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Introduction: Exacerbations of COPD (ECOPDs) are important events in the course of COPD,
accelerating the rate of decline in lung function and increasing the mortality risk. A growing body
of evidence suggests the significance of the “frequent exacerbator” phenotype. This phenotype
seems to be associated with a more severe airflow limitation, symptoms, health-related quality
of life impairment, and higher mortality. However, there is no described biomarker that would
help to identify this group of patients.

Patients and methods: Patients with COPD in “D”” GOLD category were monitored for 3 years
according to events of ECOPD. Serum samples were collected from the patients. Circulating level
of plasma soluble receptor for advanced glycation end-products (SRAGE) was measured using
commercially available high sensitivity kits. The receiver operating characteristic (ROC) curve
analysis was used to assess the usefulness of SRAGE to identify frequent exacerbator phenotype.
Log-rank test was used in the analysis of time to the subsequent exacerbation. Pearson (R) or
Spearman’s rank (R) correlation coefficients were used for correlation analysis.

Results: Nineteen patients were enrolled. The area under the ROC curve (AUROC) for sSRAGE
for the identification of frequent exacerbator phenotype was 0.81. Analysis identified the cutoff
point as 850.407 pg/mL, characterized by a sensitivity of 0.80 (95% CI: 0.28—1.0) and specific-
ity 0 0.93 (95% CI: 0.66—1.0). Additionally, in the group with sSRAGE =850.407 pg/mL, we
observed significantly shorter time to the subsequent exacerbation: median of 32 vs 105.5 days
(P=0.03). Correlation analysis revealed significant negative correlation between sRAGE and
the number of exacerbations requiring hospitalization during the whole time of follow-up
(R=-0.53; P=0.02) and significant positive correlation with FEV expressed as the percentage
of reference value (R=0.6; P=0.000).

Conclusion: sSRAGE seems to be useful in the identification of frequent exacerbator phenotype.
This parameter may also be used in the prediction of time to ECOPD. Our findings should be
confirmed in a sufficiently powered larger sample.

Keywords: sSRAGE, frequent exacerbator phenotype of COPD, exacerbations of COPD, COPD,
prediction of AECOPD

Introduction

Exacerbations of COPD (ECOPDs) are key points for the natural history of COPD
as they accelerate the rate of decline in lung function.! Exacerbations requiring
hospitalization are specifically important, because they are associated with significant
mortality. In fact, evidence suggests that exacerbation with hypercapnia is burdened
with significant in-hospital mortality.* Additionally, long-term prognosis following
hospitalization for ECOPD is burdened by the average in-hospital mortality rate of
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6.7%, while the average mortality rates at 3 and 6 months
were reported to be 18 and 26%, respectively, and those at
5 years were reported as high as 51%.° The literature data
show, that only 11.6% to 17% of COPD patients experi-
ence remittent exacerbations in 1 year.®® Nevertheless, this
group induces an economic and social burden that is both
substantial and increasing.’ This is why there is a strong need
for elaborate approaches to prevent ECOPDs and identify
in advance the group of subjects who experience remittent
exacerbations. To gain this goal, there is a strong need for
research for new, biochemical prediction tools.

The receptor for advanced glycation end-products (RAGE)
is a multiligand, pattern-recognition receptor involved in the
host response to injury, infection, and inflammation.’ It is an
immunoglobulin superfamily protein of 35 kDa. Primarily,
it plays a role of a multiligand transmembrane binder for
several molecules.'” RAGE localizes in various cell types,
such as monocytes, macrophages, smooth muscle cells, and
endothelial cells."" RAGE signaling also plays a key role in
lung development and structure.'? Therefore, it justifies the
linkage of RAGE with the pathobiology of COPD.

Numerous studies analyzed its role in cigarette smoke-
induced airway inflammation and emphysema.'?"'¢ Deficien-
cies in soluble RAGE (sRAGE) were linked to heightened
inflammation in various chronic conditions, including neu-
trophilic airway inflammation in asthma and COPD.® There
is also an evidence for the usefulness of phenotyping of
the RAGE gene, eg, the G82S polymorphism in the RAGE
gene is associated with an increased risk of COPD, the GS
genotype of the G82S variant is a risk factor for COPD in the
Chinese population,'” and genetic variants in or near RAGE
have also been associated with COPD affection status and
emphysema,'®2° while the minor allele of the rs2070600
variant was associated with protection with respect to COPD
in the population of smokers.”! Moreover, RAGE was con-
sidered as a potential therapeutic target for COPD.?

We aimed to assess if SRAGE would be useful for the
identification of patients prone to frequent ECOPDs. We
also analyzed the time to the subsequent exacerbation and
correlations between SRAGE and spirometry values.

Patients and methods

Study protocol was approved by Ethical Committee for
Human Studies of the Medical University of Lodz. All
patients provided written informed consent for the participa-
tion in the study. All study procedures were consistent with
the tenets of the Declaration of Helsinki.

Patients with COPD in category D according to GOLD
guidelines were enrolled to the study from July 2014 to August
2017. Patients were enrolled in the Outpatient Clinic and
Department of Pneumology and Allergy, Medical University
of Lodz. The main criterion was having =1 exacerbation(s),
which required hospitalization within last 12 months and/
or =2 exacerbations not requiring hospitalization with the
need for systemic steroid therapy and/or antibiotic therapy.
All patients were treated with similar therapy. The exclu-
sion criteria comprised a history of any active malignancy,
o-1-antitrypsin deficiency, HIV infection, and concomi-
tant diagnosis of other significant respiratory diseases (eg,
interstitial lung disease and parenchymal lung disease due
to previous tuberculosis). Additionally, patients with exac-
erbations at least 8 weeks prior to sample collection were
excluded from the study.

Serum samples were collected from the patients and
stored at —80°C until use. Repeated freeze-thaw cycles
were avoided. ELISA was used to determine the serum
levels of SRAGE (BioVendor — Laboratorni medicina a.s.,
Brno, Czech Republic) according to the manufacturer’s
recommendations.

Then, patients were monitored according to events of
ECOPD by the same experienced physician (JM-D). Every
such event was classified as mild (worsening of symptoms
for 2 consecutive days and not treated with systemic corticos-
teroids and/or antibiotics), moderate (treated with systemic
corticosteroids and/or antibiotics), and severe (requiring hos-
pitalization) according to the Anthonisen criteria. Worsening
of symptoms was captured in an electronic diary that alerted
patients and physicians to the presence of an exacerbation.
All events were confirmed by the physician. The current
analysis focuses on moderate or severe exacerbations. The
“frequent exacerbator” phenotype was defined by at least one
hospitalization due to ECOPD or two treated at home per
year in every year of prospective observation. The follow-up
was terminated after 3 years in June 2018.

Continuous data were presented as the mean with SD
or median with IQR, depending on the distribution of data.
Variables were compared using the unpaired Student’s #-test,
Welch test, or the Mann—Whitney U-test, depending on data
normality and the homogeneity of variance. Categorical data
were presented as absolute value with percentage and were
compared using Fisher’s exact test.

The receiver operating characteristic (ROC) curve analysis
was used to assess SRAGE usefulness to identify frequent exac-
erbator phenotype. The area under the ROC curve (AUROC)
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was presented as result and 95% CI, while the accuracy of the
qualitative test parameters was presented as point estimates and
95% CIs. An AUROC of greater than 0.9 was considered as
excellent, greater than 0.8—0.9 as very good, 0.7-0.8 as good,
0.6-0.7 as average, and below 0.6 as poor.?

Log-rank test was used in the analysis of time to the
subsequent exacerbation. Pearson (R) or Spearman’s rank
(R,) correlation coefficients were evaluated to assess the
relationships between sSRAGE and spirometry values.

Data were analyzed using the R software for MacOS.**

Results

A total of 19 patients were included in the study. We
identified five patients (26.32%) who met the criteria of
frequent exacerbator phenotype. The baseline clinical data
and analysis after stratification by frequent exacerbator
phenotype are presented in Table 1. As expected, frequent
exacerbators experienced significantly higher number of
all exacerbations during the time of follow-up: 5 (3—17) vs
1 (0.25-1.75); P=0.002. Additionally, in the nonfrequent
exacerbator group, two patients were hospitalized because
of ECOPD during the follow-up period (median 0) and the

median of such exacerbations in the frequent exacerbator
group was 2 (2-3).

ROC analysis showed an AUROC of 0.81, which can
be classified as very good accuracy according to Choi,*
and identified the cutoff point as 850.407 pg/mL (Figure 1),
characterized by a sensitivity of 0.80 (95% CI: 0.28-1.0),
specificity of 0.93 (95% CI: 0.66—1.0), positive predictive
value (PPV) 0f 0.80 (95% CI: 0.28-1.0), and negative predic-
tive value (NPV) 0f 0.93 (95% CI: 0.66—1.0). The diagnostic
accuracy of the test was 0.9 (95% CI: 0.67-0.99).

After stratification by the SRAGE cutoff point of 850.407,
we observed significantly shorter time to the subsequent exac-
erbation (median of 105.5 days for SRAGE>850.407 pg/mL
and 32 days for SRAGE =850.407 pg/mL) (Figure 2; P-value
for log-rank test =0.03).

Correlation analysis revealed significant negative correla-
tion between sSRAGE and the number of exacerbations requiring
hospitalization during the whole time of follow-up (R;=-0.53;
P=0.02) and significant positive correlation with FEV  expressed
as the percentage of reference value (R=0.6; P=0.006). We did
not observe significant correlation with FVC expressed as the
percentage of reference value (R=0.43; P=0.07).

Table | The baseline clinical data and analysis after stratification by frequent exacerbator phenotype

Parameters Total Frequent Nonfrequent P-value
n=19) exacerbator exacerbator
(n=5) (n=14)

Age (years), mean (SD) 66.32 (7.06) 63.6 (5.08) 67.29 (7.56) 0.33
Female, n (%) 14 (73.68) 5 (100) 9 (64.29) 0.26
History of COPD (years), mean (SD) 10.21 (7.83) 10.4 (3.21) 10.14 (9.04) 0.95
History of smoking (pack-years), mean (SD) 33.05 (13.88) 404 (11.61) 30.43 (14.04) 0.17
SRAGE (pg/mL), mean (SD) | 975.68 (399.31) | 657.89 (437.89) | 1,089.18 (330.25) | 003
FEV, (L), mean (SD) 0.91 (0.49) 0.54 (0.17) 1.04 (0.51) 0.05
FEV, (%), mean (SD) 36.6 (17.11) 23.72 (5.91) 41.21 (17.55) 0.005
FVC (L), mean (SD) 1.94 (0.88) 1.48 (0.53) 2.11 (0.94) 0.09
FVC (%), mean (SD) 60.62 (20.92) 50.67 (14.74) 64.17 (22.08) 0.16
FEV /FVC, mean (SD) 0.46 (0.12) 0.37 (0.05) 0.49 (0.13) 0.07
mMRC, stage, median (IQR) 3 (2.254) 4 (3.54) 3 (2.25-3.75) 0.28
BMI (kg/m?), mean (SD) 26.16 (5.78) 22.42 (4.6) 27.5 (5.7) 0.09
Major comorbidities®
Ischemic heart disease, n (%) 8 (42.11) 3 (60) 5 (35.71) 0.6
Acute myocardial infarction in history, n (%) 4 (21.05) 1 (20) 3(21.43) 1.0
Congestive heart failure, n (%) 7 (36.84) 2 (40) 5 (35.71) 1.0
Arterial hypertension, n (%) 14 (73.68) 5 (100) 9 (64.29) 0.26
GERD, n (%) 5 (26.32) 1 (20) 4 (28.57) 1.0
Obesity, n (%) 8 (42.11) 1 (20) 7 (50) 0.34

Note: *According to available medical records and history.

Abbreviation: sRAGE, soluble receptor for advanced glycation end-products.
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Figure | ROC curve for sRAGE in the identification of frequent exacerbator
phenotype.

Note: The cutoff point presented best sum of specificity, and sensitivity presented
in brackets was marked.

Abbreviations: ROC, receiver operating characteristic; SRAGE, soluble receptor
for advanced glycation end-products.

Discussion

In modern treatment approaches, there is a tendency to
identify relevant COPD phenotypes. It is believed that this
may improve the precision, effectiveness, and safety of the
treatment. Moreover, Golpe et al* reported that grouping
COPD patients according to clinical phenotypes can help us
to identify those with a different mortality risk.

ECOPDs account for the greatest proportion of the total
COPD burden on the health care system. Additionally, from
11.6% to 17% of COPD patients experience remittent exacer-
bations in 1 year.*® Also, changes in GOLD guidelines tend
to extract patients who experience frequent exacerbations.’
Such approach enables early intensification of treatment
to reduce the risk of future exacerbations in order to guide

therapy.’
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Figure 2 Kaplan—Meier curves for the time to the subsequent exacerbation (days),
stratified by the sSRAGE value of 850.407 pg/mL.
Abbreviation: sRAGE, soluble receptor for advanced glycation end-products.

A growing body of evidence suggests the significance
of the frequent exacerbator phenotype; however, there are
no unified guidelines that defne this phenotype. Also, the
knowledge on this group of patients seems to be scarce. The
frequent exacerbator phenotype may be defined, concordantly
with our study methods, as at least one hospitalization due to
ECOPD or two treated at home per year.?® This phenotype
seems to be associated with a more airflow limitation symp-
toms, health-related quality of life impairment, and higher
mortality.? Gupta et al*’ reported the significant reduction in
FEV, diffusing capacity for carbon monoxide and transfer
coefficient of the lung values in this group of patients.

There is no described biomarker that would help us to
identify this group of patients. For this purpose, we propose
sRAGE. ROC analysis showed very good diagnostic accu-
racy, and considering limitations of our pilot study, suggest-
ing its potential usefulness. Additionally, we observed high
values of accuracy of the qualitative test parameters.

Our finding is associated with potentially important
clinical implications. Namely, identification of this group of
patients would help us in planning more precise therapy in
early stage of the disease. We believe that it will influence
the natural history of the disease and, as the effect, ameliorate
prognoses.

Moreover, SRAGE can also be used in the prediction of
time to the subsequent exacerbation. This observation is of a
great benefit for clinical practice because it would be poten-
tially useful in indicating patients with a high risk of upcoming
exacerbation and, thus, require early intensive treatment.

The parameter also correlated with FEV , reflecting
the relationship between decrease in FEV, with increasing
airway inflammation, which intensifies the progression of
the disease.?

Study limitations

Small sample size is the major limitation of our study and
determines this as a pilot study. Therefore, results should be
considered as hypothesis generating and should be confirmed
in a sufficiently powered larger sample. Small sample size of
our study results from careful selection of the study group.
All patients were treated by the same clinically experienced
physician, and they were treated with similar therapy. The
study group was observed for 3 years. Such studies are long
lasting, time consuming, and involving deep cooperation
with physicians. Additionally, our group consisted mainly of
female subjects, which does not fully reflect overall COPD
population. The female patients presented better compliance
with the study protocol and more frequently expressed their
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consent for participation in the study. Moreover, there is an
evidence that female COPD patients might be more prone
to severe exacerbations, might a long period of symptoms
before being admitted to the hospital, have higher number of
hospitalizations, and prolonged length of hospital stay.?

Conclusion

sRAGE seems to be useful in the identification of frequent
exacerbator phenotype. This parameter may also be used in
the prediction of time to ECOPD. Our findings should be
confirmed in a sufficiently powered larger sample.
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