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Algorithm for lung cancer today



Algorithm for COPD in the future?

Sx PFT (FEV1, hyperinflation, DLco)
Exercise capacity, BMI, mMRC, CAT score 
Exacerbation Hx
CT scan

Biomarker?

Sx driven Therapy

Biomarker directed 
personalized Therapy



Definitions

• Disease Activity

– Level of activation of the biological processes that drive 

disease progression

• Disease Severity

– Extent of functional impairment of the target organs

• Disease Impact

– Effect on patient centered outcomes (PRO)

• Symptoms

• Physical activities of daily living

• Exacerbations

• Death 

ATS/ERS document  2015



Disease activity: lack of validated activity markers 

• Related to the balance between the pulmonary and systemic 

inflammatory responses to inhalational injury and the 

subsequent repair process

• Potential markers of disease activity include:

– Clinical markers: worsening dyspnea and health status, loss of exercise 

capacity, cough and sputum production, active smoking, appearance 

or worsening of comorbidities, weight loss, and frequency of AECOPD

– Functional markers: FEV1 decline, DLCO deterioration, progressive 

hyperinflation

– Structural markers: progression of emphysema, worsening of airway 

dimensions, appearance or worsening of bronchiectasis

– Biological markers: lung, circulating blood, exhaled air, and/or urine

ATS/ERS document  2015



Biomarker of dis activity vs dis severity



Disease activity: ATS/ERS recommendation

• To validate the biomarkers as clinically useful measures of 

disease activity, by relating  potential biomarkers to patient-

centered outcomes

• To evaluate the impact of disease activity on treatment 

response and, conversely, the effects of treatment on disease 

activity

ATS/ERS document  2015



Celli BR, 2014



Disease severity

• Extent of functional impairment of the target organs

• Disease severity markers:

– FEV1

– Dyspnea

– BMI

– PaO2



Disease severity: ATS/ERS recommendation

• To determine which of them best stratifies patients for the 

purposes of determining disease severity or for 

recommending treatment

• To study if short-term changes in these indices (or other 

measures like CT findings, biomarkers) are useful surrogate 

markers of medium- or long-term patient-centered 

outcomes, thus shortening the time needed to complete 

therapeutic trials

ATS/ERS document  2015



Clin Chest Med 2014

 “a measurement of any molecule or material (eg, cells, 

tissue) that reflects the disease process 

• Excludes functional (or imaging) measurements from the more 

general concept of a marker

 Role

• early detection 

• improving the diagnosis of acute or chronic syndromes

• stratifying patients’ risk

• selecting the most appropriate therapy for a given patient

• monitoring disease progression and response to therapy

Biomarkers



Clin Chest Med 2014

(1) Relevance :related to a specific underlying disease mechanisms

(2) Sensitivity :able to detect clinically relevant differences

(3) Specificity: not influenced by confounding variables

(4) reliability : the capacity to perform consistently in different settings

(5) consistency: similar instruments produce similar results

(6) repeatability: it only changes when disease changes

(7) interpretability: translate into clinically interpretable results (QoL score)

(8) simplicity: feasible in routine clinical practice

(9) cost-effective:  its cost is lower that the savings it produces

Biomarkers: Requirements



Good biomarker

• Easily obtained

• Easy and cheap to measure

• Reproducible and sensitive and/or specific

Cut off Cut off Cut off

Baseline:              exacerbation:



Biomarker development pipeline

FRANGOGIANNIS. Trans Res, 2012



Endotypes in COPD

Russell et al, COPM, 2016



Faner et al, Thorax, 2014



Blood protein biomarker: Fibrinogen
- First COPD biomarker approved by FDA & COPD Biomarker Qualification Consortium -

Duvoix A, et al. Thorax 2013



However, usefulness of biomarkers in real field ? 

• Prediction model for an event (ex. exacerbation)

– Even small differences in values of a biomarker bet those with and 

without a future event will result in statistical significance if the 

numbers are high

• In order to be useful in individual prediction (high sensitivity 

and specificity)

– There should be a substantial separation between distribution (mean 

values) of biomarker in those with and without the event

Ware et al, NEJM 2006



Ex) Mean 0.5 SD differ corresponds to OR 3.6

OR should be 200 to be useful in clinical situation 
(sensitivity 0.8 & specificity 0.9)



Prediction for individual patients

ExacerbationNo exacerbation

Separation should be at least 2 SD



Do inflammatory biomarkers predict mortality?
- Inflammome -



Celli et al, AJRCCM 2012



Agusti A et al, PLOSone 2012



Biochemical biomarker panel can improved 
traditional mortality prediction -PROMISE COPD study-

Stolz et al, ERJ 2014

•combination of three biomarkers (adrenomedullin, arginine vasopressin and atrial natriuretic 
peptide) assessed in plasma samples of 385 patients in Predicting Outcome using Systemic 
Markers in Severe Exacerbations of COPD (PROMISE-COPD) study



Inflammatory Biomarkers and risk of AECOPD

ECLIPSE: Fibrinogen, hsCRP, CCL-18, SP-D – role a/w frequent AECOPD??? (NEJM 2010)

Copenhagen: add to clinical variables improved C-statistics 0.71 to 0.73 ( JAMA 2013)



Recovery, Recurrence of AECOPD: CRP

Nonrecovered AECOPD at day 35 had a persistently higher serum CRP

recurrent AECOPD had a significantly higher serum CRP at 14 days



Major candidate systemic biomarkers in COPD of potential 
clinical use in AECOPD



Blood eosinophil levels: marker of AECOPD risk
- Copenhagen general population & clinical COPD -

Vedel_Krogh et al, AJRCCM 2016



Eosinophil levels: informative marker of differentiate 
exacerbation reduction with Tx - SFC vs QVA149 -

Pooled analysis
LANTERN/ Illuminate study
SFC vs QVA 149

• Rate of mod or severe AECOPD  
significantly lower with QVA149 vs SFC 
(RR [95% CI]: 0.67 [0.48-0.94]; p=0.021)

• EOS  <150/mm3 & 150-300/mm3

QVA149: 45% & 43% reduction AECOPD
Vs SFC 

• Eos >300/mm3 risk of AECOPD 
was lower with SFC. 



Importance of biomarker-driven selection of 
patients in drug development clinical trials

Nat rev drug discov 2014



Eosinophil levels: informative marker for 
exacerbation reduction with ICS/LABA

• pretreatment blood eos ≥2% (vs <2%) a/w greater reduction in AECOPD  w/ ICS/LABA Tx?
• retrospective analysis of data from 3 RCT of at least 1 yr (INSPIRE, TRISTAN, SC030002)

• Blood test for eosinophil levels could be employed as a simple biomarker for clinical decision-
making in patients with mod-to-severe COPD and a history of exacerbations.

INSPIRE TRISTAN

Pavord et al, Thorax 2016



Park HY et al., Int J COPD 2015



Eosinophil levels: marker for slower rates of
decline in FEV1 when treated with ICS - ISOLDE study -

• 751 patients (mean postBD FEV1, 1.4 L: 50% pred) FP 500 μg bid vs placebo for 3 years 
• re-analysed by blood eosinophil count to investigate whether eos level predicts ICS benefit

Neil C Barnes et al, ERJ 2016



Eosinophil levels: marker of exacerbation risk after 
withdrawal of ICS – WISDOM post-hoc analysis -

•data from the WISDOM trial to assess whether patients with COPD with higher blood eosinophil 
counts would be more likely to have exacerbations if ICS treatment was withdrawn

Watz et al, Lancet Resp Med 2016



Biomarkers in COPD: take home messages

• No biomarkers or panel have  reported a high enough sensitivity or 

specificity to be useful for prediction of outcome

• Inflammome or biochemical biomarkers adds prediction value of 

mortality or exacerbation in COPD

• Blood eosinophil level is useful informative biomarker a/w
– AECOPD risk

– Differentiate exacerbation reduction with therapy (ICS/LABA vs LABD)

– Slower rates of decline in FEV1 when treated with ICS 

– Exacerbation risk after withdrawal of ICS

• Biomarkers could only replace clinical endpoints if we completely 

understood the physiology of a biological process, the 

pathophysiology in the disease state, and effects of intervention –

pharmacological, device, or otherwise – on these processes
Stribus K Curr Opin HIV AIDS. 2010 ; 5: 463


