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BIOMARKERS IN COPD

oE2! ol 0
o|FE HoH

2| i

-
2



COPD prevalence

Table 1 Prevalence of airflow obstruction stratified by place of residence, education and income

Total population Men Women

Number of Prevalence Mumber of Prevalence Number of Prevalence
subjects Yo subjects % subjects Yo

Age
=18 years
=40 years

Rural

Urban
Education

Elementary school or lower

Middle school

High school

College or higher
Income

Low

Low —~ middle

Middle - high

High ) .6
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=0l S 2 A 2008
Yoo KH et al Respirology 2011 16, 659-665
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Change in Death Rate Between 1970-2002
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Deaths (x106)

The Future?

Baseline model

Optimistic model

1990 2000 2010 2020

From Murray et al. Lancet 1997;349



What Is ?

“a characteristic (or variable) that Is
objectively measured and evaluated as an
Indicator of normal biologic processes,
pathogenic processes, or pharmacologic
responses to a therapeutic intervention.”

The National Institutes of Health (NIH)






The number of publications in PUBMED

identified using search terms “biomarker” and
“COPD” between 2000 and 2012

Publication number
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COPD Biomarker

“‘with exception of the , there
are no well-validated biomarkers or surrogate
endpoints that can be used to establish efficacy
of a drug for COPD.

FDA(U.S.Food and Drug Administration)



FEV1

*Highly reproducible
*Tracks certain health outcomes in COPD,

°It Is hard to modify with therapies, does not
reflect disease activity

correlates only loosely with clinically
Important health endpoints(mortality,
hospitalization and QOL)



Se7 [A] Se:4 [A]
Im:72 Study Date:4/10/2009 | Irm:20 Study Date:10/14/2008
Study Time:9:04:25 AM Study Time:1:44:03 P
MRN: MR

51Al & Xt FEV1 51% predicted 50Kl O Xt FEV1 49% predicted



Chest Imaging as Biomarkers in COPD

Inspiratory and expiratory LDCT
-diagnostic information regarding COPD
Positive predictive value of 76%
Negative predictive value of 79%



No of Terminal Bronchioles/

ml of lung
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AIRWAYS DISAPPEAR!

>80% reduction in number of small airways
m Control  COPD

<489 489-1000 >1000
Mean Linear Intercept (um)

Emphysema Progression
McDonough et al. N Engl J Med 2011;365:1567-75



No of small airways (2-2.5mm)

SMALL AIRWAY ATTRITION IN COPD

180
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GOLD 2 GOLD 3/4

McDonough et al N Engl J Med 2011;365:1567-75



» This novel approach to imaging and its
findings in terms of small airways
number : biomarker for COPD risk, Px,
response to Tx.



Computed tomography—based biomarker
provides unigue signature for diagnosis of
COPD phenotypes and disease progression

o

= Normal lung
O fSAD
B Emphysema

Inspiration (HU)

&
8

—-1,000 -900 -800 -700 -600 -500

Inspiration (HU)
&
(4]
o

Expiration (HU)

o

500
—550
—600
—650
-700
-750 s »
-800 SRS E Sl Expiration
-850 | '
-900 (¢ QR Gt
ezl AR R -1,000 -950 -900 -850 -800 -750 -700 —650
—1,000 | [ o] Expiration (HU)

-1,000 -900 —-800 -700 —-600 -500

Expiration (HU)

Inspiration

©
8

Inspiration (HU)

Galban,Nature Medicine 2012 Vol 18 N 11



Inspiration PRAM-

oo

o
L

0O Month 0
@ Month 11

an
-

Month O
Relative volurmas

Month 11

Normal fSAD Emphysama

0 Month 0
@ Month 26

o
s
=
=
2

Relative volumes

iSAD E

Galban Nature Medicine 2012 Vol 18 N 11



Sputum Parameters as Biomarkers in COPD

* Sputum: attractive source of biomarker
primary site of disease in COPD

» Sputum eosinophilia (Eosinophil counts 3% or greater)
-affects about 25% of patients with COPD
-Increased clinical responsiveness to both

Inhaled and oral corticosteroids



» Sputum neutrophilia, on the other hand,
IS associated with poor (or no)
therapeutic responses to corticosteroids



Sputum neutrophil % according to GOLD stage

n=180 Stage ll

SCreening n=141 Stage lll

n=}8 SE g ')
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Singh et al Respiratory Research 2010,11.77
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Sputum Biomarker as Treatment Efficacy
(roflumilast and placebo Tx after 4 weeks)

Neutrophils Eosinophils

® © & N
- = = = Q
| | | |

L0
.
L ]
L
L]
-
—
i
, T
L N
)
-
-
]
i —
>
o
=
.
)
-
-
>
, M
ad
.
-
-
]
L]
==

Gupta COPD 10:107-114,2013



Integrative severity indices as biomarker

 BODE index
body mass index,
degree of airflow obstruction measured
by FEV1,
dyspnea as determined by the medical
research council(MRC) dyspnea scale,
exercise capacity as determined by
distance walked in 6 min(6MWD)



Probabilty of Sundval

P okl

= 1z 1& 2 Za4 = 3F &= 4o 44 48 52
rAonths
Mo, at Risk 511 SF4 521 454 3FF . 159 =i

Probability of Surdval

P=0. ol

= 12 1« 2o F4& 2= 3F F&E 40 44 248 52
rRAonths
Mo, at Risk 511 SF4 521 454 3FF . 159 =i

Celli N Engl J Med 2004 Mar 4;350(10):1005-12.



BODE: Predictor of hospitalization

Variables IRR for Hospital 95% (I P Value
Admissions

Risk of hospitalization
BODE index 1.20 1.15-1.25 <0.001
Body mass index score 1.96 1.55-2.49 <0.001

Airflow 1.50 1.32-1.69 <0.001

obstruction score

Dyspnea score 1.38 1.25-1.52 <0.001

Exercise 1.33 1.20-1.47 <0.001

capacity score

Ong Chest 128,6 Dec,2005




ADO Index

® Age
® Dyspnea(MRC scale)
® Severity of airflow obstruction(FEV1)



DOSE Iindex

® Dyspnea(MRC scale)

® Obstruction (FEV1)

® Smoking status(Current or former)
® Exacerbation freguency



Biomarkers of COPD
exacerbation



Adjusted Odds Ratio of CRP >2.1 mg/L
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Fibrinogen and COPD

L J 1 Alessandri

—@— Dahl (smokers)
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Fibrinogen Is associated with

Exacerbations
100
<3.45 g/l
2 Low Levels
2 90
(qv]
2
o >3.45 g/l High Levels
X 80
Q
3
>
A 70
5 p=.002
&
LL
< 60
50
0 3 6 9 12

months
COSMIC Trial Chest 2008;133:350-7



High Fibrinogen---More COPD Hospitalization

COPD Hospitalization per

10,000 person-years

100
90
80
707
60
50
40
30
20
10

<2.7 2.7-3.3 >3.3

Plasma Fibrinogen (g/L)

Dahl et al. AJRCCM 2001



HR for COPD Death

High Fibrinogen Levels Increase Risk of
COPD Deaths
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All Participants Never Smokers

Danesh et al. JAMA 2005;294



Plasma fibrinogen and IL-6 in COPD
exacerbation

Exacerbation within | No or Resolved P-value
30 days Exacerbations

N Median(IQR) N Median(IQR)

Biomarker

Fibrinogen(mg/dl) 33 534.0(156.0) 157  464.0(115.0) <0.001
Interleukin-6(pg/mL) 30 2.3(6.0) 151  0.6(2.6) <0.001

Dickens Respiratory Research 2011,12:146



tSerum SPD Related to | FEV1

1.8 R2=0.18, P=0.045

1.6—

Baseline FEV, (L)

i i i i i 1
30 35 40 45 50 55 6.0

Baseline Log-SPD (ng/mL)

Sin et al. BMC (Pulmonary): 2007



Serum amyloid A(SAA)
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Bozinivski AJRCCM 2008 Vol 177 269-278




Copeptin
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Inflammatory biomarkers predictive of
COPD mortality

Cigarette smoke
exposure

é

( PARC

Fibronectin

'y — IL-6

fi Lung: Clara

S cells produce
' gg:E)G more SP-D , :
| — and less CC-16. Systemic response: Liver

Macrophages produces CRP in response
and dendritic to IL-6. Liver also produces
Nonciliated cells produce fibronectin

Clara cells . more PARC

—

Kelly Expert Rev. Respir. Med.2013 7(1),57-64



Percent Survival

PARC/CCL-18 Is associated with Mortality
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85%
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75%

<147 ng/mL

Low Levels
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High Levels

P<0.001

6 month

|
1 Year

|
18 month

2 Years 30 month 3 Years

Don Sin AJRCCM 2011 Vol 193 1187-1192



Blood Parameters as Biomarkers in COPD

Biomarker Mortality Exacerbation FEV1 decline

CRP Yes Yes

PARC Yes Yes
Serum amyloid A Yes
IL-6 Yes Yes
fibrinogen Yes Yes
Surfactant Protein D Yes

Kim JW, Sin Chest magazine 2012 Pulmonary perspective




Proteonomics as novel diagnostic
Biomarker
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Genome-Wide Association Analysis of Blood
Biomarkers in COPD

Protein [ SNP BP Nearest Gene Minor Allele Test ( 95% Cl

CCl6 517137266 61956393 AHNAK ADD : 1.05t01.37

Surfactant protein D 58063863 82958351  ATP2C2 ADD 0.70 to 0.92
: rs80483/6 82980535 ATPAC2 ; ADD 0.71100.95

rs/078012 81695413 SFTPD ADD B 0.73t00.97

151885553 81701691 SFTPD ADD 10010 1.24

151923539 81684930 RP11-479017 4 : ADD 10010 1.2/

Kim D K AJRCCM 2012 Vol 186, Iss. 12, pp 1238-1247, 2



Summary and Future direction

« Several promising biomarkers

- sputum: eosinophilia

-Blood :
CRP (for exacerbation, especially if the
levels are >10 mg/L)
IL-6 (for predicting total mortality)
CC-16 (for predicting accelerated decline in lung
function)
eosinophilia(>2% of total cell count)



Summary and Future direction

« Evolving technology in gene sequencing, micro-RNA
Interrogation, high throughput proteomics, coupled
with large scale cohort studies in COPD
(e.g. ECLIPSE, SPIROMICS, COPDGene)

.identification, validation and qualification of even
better biomarkers in the near future for the diagnosis,
prognosis and monitoring (of therapeutics) in COPD.






