a
CRP/PCT value above 95 is in favor of cancer-related fever.

As expected, PCT and CRP/PCT values were significantly
different in patients with bacteremia compared to those with
negative blood cultures. Indeed, patients with bloodstream
infection generally have higher PCT serum concentrations (18).

As the lipopolysaccharide is the major component of gram-
negative bacteria and is responsible of TNF-alpha guided PCT
production, PCT is generally viewed as a useful marker for
identifying gram-negative sepsis. In contrast, in our study there
was no difference between gram-positive and gram-negative
sepsis in terms of baseline PCT values. This result needs to be

investigated through larger prospective studies, but it could be
due to the lipoteichoic acid molecules on the gram-positive cell
wall triggering the inflammatory response (1).

The major limitation of this study, together with the relative
small number of patients included, rests on its retrospective
character. Only prospective studies including PCT and CRP/PCT
values at inclusion could determine the role of these markers in
guiding clinical decisions. Considering fever in patients as due
to infection when lacking microbiological confirmation could
be another limitation. However, files were all reviewed in order
to confirm the infectious etiology. Moreover, half of them had
clear radiological signs of pneumonia. Besides, only two patients
had severe neutropenia, which is known to be a heterogeneous
clinical entity (19). Finally, further prospective studies, including
also other types of tumors are necessary for better assessing the
role of PCT and CRP in clinical decisions.

In conclusion, PCT and CRP/PCT values upon admission
could assist in diagnosing infection in patients with solid
tumors and should be considered in the decision-making process
regarding their clinical management. Further studies on the role
of PCT in patients with hematological malignancies would also
be useful.
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1. Durnaś B, Watek M, Wollny T, Niemirowicz K, Marzec M, Bucki R,

et al. Utility of blood procalcitonin concentration in the management

of cancer patients with infections. Onco Targets Ther. (2016) 9:469–

75. doi: 10.2147/OTT.S95600

2. Dusemund F, Bucher B, Meyer S, Thomann R, Kühn F, Bassetti S, et al.

Influence of procalcitonin on decision to start antibiotic treatment in patients

with a lower respiratory tract infection: insight from the observational

multicentric ProREAL surveillance. Eur J Clin Microbiol Infect Dis. (2013)

32:51–60. doi: 10.1007/s10096-012-1713-8

3. Townsend J, Adams V, Galiatsatos P, Pearse D, Pantle H, Masterson M,

et al. Procalcitonin-guided antibiotic therapy reduces antibiotic use for lower

respiratory tract infections in a United States medical center: results of a

clinical trial. Open Forum Infect Dis. (2018) 5:ofy327. doi: 10.1093/ofid/o

fy327

4. Jiang, R, Han B, Dou C, Zhou F, Cao B, Li X. Analysis of antibiotic usage

for viral community-acquired pneumonia in adults. Front Med. (2020) 13:1–

5. doi: 10.1007/s11684-019-0736-2

5. Nakajima A, Yazawa J, Sugiki D, Mizuguchi M, Sagara H, Fujisiro

M, et al. Clinical utility of procalcitonin as a marker of sepsis: a

potential predictor of causative pathogens. Intern Med. (2014) 53:1497–

503. doi: 10.2169/internalmedicine.53.1785

6. Panico C, Nylen E. Procalcitonin beyond the acute phase: novel biomediator

properties? BMCMed. (2013) 11:189. doi: 10.1186/1741-7015-11-189

7. Assicot M, Gendrel D, Carsin H, Raymond J, Guilbaud J, Bohuon

C. High serum procalcitonin concentrations in patients with sepsis

and infection. Lancet. (1993) 341:515–8. doi: 10.1016/0140-6736(93)

90277-N

8. Hattori T, Nishiyama H, Kato H, Ikegami S, Nagayama M, Asami S, et al.

Clinical value of procalcitonin for patients with suspected bloodstream

infection. Am J Clin Pathol. (2014) 141:43–51. doi: 10.1309/AJCP4GV7ZF

DTANGC

9. Zhao Z, Li X, Zhao Y, Wang D, Li Y, Liu L, et al. Role of

C-reactive protein and procalcitonin in discriminating between

infectious fever and tumor fever in non-neutropenic lung cancer

patients. Medicine. (2018) 97:e11930. doi: 10.1097/MD.0000000000

011930

10. Arif T, Phillips RS. Updated systematic review and meta-analysis of the

predictive value of serum biomarkers in the assessment and management of

fever during neutropenia in children with cancer. Pediatr Blood Cancer. (2019)

66:e27887. doi: 10.1002/pbc.27887

11. Penel N, Fournier C, Clisant S, N’Guyen M. Causes of fever and

value of C-reactive protein and procalcitonin in differentiating

infections from paraneoplastic fever. Support Care Cancer. (2004)

12:593–8. doi: 10.1007/s00520-004-0602-9

12. Debiane L, Hachem RY, Al Wohoush I, Shomali W, Bahu RR, Jiang

Y. The utility of proadrenomedullin and procalcitonin in comparison

to C-reactive protein as predictors of sepsis and bloodstream infections

in critically ill patients with cancer. Crit Care Med. (2014) 42:2500–

7. doi: 10.1097/CCM.0000000000000526

13. García de Guadiana-Romualdo L, Español-Morales I, Cerezuela-Fuentes P,

Consuegra-Sánchez L, Hernando-Holgado A, Esteban-Torrella P. Value of

lipopolysaccharide binding protein as diagnostic marker of infection in adult

cancer patients with febrile neutropenia: comparison with C-reactive protein,

procalcitonin, and interleukin 6. Support Care Cancer. (2015) 23:2175–

82. doi: 10.1007/s00520-014-2589-1

14. Uys A, Rapoport BL, Fickl H, Meyer PW, Anderson R. Prediction of outcome

in cancer patients with febrile neutropenia: comparison of the multinational

association of supportive care in cancer risk-index score with procalcitonin,

C-reactive protein, serum amyloid A, and interleukins-1beta,−6,−8 and−10.

Eur J Cancer Care. (2007) 16:475–83. doi: 10.1111/j.1365-2354.2007.00780.x

15. Vincenzi B, Fioroni I, Pantano F, Angeletti S, Dicuonzo G, Zoccoli A, et al.

Procalcitonin as diagnostic marker of infection in solid tumors patients with

fever. Sci Rep. (2016) 17:6:28090. doi: 10.1038/srep28090

16. Neil MacDonald N. Cancer cachexia and targeting chronic inflammation: a

unified approach to cancer treatment and palliative/supportive care. J Support

Oncol. (2007) 5:157–62.

17. Stoppelkamp S, Kujtim Veseli K, Stang K, Schlensak CHP,

Walker T. Identification of predictive early biomarkers for

sterile-SIRS after cardiovascular surgery. PLoS ONE. (2015)

10:e0135527. doi: 10.1371/journal.pone.0135527

18. Schuetz P, Mueller B, Trampuz A. Serum procalcitonin for discrimination of

blood contamination from bloodstream infection due to coagulase-negative

Staphylococci. Infection. (2007) 35:352–5. doi: 10.1007/s15010-007-7065-0

19. Jimeno A, García-Velasco A, del Val O, González-Billalabeitia E, Hernando S,

Hernández R, et al. Assessment of procalcitonin as a diagnostic and prognostic

marker in patients with solid tumors and febrile neutropenia. Cancer. (2004)

100:2462–9. doi: 10.1002/cncr.20275

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Vassallo, Michelangeli, Fabre, Manni, Genillier, Weiss,

Blanchouin, Saudes, Kaphan, Puchois, Pradier andMontagne. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Medicine | www.frontiersin.org 5 March 2021 | Volume 8 | Article 627967

https://doi.org/10.2147/OTT.S95600
https://doi.org/10.1007/s10096-012-1713-8
https://doi.org/10.1093/ofid/ofy327
https://doi.org/10.1007/s11684-019-0736-2
https://doi.org/10.2169/internalmedicine.53.1785
https://doi.org/10.1186/1741-7015-11-189
https://doi.org/10.1016/0140-6736(93)90277-N
https://doi.org/10.1309/AJCP4GV7ZFDTANGC
https://doi.org/10.1097/MD.0000000000011930
https://doi.org/10.1002/pbc.27887
https://doi.org/10.1007/s00520-004-0602-9
https://doi.org/10.1097/CCM.0000000000000526
https://doi.org/10.1007/s00520-014-2589-1
https://doi.org/10.1111/j.1365-2354.2007.00780.x
https://doi.org/10.1038/srep28090
https://doi.org/10.1371/journal.pone.0135527
https://doi.org/10.1007/s15010-007-7065-0
https://doi.org/10.1002/cncr.20275~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Procalcitonin and C-Reactive Protein/Procalcitonin Ratio as Markers of Infection in Patients With Solid Tumors
	Introduction
	Methods
	Participants
	Diagnostic Criteria
	Statistical Analysis

	Results
	Population Characteristics
	Clinical Groups and Laboratory Markers
	PCT and CRP/PCT Levels in Bloodstream Infections

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


