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BackgroundBackground

ST2 (also known as IL1RL1, or Interleukin 
1 Receptor-Like 1) is a member of the p )
interleukin 1 receptor family. 





BackgroundBackground
Patients Samples

dysnea 5 1,994 2,031
Studies

dysnea 5 1,994 2,031
heart failure 24 11,845 18,490
ACS/CAD 10 9,395 13,000
other 10 8,234 8,668
Total 49 31,468 42,189



BackgroundBackground

MechanismMechanism
1. Cardioprotection or conversely remodeling

(fibrosis) and hypertrophy(fibrosis) and hypertrophy
2. Immune response and inflammatory signaling



ST2: A DECOY RECEPTOR
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CARDIOPROTECTIONAdapted from Kakkar et al. Nat Rev Drug Discov 2008



ST2 Well Positioned Relative to 
Oth Bi k i C di DiOther Biomarkers in Cardiac Disease

ST2
TROPONIN

NP MARKERS

GALECTIN 3GALECTIN-3

DIAGNOSIS PROGNOSIS/MANAGEMENT

7



The Presage ST2 Assay is not a 
diagnostic assay. Its use is in g y
prognosis, treatment 
selection/monitoring and diseaseselection/monitoring and disease 
prevention.

ST2 levels change in response toST2 levels change in response to 
therapies that improve outcomes.



The Impact of ST2 in Patient 
MManagement
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ST2 have the highest prognostic 
accuracy OVER ALL OTHER MARKERS y
(BNP, NT-proBNP, Gal-3…)



PRIDE: 1 Yr Mortality Risk Stratification
D ST2 H St t P ti H d R tiDyspnea: ST2 Has Strongest Prognostic Hazard Ratio

* * * ** * * *

11 Rehman SU et al. Clinica Chimica Acta 2008All p-values <0.05 except where asterisked



Cumulative Adverse Event Rates For ST2 Values >35 ng/ml for 
Death or Heart Failure Re hospitalizationDeath or Heart Failure Re-hospitalization 
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Example from FDA submission



Acute HF: Other Tools are Inadequate…
ST2 M t P di ti f M t lit Ri kST2 Most Predictive of Mortality Risk

ST2 predicted mortality
Hazard Ratio

ST2 predicted mortality 
better than other 
demographic variables 
and biomarkers

3.5

4

and biomarkers

ST2 provides valuable 
i f ti t

2

2.5

3

information not 
available from existing 
tools

Hypertension CAD Diabe
0.5

1

1.5

Hypertension, CAD, Diabe
tes, Ejection 
Fraction, and Smoking 
were not significant 
predictors of

0
ST2 > 35 

ng/mL
NT-proBNP 
> median

BNP > 
median

Prior 
Congestive 

HF

NYHA 
Severity

(per 
functional

Age (per 
year)

predictors of 
mortality, but were 
evaluated. *HR shown if p<.05; univariate HRs are given. ST2 HR is forST2>35 ng/mL from

PRIDE dataset; additional data provided by investigators to Critical Diagnostics.
For ST2 > median, HR is 2.85.

functional 
class)
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ST2 Provides an Earlier Signal For 
Short Term Adverse Events thanShort Term Adverse Events than 

NPs

• Pooled ADHF studies
• Isn’t an Earlier Signal, By Definition, A More
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Isn t an Earlier Signal, By Definition, A More 
Clinically Useful Signal?



ST2 and NT-proBNP are Additive for 
Risk

Category Death Rate HR (95% CI) p

ST2 ≤35 ng/ml
NT-proBNP ≤median 9.0% 1 NA

ST2 ≤35 ng/ml
NT-proBNP >median 23.3% 2.87 (1.9 – 4.32) <0.001

ST2 >35 ng/ml 22 2% 2 70 (1 25 5 84) 0 0115g
NT-proBNP ≤median 22.2% 2.70 (1.25 – 5.84) 0.0115

ST2 >35 ng/ml
NT-proBNP >median 38.9% 5.59 (3.61 – 8.66) <0.001

Results from HF-ACTION chronic, ambulatory HF study cohort
Median NT-proBNP concentration is 852 pg/ml in this study.
Study follow-up period of 4 years.

• Elevated ST2 identifies high risk patients missed by NT-
proBNP, almost 25%!!

• Risk is higher if either marker is elevated and highest if both g g
makers are elevated
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Serial ST2 Measurements Categorize 
Responder Status

COX Regression AnalysisCOX Regression Analysis 

For every 10% ST2 change
HR 1.04, p=0.03p

Adjustment for ADHERE Risk 
Factors and BNP change. 

PPV for Survival for 92%
Decrease ≥50%

Decrease 25 – 49%

Increase or decrease <25%
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็ S l hอยางไรก็ตาม ยังมีการศึกษาระหวาง Structural heart 
disease กับคา soluble ST2 level วาเกี่ยวของกันหรือไม



Research QuestionResearch Question

Does sST2 level can predict an 
incidence of diastolic dysfunction in y
elderly patient ?







The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.





P < 0.05 P < 0.05 P < 0.05



SEEGATSEEGAT

้ ST2 ่ iดังนันการใช ST2 สามารถทีจะบอก prognosis และบอกถึง
สภาพของหัวใจที่ผิดปกตไิด

– LVEF, RVSP, RV function, Ea wave
Diastolic function & sST2 in outpatient setting– Diastolic function & sST2 in outpatient setting 
= no data available !!!



SEEGATSEEGAT

To compare baseline/change in sST2
Primary OutcomePrimary Outcome
– Incidence of diastolic dysfunction in 

elderly outpatient settingelderly outpatient setting



SEEGATSEEGAT

Secondary Outcome
– Death from cardiovascular causes
– All-causes mortality

Major adverse cardiovascular event– Major adverse cardiovascular event

ในการติดตามศึกษาระยะยาว อาจจะสามารถใชเพิ่มเปนอีก 1 ขอใน 

Risk stratification of RAMA-EGAT score !!!Risk stratification of RAMA EGAT score !!!



Conceptual FrameworkConceptual Framework

Elderly patients in 
EGAT study

Diastolic dysfunction
Cardiovascular events

10 years

Cardiovascular death
All cause of death

Baseline sST2 level
Cross-sectional ST2

Alt ti f ST2 l lAlteration of sST2 level



Research MethodologyResearch Methodology

Observational cohort studyObservational cohort study
Patients who met to the inclusion criteria and not in 

l i  it i  i  EGAT t dI l i it i exclusion criteria in EGAT study

Patients’ blood samples were checked for soluble ST2 level and 

Inclusion criteria:
- Age more than 60 years
- Blood samples were available 
for sST2 evaluation at 0, 10 years  

10 ye

baseline characteristics were collected
, y

Exclusion criteria:
Patients are participated in ears

Patients’ blood samples were checked for soluble ST2 level, diastolic 

- Patients are participated in 
others double blind clinical 
controlled trial 
- Loss to follow-ups at 10 years

dysfunction and cardiovascular outcome were collected
p y

- Has an incomplete data for 
baseline 
characteristics, echocardiography 
or cardiovascular outcomes Statistical analysis for incidence of diastolic dysfunction, 

cardiovascular outcome/death, all cause mortality

or cardiovascular outcomes



Dummy BaselineDummy Baseline
Low ST2 High ST2 P-value

Age, year

Male, %

Obesity (BMI ≥ 25), %

Cerebrovascular disease, %

Cardiovascular disease, %

Peripheral artery disease, %

Smoking, %

Hypertension, %

Diabetes mellitus, %

Hypercholesterolemia, %
Family history of premature cardiacFamily history of premature cardiac 
death, %



Dummy OutcomeDummy Outcome
Low ST2 High ST2 P- value

Incidence of diastolic dysfunction

E/e’
LA volume index
LV strain pattern

Hi t f t di l Chi-square test,History of recurrent cardiovascular 
event, %

Cerebral infarction %

Chi square test,
Fisher exact test, 

Odd ratio, 95% CI
Spearmen’s correlationCerebral infarction, %

Myocardial infarction, %

p
Kaplan meier’s

Cox-regression hazard ratio

Peripheral arterial disease, %

Cardiovascular death, %
All cause of death, %



Time scheduleTime schedule

Year 2012 2013 20
14

Month 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1Month 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1

Revised 
lproposal

Data 
collection

Analysis

Writing finalWriting final 
report
Present paper ACC – SF

d 12 ESC HLdec12 ESC – HL
feb13



Expect benefit and applicationExpect benefit and application

Be the first study to show a correlation 
of New-onset diastolic dysfunction and y
sST2 level in outpatient setting

To add sST2 level into RAMA-EGAT 
score for more accuracy of risk 
stratificationstratification
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