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Increasing donor age impacts survival
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Shaw et al, BBMT, 2018

2-year survival 
decreased ~4% per 
decade of donor age



Background

CIBMTR.org 3Logan et. al., JCO Clinical Informatics 2021

• Our previous work found that the 
youngest donor was the optimal choice

• Strengths of the prior analysis:
• Large sample size: trained on 10,318 

patients 
• Novel methodology: machine learning 

regression by Bayesian Additive 
Regression Trees 

• Limitations of the prior analysis:
• Only considered a composite 

dichotomous outcome
• Either death or acute GVHD grades 3 

and 4
• Short-term outcomes of only 180 days
• Historical dataset: 1999 to 2014



Study Methods

• Updates to address limitations of prior analysis:
• Considered 2 time-to-event outcomes separately along with their tradeoffs

• Overall survival (OS)
• Event-free-survival (EFS): death, relapse, graft failure/rejection or 

moderate/severe chronic GVHD
• Evaluated 3-year rather than 180-day outcomes
• Used a more contemporary dataset including HCTs from 2016 to 2019
• Trained on a large sample of 10,016 patients 
• More advanced machine learning regression methodology based on our latest 

work Nonparametric failure time (NFT) Bayesian additive regression trees 
(BART)
• Sparapani et al. Nonparametric failure time: Time-to-event machine learning with 

heteroskedastic Bayesian additive regression trees and low information omnibus 
Dirichlet process mixtures.  Biometrics 2023
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Study Cohort 

• CIBMTR cohort of all first US alloHCT from 2016 to 2019
• Malignant and non-malignant diseases 
• Matched unrelated donors  

• 8/8 high-resolution matching of HLA at A, B, C, DRB1
• Considered the following donor factors for optimal 

matching
• Age
• sex/parity
• CMV status
• Other HLA loci: DQB1 and DPB1 permissive matching
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Analysis approach

• Randomly split into training (85%, N=10,016) 
and validation (15%, N=1,802)
• Evaluated donor factors and influence on OS and EFS
• Defined a Zone of Indifference for clinical significance (<1%)

• Factors associated  with a >1% significant impact on 3-yr OS or EFS 
retained

• Donor optimization using the NMDP Search Archive (N=699)
• Complete listing of donors at the time of recipient’s search
• Identification of alternative donors with a ≥90% likely 8/8 match

6



Analysis approach

• Using search archive data, we examined three optimal strategies 
for donor selection 
• OS only
• EFS only 
• 2:1 weighted average of OS and EFS respectively 

(denoted OS2:EFS1) 
• Prioritizes OS while considering EFS when the difference in OS 

predictions between potential donors is minimal 
• Predicted OS and EFS calculated for each patient under all three 

optimal donor strategies benchmarked by the actual donor used 
for the transplant, i.e., better unless optimal donor was the actual
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Population Characteristics - Recipients
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Most recipients non-Hispanic White



Population Characteristics - Donors

9
Most donors <age 40 and majority male



Population Characteristics - Transplant

10Majority of grafts were PBSC



Population Characteristics - Transplant

11PTCy-based only ~11% of total



Results

• Donor parity, CMV status, HLA-DQB1 matching and HLA-DPB1 permissive 
matching were not associated with >1% improvements in OS or EFS at 3 
years

• Only donor age (for OS and EFS) and sex (for EFS) had clinically important 
impacts on outcomes and were considered for donor optimization 

• Donor age impacts
• Donor age is more important for OS than EFS
• Generally, younger donors 18 to 30 are optimal

• Donor sex impacts
• Very little, if any, impact on OS
• Strong impact on EFS with a preference for Male donors (probably due to 

less cGVHD) 
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Impact of Donor Age on OS
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• Waterfall plot of predicted OS differences at 
3 years post-transplant for an 18-year-old 
vs. an older donor from the validation 
cohort. 

• Compared to donors ≥31, an 18-year-old is 
associated with a substantial increase in OS 
where all recipient OS differentials >0.01 

• Compared to donors 21 to 30, an 18-year-
old choice produces benefits that are 
negligible and fall within the Zone of 
Indifference. 

Validation cohort patients
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Impact of Donor Age on EFS
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• Waterfall plot of predicted EFS differences 
at 3 years post-transplant for an 18-year-
old vs. an older donor from the validation 
cohort. 

• Compared to donors ≥33, an 18-year-old is 
associated with a substantial increase in 
EFS where all recipient OS differentials 
>0.01 

• Compared to donors 21 to 32, an 18-year-
old choice produces benefits that are 
negligible and fall within the Zone of 
Indifference. 
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Impact of Donor Sex on OS
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• Waterfall plots of OS and differentials based 
on predictions for the validation set. 

• Differentials for a male donor vs. a female; 
recipient male (female) with a solid blue 
line (dotted red line).

• Donor sex impact falls within the Zone of 
Indifference for OS
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Impact of Donor Sex on EFS
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• Waterfall plots of EFS and differentials 
based on predictions for the validation set. 

• Differentials for a male donor vs. a female 
donor in male (blue solid line) or female 
(red dotted line) recipients

• Male donors associated with improved EFS 
for both male (blue) and female (red) 
recipients
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Impact of Donor Sex – OS2:EFS1
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• Trade-offs between predicted OS and EFS 
differentials for the OS2:EFS1 optimal vs. the 
actual donor in the search archive cohort. 

• The y-axis (x-axis) shows OS (EFS) differentials 
with a zone of indifference (dashed gray lines). 
The red circles (dots) are the optimal youngest 
female donors outside (inside) the zone of 
indifference. The blue circles (dots) are the 
optimal youngest male donors. 

• In each corner, we have summarized the circles 
by sex. 

• The upper right corner has the most beneficial 
choice of donor: both an increase of OS with an 
increase of EFS. And above the zone of 
indifference, the upper right is dominated by 
male donors: 103 vs. 3 females.

Zone of Indifference
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Conclusions

• Using our novel NFT-BART methodology, we show that 
donor selection to optimize HCT outcomes can be 
improved by considering both OS and EFS together via 
weighting 2:1 

• This weighted optimization strategy balances outcomes, 
prioritizing OS while also allowing for consideration of EFS 
when OS is similar between potential donors. 

• Results support previous research showing that choosing 
among donors from 18 to 30 results in a negligible 
improvement of outcomes allowing for flexibility in donor 
selection.
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