ARDS EndotypesDifferential
Response to Fluid Therapy

Michael Ward Memorial Lecture
CCCHoronto

October 31, 2016

B. Taylor Thompson MD
Professor of Medicine
Massachusetts General Hospital
Harvard Medical School
Boston, MA




Disclosures

w Grant Support
w NHLBI
w Consulting
w Alexion
w Asahi Kasel
w Boehringer Ingelheim
w GlaxoSmithKline
w Regeneron



ARDS and DAD: final common
pathway numerous Insults?
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Are there (uniquely) treatment-
responsive subsets
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Endotype or Subphenotype

w A subset of a patient population, defined by
observable characteristics, that has a distinct natural
history, disease manifestation, and/or response to

treatment from the population as a wholgc prescott et
al, AJCRRN016)

w Well-established in asthma, cancer

w How does one establish distinstibphenotypes
when a formal definition does not exist?

wlLatent Class Analysis



Latent Class Analysis

w Statistical- method for identifying unmeasured
classrmembershipramong subjects

wlterative algorithm that seeks to identify the
GOo-Sa U FAUE YdzY o SN 2 F
and assign each subject to the class to-which
he or she most likely -belongs

wWithin a latent class, the goal is to have
correlation between observed variables



Subphenotypes in acute respiratory distress syndrome:
latent class analysis of data from two randomised
controlled trials

Carolyn S Calfee, Kevin Delucchi, Polly E Parsons, B Taylor Thompson, Lorraine BWare, Michael A Matthay, and the NHLBI ARDS Network

A Latent class analysis (LCA) on two separate
cohorts of patients with ARDS enrolled In
clinical trials

A Conducted using baseline data only (clinical +
biomarker data) and NOT clinical outcomes

A Evaluated class assignment and response to
randomized treatment with higher vs lower
PEEP

Lancet Respir Med 2014
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Standardised variable value
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Response to PEEP Differs
By Endotype

w No interaction with' APACHE and treatment

w Significant interactionvith class assignment.and
treatment (=0.049

Mortality in Class 1 (n=404 Mortality in Class2

(n=145)
Low PEEP 16% 51%
HighPEEP 24% 40%

Calfee CS et al, Lancet Resp Med 2014



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Comparison of Two Fluid-Management
Strategies in Acute Lung Injury

The National Heart, Lung, and Blood Institute Acute Respiratory Distress
Syndrome (ARDS) Clinical Trials Network*

w 1000 patients

w Conservative vs liberal fluid strategy

w No difference in 60 day mortality

w Conservative fluid group had more ventilator free days

@ How many classes are identified by LCA/and does:class
assignment predict response to randomized fluid:management?

Famous et al. AJRCCM ePub 2016




Results

1 Class 93883.9 -- 1000 --
2 Classes 92118.2 0.86 127 273 < 0.0001
3 Classes 91839.5 0.88 708 164 128 0.19
4 Classes 91519.8 0.82 434 351 159 o6 0.66
5 Classes 91267.7 0.84 411 287 157 92 53 0.08




Separation between
classes, ie: how
“ndi fferento
from each other. (>0.8
IS good)
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Lower number is better;
suggests better model fit
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Are K classes a
better model fit than |
k-1 classes? |
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Categorical Variables
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Percentage of Subjects Assigned to Each Phenotype
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Standardized Variable Value

FACTT: Continuous Variables
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Response to Fluid Rx Differs
By Endotype

w Significant interaction for 60d mortality (p:0.0()93

Mortality in Class2

Mortality in Class 1 (n=727 (n=273)

Conservative 24% 39%

Liberal 17% 49%

V Prognostic and Predictive Enrichment

Famous K et al. AJRCCM 2016



Similar Hemodynamic Measurements by ARDS
Subphenotype

Subphenotype 1 Subphenotype 2 p-value

Central Venous Pressure 11.7+4.7 127 +47 0.005
(CVP) (mmHg)

Pulmonary Artery Occlusion 155+54 16.1+5.3 0.28
Pressure (mmHg)

CvO2 (%) 73.5+10.8 7114+118 0.04

MvO2 (%) 69.2+114 67.8+12.6 0.34

Cardiac Index (L/min/m?) 43+14 41+14 0.27




Is there a simpler way to
iIdentify class assignment?



Parsimonious (3 variable) model

FACTT ARMA ALVEOLI
Derivation Validation Validation
Cohort Cohort Cohort
Top Variables from FACTT AUC AUC AUC
3-variable mode| 0.95 0.94 0.91
(IL-8, bicarbonate, TNFr1)

Cautions: until we have a better understanding of
the underlying biological, environmental,

and genetic processes driving class membership,
these results should be considered

hypothesis generating



Speculation

Warning, entering a (mostly)
data free zone



Comparison of the Berlin Definition for Acute
Respiratory Distress Syndrome with Autopsy

Arnaud W. Thille'3, Andrés Esteban’, Pilar Fernandez-Segoviano? José-Maria Rodriguez?,
José-Antonio Aramburu2, Oscar Penuelas?, Irene Cortés-Puch', Pablo Cardinal-Fernandez?,

José A. Lorente!, and Fernando Frutos-Vivar!
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The Presence of Diffuse Alveolar Damage
on Open Lung Biopsy Is Associated With

Distress Syndrome
A Systematic Review and Meta-Analysis

Laurent Papazian, MD,; and B. Taylor Thompson, MD

@ CrossMark

Mortality in Patients With Acute Respiratory

Pablo Cardinal-Femandez, MD, PhD; Ednan K. Bajwa, MD,; Andrea Dominguez-Calvo, MD; Justo M. Menéndez, MD, PhD;

DAD Non DAD

Author Death Total Survive Total Odds Ratio OR 95%-Cl W(fixed)

Nussbaum 1983 2 3 0 4 i 15.00 (0.43-524.53) 0.6%
Papazian et al 1998 2 5 15 31 —ul—i— 0.71  (0.10-4.86) 9.3%
Patel et al 2004 . | . (0.25-2.09) 29.8%
samam ezl OR fOr Death If DAD on BIOPSY |eos 64 sex
Charbonney et al 0.23-133.61) 1.5%
Willets et al 2011 1 " 8 1 (1 . 14-2 " 87) (0.75-42.36) 3.0%
Kao et al 2015 41 o7 20 44 - 3.08 (1.34-7.04) 23.6%
Guerin et al 2015 32 48 20 35 —|I— 1.50 (0.61-3.69) 28.7%

|
Fixed effect model + 181 (1.14-2.87) 100%

I
Heterogeneity: F = 20.2%; 1= 0.1382; P = .269 001 01 1 10 10




José A. Lorente Acute respiratory distress syndrome in patients

Pablo Cardinal-Fernandez

Diego Muiioz with and without diffuse alveolar damage:
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Conclusions

wLCA iIs a purely descriptive approac

wLikely-observing similar subphenoty
ARMA, ALVEOLI,. and FACTT

wSubjects irubphenotype2
woHyperinflammatoryprocagulang
wHigher mortality

N

DES aCl'OSS

wMore shock and nepulmonary organ failures

wQualitative interaction for class assignment an
response to PEEP and restrictive fluids



Future Directions

w Understand the biology of class assignment
wFunctional MRIRajwaand Harris)

wSerial-evaluations of the proteome and blood
transcriptome(Calfeg

wCell systems (Hardin)

w Explore class-assignment and responses to other
randomizedreatmets

wRosuvastatin
wrhAPC
WX



Thank you

thompson:taylor@mgh.harvard.edu



ARDS Severity Classification may
form of predictive enrichment?

Patients with Severe ARDS more likely to die of _

respiratory failure rather than multisystem
organ failure, the more common cause of death
5 i & g [ ) =T
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Rubenfeld JAMA 2012, Gattinoni NEJM 2006



ldentification of Endotypes
Using Three Markers

w Exploratory-analysis: -Parsimonious model for
identifying classrmembership

wlL-6, STNF1, vasopressor use
@ AURQOC for identifying endotype: 0.93

w Cautions: untilwe have a better understanding of
the underlying biological, environmental, and genetic
processes driving class membership, these results
should be considered hypothesis generating



3 variable model

wls there an interaction between treatment
and subphenotype using the 3 variable
model?

wExclude patients with incomplete data
(n=859)
oExcluded patients more-likely to be non

white, higher protein C and PaCO2
levels

wSame direction of differential treatment
effect, not statistically significant



ldentification of Endotypes
Using Three Markers

w Exploratory-analysis: -Parsimonious model for
identifying classrmembership

wlL-6, STNF1, vasopressor use
@ AURQOC for identifying endotype: 0.93



Clinical Outcome by ARDS Subphenotype

Subphenotype 1 Subphenotype 2 p-value

(n=727) (n=273)
60-day mortality 21% 44% < 0.0001
90-day mortality 22% 45% < 0.0001
Ventilator-free days 15 8.8 < 0.0001

(mean)




Discussion

wAre there different pathophysiologic
mechanisms-leading to lung injury and
ARDS?

wDo these different subclasses have a
differential response to our.conventional
therapy?

wCan we identify clinically-useful- markers to
identify these subtypes at the bedside to
guide management?



Failed Trials for Sepsis/ARDS

w >100studiesshow no durable benefibverall or in traditionally
defined subgroupos

w Anti-LPS (Polyclonal Ab, HA, E5)

@ Anti-TNF or antiL-1 strategies

w IVIG, Interferon gamma, GCSF

w Growth hormone

w Soluble PLA elastase, and PAF Inhibitors

w Heparin, antithrombin

w |buprofen

w APC for all severe sepsis and lower risk severe sepsis
w Tissue factor pathway inhibitor (Opal ESICEM 2009)
w Phospholipid emulsion (Dellinger CCM 2009)

w TLR4 antagonist (Tidswell CCM 2010, Opal, 2012)

w APC for persistent septic shock (Ranieri & Thompson, 2012)

There must be a better



