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Why am I here?
• Introduction

• Recruitment and Enrollment into Clinical Trials

• Endpoints

• Study Design
Olliver , New strategies for the conduct of clinical trials in paediatric Pulmonary Arterial 
Hypertension (PAH) (JAHA, In Press)
Adatia, Clinical trials in neonates and children. Pulm Circ 2013;3:252-266
Torok, Recommendations to enhance pediatric cardiovascular drug development. JAHA 
2018:7;e007283 
Sun, Reliable and developmentally appropriate study end points are needed to achieve 
drug development for treatment of pediatric PAH. J Perinatol 2016;36:1029-1033

Efficiency of a RCT must be 
Acceptable 

Research Value of Obtainable Data

Costs of Obtaining the Data

Internal Validity

Risks to Participants

# Participants Needed Financial (scarce resources)

External Validity Public Health Impact

Burdens on Participants

Research Value of Data
To be ethically justified…

• Investigators must ask questions important to patients/parents 
and/or physicians.

• Trial results should be clinically applicable

• The value of a research question will necessarily change over time

• Research question should be addressed in a valid manner

• Underpowered, biased, flawed, non-generalizable studies 
threaten the ethical stance of enrolling patients

• 33% of pediatric clinical trials in PAH on clinicaltrials.gov were 
suspended, terminated, or withdrawn between 2005-2014 
(Awerbach, Pulm Circ 2017)

• 38% were completed; only 24% were published

• Results need to be published and disseminated
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Cost of Obtaining Data

Research risk

• Study procedures can’t be onerous out of proportion to the 
protection provided for the subject (if clinically warranted) or 
the data provided (nontherapeutic procedures).

• Invasive hemodynamics at baseline, vs

• Repeat caths to assess serial hemodynamics in study

• Monitoring of liver function

• Research burden on patient (time, expense)

• Clinical treatment of patient constrained by protocol

• Actual costs of the research in times of financial limitations

• It is better to light one candle than curse the 
darkness.

– Chinese proverb

Why do parents enroll their children with PAH 
in clinical trials?

Why do Adult PAH Patients Enroll 
in Clinical Trials?

• Hope for personal benefit (“a cure”) (54%)
– Ethically problematic, conflates research  with clinical 

care “therapeutic misconception”
– Research is different from clinical care in several ways

• Treatments are assigned at random
• Outcomes are assessed as a group
• Protocolized drug doses and concurrent therapies
• No expected/guarantee of benefit for the 

individual
Carroll, Clin Trials 2012

• To get access to therapy when approved therapies are 
not available outside of study (e.g., no insurance, can’t 
afford co-pays)
– Also ethically tenuous

– Exposing subset of the (world) populace (i.e., the most 
disenfranchised) to the risks of research when a larger group 
patients will potentially benefit from the research

• Subjugating the interests of some (the poorest, least access 
to healthcare) for the well-being of all future patients

• Developing countries

– Enrollment under  duress, without the ability to balance the 
risks and benefits (sacrificing autonomy)

Why do Adult PAH Patients Enroll 
in Clinical Trials?

Carroll, Clin Trials 2012
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• Deference to their physicians (who are usually also trial 
investigators) (35%)
– Patients’ trust in their doctors may be a powerful stimulus 

to enroll
– Parents may be afraid to say “no” to the person who is 

“saving the life of their child”, providing clinical care
– Condition where significant physician secondary interests 

(investigator) which could compromise primary interest 
(clinical care of the patient) (“conflict of interest”)

– Major factor in pediatric PH

Why do Adult PAH Patients Enroll 
in Clinical Trials?

Carroll, Clin Trials 2012

• Altruism (54%)

– Ability to help future patients  and contribute to 
science

– The only really ethically justifiable motivation to 
enroll

Why do PAH Patients Enroll 
in Clinical Trials?

Carroll, Clin Trials 2012

Parental Response to Questionnaire 
about Clinical Trials

Import of clinical trials for efficacy and safety of PH 
medications in children

94%

Comfortable with physicians prescribing medicines only 
studied in adults, regardless of testing in children

72%

Would consider allowing their children to participate in 
clinical trial

86%

Requirement for cardiac catheterization for study Prohibitive- 22%
Concerns- 75%

Possibility of randomization to placebo rather than study 
drug

Prohibitive- 39%
Concerns- 43%

Awerbach, Pulm Circ 2017

• Refusal rate was related to the perceived burden on the 
family on the part of the physician enrolling patients 

• Pediatricians with limited training in ethics were reluctant to 
enroll children in clinical trials

– Degree of comfort with drug studies in children may vary

• Parents who reported a positive recruitment experience, 
viewed participation in a trial as an ‘exciting’ opportunity, felt 
a sense of comfort and safety, acknowledged the value of 
research

• National and international networks may provide opportunity 
to provide standards and resources to enhance the ethical 
recruitment of children in PAH trials (and ask qualitative 
research questions)

Recruitment of Children into Trials 
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Patient/Proxy Perceptions and 
Recruitment- Next Steps

• Perform qualitative, international research on what 
motivates/dissuades children to enroll in research

• Perform research into the optimal way to present 
pediatric PH trials 

• Seek all paths to optimizing ethically-sound 
recruitment by refining the process and providing 
training (through national/international networks)

• Introduction

• Recruitment and Enrollment into Clinical Trials

• Endpoints

• Study Design

Surrogate Endpoint (FDA)

• A surrogate endpoint or marker is a lab measurement or 
physical sign that is used in a therapeutic trial as a substitute 
for a clinically meaningful endpoint that is a direct measure of 
how a patient feels, functions or survives and is expected to 
predict the effect of therapy.

-Examples: pulmonary vascular resistance, NT-proBNP, 
cardiac index, RVEF from MRI, six minute walk, physical 
activity, gene expression, neurodevelopmental testing, 
functional class

What About PVR?

• PAH is defined by hemodynamic abnormalities (thought 
integral to causal pathway of disease)

• Baseline PVR and other hemodynamic measures predict 
survival in PAH

• Hemodynamic improvement with treatment is associated 
with better outcome  

• PVR is frequently the primary end point in Phase II trials, 
and has been proposed for extrapolation from adult trials

Sitbon, JACC 2002
Benza, JHLT 2011
Ventetuolo, Circulation 2014



3/9/2019

6

Ploegstra, 2016

What are the Criteria for a Validated Surrogate 
Endpoint?

PAH Surrogate Survival

Treatment

1. Reliable 

2. Integral to disease causal pathway, targeted by treatment

3. Correlation between surrogate and outcome

4. Effects of the treatment on the surrogate must predict 
effect on the clinical outcome

 Effect on surrogate should explain 50 – 75% of the treatment-
outcome relationship 

Prentice, Stat Med 1989 
Buyse, Biometrics 1998 
Freedman, Stat Med 1992 
Fleming, Ann Intern Med 1996

Patient-Level Data from 
Four Phase III Studies in Adults

Characteristic 
Active treatment 

(N = 656) 
Placebo 

(N = 463)
Age, years 47 (36-58) 49 (37-59)
Male,  n (%) 145 (22) 110 (24)
Race, white n (%) 553 (86) 390 (85)
BMI, kg/m2 25.7 (22.2-29.8) 26.0 (22.8-30.3)
PAH diagnosis, n (%)

Idiopathic 374 (60) 263 (60)
Connective tissue disease 147 (24) 100 (23)
HIV/anorexigen use 5 (1) 5 (1)
Congenital heart disease 98 (16) 71 (16)

NYHA Class III/IV, n (%) 312 (49) 170 (38)
Baseline 6MWD, m 355 (288-408) 348 (273-410)
Study, n (%)

AIR (iloprost) 101 (15) 101 (22)
SUPER (sildenafil) 204 (31) 65 (14)
STRIDE-1 (sitaxsentan) 118 (18) 60 (13)
Treprostinil 233 (36) 236 (51)

Ventetuolo, Circulation 2014

PAH PVR Clinical 
event

Clinical 
event

Active 
treatment

Active 
treatment

1. Treatment assignment has significant effect on PVR

Hemodynamic 
measure 

Mean difference between 
treatment and placebo 95% CI P value

PVR -2.1 Wood units -2.7, -1.5 < 0.001
All models include adjustment for baseline hemodynamic value and study

Ventetuolo, Circulation 2014
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PAH PVR Clinical 
event

Clinical 
event

Active 
treatment

Active 
treatment

2. PVR has  significant effect on odds of clinical event

Hemodynamic 
measure 

OR for clinical event per 1 
Wood unit increase 95% CI P value

PVR 1.06 1.01, 1.11 0.01
All models include adjustment for baseline hemodynamic value and study

Ventetuolo, Circulation 2014

PAH PVR Clinical 
event

Clinical 
event

3. Treatment assignment has a significant effect on odds of 
clinical event 

OR for treatment vs. 
placebo 95% CI P value

0.47 0.30, 0.72 < 0.001
All models include adjustment for baseline hemodynamic value and study

Active 
treatment

Active 
treatment

Ventetuolo, Circulation 2014

PAH PVR Clinical 
event

Clinical 
event

Active 
treatment

Active 
treatment

4. Effect of treatment assignment on odds of  clinical event attenuated when 
PVR added to model
Hemodynamic 
measure 

OR from 
Criterion 3

OR for treatment vs. 
placebo, adj for PVR 95% CI P value

PVR 0.47 0.51 0.33, 0.80 < 0.01
All models include adjustment for baseline hemodynamic value and study

Ventetuolo, Circulation 2014

Proportion of the treatment effect on 
clinical worsening explained by PVR

Hemodynamic 
measure 

% 95% CI

PVR 12.1 0.7, 42.7
RAP 8.0 1.6, 20.7
mPAP -0.7 -6.7, 6.8
CO 11.6 3.5, 35.6
CI 6.3 -0.01, 19.6 

Δ PVR is a Poor Surrogate 
for Short-Term Outcomes in PAH in Adults

Ventetuolo, Circulation 2014
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Risk of Catastrophic Events 
with Right Heart 

Catheterization in Pediatric PH

Procedures/
population

% 95%CI

O’Byrne, JAHA 2018
8111, 7729 patients

2011-2015
77 centers

1.4 1.2-1.7

Beghetti, IJC 2016
908, 472 patients 

2008- 2012
31 centers

1.6 1-2.7

O’Byrne,  JACC 2015 6339, 4401 patients
2007-2012

3.5 (within 1 d)
1.0 (at cath)

0.03-4.0
0.0-1.2

Bobhate, Ped Cardiol 2015 97, 75 patients 3.1 1-9.7

Potential Non-invasive Surrogates

• Imaging (Koestenberger, Pulm Circ 2016)

Measures Outcome

Ploegstra, Circ Card Imaging 
2017 TAPSE Survival

Koestenberger, Int J Card 2018 TAPSE, TAPSE/PASP NYHA FC

Jone, Eur Heart J CV Imaging 
2018 3D RVEF,  long strain, FAC Survival

Ploetgstra, Eur Resp J 2014 Nt-proBNP Survival

Okumura, JASE 2014 RV strain Survival

TAPSE- Not for Everybody!

Mercer-Rosa, JASE 2013

• 125 outpatients with repaired TOF
• Mean age ~12
• All underwent research echo and cardiac MRI

Initiation of prostacyclin analogues

Hopper, Pulm Circ 2018
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Reduction in Fetal RV Strain with Gestational Age

• 85 subjects and 185                         
fetal echocardiograms

• Intra-observer reliability           
ICC = 0.96

• Significantly worse RV GLS with 
gestation in each group 

• No difference across groups 
(p=0.70)

P = 0.0034 
P = 0.0004 

P = 0.012 

24-29     30-38
TOF

24-29     30-38
D-TGA

24-29     30-38
Controls

weeks

• Each line represents 1 subject 
& all available fetal echos

• Most had reduction in strain

• 2 subjects with greatest drop             
in fetal RV GLS

Individual Subject-Level Change (N=85)

29 weeks 34 weeks

“Normal RV Function”
Fetal RV GLS =  - 21

“Normal RV Function”
Fetal RV GLS =  - 11

Prognostic Rules as Endpoints

• Hemodynamics and six min walk fail as surrogates
• Multiparameter prediction rules could do better

Weatherald, AJRCCM 2018
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Prognostic Rules as Endpoints

• None of these prediction rules have been validated as 
surrogates (in children)

• Targeting a “low-risk” profile doesn’t necessarily translate to 
better outcomes (Benza, Pulm Circ 2018)

– while “low risk” profile is associated with outcome, may not be a 
surrogate (remember PVR)

• Are multiparametric prediction rules better at discriminating 
patients than the PVR or 6MWD or WHO FC themselves?
– We don’t know

Surrogate Endpoints- Next Steps

• Include potential surrogate end points as “secondary” 
end points in all pediatric PH clinical trials

• Focus on “simple” before “complicated”

– NT-proBNP

• Don’t be afraid to focus on clinically important end 
points, rather than surrogates

• Studies are needed to prove that targeting a prognostic 
rule  results in better quality of life and long-term 
outcome

• May validate a surrogate in adults which could be used 
to extrapolate to children

Intermediate Endpoint

• Intermediate endpoint is a true clinical endpoint but is 
not the ultimate endpoint of disease (i.e., survival). 
Changes in intermediate endpoints are of direct benefit to 
the patient.

– Improving quality of life, improving activity levels, 
preventing hospitalization, improved mood, FC?

Do we know what children and parents 
want from their PH therapy? 

• May very with age, diagnosis, perspective, and 
over time, geography, and culture 
– Newly-diagnosed 12 year old boy with IPAH from Paris 

vs. a 17 year old girl from Beijing with heritable PAH 
diagnosed 5 years ago?

– Parents of a 2 day old boy with CDH vs. the parents of a 
2 year old boy  with BPD with PH?

– Mother of a 12 yo girl with CHD PAH from Baltimore vs. 
father of a 18 yo boy with IPAH from Roden, The 
Netherlands
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Actigraphy
• Ulrich, Respiration 2013; Matura, Chest 2016; Pugh, Chest 2012

• Children with PAH between 2013 and 2016, n = 29
• Vector magnitude counts per minute

Zijlstra, AJRCCM 2017 

Actigraphy

Zijlstra, AJRCCM 2017 

PROs - Quality of Life

• Several instruments validated in children
– Imperfect concordance 

• Generic instrument allows benchmarking to 
healthy individuals
– Disease-specific modules enhance sensitivity for 

health domains specific to a condition
• PedsQL 4.0 has core scales and cardiac disease-

specific scales (Varni, Medical Care 2001)

• Pediatric cardiac quality of life inventory (PCQLI) 
(Mellion, J Pediatrics 2014)

PROs - Quality of Life
• Parental scores on the PedsQL generic core 
• (n = 47, 27 PAH)

• FC and PH severity associated with total QOL and phys QOL
• Psychosocial QOL associated with parental stress measures

Mullen, Chest 2014 
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PROs - Quality of Life
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PCQLI Total Score - self report

PCQLI Total Score - proxy report

Peds QL Total Score - self report

Peds QL Total Score - proxy report

PedsQL from PHA Registry

Self report Parental report

Endpoints: Time to Event

• Primary endpoint is time until event happens (e.g., hospitalization, 
death)

– Power depends on rate of accrual of patients over time and 
event rate

• Time to event or survival analysis

– Less prone to missing data

– Longer randomized treatment periods provide more reassurance 
about durability of effects

– While more generalizable to practice, may require longer trials 
and larger numbers of patients

Composite Endpoint (TTCW)

(Ventetuolo, 2008)

• Combining multiple end points into one time-to-event end point
• Attractive due to increased number of end points for analysis
• Drawbacks include: 

– Mixing definitive events (hospitalization, death) with “soft” 
end points with less clear clinical implications (e.g. 6MWD 
changes, FC)

– Dilution of effects (an increase in mortality in one arm could 
be balanced by increased hospitalization in the other, resulting 
in a “null” finding)

– Weighting all end points equally (e.g., death = addition of new 
PAH therapy = change in dose) can weaken inferences 
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Weighted Composite Endpoints

• Have patients, parents, investigators, other 
stakeholders weigh the relative importance/impact 
of the components (at enrollment of each trial)
– Rank, Likert scale, assign points

• Plan for analyses based on all/weighted events, plan 
for heterogeneity in results
– Model impact on power

Clinical Worsening in Pediatric PAH

• 49 new children with PAH from Groningen 2000-2014
• No IV prosta, FC IV, or hospitalization at presentation

Ploegstra, Chest 2015

All events
(#/100 pers-yrs)

First Event
(#/100 pers-yrs)

Death, txp, 
hospitalization, IV prosta
analogues

30.5 19.2

+ Functional class 61.0 27.3
+6MWD change 73.7 35.7

Sample Size Requirements using 
Composite End Point

HR Placebo
N

Active Drug
N

Death, txp, hospitalization, IV 
prosta analogues, ΔFC, Δ6MWD

(Time until First event)

0.50 124 248

0.70 406 812

0.80 981 1962

Death, txp, hospitalization, IV 
prosta analogues

(Time until First event)

0.50 212 424

0.70 686 1372

0.80 1646 3292

All events
(All (recurrent) events)

0.50 73 146

0.70 245 490

0.80 599 1198

Power- 80%, α = 0.05, 1- year follow-up, null variance from MLE

Intermediate and Composite 
Endpoints- Next Steps

• Multicenter, international qualitative research on what children 
with PH and their parents want from PH therapy

– Anticipate and measure heterogeneity between countries, 
types of PH, ages, other differences

• Validate PROs for pediatric pulmonary hypertension

• Assessment of patient/parental weights of the components of 
composite end points, their order/recurrence. 

– Observational studies or studies built in to each clinical trial
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Novel Study Designs

• Enrichment design
• Adaptive enrichment design
• Umbrella or basket designs
• There are many more papers written about these designs 

than studies using them!
• Cross-over study (Robbins, ERJ 2006)

• Factorial study (Kawut, Circulation 2011)

• Pragmatic study design using Registry as “read out”

Aspirin
Simvastatin

23 pts

Aspirin
Simva-
Placebo
23 pts

ASA-Placebo
Simvastatin

23 pts

ASA-Placebo
Simva-
Placebo
23 pts

Summary

• Several possible innovations in clinical trials
• Need more information regarding:

– Motivations to enroll
– Trial features which increase participation
– What children and parents want from PH therapy
– Validation of possible surrogate end points
– Clinical meaning of intermediate end points
– Patient/parental weighting of composite end points
– Validated PROs for PH

• New study designs

Thank You!


