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Definition of Biomarker

A characteristics that is objectively measured and evaluated as an indicator of 

normal biological processes, pathogenic processes, or pharmacologic responses 



BEST (Biomarkers, EndpointS, and other Tools) 
Resource by FDA/NIH

▪ Diagnostic biomarkers: biomarker used to detect or confirm presence of a disease 
or condition of interest or to identify individuals with a subtype of the disease (blood 
glucose)

▪ Monitoring biomarkers: biomarker measured repeatedly for assessing status of a 
disease or medical condition or for evidence of exposure to (or effect of) a medical 
product or an environmental agent (PT-INR)

▪ Pharmacodynamic/response biomarkers: biomarker used to show that a biological 
response has occurred in an individual who has been exposed to a medical product or 
an environmental agent (HbA1c)

▪ Predictive biomarkers: biomarker used to identify individuals who are more likely 
than similar individuals without the biomarker to experience a favorable or 
unfavorable effect from exposure to a medical product or an environmental agent
(Squamous NSCLC, avoid pemetrexed)

▪ Prognostic biomarkers: biomarker used to identify likelihood of a clinical event, 
disease recurrence or progression in patients who have the disease or medical 
condition of interest (Fibrinogen in COPD, association with exacerbation, mortality)

▪ Safety biomarkers, Susceptibility biomarkers

Experimental Biology and Medicine 2018; 243: 213–221



Criteria for novel biomarkers, ideal COPD



Biomarkers

Neutrophil elastase

Cathepsin-G

MMP-8,9

IL-8,13

Sputum
Desmosine

Fibrinogen

Platelet

NLR

Vitamin D

Albumin 

Hepatocyte growth 
factor

Blood



▪ Single-center 
prospective cohort 
study

▪ TAYBRIDGE registry 
in Dundee, UK

AJRCCM 2017; 195 (10): 1384-1393



NE is one of Neutrophil serine proteases (NSP) 

-Neutrophil: live 8hr in healthy 
condition, but following 
inflammatory activation live up to 5 
days
=>prolonged life of neutrophil leads 
to damage host cells and tissues

-Neutrophil degradation is 
responsible for NSP (NE, Cathepsin
G, Proteinase 3)

-NE: mainly involved in bacterial 
response,   but it can cause 
detrimental effects including 
extracellular matrix destruction, 
mucus gland hyperplasia, damage to 
airway epithelium





Sputum NE activity is associated with Disease 
Severity



NE activity and longitudinal clinical outcomes

Time to next exacerbation, p<0.0001 All-cause mortality, p<0.001



▪ An external validation of the Scottish data is needed in view 
of the heterogeneity of bronchiectasis (in terms of 
microbiology with chronic Pseudomonas aeruginosa infection 
been more prevalent in Southern vs. Northern Europe)

▪ Multicentric, prospective, observational study in two 
bronchiectasis referral centers in Italy and Spain. 

▪ N=266

ERJ 2020 in press



NE and disease severity

-NE correlated with BSI (r =0.23; P=0.0002 ), E-
FACED scores (r =0.26; P<0.0001)

-Median levels [IQR] of aNE significantly increased 

across mild, moderate and severe BSI (8.7 [2.8-20.7] 

VS. 11.1 [4.7-29.3] VS. 18.2 [8.1-37.7], p=0.001) 

and E-FACED 

(10.0 [3.6-24.4] VS. 21.4 [8.2-34.4] VS. 31.5 [11.4-

42.3], p=0.004) risk classes 

-Median levels [IQR] of aNE were higher in patients 

with chronic P. aeruginosa infection (25.1 [11.3-

40.5] VS. 9.2 [3.1-22.7] ug/ml, P<0.0001)

-QoL-B Respiratory Domain inversely correlated 

with increasing aNE concentrations in sputum (r=-

0.25, p=0.009). 



N=185

ERJ 2020; 56: 2000769 



Correlation of NE and bacterial relative abundance

-Direct correlation between aNE and Pseudomonas relative abundance
-Inverse correlation is shown between Streptococcus and aNE levels 





NE as a treatment target

NE as a treatment target

COPD 2012; 9: 111-120 







Primary 

endpoint







▪ AZD7986 => INS1007

▪ Discovered in 2016

▪ First effective new drug for non-CF BE

NEJM 2020 Nov 26;383(22):2127-2137





NEJM 2020 Nov 26;383(22):2127-2137

≥ 2 

exacerbation / 

yera















Cathepsin-G correlates with disease severity, 
QOL, microbiome diversity, and exacerbation 

BSI QOL

Microbiom Exacerbation



Sputum NE vs Cathepsin-G



▪ N=40

▪ Cell counts in induced sputum, University of Athens

: 15 (37.5%) had a neutrophilic phenotype, 7 (17.5%) had an eosinophilic phenotype, 
3 (12.5%) had a mixed neutrophilic-eosinophilic phenotype and 15 (37.5%) had a 
paucigranulocytic phenotype

Cytokine, 2017 Nov;99:281-286



▪ N=102 BE pts and 22 controls

▪ Guangzhou Medical University Hospital



Higher levels in BE than healthy subjects



MMP-9 (not MMP-8, TIMP-1) for predicting 
time to first exacerbation within 1 year

MMP-8
MMP-9



▪ N=90 (derivsation cohort)// 97 and 79 (validation cohort)

▪ Assayed blood concentration of 31 proteins

▪ Hypothesis: systemic inflammatory markers can distinguish 
aetiology and severity groups

Blood



Principle Component Analysis (PCA)

▪ Great heterogeneity was observed in the analysis of systemic 
protein markers across the dataset.



BSI and systemic inflammatory proteins

Green: BSI , mild

Yellow: BSI, moderate

Black: BSI, severe Rho = 0.34, p = 0.001

Rho = 0.36, p < 0.001 in validation cohort



Bronchiectasis etiology and proteins

-Blue :idiopathic patients,
-Purple :post-infectious patients 
-Black :patients with primary immunodeficiency



▪ Desmosine is an amino acid found uniquely in elastin, a 
protein found in connective tissue such as skin, lungs, 
and elastic arteries.

▪ Detection of desmosine in urine, plasma or sputum samples 
can be a marker for elastin breakdown due to high elastase 
activity related to certain diseases

▪ N=433

https://en.wikipedia.org/wiki/Elastin
https://en.wikipedia.org/wiki/Connective_tissue
https://en.wikipedia.org/wiki/Skin
https://en.wikipedia.org/wiki/Lungs
https://en.wikipedia.org/wiki/Elastic_artery


▪ Strong relationship between cDES and severe exacerbations 
(HR, 6.0; 95% CI, 3.61–10.0; p<0.0001)

AJRCCM 2017; 195 (10): 1384-1393



Figure 1. Kaplain-Meier survival curves of the relationship between sDES quartiles and all-cause
mortality. Patients were divided into four quantiles based on sDES levels. The sDES cut-offs of 
the quartiles were 0.21, 0.28 and 0.36ng/ml. The HRs compared to the lowest quartile 
(reference) were 1.54 (0.55-4.34,p=0.41), 5.07 (2.09-12.3,p<0.0001) and 9.04 (3.86-
21.2,p<0.0001) respectively from the low to high quartiles.

Figure 2. Kaplain-Meier survival curves of the relationship between sDES quartiles and 
cardiovascular mortality. Patients were divided into four quantiles based on sDES levels. 
The HRs compared to the lowest quartile (reference) were 1.73 (0.41-7.26,p=0.5), 4.03 
(1.11-14.7,p=0.034) and 8.37 (2.50-28.1,p=0.001) for the low to high quartiles 
respectively.



Results

▪ sDES levels were associated with increasing all-cause mortality (HR 2.30 per 
standard deviation (SD) (95% CI 1.85-2.84),p<0.0001, figure 1), a relationship 
which persisted when adjusted for BSI (HR 1.90 per SD (1.52-2.37),p<0.0001)

▪ sDES was associated with increased cardiovascular mortality (HR 2.21 per SD 
(1.60-3.05),p<0.0001, figure 2), a relationship that was still significant after 
adjustment for BSI (HR 1.97 per SD (1.41-2.74),p<0.0001)

▪ The AUC/ROC for sDES to predict mortality was 0.76(0.71-0.82, p<0.0001) 

which was not significantly different to the BSI (0.73(0.67-0.79), p=0.24)



▪ N=1,771, 10 centers in Europe and Israel

▪ Platelet count in stable state, prospective EMBARC cohort





▪ N=57, University of Catania, Italy

▪ Retrospective observational study



▪ N=80, Sismanogleio Hospital in Athens

▪ Retrospective observational study

▪ NLR in BE exacerbation 



▪ N=107, GSNUH, 2013-2014



Albumin as a predictor of exacerbation

N=177, GSNUH

Not published



Prospective biomarker studies, blood

▪ Constitute prospective bronchiectasis cohort

▪ Funding source

▪ Hepatocyte growth factor

▪ Pentraxin-3

▪ Osteopontin

▪ Fibrinogen

▪ Angiopoietin-2

▪ Adiponectin

▪ IL-6

▪ Lipocalin-2



HGF, disease severity and exacerbation

Not published



Fibrinogen, disease severity and exacerbation

Not published



Summary

Biomarkers Disease

severity 

Lung function Exacerbation Mortality

Neutrophil elastase, sputum Yes Yes Yes Yes

Cathepsin G, sputum (Yes) (Yes) (Yes) No

IL-8, sputum Yes No No No

MMP-9, sputum Yes Yes Yes No

MMP-8, sputum Yes Yes No No

Fibrinogen Yes No (Yes) No

Desmosine Yes Yes Yes Yes

Platelet Yes No Yes Yes

Vit D Yes No No No

NLR No No No No

Albumin Yes Yes Yes No

HGF (Yes) No (Yes) No



Neutrophil elastase, very hopeful 




