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Composite outcomes: Why is this a problem?

In our neonatal trials...

PATIENT A

“Fails” because they die in the
hospital

PATIENT B

“Fails” because of
neurodevelopmental impairment at
2 years

Primary analyses typically treat these outcomes as equivalent

These gradations matter — shouldn’t we design and analyze trials in
recognition of this?




CURRENT APPROACH A BETTER WAY?

Our culture is to use Shouldn’t we use
patients to analyze the outcomes to analyze
outcomes. the patients?

Adapted from S. Evans, Ph.D

SHARP




Question

SCENARIO

You are selecting treatment for BPD. 3 treatment options: A, B, and C (stem cells,
HC, inhaled Lasix)

OUTCOME 1 OUTCOME 2

Treatment success Safety event
yes / no yes / no




RCT Comparing A, B, and C: Analysis of Outcomes

TREATMENT A TREATMENT B TREATMENT C
N =100 N =100 N =100

BPD: 50% BPD: 50% BPD: 50%
ROP: 30% ROP: 50% ROP: 50%

Which treatment would you choose?

Adapted from S. Evans, Ph.D




Analysis of Patients: 4 Possible Outcomes

A (N=100) B (N=100) C (N=100)
BPD: 50% | ROP: 30% BPD: 50% | ROP: 50% BPD: 50% | ROP: 50%




Typical Trial Outcomes

THE PROBLEM

« Composite binary endpoints (death OR BPD)
+ Fail to distinguish differential importance of events

+ Death > non-fatal event i

» Fails to recognize multiple events — how about multiple
morbidities?

Shouldn’t we design and analyze trials in recognition of this?

Adapted from S. Evans, Ph.D

SHARP




Desirability Of Outcome Ranking (DOOR) H

Use outcomes to analyze patients — Construct DOOR outcome based on
the patient journey

Two complementary analyses:

1. DOOR PROBABILITY 2. PARTIAL CREDIT

The probability that a patient on Grade-based analyses that give partial
treatment has a more desirable credit for outcomes between best and
outcome than a patient on control worst

Equivalent distributions imply 50%




THE LIMITATION OF COMPOSITE ENDPOINTS

What we do now

« Composite outcomes to address competing risks (death
OR BPD, NDI OR death)

The problem

« Treats death and morbidity as equivalent

» Obscures differences meaningful to families

« May explain why trials often show no difference

We improved feasibility but lost interpretability




WHAT ARE WE MISSING?

Reality
Interventions affect multiple outcomes
Parent-important outcomes are not singular

Implication — We need to:
Integrate multiple endpoints
Reflect relative importance

» Capture the whole child

This is the gap



A “WHOLE CHILD” APPROACH

Example
» Count neonatal morbidities (lung, brain, eye)

Key finding
» Individual outcomes — weak predictors

 0vs 1vs 2vs 3 morbidities — strongly predictive of
death, disability, and long-term impairment

Burden and trajectory matter more thana single diagnosis




INCORPORATING WHAT MATTERS: PARTIAL
CREDIT

Concept
Not all outcomes carry equal weight

Framework

100% = best outcome
0% = death
Intermediate outcomes = partial credit

Advantage
Prevents important outcomes from being diluted
Prevents less important changes from dominating

Families should define
what matters most



THE REAL CHALLENGE

Problem
» Outcomes parents care about are long-term

Barrier
» Long-term follow-up often not feasible

Solution

 |dentify short-term NICU outcomes that predict
meaningful long-term outcomes

Link inpatient course — real-world function
+ quality of life




Choice of DOOR Primary Outcome

TRADITIONAL APPROACH
Traditional trials focus on decreasing rates of negative composite outcomes
(Death or multiple morbidities

ALTERNATIVE APPROACH
Measure improvement in the overall patient

KEY INSIGHT

An intervention may have effects on multiple outcomes during the NICU period
(benefits/morbidities)




DeIaVEd VS Immedlate Cord CIamplng: Mortality: 29% relative reduction
Outcomes (%) 9.0% -> 6.4%

Immediate vs Delayed Cord Clamping

54.4

N APTS Trial Tarnomordi et ai. Composite outcome =

death or major morbidity (severe brain injury, severe
ROP, NEC, or late-onset sepsis) by 36 weeks PMA.

37.2 37.0

Immediate Cord Clamping  Delayed Cord Clamping

20.6
18.5

Severe IVH
Death or Late-onset Death  Severe ROP NEC

Major Sepsis SHARP

Morbidity N Engl J Med 2017;377:2445-2455




| Desirability Of Outcome Ranking (DOOR) ]

« Compares interventions using a continuum of outcomes according to
the desirability of the overall patient experience

Patient survival Survival with
without substantial major event of

impact impact |
Survival with Death

minor adverse
event

« Specific outcome components: significant events like serious brain
injury, lung disease, retinopathy of prematurity, etc.




Creation of a Neonatal Inpatient DOOR — neoDOOR

RESEARCH QUESTION

What are the inpatient experiences/morbidities that correlate best with important
post-discharge outcomes?

* Death or severe neurodevelopmental impairment
» Severe neurodevelopmental impairment alone

STUDY DESIGN
Retrospective cohort analysis

* NICHD NRN extremely preterm infant registry
+ 3,668 infants 22—-26 weeks’ gestation from 2014-2019 who survived to 36 weeks PMA
with follow-up data at 22—-26 months’ corrected age




Associations of Individual Morbidities with Late Death or
Severe Neurodevelopmental Impairment

Serious Brain Injury

3.94 (3.35, 4.64)

Bronchopulmonary dysplasia

2.94 (2.53, 3.42)

Severe Retinopathy of Prematurity

2.65 (2.25, 3.11)

Necrotizing enterocolitis (Stage 2 or 3)

1.86 (1.49, 2.33)

Late-onset Neonatal Infection (sepsis, meningitis)

1.80 (1.53, 2.11)

PDA undergoing surgery or catheterization for closure

1.53 (1.25, 1.87)

Early-onset Neonatal Infection (sepsis, meningitis)

a;iésociation of a Count of Inpatient Morbidities with 2-Year Outcomes
among Infants Born Extremely Preterm

Rebecca A. Dorner, MD, MHS', Lei Li, PhD?, Sara B. DeMauro, MD, MSCE®, Barbara Schmidt, MD, MSc™*,
Sahar Z. Zangeneh, PhD®, Yvonne Vaucher, MD, MPH', Myra H. Wyckoff, MD®, Susan Hintz, MD, MSEp"°,
Waldemar A. Carlo, MD’, Kathryn E. Gustafson, PhD®, Abhik Das, PhD?, and Anup Katheria, MD', for the Eunice Kennedy
Shriver National Institute of Child Health and Human Development Neonatal Research Network

1.13 (0.74, 1.73)

SHARP



Morbidity Count Relationships with Late Death or Severe
Neurodevelopmental Impairment

None

Any single morbidity . 2.46 (2.00, 3.02) 2.05 (1.74, 2.40)

Any 2 morbidities . 5.21 (4.10, 6.62) 3.19 (2.71, 3.76)

All 3 morbidities . 11.88 (8.30, 17.00) 4.39 (3.67, 5.25)

i‘K'é‘.sociation of a Count of Inpatient Morbidities with 2-Year Outcomes
among Infants Born Extremely Preterm

Rebecca A. Dorner, MD, MHS', Lei Li, PhD?, Sara B. DeMauro, MD, MSCE®, Barbara Schmidt, MD, MSc™*,
Sahar Z. Zangeneh, PhD?, Yvonne Vaucher, MD, MPH', Myra H. Wyckoff, MD®, Susan Hintz, MD, MSEpi°, HARP
Waldemar A. Carlo, MD’, Kathryn E. Gustafson, PhD®, Abhik Das, PhD?, and Anup Katheria, MD', for the Eunice Kennedy
Shriver National Institute of Child Health and Human Development Neonatal Research Network
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iif?ssociation of a Count of Inpatient Morbidities with 2-Year Outcomes
among Infants Born Extremely Preterm

Rebecca A. Dorner, MD, MHS', Lei Li, PhD?, Sara B. DeMauro, MD, MSCE®, Barbara Schmidt, MD, MSc**,
Sahar Z. Zangeneh, PhD?, Yvonne Vaucher, MD, MPH', Myra H. Wyckoff, MD®, Susan Hintz, MD, MSEpi°, HARP
Waldemar A. Carlo, MD’, Kathryn E. Gustafson, PhD®, Abhik Das, PhD?, and Anup Katheria, MD', for the Eunice Kennedy
Shriver National Institute of Child Health and Human D Network




E:O = 1.002

CITL = -0.003
Slope = 1.027
AUC = 0.755
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%ssociation of a Count of Inpatient Morbidities with 2-Year Outcomes
among Infants Born Extremely Preterm

Rebecca A. Dorner, MD, MHS', Lei Li, PhD?, Sara B. DeMauro, MD, MSCE®, Barbara Schmidt, MD, MSc**,
Sahar Z. Zangeneh, PhD?, Yvonne Vaucher, MD, MPH', Myra H. Wyckoff, MD®, Susan Hintz, MD, MSEpi°, HARP
Waldemar A. Carlo, MD’, Kathryn E. Gustafson, PhD®, Abhik Das, PhD?, and Anup Katheria, MD', for the Eunice Kennedy
Shriver National Institute of Child Health and Human D Network




Prediction of Late Death or Disability at Age 5 Years Using a Count of 3
Neonatal Morbidities in Very Low Birth Weight Infants

Barbara Schmidt, MD', Robin S. Roberts, MSc?, Peter G. Davis, MD*“, Lex W. Doyle, MD**, Elizabeth V. Asztalos, MD®,
Gillian Opie, MD®, Aida Bairam, PhD’, Alfonso Solimano, MD?, Shmuel Arnon, MD?, and Reginald S. Sauve, MD'?, on behalf of
the Caffeine for Apnea of Prematurity (CAP) Trial Investigators*

Brain Injury, BPD, and ROP were predictive of disability at 5

Morbidity Counts 0 1 2 3 Odds Ratio (95% CI) | P value

Death or NDI % 11.2 22.9 43.9 61.5 2.4 (2-2.9) <0.001
Death % 0.8 3.4 4.1 15.4 2.5 (1.7-3.6) <0.001
Cognitive impairment % 2.2 6 14.4 33.3 2.7 (2.1-3.6) <0.001
Motor Impairment % 1 2.9 10.9 31.8 3.6 (2.6-5.1) <0.001
Behavioral Problems % 4.6 6.7 11.7 13.6 1.6 (1.2-2.1) <0.001
Blindness % 0 0.3 5.4 25 10.2 (5.1-20.7) <0.001




DOOR: Application to the MFMU ARRIVE Trial

Original Research ajog.org

OBSTETRICS

Desirability of outcome ranking for obstetrical trials:
illustration and application to the ARRIVE trial

Grecio J. Sandoval, PhD; William A. Grobman, MD, MBA; Scott R. Evans, PhD; Madeline M. Rice, PhD;
Rebecca G. Clifton, PhD; Suneet P. Chauhan, MD, Hon DSc; Maged M. Costantine, MD; Kelly S. Gibson, MD;
Monica Longo, MD, PhD; Torri D. Metz, MD, MS; Emily S. Miller, MD, MPH; Samuel Parry, MD;

Uma M. Reddy, MD, MPH; Dwight J. Rouse, MD; Hyagriv N. Simhan, MD; John M. Thorp Jr, MD;

Alan T. N. Tita, MD, PhD; George R. Saade, MD; On behalf of the Eunice Kennedy Shriver National

Institute of Child Health and Human Development Maternal-Fetal Medicine Units (MFMU) Network

DOOR Probability (%)

(95% CI)
DOOR 52.6 (51.4 - 53.8) I —
DOOR Component
Operative vaginal 50.6 (49.9-51.3) —=—
Cesarean 51.8 (50.8 - 52.8) |
Survived with severe
perinatal complication(s) 50.5(50.0-51.1)
Perinatal death 50.0 (49.9 - 50.1) mf
T T T T T T T T T 1
46 47 48 49 50 51 52 53 54 55
<-----Expectant Management More Desirable----- -----| Induction More Desirable----->

Probability of More Desirable Result

Induction

E:xpectant Management

Cite this article as: Sandoval GJ, Grobman WA, Evans
SR, et al. Desirability of outcome ranking for obstetrical
trials: illustration and application to the ARRIVE frial. Am J
Obstet Gynecol 2024;230:370.e1-12.

0% 10% 20%

Cesarean | Perinatal death
Vaginal | Perinatal death

30% 40% 50% 60%

70% 80% 90% 100%

Cesarean | Severe perinatal event Spontaneous vaginal | Severe perinatal event [ Operative vaginal | No perinatal event

Operative vaginal | Severe perinatal event | Cesarean | Mo perinatal event

Spontaneous vaginal | No perinatal event




Re NICU
admi®on (23%
0)

Reduced
respiratory
support

o Hemoglobin
@ (18vs.17.3g/dl)

(60.7% vs.

70.5%)

severe
HIE

(1.4 vs. 3%)

Moderate-to-|

Therapeutic
hypothermia
(2.5% vs. 4.3%)

Non-vigorous
term infants
(n=1730)

Milking
of the umbilical
cord (UCM) X 4
vs. Early cord
clamping (ECC)

Boxed data are significantly different

Peak bilirubin
(7.3 vs. 6.6 mg/dL

Death before
discharge
(0 vs.0.5%)

Original Research

Apgar score
of 0-3 at T min
(30 vs. 34%)

ajog.org
OBSTETRICS

Umbilical cord milking in nonvigorous infants: a cluster-
randomized crossover trial




Using the DOOR to Analyze MINVI

DOOR category

1. No adverse
outcomes

2. Received
cardiorespiratory
support

3. NICU admission
4. Mild HIE

5. Moderate to

20% 30% 40% 50% 60% 70% 80% % severe HIE

M Death Mild HIE I Received cardiorespiratory support 6 Death

[ Mederate to severe HIE || NICU admission for MINVI reason [l None of the outcomes

Katheria AC et al. Early Hum Dev. 2024 Feb;189:105928.

SHARP




DOOCR

DOOR Component
Received cardiorespiratory support
NICU admission for MINVI reason
Mild HIE
Moderate to severe HIE
Death

Application of desirability of outcome ranking to the milking in non-
vigorous infants trial*

Anup C. Katheria®+, Laure El ghormli®, Madeline M. Rice®, Rebecca A. Dorner?,
William A. Grobman¢, Scott R. Evans®

ucmMm
(N=767)
n(%)

460 (60.0%)
199 (25.9%)
15 (2.0%)
12 (1.6%)
0 (0.0%)

(::_ig?) DOOR probability
(95% Cl)
n(%)

L 55.8% (53.1%, 58.5%)

515 (68.0%) ® 54.0% (51.6%, 56.4%)
239 (31.6%) —— 52.8% (50.5%, 55.1%)
4 (1.8%) — = 49.9% (49.2%, 50.7%)

24 (3.2%) — — 50.8% (50.0%, 51.6%)
4 (0.5%) o 50.3% (50.0%, 50.3%)

[ I I 1

45% 50% 55% 60%
Probabillity of a more desirable result in UCM vs. ECC

ECC more desirable ¢ > UCM more desirable

p-value

< 0.0001



JAMA Pediatrics | Original Investigation

Deferred Cord Clamping With High Oxygen in Extremely Preterm Infants
A Randomized Clinical Trial

Anup C. Katheria, MD; Felix Ines, RRT; Henry C. Lee, MD; Christina Sollinger, MD; Payam Vali, MD;
Ana Morales, MPH; Shashank Sanjay, BS; Rebecca Dorner, MD; Jenny Koo, MD; Yvonne Gollin, MD;
Abhik Das, PhD; Debra Poeltler, PhD; Robin Steinhorn, MD; Neil Finer, MD; Satyan Lakshminrusimha, MD

< 29 weeks GA Birth weight:
Oxygen during DCC for 90s 848 (272) vs 870 (264) g
100% Oz vs.30% O: Gestational age:

26 (2) vs 26 (2) wk

Umbilical arterial PaO2:
23.4(14.1) vs 19.8 (8.3) mmHg¥
e

) | ROP
| 7(10%) vs 6 (8%) [y grade 34
3 (4%) vs 6 (8%)

Death
11(16%) vs 11 (15%)

Primary outcome:
SpO:2 > 80% by 5 min
47 (69%) vs 28 (39%)*
Time to SpO: > 80%
4(4,6)vs6(4.2,7)*

BPD grade 2-3
15 (22%) vs 28 (39%)*

JAMA Pediatr. 2025;179(9):971-978.



Post intervention 100% O2 30% 02
neonatal outcomes | n=68 n=72 P
STACICRI IR 3 (4) 6 (8) 33

Death before

Retinopathy of
prematurity 7 (10) 6 (8) .88
requiring surgery

Grade 2-3 BPD 15 (22) 28 (39)

.03
0, (1)
e R

Survival without any

S ior morbidit 39 (57) 36 (50) 0.38
e e
: 20
EEET N 11 (16) 11 (15) 0.88

JAMA Pediatr. 2025;179(9):971-978.



HI Group 7.4% 0.

A

LO Group] 5.6%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Proportion (%)

M survival without morbidity ¥ Survival with 1 morbidity Survival with 2 morbidities I Survival with 3 morbidities [ll Death before discharge

JAMA Pediatr. 2025;179(9):971-978.



HI Group
(N=68)
n(%)
DOOR
Sequential Dichotomization of DOOR
Survival without any major morbidity RENGYEA)
Survival with 1 morbidit 52 (76.5%)
Survival with 2 morbidities o
Survival with 3 morbidities 57 (83.8%)
I 57 (83.8%)

onatal Research Institute

LO Group
(N=72)
n(%)

33 (45.8%)
55 (76.4%)
59 (81.9%)
61 (84.7%)

LOG

DOOR probability

-value
(95% Cl) P
L 54.4% (45.6%, 63.0%) 0.3270
@ 55.8% (47.4%, 63.8%)
L 4 50.0% (43.0%, 57.1%)
@ 50.9% (44.6%, 57.3%)
@ 49.6% (43.4%, 55.7%)
[ I I I T 1
40% 45% 50% 55% 60% 65%
Probability of a more desirable result in HI Group vs. LO Group
roup more desirable < > HI Group more desirable

JAMA Pediatr. 2025;179(9):971-978.
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N ' DOXIE 2.0 NRN/MFMU

NEONATAL RESEARCH

NETWORK

P: In preterm infants 22-28 weeks

I:  Does respiratory support (with FiO, 1.0)
during delayed cord clamping for 90 seconds

C: delayed cord clamping of 60 seconds

O: reduce the number of morbidities and
mortality

T: during hospitalization
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NRN/MFMU Centers
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 Talking about outcomes of trials with families is HARD for clinicians

* |nterview study trying to figure out how:
* to explain DOOR outcome
 totalk about outcomes in the hospital

* to best use DOOR outcomes moving forward in other trials (i.e. conditions
that predominantly impact children born at term)

e 45 parents of 30 babies
*  Recruit at Duke, Sharp, CHOP/Penn




USING DOOR IN DOXIE

Severe morbidities (SB)

« Severe brain injury (SBI)

« Severe bronchopulmonary dysplasia (BPD)
« Severe retinopathy of prematurity (ROP)

Key question

Will there be a northward migration to more desirable
categories with V-DCC?
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USING DOOR IN DOXIE: SAMPLE SIZE AND POWER

+ Sample size designed to detect a higher probability of a
more desirable outcome (DOOR > 50%) in the V-DCC arm
vs. the DCC arm

*  Wilcoxon-Mann-Whitney U test with null hypothesis of 50%
DOOR (no difference between groups)

» Alternative: > 57% DOOR probability — clinically significant
if patients randomized to intervention survive with a better
outcome more than 57% of the time

* Noether’s method used for robustness against unknown
ordinal cell counts (conservative, agnostic to cell
proportions)

0.55 0.56 0.57 0.58 0.59 0.60
Probability of improved DOOR for a randomly selected patient




USING DOOR IN DOXIE: SAMPLE SIZE AND POWER

Enrollment
500 infants per arm (N = 1,000) @
> 90% (80%) power to detect DOOR effect size > 0.57 (0.565)

Assumptions
Two-sided significance level of 0.05
Equal allocations per arm, 5% missing data

Additional adjustments
Interim efficacy monitoring (5% inflation)
Clustering of multiple births (design effect 1.2)

Conservative intra-cluster correlation of 0.8 among twins ﬂy@é’ : @ RQ%




USING DOOR IN DOXIE: ANALYSIS OF OUTCOMES

Primary analysis
Compare DOOR probability: V-DCC vs. DCC-alone

Outcome ranking
Survival without major morbidities (most desirable)
Survival with 1, 2, or 3 morbidities
Death prior to discharge (least desirable)

Statistical methods
Rank-based methods for marginal comparisons
Inverse-probability weighting for stratification
GEE with robust standard errors for clustering




Conclusions

1 THE PROBLEM — Traditional binary and composite outcomes obscure what matters most to
families

2 THE DOOR SHIFT — DOOR shifts the unit of analysis from outcomes to patients

!

3 neoDOOR — Grounds inpatient morbidity in long-term outcomes

THE TAKEAWAY — Morbidity counts and ordinal trajectories matter more than single events
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