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Recommendations
1. Inclusion from Currently Collected Data For Future Testing

- Renal Dysfunction by 2021 CKD EPI Creatinine formula **

2. Pediatric Comorbidity Adequate pending further validation ***

- Per the adapted HCT-CI for malignant and non-malignant diseases ***

- For Hemoglobinopathies - continue liver iron content and RBC Dependence **

3. New Fields or Adjustment

- Calculate CHARM for HCT recipients aged ≥60 years old ***:

- Continue to collect to Albumin, recipient age and HCT-CI ***

- Start collecting Pt reported KPS, hs CRP, % weight loss over a year, and MoCA *** 

4. Other Considerations

- Consider collecting CHARM variables for all adults younger than 60 yrs old for testing *

- Gait speed (4-meter walk test) for older pts given some results on prognostic impact *

- Vitamin D level for both adult and pediatric pts given some results on prognostic impact *

Level of recommendation: * weak, ** moderate, and *** severe



Youth Malignant & Non-Malignant 
HCT-CI 
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A survey of transplant physicians showed limited 
use of the HCT-CI by pediatric transplanters

Broglie, Thakar, Sorror et al, Leuk Lymphoma 2023

Adults

Peds

What limits you from using the HCT-CI?How often do you use the HCT-CI?



Expanding the HCT-CI for younger patients
• Why did pediatric transplant physicians not use the HCT-CI?

• Pediatric comorbidity burden generally less than adults
• Adult definitions cannot always apply to pediatrics

• Ie, young children cannot perform PFTs
• Certain comorbidities extremely rare

• Ie, peptic ulcer disease very rare in pediatrics, common in adults
• Other comorbidities seen in pediatrics not collected in HCT-CI

• Ie, failure to thrive seen more often than obesity

• Effort began in 2018 to expand the HCT-CI relevance in pediatrics



Comorbidity definitions needed updating for 
younger patients



Thakar and 
Sorror, ASH 
Education 
book 2023



Youth Scores Better Classify Comorbidity for 
younger patients

yn HCT-CI



Adults- Expanding on HCT-CI 
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Low Vitamin D pre-HCT is associated with worse outcomes 
post-HCT 
• Vit D can affect multiple signaling 

pathways controlling proliferation, 
apoptosis, differentiation, 
angiogenesis, and metastasis and 
modulate innate and adaptive 
immune responses

• Several reports demonstrating 
lower OS, higher relapse, higher 
GVHD in peds pts with low vit D 
levels (Hansson et al, BBMT 2015; 
Wallace et al, BBMT 2015)

Worse OS in AML related to increased 
relapse in training (n=396) & validation 
(n=348) sets (Radujkovic JCO 2017)



Renal Insufficiency with HCT-CI
n=13505, patients 40 years and older
CKD-EPI 2009 without cystatin C

Farhadfar N…Paquini M, Transplant Cel Ther 2022; PMID 33775617

Overall Survival

HCT-CI 
eGFR

HCT-CI

0.62890.6277C-statistics validation 
set N= 5403



BLOOD & MARROW TRANSPLANT 
CLINICAL TRIALS NETWORK
Composite Health Assessment Risk Model (CHARM) for Older Adults:
A New Milestone in Predicting Non-Relapse Mortality in Older Recipients of Allogeneic HCT



Study Design: Primary Objective

A large, prospective, multicenter, observational study to 

determine the set of factors that could together 

constitute a robust and valid composite health risk-

model for accurate estimation of 1-year NRM  

14



Study Design: Secondary Objectives

To assess the prognostic ability of the model over 1-year:
1) OS
2) Frailty
3) Development of disability 
4) Incidence of nursing facility admission
5) Cognitive decline (day 100) 
6) Trajectories in QOL 
7) Cum incidence of aGVHD and cGVHD
8) Cum incidence of serious organ toxicity (day 100)
9) Survival after acute GVHD
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Eligibility

• ≥60 years of age 
• First alloHCT for hematologic malignancies
• Eligible per institution
• English, Spanish or Mandarin speaking
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SCHEMA 1704
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TRANSPLANT Follow-up

Baseline

HCT-CI*

GA** + Frailty Phenotype***

CRP, Albumin* 
(0-14 days prior to preparative regimen)

QOL by PROMIS
Depression, Physical Function, Anxiety

MD Prognostication Survey

Core Outcome Measures at Each Follow-Up

Standard of CareGA + QoL

NRM*Frailty Phenotype***

Survival*IADL

GVHD*Skilled Nursing Facility 
Admissions

OS after GVHD*QOL by PROMIS

Organ toxicities* (d100)MoCA (d100)

0-21 days prior to start 
of preparative regimen

100 180 365

Off-Study – obtain 
reason why subject did not 
proceed to transplant

* Standard of care
** GA: KPS, IADL, MoCA, falls, medications
*** Frailty: grip, walk, exhaustion, activity, weight loss



Statistical

-Prospectively identified 13 pt specific health variables to test for 
CHARM to predict 1-year NRM

-To select covariates, MVA Fine-Gray model with multiple 
imputation to handle missingness

-Grouped penalized variable selection using SCAD* to identify 
variables to retain in model

-Variables modeled as continuous and assessed for linearity 
and proportional hazards

-Considered adjustment for conditioning intensity, CMV 
serostatus and donor type.

-AUC calculated to validate CHARM and compare to HCT-CI 
alone, with boostrap sampling to correct for optimism in the 
within-sample AUC.

-MVA for 1-year OS used CHARM score adjusted for other 
significant variables from stepwise regression.
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Organization or RoleStatistical 
Team

CTN, NMDP, CIBMTRB. Logan

CTN, NMDP, CIBMTRJ. Kou

NHLB statisticianN. Geller

NHLBI statisticianA. Bellach

Scientific OfficerW. Saber

*smoothly clipped absolute deviation



Select Baseline Characteristics
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N(%)Characteristic

67 (range 60-82)Age yrs, median 

704 (64)Sex, Male

Race

984 (89)White

44 (4)Black or AA

44 (4)Asian

Disease

498 (45)AML

236 (30)MDS

108 (10)MPN

639 (58)Ref DRI, Intermediate

N(%)Characteristic

Donor

169 (15)HLA-iden Sib

625 (57)MUD

227 (21)Haplo

84 (8)MMUD

Conditioning

144 (13)MAC

753 (68)RIC

208 (19)NMA

GVHD Ppx

577 (52)Tac +/- other

465 (42)Cyclophos +/- other



Baseline Characteristics and Completeness of 
Proposed CHARM Factors
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Median, (IQR)% EvaluableSourceCharacteristic

67.5 (64.1 - 71.2)100TeamAge

1.0 (0.8 - 1.1)100TeamWalk Speed

4.0 (3.7 - 4.2)100CIBMTRAlbumin, g/dL

3 (1 - 4)100CIBMTRHCT-CI

26 (24 - 28)97TeamMoCA

3.2 (0 - 8.2)92PRO and 
Team

Weight loss

14 (13 - 14)89PROIADL

44 (38 - 50)88PROPROMIS Depression

44 (39 - 50)88PROPROMIS Phys. Func

90 (80 - 100) 88PROKPS, pt report

0 (0 - 0)88PROFalls

2 (0.9 - 6.0)87Local LabCRP, mg/L

5 (3 - 7)78PRO# of Rx’d meds

- BOLD were in 
final CHARM 
model

- Note: we had 
100% completion 
of all 13 variables 
for the study 
calculated 
sample size of 
880 patients

Team= Research Team, CIBMTR= CIBMTR forms, PRO= 
patient reported outcome, Lab-local laboratory



Outcomes (N=1105)
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Prob (95% CI)Outcomes at 1 year

14.4 (12.-4-16.6)NRM

72 (69.3-74.6)Survival

25.3 (22.7-27.9)Relapse

N=308 deathsLeading causes of death

114 (37%)Disease

52 (17%)organ failure

41 (13%)Infection

31 (10%)aGVHD



MVA by individual covariates
Coefficient 

(adjusted for 
non-CHARM 
variables)**

p-valueCoefficient (Log 
HR scale)*

Variable

0.1357042<0.00010.1296686HCTCI

0.11415970.04930.1118738Log(CRP)*

-0.59200710.0008-0.5989142albumin

0.0011908340.00890.001110624weight loss^2

-6.74881E-050.1115-6.45035E-05PROkps^2

0.043469340.03170.03748089Age at HCT

-0.040111490.1106-0.04649406MoCA
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CHARM CALCULATOR
0.1296686 * HCTCI + 0.1118738 * Log (CRP) - 0.5989142*albumin
+0.001110624 * Weight loss^2 - 0.0000645035*KPS^2 + 0.03748089*Age at HCT - 0.04649406 * MoCA.

Calculator  https://cibmtr.org/CIBMTR/OffNav/DevSandbox/CHARM-Risk-NRM-Calculator.



Shapley Value of Cox Boosting Model for NRM

Shapley value plots summarize the contribution and rank of all health variables in the Cox Boosting 
ML-CHARM on patient specific predictions of NRM risk, where variables with wider Shapley value 
ranges indicate larger impact on NRM risks across individuals.

23



Novel composite health assessment risk model for older 
allogeneic transplant recipients: BMT-CTN 1704

Copyright © 2025 American Society of Hematology 



MVA for OS from CHARM 1704
Table 3: Multivariate model for overall survival through 1 year  

Variable HR Lower Upper p-value 

     

Primary-CHARM scores 2.060 1.676 2.531 <0.0001 

     

DRI Low/Intermediate 1.000 
  

Overall 0.0057 

DRI High/Very High 1.537 1.164 2.031 0.0025 

DRI unknown 1.495 0.935 2.391 0.0931 

     

PhysQ: 75-90% 1.000 
  

Overall 0.056 

PhysQ: 90-100% 0.874 0.418 1.830 0.7218 

PhysQ: 50-74% 1.033 0.758 1.408 0.8357 

PhysQ: 25-49% 1.058 0.730 1.534 0.7664 

PhysQ: 0-24% 2.532 1.339 4.788 0.0043 

 
DRI = Disease Risk Index; PhysQ = physician questionnaire about patient survival 
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CHARM Predicts Functional Limitation-Free Survival

Artz A….Sorror M, Blood Adv in press. 

Copyright © 2025 American Society of Hematology 



Data Capture for CHARM
Prone to Bias 
(Minimal, mild, 
moderate, large)

ChallengesAdditional 
effort

Health 
Care/Patient 
Reported 
Outcomes 
(PRO)

Tool

MildCIBMTR NoneHealth CareHCT-CI

NoCIBMTRNoneHealth CareAlbumin

NoCIBMTRNoneHealth CareRecipient Age

MinimalTiming and 
insurance

MildHealth careCRP, highly 
sensitive

MildMethod to capture 
by center

MildPROPt reported 
KPS

MinimalAvailability of dataMildHealth Care or 
PRO

Weight loss

MildTraining, licensure 
and version

ModerateHealth CareMoCA

NEW



Montreal Cognitive 
Assessment
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Not to be reproduced-for 
education purposes here



CMS Aging Friendly Hospital Measure for 
Hospital Inpatient Quality Reporting

5 domains

• Eliciting Patient Goals

• Responsible Medication 
Management

• Frailty Screening and Intervention

• Social vulnerability

• Age-friendly care leadership

Meeting the Measure

• What Matters

• Medications

• Mentation

• Mobility

“Domain 3: Frailty Screening and Intervention (i.e., Mobility, Mentation, and Malnutrition): This domain aims to 
screen patients for geriatric issues related to frailty including cognitive impairment/delirium, deficits in physical 
function-mobility, and malnutrition for the purpose of early detection and intervention where appropriate. “


