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Abstract \\
Background: The benefit of a procalcitonin (PCT)-guided antibiotic strategy in acute exacerbation of chronic obstructive |
pulmonary disease (AECOPD) remains uncertain.

Objectives: This updated meta-analysis was performed to reevaluate the therapeutic potential of PCT-guided antibiotic therapy in
AECOPD.

Data sources: We searched PubMed, Embase, Cochrane Central Register of Controlled Trials, and ClinicalTrials.gov up to
February 2019 to identify randomized controlled trials (RCTs) investigating the role of PCT-guided antibiotic strategies in treating adult
patients with AECOPD. Relative risk (RR) or mean differences (MD) with accompanying 95% confidence intervals (Cls) were
calculated with a random-effects model.

Results: Eight RCTs with a total of 1376 participants were included. The results suggested that a PCT-guided antibiotic strategy
reduced antibiotic prescriptions (RR: 0.55; 95% Cl: 0.39-0.76; P=.0003). However, antibiotic exposure duration (MD: —1.34; 95%
Cl: —2.83-0.16; P=.08), antibiotic use after discharge (RR: 1.61; 95% CI: 0.61-4.23; P=.34), clinical success (RR: 1.02; 95% CI:
0.96-1.08; P=.47), all-cause mortality (RR: 1.05; 95% ClI: 0.72-1.55; P=.79), exacerbation at follow-up (RR: 0.97; 95% CI: 0.80-
1.18; P=.78), readmission at follow-up (RR: 1.12; 95% ClI: 0.82-1.53; P=.49), length of hospital stay (MD: —0.36; 95% CI: —1.36—
0.64; P=.48), and adverse events (RR: 1.33; 95% CI: 0.79-2.23; P=.28) were similar in both groups.

Implications of key findings: A PCT-guided antibiotic strategy is associated with fewer antibiotic prescriptions, and has similar
efficacy and safety compared with standard antibiotic therapy in AECOPD patients.

Abbreviations: AECOPD = acute exacerbation of chronic obstructive puimonary disease, Cls = confidence intervals, COPD =
chronic obstructive pulmonary disease, ICU = intensive care unit, MD = mean differences, PCT = procalcitonin, PRISMA = Preferred
Reporting Items for Systematic Reviews and Meta-Analyses, PROSPERO = International Prospective Register of Systematic
Reviews, RCTs = randomized controlled trials, RR = relative risk.

Keywords: acute exacerbation of chronic obstructive pulmonary disease, antibiotic therapy, meta-analysis, procalcitonin

1. Introduction increasing morbidity and mortality worldwide.!'! Exacerbations
Chronic obstructive pulmonary disease (COPD) is a common,  of COPD are one of the most common causes of acute medical
preventable, and treatable disease. COPD is characterized by  hospital admissions and death in patients suffering from this
persistent airflow limitation and respiratory symptoms due to  clinical condition. Such exacerbations, which represent a
airway and/or alveolar abnormalities, and is associated with  significant direct healthcare cost associated with COPD, can
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be caused by various factors, including viral and/or bacterial
respiratory tract infections and air pollution.!! Although bacteria
are considered the major cause of acute exacerbations of COPD
(AECOPD), treatment of AECOPD remains difficult because a
precise cause cannot be identified in many patients.!!

The primary approach for COPD patients with a severe
exacerbation caused by bacterial infection is antibiotic therapy. A
meta-analysis demonstrated that antibiotics reduce the risk of
failure in severe AECOPD and reduce mortality in intensive care
unit (ICU) patients.! Current international guidelines recommend
that antibiotics be used only in cases of increased dyspnea (a key
symptom of an exacerbation, together with increased sputum
purulence and volume, and increased cough and wheeze), or if
patients need invasive or noninvasive mechanical ventilation.!-”)
However, signs and symptoms of AECOPD with a bacterial or
nonbacterial cause tend to overlap in clinical practice.[®”!

Evidence indicates that not all AECOPD patients will benefit
from antibiotic treatment.!®! Current strategies for treatment of
AECOPD may lead to overuse of antibiotics, further increasing
drug resistance and side effects. Meanwhile, long-term antibiotic
therapy may lead to increased medical costs, prolonged length of
hospital stay, and increased hospital mortality, especially for
patients with severe AECOPD."”'®! Therefore, identifying
patients with AECOPD who are most likely to benefit from
antibiotics is a challenge for clinicians.

As a surrogate marker of the host response to bacterial
infections, procalcitonin (PCT) has been approved by the US Food
and Drug Administration to guide antibiotic prescribing practice in
the context of acute respiratory infections and sepsis.' ! A previous
meta-analysis based on limited data regarding this issue indicated
that a PCT-guided strategy reduced antibiotic exposure in patients
with AECOPD, the role of PCT in the distinction between
bacterial, viral, and other causes of AECOPD remains controver-
sial.['?! Hence, we conducted an updated meta-analysis to
comprehensively reevaluate the role of PCT-guided antibiotic
strategies in the treatment of patients with AECOPD.

2. Methods

2.1. Literature search strategy

This systematic review and meta-analysis followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement."®! Details of our protocol were registered
on the International Prospective Register of Systematic Reviews
(PROSPERO) and are available from: http://www.crd.york.ac.
uk/PROSPERO/display_record.php?ID=CRD42019124795.
Since this was not a study of human subjects, but a synthesis of
previously published literature, it does not require institutional
review board approval.

Electronic searches were conducted in PubMed, Embase,
Cochrane Central Register of Controlled Trials, and Clinical-
Trials.gov from inception to February 1, 2019 with no language
restriction. We used the following search terms: (Title/Abstract):
(Procalcitonin or Calcitonin Precursor Polyprotein or Calcitonin-
1 or Calcitonin 1 or Calcitonin Related Polypeptide Alpha or Pro-
Calcitonin) and (Chronic Obstructive Pulmonary Disease or
COPD or pulmonary disease, chronic obstructive or Chronic
Obstructive Airway Disease or Chronic Obstructive Lung
Disease or Chronic Airflow Obstruction). We considered all
potentially eligible studies for review, and also performed a
manual search using the reference lists of key articles published.
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2.2. Inclusion and exclusion criteria
We included studies with the following characteristics:

e Type of participant: adult AECOPD patients with confirmed or
suspected infection;

e Type of intervention: patients randomized to PCT-guided
antibiotic strategy;

e Type of comparison: controls randomized to standard
antibiotic therapy;

e Type of outcome: primary outcomes including antibiotic
exposure (antibiotic prescription, antibiotic exposure duration,
and antibiotic use after discharge) and secondary outcomes
including clinical success, all-cause mortality, exacerbation at
follow-up, readmission at follow-up, length of hospital stay,
and adverse events;

e Types of studies: randomized controlled trials (RCTs).

The following exclusion criteria were applied: reviews, letters
to the editor, case reports, or animal experimental studies; articles
with duplicate data or repeated analyses; articles with insufficient
data; or no evidence of infection or PCT determination was
mentioned in the study.

2.3. Study selection and data extraction

The study was conducted between October 2018 and February
2019. Two independent reviewers (X.Y. and L.Y.) analyzed the
article title and abstract to evaluate which should be analyzed as a
full paper. Any disagreement was resolved by the adjudicating
senior author (B.W.), and a final consensus was reached among
all authors. One author (Z.L.) extracted data from included
studies with a standardized data collection form and 2 other
authors (F.G. and J.M.) checked the extracted data.

The following information was extracted from each study: first
author, year of publication, country, study design, sample size,
age, gender, antibiotic initiation, antibiotic cessation, method of
PCT assay, clinical setting, diagnosis, and follow-up, as well as all
outcomes of interest.

2.4. Quality assessment

The quality of each study was independently assessed by two
authors (X.Y. and L.Y.) and discrepancies were resolved through
discussion, according to Cochrane guidance. Study quality was
assessed with the bias risk tool recommended by the Cochrane
Collaboration.*! We assigned a value of high, unclear, or low to
the following items: sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, selective report-
ing, and other sources of bias.

2.5, Statistical analysis

Before data analysis, we estimated means from medians and standard
deviations from interquartile ranges using methods described in a
previous study."! The results from all relevant studies were
combined to estimate the pooled relative risk (RR) with 95%
confidence intervals (CIs) for dichotomous data. For continuous
data, mean differences (MD) and 95% ClIs were estimated.
Pooled RRs, MDs, and their 95% CIs were calculated with a
random-effects model. We assessed heterogeneity among indi-
vidual studies with I* analysis. Heterogeneity was suggested
where P <.10 for the Q test. I* values of 0% to 24.9%, 25% to
49.9%, 50% to 74.9%, and 75% to 100% were considered zero,
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Characteristics of studies included in the meta-analysis.

Study Sample size Age Male PCT Clinical
References Country design (PCT/Ctrl) (year) (%) Antibiotic initiation  Antibiotic cessation assay setting Diagnosis Follow-up
Christ Crain®" Switzerland RCT, single-center  (29/31) (70.1/71.0)  (51/54)  Strongly encouraged if ~ Strongly discouraged if ~ Kryptor (Basel, Emergency AECOPD 4-6 months
PCT >0.5 g/l and PCT was <0.1 ng/L Switzerland) department
encouraged if levels and discouraged if
were >0.25 pg/L levels were 0.1—
0.25 wg/L
Stolz?? Switzerland RCT, single-center ~ (102/106)  (69.5/69.5) (49/41.5) Antibiotic was Antibiotic was Kryptor (Basel, Emergency AECOPD 6 months
encouraged when disencouraged when Switzerland) ~ department
PCT >0.25 pg/L or PCT <0.1 wg/L or
0.1-0.25 if clinical 0.1-0.25 if clinical
condition was condition was stable
unstable
Kristoffersen®® Denmark ~ RCT, multicenters ~ (38/51)  (67.2/67)  (52/54)  Encouraged if PCT was Discouraged if PCT Kryptor (Basel, Department of AECOPD ~ NA
0.25-0.5pg/L and was <0.25 pg/L Switzerland)  infectious
strongly encouraged diseases
if PCT >0.5 wg/L
Schuetz®! Switzerland RCT, multicenters  (115/113) (73/72)  (59.9/55.2) Strongly encouraged if ~ Strongly discouraged if ~ Kryptor (Basel, Emergency AECOPD 30 days
PCT >0.5ng/L and PCT was <0.1wg/L  Switzerland)  department
encouraged if levels and discouraged if
were >0.25 wg/L levels were 0.1-
0.25 pg/L. Stopping
antibiotics if PCT
levels decreased by
80% and strongly
recommended
stopping antibiotics
if PCT levels
decreased by 90%
of the initial value
Verduri®®® Italy RCT, multicenters (88/90) (73.5/72.5) (87.5/85.5) Antibiotic for 10 days if PCT was consistently  Kryptor (Basel, Pulmonary Severe 6 months
1 or more of PCT <0.1 pg/L Switzerland) departments AECOPD
on the first 3 days
of hospitalization
were >0.25 pg/L;
PCT were <0.25
g/L but >0.1 wg/L
if patients were
clinically unstable or
had a acute
respiratory failure
Corti®! Denmark  RCT, single-center ~ (62/58) (64.8/61.8)  (34/45)  PCT >0.25ng/mL Strongly discouraged if  VIDAS (Lyon,  Emergency AECOPD 28 days
PCT was <0.15ng/ France) department
mL and discouraged
if levels were 0.15—
0.25ng/mL
In patients with PCT
over 5ng/mL on
admission, the
algorithm
recommended
stopping antibiotics
when PCT levels
decreased by 80%
of the peak value
Wang?”) China RCT, single-center  (96/95) (73.4/72.5) (70.5/72.9) PCT <0.1ng/mL, NA VIDAS (Lyon,  Department of ~AECOPD 30 days
clinical condition France) Respiratory
was unstable, or and Critical
worsening of Care
symptoms and Medicine
signs, or with
positive evidence of
bacteria
Daubin®®® France RCT, multicenters ~ (151/151) (67/67)  (71.5/66.2) Antibiotic was strongly ~ Antibiotics when the Roche Intensive care  Severe 3 months
encouraged when PCT concentration units AECOPD

PCT >0.25 pg/L
and encouraged
when 0.1-0.25 pg/
L

was less than 90%
of the peak
concentration or an
absolute
concentration less
than 0.1 g/l

AECOPD =acute exacerbation of chronic obstructive pulmonary disease, PCT = procalcitonin, RCT =randomized controlled trial.

low, moderate, and high thresholds for statistical heterogeneity,
respectively.!'®!'” Sensitivity analysis and random effects meta-
regression analysis were also performed by excluding trials that
potentially biased the result for the primary outcome (antibiotic

prescriptions).

Publication bias was assessed by visually inspecting a funnel
plot in which the log RRs were plotted against their standard
errors. The presence of publication bias was also evaluated by
using the Begg’s and Egger’s tests.'®'”IP < .05 was considered

statistically significant, except where otherwise specified. Trim-
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and-fill analysis was also performed to detect potential publica-
tion bias.!*°! All statistical analyses were performed with Review
Manager version 5.3 (The Nordic Cochrane Centre, Denmark)
and Stata 15.1 (StataCorp, TX).

3. Results

3.1. Included studies

We identified 440 records in the initial search, of which 8 (1376
participants), published between 2004 and 2018, were included
in our analysis according to the eligibility criteria.”?' % In these
studies, 681 patients were allocated to a PCT-guided antibiotic
strategy group and 695 patients were allocated to a standard
antibiotic therapy group. Four studies'*>~>>?8! were conducted at
multiple sites, while the remaining 4 studies*’*>?%?”! were
conducted at single center. The majority of studies were from

Medicine

PCT algorithms used in the different trials were similar. Four
studies!?*3*%2¢] initiated antibiotics when PCT was above
0.25 ug/L, and 3 studies*>*>*8! initiated antibiotics when PCT
was above 0.25 pg/L or 0.1 to 0.25 pug/L if the patient’s clinical
condition was unstable. Only 1 study”! initiated antibiotics
when PCT was below 0.1 pg/L if the patient’s clinical condition
was unstable. Table 1 presents the main characteristics and
outcome data for included studies.

Figure 1 presents the study flow diagram, including reasons for
exclusion of studies. Figure 2 illustrates that Cochrane risk of bias
scores varied across included studies.

3.2. Primary outcome: antibiotic use

Antibiotic prescriptions were examined in 7 studies (n=
1287).121:22:24-281 A PCT-guided antibiotic strategy was associ-
ated with reduced antibiotic prescriptions in patients with

Europe!*'%2%! and only 1 study!®*”! was conducted in China. AECOPD (RR: 0.55; 95% CI: 0.39-0.76; P=.0003; P for
—
o
9
'E Records identified through Additional records identified
:‘w-; database searching (n=422) through other sources (n=18)
S
T
v 3
= Records after duplicates removed
(n=375)
- Records excluded
£ (n=345)
g - Exclusions due to:
E reviews and analysis,
Record_s s;:?nseened Conference Abstracts.
= ) not an antibiotic
— intervention
) v
Full-text articles Full-text articles excluded,
Z assessed for eligibility (n=22)
3 (n=30) -Not random controlled
= trial studies (n = 13)
" -Not original publication
v (n=5)
) Studies included in -Not AECOPD population
qualitative synthesis (n=4)
(n=8)
® v
-]
% Studies included in
= quantitative synthesis
(meta-analysis)
(n=8)
—

Figure 1. PRISMA flowchart of study selection process in the systematic review. PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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Figure 2. Risk of bias graph (A) and risk of bias summary (B) review authors’ judgments about each risk of bias item for each included study. Green indicates low
risk of bias, yellow indicates unclear risk of bias, and red indicates high risk of bias.

heterogeneity <.00001; I*=91%) (Fig. 3A). Four studies (n=
710)21:2427:281 provided data suggesting there is no significant
difference in antibiotic exposure duration between the 2 groups
(MD: —1.34; 95% CI: —2.83-0.16; P=.08; P for heterogeneity
=.009; I*=74%) (Fig. 3B). Finally, 3 studies (n=5§77)12%%%:2¢!
reported antibiotic use after discharge. Aggregated results
suggested that antibiotic use after discharge was similar in both
groups (RR: 1.615 95% CI: 0.61-4.23; P=.34; P for heteroge-
neity =.0009; I*=86%) (Fig. 3C).

Significant heterogeneity was observed among the studies
reporting antibiotic prescriptions (P for heterogeneity <.00001;
I>=91%). However, sensitivity analysis indicated that the pooled
RR was not substantially altered when any single study was
excluded, suggesting that the results of the current meta-analysis
are robust (Fig. 4). One trial by Wang et al'*”! was different from
the others in the included population and antibiotic initiation
strategy. Nevertheless, heterogeneity decreased from 91% to
81% after exclusion of this trial, and there was no significant
change in the results (RR: 0.65; 95% CI: 0.52-0.83; P=.0004; P
for heterogeneity <.00001; I*=81%).

Finally, random effects meta-regression indicated no signifi-
cant interaction between antibiotic prescriptions associated with
PCT-guided antibiotic strategies and the following variables:

clinical setting (P=.111), PCT assay (P=.104), center (P=.461),
diagnosis (P=.134), and sample size (P=.178) (Appendix 1,
http://links.lww.com/MD/D164).

3.3. Secondary outcomes

Clinical success was reported in 3 studies,?>*>*”! with the

aggregated results indicating that there was no difference between
the PCT-guided antibiotic strategy and standard antibiotic therapy
groups (RR: 1.02; 95% CI: 0.96-1.08; P=.47). The results also
indicated that all-cause mortality (RR: 1.05; 95% CI: 0.72-
1.55),121:22:24=281 oxacerbation at follow-up (RR: 0.97; 95% CI:
0.80-1.18),1212224271 readmission at follow-up (RR: 1.12; 95%
CL: 0.82-1.53),121222727] adverse events (RR: 1.33; 95% CI:
0.79-2.23),12%2¢ and length of hospital stay (MD: —0.36;95 % CI:
—1.36-0.64)12127 were similar in both groups (Table 2).

3.4. Publication bias

In the meta-analysis of data regarding the effect of PCT-guided
antibiotic strategy on antibiotic prescriptions, the presence of
publication bias was not excluded by inspection of the funnel plot
(Fig. 5). Begg’s and Egger’s tests were used to further evaluate
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PCT Control

Christ-Crain 2004 1 29 27 31 12.0%
Stolz 2007 41 102 76 106 14.7%
Schuetz 2009 88 18 79 113 151%
Verduri 2015 45 88 90 90 15.3%
Wang 2016 17 96 95 95 12.8%
Corti 2016 36 62 43 58 14.7%
Daubin 2018 89 151 93 151 15.5%
Total (95% CI) 643 644 100.0%
Total events 295 503

Heterogeneity: Tau? = 0.17; Chi? = 66.78, df = 6 (P < 0.00001); I?=91%

A Test for overall effect: Z = 3.60 (P = 0.0003)

PCT Control
0 ean a8 ean a ei
Christ-Crain 2004 8.7 21 29 91 28 31 28.0%
Schuetz 2009 25 3 115 51 59 113 28.2%
Corti 2016 6.1 6.6 62 9 6.6 58 18.6%
Daubin 2018 79 8 151 7.7 57 151 262%
Total (95% CI) 357 353 100.0%

Heterogeneity: Tau? = 1.68; Chi* = 11.66, df = 3 (P = 0.009); I? = 74%
B Test for overall effect: Z = 1.75 (P = 0.08)

PCT Control
__i_‘ 'Q [ . ENLS O1d e1gn
Stolz 2007 46 102 13 106 34.5%
Verduri 2015 18 88 12 90 32.8%
Wang 2016 12 96 ¥ 95 32.6%
Total (95% CI) 286 291 100.0%
Total events 76 42

Heterogeneity: Tau? = 0.63; Chi? = 14.07, df = 2 (P = 0.0009); I* = 86%

C Test for overall effect: Z = 0.96 (P = 0.34)
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0.44 [0.27, 0.71] 2004 —_—
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Figure 3. Forest plots of primary outcomes. (A) Effects of PCT-guided antibiotic strategy on antibiotic prescriptions. (B) Effects of PCT-guided antibiotic strategy on
antibiotic exposure duration. (C) Effects of PCT-guided antibiotic strategy on antibiotic use after discharge. Cls = confidence intervals, PCT = procalcitonin.

publication bias and no evidence was noted (Begg’s: P=.176;
Egger’s: P=.335) (Fig. 6A and B). Trim-and-fill analysis also
showed 1 potential missing study on the right side of the funnel
plot to ensure symmetry (Fig. 7). The recalculated pooled RR for
antibiotic prescription did not significantly change by including 1
unpublished study (RR: 0.492; 95% CI: 0.335-0.723; P
<.0001).

4. Discussion

4.1. Main findings

The present meta-analysis identified 8 RCTs investigating the
potential value of a PCT-guided antibiotic strategy on antibiotic
prescription, antibiotic exposure duration, and antibiotic use
after discharge, as well as several secondary outcomes in the
treatment of patients with AECOPD versus standard antibiotic
therapy. The aggregated results suggest that a PCT-guided
antibiotic strategy reduced antibiotic prescriptions, but failed to
diminish antibiotic exposure duration or antibiotic use after
discharge compared with standard antibiotic therapy (MD:
—1.34;95% CI: —2.83-0.16, and RR: 1.61; 95% CI: 0.61-4.23,
respectively). Moreover, clinical success, all-cause mortality,
exacerbation and readmission at follow-up, length of hospital
stay, and adverse events were similar in both groups.

4.2. Comparison with previous studies

To date, 2 meta-analyses have assessed the value of a PCT-guided
antibiotic strategy in AECOPD patients. Our study had several
strengths, which provide more robust evidence to support and
extend the weak results reported in the previous 2 studies. The
first meta-analysis conducted by Lin et al"?! used data only from
4 RCTs involving 679 participants and reported that PCT-guided
therapy significantly reduced antibiotic use compared with
standard treatment. Our results are consistent with this, although
we included 4 additional RCTs with a further 697 participants
that have been published more recently. Notably, these studies
enabled us to perform an aggregate analysis of antibiotic use after
discharge, length of hospital stay, and adverse events, which were
lacking in previous meta-analyses.

Another meta-analysis published in early 2017 was conducted
by Mathioudakis et al.*’! The paper comprised 8 clinical trials
(n=1062 AECOPD patients), including 1 quasi-randomized trial
with low available evidence and 1 conference abstract. The study
concluded that PCT-guidance decreased antibiotic prescriptions
(RR: 0.56; 95% CI: 0.43-0.73) and total antibiotic exposure
(MD: —3.83; 95% CI: —4.32——3.35). However, Mathioudakis
et al® incorrectly incorporated data from the included studies
regarding antibiotic exposure, all-cause mortality, and clinical
success in patients with lower respiratory tract infections rather
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Christ-Crain (2004)

Stolz (2007)

Schuetz (2009)

Verduri (2015)

Wang (2016)

Corti (2016)

Daubin (2018)

035 0.39

< Estimate

Meta-analysis estimates, given named study is omitted

Lower CI Limit | Upper CI Limit

0.55

Figure 4. Sensitivity analysis on the relationship between PCT-guided antibiotic strategy and antibiotic prescriptions in patients with AECOPD. AECOPD = acute
exacerbation of chronic obstructive puimonary disease, PCT = procalcitonin.

Secondary outcomes of procalcitonin-guided antibiotic strategy on acute exacerbation of chronic obstructive pulmonary disease

patients.
Secondary outcomes Number of studies Number of participants Random effects model Heterogeneity
Dichotomous data RR (95% CI) P P
Clinical success 3 studies???2>2" 577 1.02 (0.96-1.08) 0% 39
All-cause mortality 7 studies?!?224-28) 1470 1.05 (0.72—1.55) 0% 56
Exacerbation at follow-up 6 studiesi?’ 222427 975 0.97 (0.80-1.18) 30% 21
Readmission at follow-up 5 studiest?!+?225-27] 758 1.12 (0.82-1.53) 15% 32
Adverse events 2 studies?>2®! 298 1.33 (0.79-2.23) 0% 73
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Figure 5. Funnel plot of comparison: antibiotic prescriptions.
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Figure 6. Publication bias plots of Begg'’s (A) and Egger’s tests (B).

than AECOPD patients. In brief, the limitations of previous meta-
analyses weaken the credibility of their results.

PCT is a precursor of calcitonin, which is synthesized by
human thyroid C cells, and is a hormone-free glycoprotein
composed of 116 amino acids. It was first proposed as a marker
of bacterial infection by Assicot et al®*! in 1993 in the Lancet.
Under normal physiological conditions, synthesis of PCT is low,
but once infection occurs, PCT levels begin to rise in 2 to 3 hours
reaching a peak (induced by cytokines such as endotoxin) in 12 to
48 hours. Typically, PCT increases more in bacterial infections
than in viral infections, and the degree of elevation correlates with
severity of the infection.®1¥2! Over time, decreased PCT is
observed with regression of infection. PCT reflects the host
response to a bacterial infection and thus provides more accurate
adjudicative information than traditional clinical and diagnostic
parameters, such as neutrophils and C-reactive protein.!*3!

Multiple meta-analyses have assessed the benefits of using
serum PCT levels to guide antibiotic stewardship in ICU patients
with infections, and these reports indicate that PCT-guided
treatment could significantly reduce the use of antibiotics.>*37!
A recent trial conducted in the United States also reported that
implementation of PCT guidance as part of a clinical decision-
making algorithm was associated with reduced antibiotic
exposure without negatively impacting hospital readmission in
the management of adult patients admitted with COPD
exacerbations.!**! This result differs from our current results.

4.3. Limitations

Our meta-analysis is subject to some limitations. First, across
included studies there was significant heterogeneity of RRs for
antibiotic prescription (P for heterogeneity <.00001; I*=
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Figure 7. Funnel plot adjusted by trim-and-fill method for antibiotic prescriptions.

91.0%). Despite the utility of sensitivity analysis and meta-
regression, the origin of heterogeneity could not be fully traced.

Second, PCT is a relatively expensive detection method, so
cost-effectiveness comparisons are very important when com-
paring a PCT-guided antibiotic strategy and standard antibiotic
therapy. However, only 1 study®!! analyzed cost-effectiveness
(antibiotic costs per patient), so a cost-effectiveness analysis was
not possible.

Third, antibiotic therapy and types of antibiotics in the control
group were not clearly defined in most studies, and it is unclear
whether changes in antibiotic strategies (narrow-spectrum anti-
biotics and broad-spectrum antibiotics) could affect the results of
our meta-analysis.

Fourth, due to the included literature being relatively limited,
subgroup analysis was not performed. For example, the effect of
ward type (general, emergency, and ICU), severity (mild to
moderate and severe AECOPD), location (European and Asian),
and PCT threshold (PCT<1.0 vs. PCT>1.0) were not
investigated. In reality, PCT values are usually low in most
patients with AECOPD, with approximately 51% to 75% of
patients having a PCT <0.1ng/mL, and only 7% to 20% having
a PCT level >0.25ng/mL.1*!"" Moreover, it is reported that
patients with a PCT level of <0.1 ng/mL benefited from treatment
with doxycycline.**! Therefore, analysis of these subgroups is of
great guiding significance in clinical practice.

5. Conclusion

In summary, our results suggest that the use of PCT-guided
antibiotic therapy in patients with AECOPD can effectively
reduce antibiotic prescriptions and shows similar efficacy and
safety for other parameters compared with standard antibiotic
therapy. However, it does not diminish antibiotic exposure
duration or antibiotic use after discharge.

Further research is required to determine the optimal cutoff
value for PCT and to conduct cost-effectiveness comparisons
between PCT-guided antibiotic therapy and standard antibiotic

therapy. It is also necessary to consider whether our findings can
be generalized to other regions, including America and Asia, as
well as to patients receiving antibiotic therapy for AECOPD with
or without community-acquired pneumonia. Nonetheless, the
current findings have substantial clinical and public health
implications supporting the use of PCT-guided therapy in
AECOPD.
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