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Ana López-Martı́n, M.D.

Ignacio Durán, M.D.

Luis Robles, M.D.

Hernán Cortés-Funes, M.D., Ph.D.

Luis Paz-Ares, M.D., Ph.D.

Division of Medical Oncology, University Hospital
12 de Octubre, Madrid, Spain.

Address for reprints: Luis Paz-Ares, M.D., Ph.D.,
Division of Medical Oncology, University Hospital
12 de Octubre, Av de Córdoba Km 5.4, 28041,
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BACKGROUND. Cancer patients with fever and neutropenia currently are assessed

on clinical grounds only. The current study prospectively evaluated the efficacy of

baseline procalcitonin (PCT) in the detection of bacteremia and in the prediction

of outcome in patients with solid tumors and febrile neutropenia.

METHODS. PCT levels were determined at baseline and every 48 hours in 104

patients undergoing chemotherapy who developed fever (axillary temperature

� 38 °C on 2 occasions or � 38.3 °C in a single record) and neutropenia (absolute

neutrophil count � 500 cells/�L).

RESULTS. The median baseline PCT values were significantly higher in patients

who had microbiologically documented infections (1.24 ng/mL) compared with

patients who had clinically documented infections (0.27 ng/mL) or fever of un-

known origin (0.21 ng/mL; P � 0.01). Accordingly, a PCT cut-off value of 0.5 ng/mL

was reached more frequently in patients who had microbiologically documented

infections compared with patients who had clinically documented infections or

fever of unknown origin (66.7% vs. 13.4%, respectively; P � 0.001). Furthermore,

this threshold also was associated with an increased likelihood of treatment failure

(70.0% vs. 14.9%; P � 0.001). All 4 septic patients and all 5 patients who ultimately

died presented PCT values 5-fold to 10-fold greater than the median values.

Clinical evaluation in combination with baseline PCT assessment appeared to

improve clinical risk evaluation alone.

CONCLUSIONS. Baseline PCT levels were higher in patients who had febrile neu-

tropenia with bacteremia compared with patients who had clinical infections or

fever of unknown origin. PCT helped to identify patients who had microbiologic

infections and patients who were at high risk of treatment failure, and PCT may

constitute a complementary tool in the initial assessment of such patients. Cancer

2004;100:2462–9. © 2004 American Cancer Society.
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Procalcitonin (PCT) is a protein that consists of 116 amino acids
with a molecular weight of 13 kilodaltons (kD). The structure of

PCT detected in plasma during inflammation is identical to that
produced by thyroid C-cells as precursor of calcitonin. All PCT formed
in C-cells is converted into calcitonin, so that no PCT enters the
circulation, and its levels in healthy individuals are below the level of
detection.1 After the administration of endotoxin, PCT levels react
after 2–3 hours, peak at 6 – 8 hours, and then plateau for up to 24
hours.2,3 It is degraded by specific proteases and has a half-life of
between 25 hours and 30 hours.4

It is known that the production of PCT is linked to bacterial

2462

© 2004 American Cancer Society
DOI 10.1002/cncr.20275
Published online 23 April 2004 in Wiley InterScience (www.interscience.wiley.com).



endotoxin; however, cytokines secreted during sepsis
and other unknown mediators may be implicated in
PCT release, considering the similarity in the concen-
tration of PCT in gram-negative and (endotoxin-lack-
ing) gram-positive bacteremias.5 In contrast to cyto-
kines such as tumor necrosis factor (TNF) and
interleukin-6 (IL-6), PCT rises specifically in bacterial
processes1 and not in response to other types of in-
flammation (e.g., viral infection, organ transplant re-
jection, or autoimmune diseases).6 Its behavior in sys-
temic fungal infections is controversial; whereas some
reports found a correlation with the severity infec-
tion,7 other reports found poor PCT sensitivity in this
setting.8 Currently, the origin of the considerable se-
cretion of PCT in sepsis is unclear, but monocytes and
an acute-phase origin from the neuroendocrine cells
in the liver, lungs, or intestine are candidates.9 –12

A role for PCT in sepsis is supported by the se-
quence homologies between PCT and cytokines, such
as TNF, IL-6, and granulocyte– colony-stimulation fac-
tor.12 PCT may act as a mediator that sustains and
augments the inflammatory response in a manner
similar to that of IL-6 and IL-8 as part of the integral
host response to sepsis. The homology between PCT
and apoptosis-regulating intracellular pathway pro-
teins, such as the bcl-2 family and the caspases, sug-
gests a potential intracellular function of PCT in mod-
ulating the apoptotic response to inflammation.12

A number of clinical studies have shown that PCT
is a sensitive and specific marker of sepsis in critically
ill pediatric and adult patients13–20 and in patients
with hematologic malignancies and febrile neutrope-
nia.21–26 To our knowledge, the majority of those stud-
ies focused on a population with a high-risk profile,
such as hematologic patients, but there have been no
reports of adequate size that address this issue in
patients with solid tumors and febrile neutropenia.
These patients have a lower proportion of complicated
neutropenic episodes and many may benefit from
outpatient management, provided that a sensitive and
specific risk assessment could be made. We prospec-
tively assessed the efficacy of baseline PCT levels in
the detection of bacteremia and in the prediction of
outcome in a group of patients with solid tumors and
febrile neutropenia.

MATERIALS AND METHODS
Eligibility
Adult patients with histologically proven solid malig-
nancies undergoing chemotherapy were eligible for
this study if they met all of the following inclusion
criteria: NCI-CTC (v2.0) Grade 4 neutropenia (abso-
lute neutrophil count [ANC] � 500 cells/�L) and fever,
defined as axillary temperature � 38.0 °C on 2 occa-

sions 4 hours apart in 1 day or � 38.3 °C in a single
record. The study was evaluated and approved by our
Institutional Review Board, and patients were re-
quired to provide written informed consent.

Initial Assessment and PCT Determination
Evaluation included a detailed medical history and
physical examination; a complete blood count; serum
creatinine, electrolyte, and liver function tests; urinal-
ysis; arterial blood gas; coagulation tests; and a chest
X-ray. Two blood cultures and a urine culture were
taken, as well as cultures from exudates or other body
sites if clinically indicated. Patients were scored pro-
spectively according to both the Talcott risk assess-
ment scale and the Multinational Association for Sup-
portive Care in Cancer (MASCC) risk-assessment
scale, which have been described elsewhere.27,28

PCT levels were determined at baseline and every
2 days until the episode resolved (i.e., until the ANC
was � 500 cells/�L and the patient was afebrile for 2
consecutive days). Blood samples were centrifuged
within 30 minutes after collection at 4000 revolutions
per minute for 10 minutes at 4 °C. Serum samples
were stored at � 80 °C until PCT concentrations were
assayed. PCT levels were determined by use of an
assay on the basis of inmunochemiluminiscence
(LUMItest�; B.R.A.H.M.S. Diagnostica, Berlin, Ger-
many). Each sample was analyzed twice, and mean
values were considered.

Diagnostic Criteria
The febrile neutropenic episodes were classified as
fever of unknown origin (FUO) when there were no
signs or symptoms of a focal infection and microbio-
logic cultures were negative; clinically documented
infection (CDI) when there were signs or symptoms of
a focal infection and microbiologic cultures were neg-
ative; or microbiologically documented infection
(MDI) when a causative pathogen was isolated in
blood cultures (in association or not associated with a
clinical infection). Bacteremia was considered present
when one positive culture was obtained, except for
coagulase-negative staphylococci, for which at least
two positive blood cultures were required. Regarding
outcome, the episodes were classified as a success
without modification when the episode resolved with
the initial treatment; a success with modification
when the febrile episode resolved within 72 hours but
required the addition of another antibiotic, antifungal,
or antiviral agent; or treatment failure when fever per-
sisted for 72 hours or reappeared, bacteremia per-
sisted or reappeared, or the infection progressed, as
evidenced by worsening of the source of infection, the
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appearance of signs or symptoms of septic shock, or
death.

Statistical Analysis
The data were evaluated using descriptive methods
(mean and standard deviation, median, range, fre-
quency, and percentage). The independent variables
were compared with the Mann–Whitney U test, the
dependent variables were compared with the Wil-
coxon test, and comparisons of proportions were
summarized with the Pearson chi-square test. The
correlation analyses were summarized with Spearman
correlation coefficients as a two-tailed analysis.

The sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) of the
PCT assessment also were evaluated. Calculations
were performed with the SPSS software package (Sta-
tistical Program for Social Science, version 10.0; SPSS,
Inc., Chicago, IL).

RESULTS
Characteristics of Study Population and Febrile
Neutropenic Episodes
Between April 2002 and May 2003, 104 patients were
enrolled in the study. Patient characteristics are listed
in Table 1. All patients had solid tumors and were
undergoing chemotherapy. Depending on the risk-
assessment scale used, between 56% (Talcott scale)
and 72% (MASCC scale) of patients were classified as
having a low risk of complication. Episode character-
istics are depicted in Table 2. Globally, 39 clinical
infections were documented and included pneumonia
(9 episodes), mucositis (9 episodes), urinary tract in-
fection (5 episodes), diarrhea (5 episodes), sepsis (4
episodes), skin infections (4 episodes), and upper re-
spiratory tract infections (3 episodes). There were 15
episodes of bacteremia. Thirteen of those 15 patients
had an associated clinical infection (sepsis in 4 pa-
tient, mucositis in 4 patients, pneumonia in 2 patients,
skin infection in 2 patients, and urinary tract infection
in 1 patient). Overall success was documented in
90.4% of patients. The causes for treatment failure
were persistent fever (two patients), persistent infec-
tion (three patients), and death (five patients). Two of
5 deaths were considered to be unrelated to the febrile
neutropenic episode and were caused by disease pro-
gression (bowel obstruction and respiratory failure) 15
days and 22 days, respectively, after the neutropenic
episode had resolved.

Baseline PCT Values Related to the Classification and
Outcome of the Episode
The median and mean baseline PCT values are shown
in Table 3. There was a statistically significant differ-

ence between patients who had MDI compared with
patients who had FUO and CDI episodes (P � 0.01)
(Fig. 1). The median baseline PCT level was similar
between patients with FUO and patients with CDI.
There also were differences in baseline PCT values
regarding outcome, but they were not found to be
statistically significant. All 4 septic patients presented
baseline PCT values that were 10-fold greater than the
median values (10.86 ng/mL, 6.20 ng/mL, 5.25 ng/mL,
and 3.70 ng/mL, respectively).

When baseline PCT values were categorized ac-
cording to a cut-off point of 0.5 ng/mL, significant
differences were observed between the described

TABLE 1
Patient Characteristics

Characteristic No. of patients (%)

Total no. of episodes 104 (100.0)
Age (yrs)

Median 58
Range 24–79

Gender
Male 40
Female 64

Tumor type
Breast carcinoma, adjuvant 27 (26.0)
Breast carcinoma, metastatic 15 (14.4)
Small cell lung carcinoma 17 (16.3)
Nonsmall cell lung carcinoma 8 (7.7)
Germ cell tumor 8 (7.7)
Ovarian carcinoma 7 (6.7)
Gastric carcinoma 5 (4.8)
Colorectal carcinoma 5 (4.8)
Cervical carcinoma 4 (3.8)
Sarcoma 4 (3.8)
Prostate carcinoma 2 (1.9)
Bladder carcinoma 1 (1.0)
Head and neck squamous cell carcinoma 1 (1.0)

Days from last cycle
Median 12
Range 4–26

Prior antibiotics 18 (17.3)
Karnofsky performance status

Median 80
Range 20–100

Risk assessment
Low-risk (Talcott scale) 58 (55.8)
Low-risk (MASCC scale) 75 (72.1)

Management (%)
Outpatient oral antibiotics 24 (23.0)
Inpatient parenteral antibiotics 80 (77.0)

Antibiotic therapy
Monotherapy 69 (66.3)
Combined therapy 35 (33.7)

Granulocyte-stimulating factors
Yes 73 (70.2)
No 31 (29.8)

MASCC: Multinational Association for Supportive Care in Cancer.
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groups. Patients who had MDI presented with a
greater proportion of positive values compared with
patients who had CDI or FUO (66.7% vs. 13.4%, re-
spectively; P � 0.001). In addition, patients who expe-
rienced treatment failure demonstrated a greater pro-
portion of positive values compared with patients who
had documented treatment success (70.0% vs. 14.9%,
respectively; P � 0.001). A PCT cut-off value of 1.0
ng/mL demonstrated similar differences between
groups (data not shown). It is interesting to note that
all five patients who ultimately died presented base-
line PCT values five-fold greater than the median

value. There was a statistically significant, negative
correlation between MASCC scores and baseline PCT
values (P � 0.003, Spearman correlation).

Sensitivity and Specificity of Baseline PCT
In an attempt to establish the optimal PCT cut-off
value to differentiate between the distinct types of
episodes and outcomes, the sensitivity, specificity,
PPV, and NPV of baseline PCT values were explored.
The optimal combination of values was achieved with
0.5 ng/mL. The results are shown in Table 4. Sensitiv-
ity fell dramatically with a PCT cut-off value of 1.0
ng/mL without a significant gain noted in specificity,
PPV, or NPV (data not shown).

TABLE 2
Characteristics of the Episodes

Characteristic No. of episodes (%)

Total no. of episodes 104 (100.0)
Baseline blood count

Median ALC cells/�L (range) 865 (10–3500)
Median ANC cells/�L (range) 110 (0–480)
Median APC cells/�L (range) 133,000 (9000–441,000)
Median Hb g/dL (range) 10.7 (6.9–15.6)

Duration of fever
Median 1
Range 1–7

Duration of Grade 4 neutropenia (days)
Median 2
Range 1–7

Duration of hospital stay (days)
Median 4
Range 1–26

Classification
Fever of unknown origin 63 (60.6)
Clinically documented infection 26 (25.0)
Microbiologically documented infection 15 (14.4)

Clinical infections
Pneumonia 9 (23.0)
Mucositis 9 (23.0)
Urinary tract 5 (12.8)
Gastrointestinal tract (diarrhea) 5 (12.8)
Sepsis 4 (10.3)
Skin infection 4 (10.3)
ENT infection 3 (7.7)

Microbiologic infections (bacteremias)
Staphylococcus aureus, oxacillin susceptible 4 (26.7)
Staphylococcus epidermidis, oxacillin susceptible 1 (6.7)
Staphylococcus epidermidis, oxacillin resistant 2 (13.3)
Streptococcus viridans 2 (13.3)
Listeria spp. 1 (6.7)
Escherichia coli 2 (13.3)
Klebsiella pneumoniae 2 (13.3)
Pseudomona aeruginosa 1 (6.7)

Outcome
Success without modifications 83 (79.8)
Success with modifications 11 (10.6)
Failure 10 (9.6)

ALC: absolute lymphocyte count; ANC: absolute neutrophil count; APC: absolute platelet count; Hb:

hemoglobin; ENT: ear-nose-throat.

TABLE 3
Baseline Procalcitonin Values Related to the Classification and
Outcome of the Episode

Classification
No. of
patients

Median (range)
(ng/mL)

95% CI
(ng/mL)

Fever of unknown origin 63 0.21 (0.09–1.43) 0.29–0.32
Clinically documented infection 26 0.27 (0.10–10.6) 0.23–2.61
Microbiologically documented infection 15 1.24 (0.09–10.9) 0.72–3.8
Outcome
Success without modifications 83 0.20 (0.09–10.60) 0.28–0.91
Success with modifications 11 0.32 (0.11–8.30) �0.63–2.63
Failure 10 1.67 (0.21–10.86) 0.33–5.37

95% CI: 95% confidence interval.

FIGURE 1. Procalcitonin (PCT) values in patients with fever of unknown origin

(FUO) and clinically documented infection (CDI) versus patients with microbi-

ologically documented infection (MDI).
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Evolution of PCT Values
Two or more PCT determinations were available from
82 patients. An increment of at least 50% from base-
line PCT values was observed in 50.0%, 18.2%, and
12.0% of patients with MDI, CDI, and FUO, respec-
tively (P � 0.032). In addition, an increment of at least
50% from baseline PCT values was observed in 71.4%,
18.2%, and 12.5% of patients who experienced treat-
ment failure, success with modification, and success
without modification, respectively (P � 0.001).

Combined Clinical and PCT Assessment
The sensitivity, specificity, PPV, and NPV of the Talcott
and MASCC risk-assessment scales alone and in com-
bination with PCT evaluation are shown in Table 5.
With regard to the detection of bacteremic episodes,
according to the Talcott risk-assessment scale, 4 of 15
patients with MDI were classified with low-risk febrile
neutropenia. Three of those patients had baseline PCT
values � 0.5 ng/mL. Therefore, the combined risk
assessment increased sensitivity for the detection of
bacteremia from 73.3% to 93.3% (P � 0.31) and in-
creased the NPV from 93.1% to 98.0% (P � 0.37). Using
the MASCC risk assessment scale, 6 of 15 patients with
MDI were categorized with low-risk episodes; 4 of
those patients had PCT values � 0.5 ng/mL. The com-
bined approach increased the sensitivity for bactere-
mia detection from 60.0% to 86.7% (P � 0.19) and
increased the NPV from 92.0% to 96.8% (P � 0.29).

Addressing outcome prediction, the Talcott risk-
assessment scale had 100% sensitivity for detecting
treatment failures or severe complications. Con-
versely, according to the MASCC risk-assessment
scale, 3 of 10 treatment failures initially were consid-
ered low-risk episodes; 2 of those patients had PCT
values � 0.5 ng/mL; thus, the combined assessment

increased sensitivity for the detection of treatment
failure from 70% to 90% (P � 0.58) and increased the
NPV from 96.0% to 98.4% (P � 0.6).

PCT in Outpatients
Twenty-four low-risk patients were treated with oral
antibiotics as outpatients. Two of 24 patients were
admitted to the hospital 24 hours and 36 hours, re-
spectively, after initial assessment because of persis-
tent fever; both episodes resolved with intravenous
therapy. No further complications were reported, and
the treatment was deemed successful with modifica-
tions (all episodes in this outpatient group ultimately
were classified as FUO). Two patients (8.3%) in this
group had baseline PCT values � 0.5 ng/mL, 1 of
which corresponded to a patient who was admitted
later due to persistent fever.

DISCUSSION
PCT, which is a propeptide of calcitonin, usually is
produced in the C-cells of the thyroid. In healthy
individuals, PCT levels are very low (� 0.1 ng/mL). In
patients with sepsis, however, a dramatic increase in
PCT levels is observed. The rapid detection of sepsis in
an ill patient is of paramount importance to institute
the prompt administration of appropriate antimicro-
bial agents. This is of special relevance in the setting of
the neutropenic host, in which the rapid-acting, non-
specific immune response is hampered by the immu-
nologic deficit.

A first observation by Assicot et al. revealed that
serum concentrations of PCT increase during septic
episodes in pediatric and severely burned patients and
that serum PCT concentrations are correlated with the
severity of microbial infection.13 Several reports have
confirmed these results in the setting of critically ill

TABLE 4
Definitions of Sensitivity, Specificity, PPV, and NPV of a Procalcitonin Cutoff Point of 0.5 ng/mL for the Diagnosis of Bacteremia, Clinical
Infection plus Bacteremia, Failure, and Death

No. of
TP results

No. of
FN results

No. of
FP results

No. of
TN results Sensitivity (%) Specificity (%) PPV (%) NPV (%)

MDI FUO � CDI
10 5 12 77 66.7 86.5 45.5 93.9

CDI � MDI FUO
17 24 5 58 41.5 92.0 77.3 70.7

Failure Success
7 3 14 80 70.0 85.1 33.3 96.4

Death No death
5 0 16 83 100.0 83.8 23.8 100.0

PPV: positive predictive value; NPV: negative predictive value; TP: true-positive; FN: false-negative: FP: false-positive; TN: true-negative; Dx: diagnosis; MDI: microbiologically documented infection; FUO: fever of

unknown origin; CDI: clinically documented infection.
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patients with sepsis.14 –20 PCT provides better sensitiv-
ity and specificity than C-reactive protein (CRP) for
the diagnosis of infection and for monitoring response
to antibiotics, and it is a better prognostic indicator
than CRP in this population, most likely because of a
faster rise in PCT serum levels compared with CRP
levels after bacterial challenge and a shorter half-life.11

One study in 101 critically ill patients reported that
PCT levels were correlated negatively with survival.19

Ruokonen et al. reported that in a study of 27
hematologic patients, PCT was a specific marker, but
not a sensitive marker of infection in febrile neutro-
penic episodes.21 Another study compared PCT with
CRP, IL-6, IL-8, soluble IL-2 receptor and soluble TNF
receptor II in 122 episodes of neutropenic fever in
pediatric patients and found that PCT was superior in
terms of sensitivity and specificity, with an optimal
PCT cut-off level of 0.5 ng/mL.25 However, a smaller
study (n � 66 patients) in a similar patient population
did not confirm these results.26 Studies in adult hema-
tologic patients have shown significantly increased
levels of PCT in individuals who had microbiologically
documented infections compared with patients who
had unexplained fever,22–24 and a correlation between
PCT levels and response to antibiotic therapy.24 This
study was designed as a prospective assessment of the
efficacy of baseline PCT in the detection of bacteremia
and in the prediction of outcome in a group of pa-
tients with solid tumors and febrile neutropenia.

In the current series, patients who had MDI dem-
onstrated significantly higher median values of PCT at
the time they presented with febrile neutropenia (1.24
ng/mL) compared with patients who had CDI (0.27

ng/mL) or FUO (0.21 ng/mL). This finding is consis-
tent with prior reports concerning patients with he-
matologic malignancies.24,25 A PCT cut-off value of 0.5
ng/mL was associated with optimal values of sensitiv-
ity (67%) and NPV (94%) to detect MDI while main-
taining an acceptable specificity (87%). This threshold
level has been suggested previously as the most dis-
criminant and appropriate level for clinical use.21,25,26

In addition, baseline PCT levels were significantly
higher in patients who failed to respond to treatment
(7 of 10 patients had PCT � 0.5 ng/mL) or who died (5
of 5 patients) compared with patients who had suc-
cessful outcomes with or without treatment modifica-
tions (14 of 94 patients). The documented findings
that not only are baseline PCT levels higher in patients
with bacteremias and complicated infections, but also
that they keep rising in patients who have a poor
response to treatment and outcome, confirm the find-
ings of other author24 and add to the biologic plausi-
bility of our hypothesis.

Nonetheless, the current results show a weaker
consistency compared with the results obtained in
critically ill and hematologic patients, in which infec-
tions generally are more severe and PCT values range
between 10-fold and 100-fold greater than normal lev-
els. However, acute-phase reactants may have a
greater practical utility in management strategies for
patients with solid tumors compared with the popu-
lations described earlier, because critically ill and he-
matologic patients are hospitalized universally, and
these measurements have a limited impact on cost-
effectiveness issues. In contrast, a large proportion of
patients with solid tumors and febrile neutropenia can

TABLE 5
Definitions of Sensitivity, Specificity, PPV and NPV of the Talcott Risk Assessment Scale and Multinational Association for Supportive Care in
Cancer Risk Assessment Scales Alone and in Combination with Procalcitonin (Cutoff point, 0.5 ng/mL) for the Diagnosis of Bacteremia and
Treatment Failure

Scale
No. of TP
results

No. of FN
results

No. of FP
results

No. of TN
results Sensitivity (%) Specificity (%) PPV (%) NPV (%)

MDI FUO � CDI
Talcott 11 4 35 54 73.3 60.6 23.9 93.1
Talcott � PCT 14 1 40 49 93.3 55.1 25.9 98.0

MDI FUO � CDI
MASCC 9 6 20 69 60.0 77.5 31.0 92.0
MASCC � PCT 13 2 28 61 86.7 68.5 31.7 96.8

Failure Success
Talcott 10 0 36 58 100.0 61.7 21.7 100.0
Talcott � PCT 10 0 44 50 100.0 53.2 18.5 100.0

Failure Success
MASCC 7 3 22 72 70.0 76.6 24.1 96.0
MASCC � PCT 9 1 32 62 90.0 66.0 22.0 98.4

PPV: positive predictive value; NPV: negative predictive value; TP: true-positive; FN: false-negative: FP: false-positive; TN: true-negative; MDI: microbiologically documented infection; FUO: fever of unknown origin;

CDI: clinically documented infection; PCT: procalcitonin; MASCC: Multinational Association for Supportive Care in Cancer.
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benefit from outpatient management, given the fact
that � 20% of these individuals have complicated
infections.29 –31

Fever with neutropenia is a very heterogeneous
clinical entity that includes patients who have widely
variable risks of developing serious medical complica-
tions and of dying during the infectious episode. The
degree and duration of neutropenia soon were iden-
tified as key factors related to the risk and outcome of
infection.32 However, this finding was of little use to
the treating physician, because these factors can be
determined only retrospectively. The critical task,
therefore, is to devise objective criteria that prospec-
tively can identify early in the course of the febrile
neutropenic episode the level of risk of each particular
patient, so that therapy can be tailored accordingly.
Talcott et al. developed a risk assessment model based
on the retrospective review of 261 episodes of neutro-
penia and fever that was validated prospectively in 444
episodes from 2 different institutions in the U.S.27,33

Their patients were stratified into four groups: Group
1 included neutropenic patients who already were
hospitalized at the onset of fever; Group 2 included
outpatients who had concurrent comorbidities; Group
3 was comprised of outpatients who had progressive
or uncontrolled disease; and Group 4 included all
nonhospitalized febrile neutropenic patients without
any significant comorbidities or progressive disease.
Serious medical complications occurred in 34% of pa-
tients with risk factors (Groups 1–3), whereas there
were serious medical complications observed in only
5% of patients in the low-risk group (Group 4). Multi-
ple complications (17%) and death (10%) were com-
mon among patients in the high-risk groups but were
not reported to occur in the low-risk population. More
recently, the MASCC has developed an international
validated scoring system to identify low-risk febrile
neutropenic cancer patients based on a prospective
study that included 1351 patients from 20 institutions
in 15 countries.28

A relevant issue behind this prospective evalua-
tion of PCT in the context of febrile neutropenia was to
challenge its ability to early discriminate between pa-
tients at low risk and high risk for developing compli-
cations and how it compared and combined with the
Talcott and MASCC criteria. The strength of particular
interest would be to identify low-risk patients effica-
ciously, without falsely including high-risk patients, to
offer outpatient management confidently to this pa-
tient population. The addition of PCT to clinical risk
assessment scales in the current study cohort ap-
peared to augment sensitivity but, more important,
incremented the NPV for the detection of bacteremia
or treatment failure up to 98%, a determinant factor

when the decision to be made is whether a patient can
be discharged safely and treated on an outpatient
basis. Although none of the individual increments of
sensitivity and NPV were found to be statistically sig-
nificant (possibly related to the relatively low number
of outpatients and the low rate of complications ob-
served), altogether, there was a trend toward the im-
provement of these parameters.

Baseline PCT levels were found to be higher in
neutropenic patients who had bacteremia compared
with patients who had a clinical infections or FUO.
PCT may constitute a complementary tool in the ini-
tial assessment of these patients. However, these re-
sults have to be interpreted with caution because of
the low rate of complicated infection in the current
series and the single-center nature of this study; con-
firmatory studies are warranted.
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