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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

• 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 whole (HC Prescott et 

al, AJCRRM 2016)

• Well-established in asthma, cancer

• How does one establish distinct subphenotypes
when a formal definition does not exist?  

• Latent Class Analysis



Latent Class Analysis
• Statistical method for identifying unmeasured 

class membership among subjects

• Iterative algorithm that seeks to identify the 
“best fit” number of classes between 1 and n 
and assign each subject to the class to which 
he or she most likely belongs

• Within a latent class, the goal is to have no 
correlation between observed variables



• Latent class analysis (LCA) on two separate 

cohorts of patients with ARDS enrolled in 

clinical trials

• Conducted using baseline data only (clinical + 

biomarker data) and NOT clinical outcomes

• Evaluated class assignment and response to 

randomized treatment with higher vs lower 

PEEP



ARDS Net Stusy 01 (ARMA; lower Vt arm)



ALVEOLI – Continuous Variables

• Two class model = best fit 

• Phenotype 2 in 1/3 of patients 

• Greater % are in shock

• Higher mortality

• Referred to as a “hyperinflammatory” 

subphenotype



• No interaction with APACHE and treatment

• Significant interaction with class assignment and 
treatment (p=0.049)

Response to PEEP Differs 

By Endotype

Mortality in Class 1 (n=404)
Mortality in Class 2 

(n=145)

Low PEEP 16% 51%

High PEEP 24% 40%

Calfee CS et al, Lancet Resp Med 2014



• 1000 patients

• Conservative vs liberal fluid strategy

• No difference in 60 day mortality

• 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



Separation between 

classes, ie: how 

“different” they are 

from each other. (>0.8 

is good)



Lower number is better; 

suggests better model fit 



Are K classes a 

better model fit than 

k-1 classes?



Results



FACTT: Continuous Variables 



Categorical Variables



Percentage of Subjects Assigned to Each Phenotype



FACTT: Continuous Variables 

High 
PAI-1

Low 
Protein C



FACTT: Continuous Variables 

Higher 
Creatinine

Lower 
Platelets

Higher
Bilirubin



• Significant interaction for 60d mortality (p=0.0093)

Response to Fluid Rx Differs 

By Endotype

Mortality in Class 1 (n=727)
Mortality in Class 2 

(n=273)

Conservative 24% 39%

Liberal 17% 49%

Famous K et al.  AJRCCM 2016

 Prognostic and Predictive Enrichment



Similar Hemodynamic Measurements by ARDS 

Subphenotype



Is there a simpler way to 

identify class assignment?



Parsimonious (3 variable) model

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



Class 2 = DAD?



CHEST 2016

OR for Death if DAD on Biopsy

1.81 (1.14-2.87)



DAD

Pneumonia without DAD



Conclusions
• LCA is a purely descriptive approach

• Likely observing similar subphenotypes across 
ARMA, ALVEOLI, and FACTT

• Subjects in Subphenotype 2

• “Hyperinflammatory/procagulant”

• Higher mortality

• More shock and non-pulmonary organ failures

• Qualitative interaction for class assignment and 
response to PEEP and restrictive fluids



Future Directions
• Understand the biology of class assignment 

• Functional MRI (Bajwa and Harris)

• Serial evaluations of the proteome and blood 
transcriptome (Calfee)

• Cell systems (Hardin)

• Explore class assignment and responses to other 
randomized treatmets

• Rosuvastatin

• rhAPC

• …



Thank you

thompson.taylor@mgh.harvard.edu



ARDS Severity Classification may 

form of predictive enrichment?

Rubenfeld JAMA 2012, Gattinoni NEJM 2006

Patients with Severe ARDS more likely to die of 

respiratory failure rather than multisystem 

organ failure, the more common cause of death



• Exploratory analysis:  Parsimonious model for 
identifying class membership

• IL-6, sTNFr-1, vasopressor use 

• AUROC for identifying endotype:  0.93

• 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

Identification of Endotypes 

Using Three Markers



3 variable model

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

• Exclude patients with incomplete data 
(n=859)

•Excluded patients more likely to be non-
white, higher protein C and PaCO2 
levels

• Same direction of differential treatment 
effect, not statistically significant



• Exploratory analysis:  Parsimonious model for 
identifying class membership

• IL-6, sTNFr-1, vasopressor use 

• AUROC for identifying endotype:  0.93

Identification of Endotypes 

Using Three Markers



Clinical Outcome by ARDS Subphenotype



Discussion
• Are there different pathophysiologic 

mechanisms leading to lung injury and 
ARDS?

• Do these different subclasses have a 
differential response to our conventional 
therapy?

• Can we identify clinically useful markers to 
identify these subtypes at the bedside to 
guide management?



• >100 studies show no durable benefit overall or in traditionally 
defined subgroupos

• Anti-LPS (Polyclonal Ab, HA-1A, E5)    

• Anti-TNF or anti-IL-1 strategies

• IVIG, Interferon gamma, GCSF

• Growth hormone

• Soluble PLA2, elastase, and PAF Inhibitors

• Heparin, antithrombin

• Ibuprofen

• APC for all severe sepsis and lower risk severe sepsis 

• Tissue factor pathway inhibitor (Opal ESICEM 2009)

• Phospholipid emulsion (Dellinger CCM 2009)

• TLR-4 antagonist (Tidswell CCM 2010, Opal, 2012)

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

Failed Trials for Sepsis/ARDS

There must be a better way….



Outline: Precision ICU care 

• Heterogeneity of treatment effects in clinical trials:

• Lessons not learned from three decades of failed 
clinical trials in sepsis and ARDS

• Enrichment strategies for efficient testing of new 
treatments for the critically ill and injured

• Prognostic enrichment

• Predictive enrichment



User’s Guide to the Medical 

Literature II 

“If the patient would have been enrolled in the 
study had she been there—that is, she meets all 
the inclusion criteria, and doesn't violate any of 
the exclusion criteria—there is little question 
that the results are applicable.”

Guyatt  JAMA 1994



1995

On average:  

Always operate and never give aspirin

By risk:

If low, give aspirin; if high, operate





Consistent treatment effect 

in nearly all traditionally 

defined subgroups

Conclusion: always give 

eligible patients drotrecogin alfa 

(Xigris)



Consistent treatment effect 

in nearly all traditionally 

defined subgroups

Conclusion: always give 

eligible patients drotrecogin alfa 

(Xigris)



Consistent treatment effect 

in nearly all traditionally 

defined subgroups

Conclusion: always give 

eligible patients drotrecogin alfa 

(Xigris)

FDA Approved rhAPC (Xigris) for High Risk 

Severe Sepsis and suggested an APACE II > 

25 be used to estimate high risk



What explains heterogeneity of 

treatment by disease severity?

• Higher event rates -> more power to see same 
relative risk reduction

• More favorable risk benefit for drugs with toxicity

• More “inflammation” in higher risk subset -> more 
therapeutic opportunity (higher absolute and 
relative risk reduction)

• …



Heterogeneity of Treatment Effects (HTE) in 

sepsis is almost certainly more complex 

• Treatment effect of TNF strategies appear to 
depend on:

• Net state of immune reprogramming

• Type of pathogen initiating the response

• Dose

• Timing

• Duration 

• ….



Why did traditional subgroup 

analyses fail to see heterogeneity of 

treatment effect?



• Conventional subgroup analyses are typically inadequate to 
detect large and clinically important differences in treatment 
effect

• One variable at a time -> limits spectrum

• Underpowered 

• Multivariate risk stratification identifies important treatment 
differences (if substantial heterogeneity exists) and are 
superior to traditional subgroup analyses



Assume: Constant RRR (25%)

and harm in 1% of patients

Typical Patient 

• 4%3% (25% RRR)

• 1% harm

• No overall effect

Average Patient

• 8%6% (25% RRR)

• 1% harm 

• 8%7% (12.5% RRR)



Consistent treatment effect 

in nearly all traditionally 

defined subgroups

Conclusion: always give 

eligible patients drotrecogin alfa 

(Xigris)

Interpret “average effects” and traditional 

subset analyses with caution



Risk Prediction Models to Guide 

Treatment Decisions

• TIMI Risk Score for NSTEMI

• AHA/NHLBI Cholesterol Risk Calculator

• SPARC - Stroke Prevention in Atrial Fibrillation Risk 
Calculator

• “DAPT Score” for anti-platelet Rx following PCI

• …





Can we develop a similar approach for guiding treatment 

decisions for:

• Steroid Therapy for ARDS or Septic Shock?

• Duration of antibiotics (beyond procalcitonin)?

• Transfusion thresholds for PRBC?

• Activated Protein C … did we prematurely abandon APC?

• ….



“…this work suggests a single average treatment effect 
from an RCT might be a misleading guide to physicians 
for their use of a given treatment in an individual 
patient

…the ICU may be a pre-eminent site within which 
improved analyses and reporting of clinical trials can 
lead to more effective and efficient decisions, and 
smarter patient care.”

AJRCCM  2015



Outline

• Heterogeneity of treatment effects in clinical trials:

• Lessons not learned from three decades of failed 
clinical trials in sepsis

• Enrichment strategies for efficient testing of new 
treatments for the critically ill and injured

• Prognostic enrichment

• Predictive enrichment



“Enrichment is defined as the prospective use 
of any patient characteristic to select a study 
population in which detection of a drug effect 
(if one is in fact present) is more likely than it 
would be in an unselected population.”



Enrichment Strategies

• Decrease heterogeneity (noise) of enrolled subjects –
common to nearly all efficacy studies
• Fashion entry criteria to assure patients within a syndrome 

have the targeted biologic process 

• Exclude patients likely to die prior to exposure

• Exclude concomitant medications with similar effects

• Eliminate placebo responders with run-in

• Exclude patients with unstable baseline

• etc etc etc



Enrichment Strategies

• Prognostic enrichment 
• Choosing patients with a greater likelihood of 

having a disease-related endpoint (for event-
driven studies) or a substantial worsening in 
condition (for continuous measurement 
endpoints) 

• These strategies increase the absolute effect 
difference between groups but will not alter 
relative effect

Enrichment Strategies FDA Dec 2012



• An excellent example of prognostic enrichment

• FDA approved 70-gene microarray (MammaPrint®) for clinical 
detection of high risk women with breast cancer in 2014





Enrichment Strategies
• Predictive enrichment 

• Choosing patients more likely to respond to the drug 
treatment. 

• increases both absolute and relative effects  and
reduces sample size

• Selection of patients could be based on: 

• a specific aspect of a patient’s physiology or a 
disease characteristic related to the study drug’s 
mechanism

• empiric (e.g., the patient has previously appeared to 
respond to a drug in the same class)

Enrichment Strategies FDA Dec 2012





Additional examples of predictive 

enrichment

• High-rennin status and response to ACEI and ARBs

• Cystic fibrosis genotype
• Ivacaftor (4% of CF with G551D)

• Lumacaftor/Ivacaftor (48% with F508del/F508del)

• Atopic Asthma Endotype
• Omalizumab (IgE), Mepolizumab (IL-5), Dupilumab (

IL-4), Lebrikizumab ( IL-13)



• Double-blind RCT

• 104 patients with 
moderate/severe 
persistent asthma

• Atopic endotype = 
elevated serum 
eosinophil counts

NEJM 2013

87% reduction

p<0.001



Prognostic and/or Predictive 

Enrichment in Critical Care?



IL-6 + IL-6 -

Prognostic enrichment without   

predictive enrichment             



Predictive and prognostic 

enrichment



ARDS Severity as form of 

predictive enrichment?

Rubenfeld JAMA 2012, Gattinoni NEJM 2006



Patients with Severe ARDS more likely to die of 

respiratory failure rather than multisystem 

organ failure, the more common cause of death





Predictive and prognostic 

enrichment



Guerin NEJM 2013

Focused primarily on severe ARDS

 Prognostic enrichment

?  Predictive enrichment



Predictive Enrichment in 

ARDS

• Enrichment by ARDS Severity is a 
sensible approach

• As for sepsis, pharmacologic therapy will 
likely require enrichment strategies 
beyond downstream pulmonary 
physiologic alterations



• Latent class analysis (LCA) on two separate cohorts 

of patients with ARDS enrolled in clinical trials

• Conducted using baseline data only (clinical + 

biomarker data) and NOT clinical outcomes

• Agnostic to prior beliefs and biases

• If endotypes are consistently indentified, does class 

assignment predict response to treatment?



• Two class model = best fit 

• “Hyperinflammatory” endotype (Class 2) in ~1/3

- Higher mortality, more septic shock

• Strikingly similar results in two additional clinical trial 

databases (n= 1,549)

Calfee et al. Lancet Resp Med 2014

Famous et al. AJRCCM 2016



• Significant interaction for mortality (p=0.049)

• Similar findings for randomized fluid management in 
FACTT (n=1000)

Response to PEEP Differs 

By Endotype

Mortality in Class 1 (n=404)
Mortality in Class 2 

(n=145)

Low PEEP 16% 51%

High PEEP 24% 40%

Calfee CS et al, Lancet Resp Med 2014

Famous K et al.  AJRCCM 2016

 Prognostic and Predictive Enrichment



Am J Respir Crit Care Med. 2015; 191:309

Goal:  Develop a clinical test that meets the time 
sensitive demands of the critically ill patient

• Reduced the subclass-defining gene signature to 
the top 100 class-predictor genes

• Express the 100 genes using the “gene expression 
dynamics inspector”

• color-coded reporter probes read by computer 
to determine patient sub-class within 2 hours



• Digital mRNA measurements.

• Reactions in solution phase.

• No amplification step.

• Color-coded reporter probes allow for assays to 

be run within the time constraints of the ICU.



• The genes that enable sub classification correspond to 
adaptive immunity and the glucocorticoid receptor 
signaling pathway (repressed in subclass A).

• The use of corticosteroids is independently associated 
with 4 times the risk of dying in the subclass A patients.

Subclass A Subclass B

Pediatric Septic Shock 

Endotypes

Predictive Enrichment if confirmed
Am J Respir Crit Care Med. 2015; 191:309
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Summary and Conclusion
• Reporting average effects in RCTs may mask heterogeneity 

of treatment effects 

• Traditional subgroup analyses often do not detect 
effects in responsive/vulnerable subsets

• Treatment by multivariate risk should be reported

• Translation to practice will require availability of real-
time multivariate risk estimates to clinicians 

• Predictive Enrichment strategies

• Require a better understanding of underlying disease 
mechanisms 

• Potential to reduce population and treatment 
heterogeneity and improve trial efficiency

• May be more easily translated into practice
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“Risk models allow clinicians to take into account the many 
characteristics of an individual patient and their interactions 
in a logical and systematic manner, to consider the risks and 
benefits of interventions separately if needed, and to 
provide patients with personalised estimates of their 
likelihood of benefit.”



JAMA 2016



FDA Approved rhAPC (Xigris) for High Risk 

Severe Sepsis and suggested an APACE II 

> 25 be used to estimate high risk



Latent Class Analysis

Parameters

• Entropy: how well separated the classes are

• Bayesian Information Criterion: (lower is better). Rewards 
model where intra-class correlations are lower, penalizes 
models with more classes

• # Individuals/Class





Z(i) = Mean (Phenotype)i – Mean (Whole 

Sample)iStandard Deviation (Whole Sample)i



ARMA – Categorical Variables



ALVEOLI CATEGORICAL VARIABLES





0i

The National Heart, Lung, and Blood Institute ARDS Clinical Trials Network. N Engl J Med 2004;351:327-336

ALVEOLI: PEEP Titration Protocol

No Effect on 60 Day Mortality, Terminated Early for Futility 



“As a sensitivity analysis to determine 

whether general severity of illness scores 

could supplant phenotype identification, we 

tested for interactions between APACHE III 

score and PEEP. In contrast to the 

analyses using phenotype, there were no 

significant interactions between 

APACHE score and PEEP strategy for 

the outcomes of mortality, organ failure 

free days or ventilator-free days 

(p=0.58–0.99 for interactions).”





Discussion Points
• What are plausible mechanisms by which a higher 

PEEP could be beneficial in Phenotype 2 (more 
concomitant septic shock) but detrimental in 
Phenotype 1 (less concomitant septic shock)? 

 Chance finding of small numbers in Phenotype 2?

 Perhaps counter-intuitive:  Generally, higher PEEP more fluid to 
maintain normotension fluid harmful in Phenotype 2?

 Phenotype 2 already saturated with the inflammatory mediators released 
by focal alveolar over-distention, but more sensitive to inflammatory 
mediators released by atelectatrauma?



Conclusions
 Establish two subphenotypes in ARDS: Phenotype 2 = higher 

inflammatory cytokines, severe septic shock and metabolic acidosis 
as compared to Phenotype 1

 Phenotype 2 can be identified by a few variables not captured by 
the APACHE score but with distinctly worse prognosis

 Two cohorts independently validated

 Would additional class be a clinically recognizable phenotype?

 Effect of PEEP differing by phenotype is “hypothesis-generating” –
how many of our current or potential future interventions in ARDS 
could plausibly have a phenotype-dependent effect?



Journal Club 

ARDS Subphenotypes Respond 

Differently to Randomized Fluid 

Management Strategy

Famous et al. AJRCCM. Epub Aug 11, 2016.

Alexandra Wong

September 27th, 2016



Background

• Are there different pathophysiologic 
mechanisms leading to lung injury and ARDS?

• Do these different subclasses have a 
differential response to our conventional 
therapy?

• Can we identify clinically useful markers to 
identify these subtypes at the bedside to 
guide management?



Background

• Previous studies by this group: 
• Identified 2 distinct ARDS subclasses
• Subclasses derived from the ARMA and 

ALVEOLI trials
• Very similar subclass characteristics 

between the two trials



LCA in ARDS Net I
• 1022 patients in 2 cohorts

• 473 ARMA (low vs high tidal volume, 1996-
1999)

• 549 ALVEOLI (low vs high PEEP, 1999-2002)

• Independent latent class analysis in each cohort

• Latent class assignment does not take account 
of clinical outcome



ARMA – Continuous Variables



Response to PEEP Highly Dependent on Phenotype

Low PEEP 
(n = 202)

High PEEP 
(n = 202)

Mortality
(90 days)

33 (16%) 48 (24%)

Ventilator-
Free Days

20 (10-25) 21 (3-24)

Organ 
Failure Free
Days

22 (11-26) 22 (9-26)

Low PEEP 
(n = 71)

High PEEP 
(n = 74)

Mortality
(90 days)

36 (51%) 31 (42%)

Ventilator-
Free Days

2 (0-21) 4.5 (0-20)

Organ 
Failure Free
Days

4 (0-18) 6.5 (0-21)

Phenotype 1 (n =404) Phenotype 2 (n =145)

P

.049

.018

.003

Data are n (%) or median (IQR). 

P-value for interaction between PEEP assignment and phenotype





Significant Interaction Between ARDS 

Subphenotype and Fluid Management Strategy

*no interaction between APACHE III score and fluid 

management strategy for 60 and 90 day mortality


