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Use of allogeneic hematopoietic cell transplantation (alloHCT) is increasing in older patients

with hematologic malignancies. Studies suggest that geriatric assessment (GA), incorporating

functional measures such as instrumental activities of daily living (IADL), delineates

subtle age-related impairments that enhance risk-stratification. The objective of this

multi-institutional retrospective study was to evaluate the prognostic utility of GA metrics

collected pre-alloHCT. Eligibility criteria included age $50 and pre-alloHCT GA inclusive of at

least IADL. Beyond IADL, additional geriatric metrics were collected where available and

included Medical Outcomes Study Physical Health score (MOS-PH), Timed Up and Go (TUG),

and cognition by Blessed Orientation Memory Concentration (BOMC). Three hundred thirty

subjects were included, with a median age of 63 (range 50 to 77). Impairments were frequent:

36% had at least 1 IADL impairment; 14% had TUG $13.5 seconds; and 17% had cognitive

impairment (BOMC $ 7). Median MOS-PH score was 80. IADL and age were not significantly

associated with nonrelapse mortality (NRM) or overall survival (OS). In multivariate analysis,

only impaired cognition and Hematopoietic Cell Transplant-Comorbidity Index score $3

showed an independent association with 1-year NRM (subdistribution hazard ratio [SHR],

2.36; P5 .01; and SHR, 2.19; P5 .009, respectively). Cognitive impairment independently

conferred inferior 1-year OS (hazard ratio, 1.94; P 5 .01). In a preplanned subgroup analysis

in 224 patients aged $60 years, cognitive impairment remained the sole GA metric predictive

of NRM (2-year NRM: SHR, 2.72; P5 .007). These data suggest that cognitive impairment

elevates risk of post-alloHCT NRM in older patients.

Introduction

Allogeneic hematopoietic cell transplantation (alloHCT) is increasingly being offered to older
patients with hematologic malignancies.1,2 This trend reflects both the aging of the general
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Key Points

� In older alloHCT
recipients, cognitive
impairment is
associated with
inferior OS via
increased NRM.

� Cognitive impairment
is identified as a novel
risk factor and should
be considered prior to
alloHCT.
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population and improvements in nonmyeloablative transplant
methodology and supportive care. However, alloHCT remains a
treatment with significant morbidity and mortality,3 and determi-
nation of which older patients are good candidates for trans-
plant is crucial. More accurate risk-stratification of nonrelapse
mortality (NRM) or morbidity based on novel health determinants
rather than chronologic age alone could encourage offering
alloHCT to fit older patients, allow appropriate counseling of
higher-risk patients, and facilitate the design of studies to miti-
gate risks. Although the association of comorbidities and perfor-
mance status with NRM has been validated,4,5 individualizing
treatment requires enhanced discrimination beyond age, comor-
bidity, and performance status.6

Geriatric assessment (GA) entails a formal battery of testing
designed to assess key domains often impaired in older age,
many of which have been shown to predict morbidity and/or
mortality in an oncogeriatric population.7-11 Even among
patients deemed fit for alloHCT, functional measures within the
GA have been shown to predict post-alloHCT outcomes inde-
pendent of clinical factors in a number of single-institution
studies.12-15 In the largest prospective study by Muffly et al,12

functional compromise defined by impairment in instrumental
activities of daily living (IADL) predicted higher rates of NRM
and inferior overall survival (OS) in allogeneic transplant
patients age $50 years. A simple scoring system combining
the Hematopoietic Cell Transplant-Comorbidity Index (HCT-CI)
and IADL strongly stratified patients for OS; this was validated
in retrospective fashion by Lin et al,14 although not by other
prospective studies.13,15 Based on these emerging data and
the wider use of alloHCT among older adults, including those
age $70 years,2 an increasing number of transplant centers
now collect GA data as part of standard care.16 A prospective
trial of GA prior to alloHCT is currently underway through the
Bone Marrow Transplant Clinical Trials Network (BMT CTN
1704, NCT03992352) to better stratify 1-year NRM in older
patients.

Many different GAs exist, with numerous patient-reported and/or
provider performed instruments for each health domain (eg, function,
nutrition, cognition). IADL represents one of the most universally
administered patient-reported tools to gauge function. Recently, a
GA designed specifically for cancer patients has been developed
and validated as a predictor of chemotherapy toxicity.8,17 Although
primarily studied in solid tumor patients, this tool has gained accep-
tance in much of the hematology and oncology community desiring
standardization.11

In this study, we aimed to analyze for the first time in multicenter
fashion the association of specific geriatric metrics with post-
alloHCT outcomes, with a goal of validating the prognostic ability of
IADL and exploring the utility of other core functional tools, such as
Medical Outcomes Study Physical Health score (MOS-PH), Timed
Up and Go (TUG), and cognition by Blessed Orientation Memory
Concentration (BOMC).18-21

Methods

CIBMTR

The Center for International Blood and Marrow Transplant Research
(CIBMTR) is a working group of .500 transplant centers worldwide

that contribute detailed data on HCT to a statistical center at the
Medical College of Wisconsin in Milwaukee, Wisconsin and the
National Marrow Donor Program/Be the Match in Minneapolis, Min-
nesota. Participating centers are required to report all consecutive
transplants, and compliance is monitored by on-site audits. Comput-
erized checks for discrepancies and physicians' review of submitted
data ensure compliance and data quality. Observational studies con-
ducted by the CIBMTR are performed in compliance with all appli-
cable federal regulations pertaining to the protection of human
research participants. The National Marrow Donor Program Central
Institutional Review Board and the University of Chicago Institutional
Review Board reviewed and approved this study. All patients pro-
vided written informed consent for the CIBMTR registry.

Subjects

Subjects were identified from 6 transplant centers based on avail-
ability of GA data prior to transplant. Inclusion criteria consisted of
(1) first allogeneic transplant performed in the United States from
2011 to 2017; (2) age $50 years at the time of transplant; and (3)
previously consented to the CIBMTR registry. Subjects were
excluded if IADL was incomplete or had not been collected within 3
months prior to transplant; other core GA metrics were collected
where available but were not required. Additional exclusion criteria
included ,100 days of follow-up posttransplant or transplant per-
formed for a nonmalignant disorder, as NRM cannot be easily
defined in such patients.

Study design

Eligible subjects’ GA data were compiled by individual participating
sites. Across sites, GA data were collected by variable staff mem-
bers (provider, nurse, research staff) and by variable methods (elec-
tronically vs on paper). The indication for GA by site was
categorized into 3 groups: collection as part of research, systematic
standard of care due to age, or nonsystematic standard of care with
GA based on individual patient need. This categorization allowed for
potential sensitivity analysis excluding the latter category, enabling
minimization of bias associated with nonsystematic GA collection.
Some subjects from 3 centers were included in previously pub-
lished reports related to the prognostic value of specific GA metrics
(n5191).15,22,23

The GA data included IADL for each subject as well as MOS-
PH, BOMC, and TUG scores where available; data were sub-
mitted by each site and collated centrally by the CIBMTR. Pre-
transplant data provided by the CIBMTR included demographic,
disease-related, and transplant-related variables. The primary
outcome measure was defined as NRM at 1-year post-alloHCT,
mirroring the BMT CTN 1704 primary endpoint. Secondary out-
come measures included 2-year NRM, OS, and progression-
free survival (PFS). For symmetry to 1-year NRM, 1-year OS
was also explored.

GA metrics

The OARS IADL is a 7-question tool assessing the following abili-
ties: using the telephone, transportation, shopping, preparing meals,
housework, taking medication, and managing money.18 Each ques-
tion is scored as no, moderate, or complete dependence, and
impairment was defined as the presence of any deficit. MOS-PH is
a 10-question tool assessing a range of physical abilities, from bath-
ing and dressing to vigorous activities such as running or lifting
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heavy objects.19 Each ability is scored as not limited, limited a little,
or limited a lot, and impairment was defined as a score at or below
the sample median. TUG is an objective test of physical function in
which subjects are asked to rise from a seated position, walk
3 meters, turn around, walk back and sit down; impairment was
defined as a score of $13.5 seconds.20 BOMC is a 6-question
test of cognitive abilities, including memory, orientation, and concen-
tration; impairment was defined as a score of $7.21

Statistical analysis

The CIBMTR provided the deidentified dataset to 1 participat-
ing site for statistical analysis. Testing of association of base-
line variables was performed using Pearson’s x2 test for
categorical variables and equality-of-medians test for continu-
ous nonnormally distributed variables. Cumulative incidence
curves were generated to estimate the cumulative incidence
rates of NRM, with death in the absence of relapse as a com-
peting event. The Kaplan-Meier method was used to estimate
OS and PFS rates. Prognostic factors, including demographic,
clinical, and geriatric variables, were evaluated with the use of
Fine-Gray subdistribution hazard models for NRM and Cox
proportional-hazards model for OS and PFS. We first con-
ducted univariate analysis for each prognostic factor, and mul-
tivariate analysis included variables showing an association
with outcomes at P# .1. A preplanned subgroup analysis
examined subjects age $60 years, to focus on this older pop-
ulation and align with prior reports.12-14 Two-sided values of P
,.05 were considered to indicate statistical significance. All
analyses were performed using R software version 3.0.1 and
SAS version 9.4 (SAS Institute Inc, Cary, NC).

Results

Baseline characteristics

The consort diagram displayed in Figure 1 depicts the application
of inclusion/exclusion criteria to reach a final study sample of 330

patients, as well as the number of patients undergoing alloHCT at
participating centers during this time period. Table 1 summarizes
baseline characteristics of the study population. Median age was 63
years (range 50 to 77), and the most common disease types were
acute myeloid leukemia (AML; 46%) and myelodysplastic syndrome
(33%). Karnofsky performance status (KPS) was 90 to 100 in 73%
of subjects, and 51% had HCT-CI score of $3. Reduced intensity
conditioning preceded alloHCT in 68% of patients. Median follow-
up of survivors was 24 months (range 3 to 61 months).

GA data for the entire cohort are displayed in Table 2. In brief, 36%
(120/330) presented with at least 1 IADL impairment; the median
MOS-PH score was 80 (range 0 to 100; n5230), and 14% (38/
273) had a slow TUG score at $13.5 seconds, a threshold associ-
ated with increased risk of falls in other settings.24 BOMC score
$7 defined cognitive impairment (based on original validation of the
BOMC instrument21) and was present in 40 of 235 subjects
(17%). Impairment in TUG and BOMC scores did not differ by age
group; rates of cognitive impairment were 20% for age 50 to 59,
15% for age 60 to 69 and 18% for age $70 (P5 .57). Conversely,
IADL impairment was less common in subjects $70 years (38% for
age 50 to 59, 41% for age 60 to 69, and 21% for age $70;
P5 .02), and MOS-PH scores were more commonly above the
median in subjects $70 years (P5 .04), suggesting patient selec-
tion for better functional status in the oldest patients.

Transplant outcomes

For the entire cohort, NRM at 1 year was 16% (95% confidence
interval [CI], 12% to 20%), and at 2 years was 19% (95% CI, 15%
to 24%). Cumulative incidence of relapse at 2 years was 41%
(95% CI, 35% to 46%). PFS was 40% at 2 years (95% CI 35% to
46%) and 2-year OS was 51% (95% CI, 45% to 57%). Figure 2A-
B displays the NRM and OS for the entire cohort, respectively. At
the time of analysis, 160 of 330 patients had died; cause of death
as reported to the CIBMTR was primary disease in 51%, graft-ver-
sus-host disease in 14%, infection in 10%, organ failure in 8%, and
other/unknown in 17%. OS did not differ between this cohort and

Figure 1. Consort diagram. Derivation of study cohort based on inclusion/exclusion criteria.
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patients age $50 years not undergoing GA at the same institutions
over the same time period (supplemental Table 1).

Prognostic factors for NRM

Factors associated with the primary outcome of 1-year NRM in uni-
variate analysis at P# .1 were comorbidity (HCT-CI score $3),

Table 1. Subjects’ baseline characteristics

Characteristic n (%) or median (range)

Age, y 63 (50 to 77)

Age by decade, y

50 to 59 106 (32)

60 to 69 166 (50)

701 58 (18)

Female sex 132 (40)

Race

White 294 (89)

African American 13 (4)

Asian 11 (3)

.1 race 1 (,1)

Missing 11 (3)

Non-Hispanic ethnicity 306 (93)

Disease type

AML 151 (46)

MDS/MPN 109 (33)

NHL 23 (7)

ALL 21 (6)

Other leukemia 12 (4)

CML 9 (3)

PCD/MM 5 (2)

DRI
25

Low 21 (6)

Intermediate 189 (57)

High 84 (25)

Very high 5 (2)

Unknown 31 (9)

Karnofsky performance score

90 to 100 241 (73)

,90 83 (25)

Missing 6 (2)

HCT-CI score

0 66 (20)

1 44 (13)

2 52 (16)

31 167 (51)

Missing 1 (,1)

Donor type

Matched sibling 110 (33)

Other related* 13 (4)

Well-matched unrelated; 8/8 match 139 (42)

Partially matched unrelated; 7/8 match 29 (9)

Cord blood 39 (12)

Conditioning intensity

Myeloablative conditioning 105 (32)

Reduced intensity conditioning 224 (68)

Missing 1 (,1)

Table 1. (continued)

Characteristic n (%) or median (range)

Conditioning regimen

Fludarabine/busulfan 150 (45)

Fludarabine/melphalan 103 (31)

TBI/cyclophosphamide based 64 (19)

Other 13 (4)

GVHD prophylaxis

Tacrolimus/methotrexate based 116 (35)

Tacrolimus alone 85 (26)

Tacrolimus/MMF based 49 (15)

Cyclosporine based 28 (8)

CD34 selection 12 (4)

Posttransplant cyclophosphamide based 12 (4)

Other 28 (8)

ATG/alemtuzumab

ATG 135 (41)

Alemtuzumab 80 (24)

Neither 113 (34)

Missing 2 (,1)

Year of transplant

2011 5 (2)

2012 16 (5)

2013 45 (14)

2014 85 (26)

2015 68 (21)

2016 51 (15)

2017 60 (18)

Transplant center

MD Anderson 23 (7)

Memorial Sloan Kettering Cancer Center 14 (4)

University of California San Francisco 136 (41)

University of Chicago 105 (32)

University of Minnesota 41 (12)

University of Nebraska 11 (3)

Indication for GA

Research 177 (54)

Systematic standard of care 116 (35)

Nonsystematic standard of care 37 (11)

ALL, acute lymphoid leukemia; CML, chronic myelogenous leukemia; GVHD, graft-
versus-host disease; HCT-CI, Hematopoietic Cell Transplant-Comorbidity Index; MDS,
myelodysplastic syndrome; MM, multiple myeloma; MMF, mycophenolate mofetil; MPN,
myeloproliferative neoplasm; NHL, non-Hodgkin lymphoma; PCD, plasma cell dyscrasia;
TBI, total body irradiation.
*Other related: this includes 9 haploidentical transplants.
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patient-reported physical function by MOS-PH score below the
median of 80, and cognitive impairment (BOMC $7) (Table 3).
Clinical variables not associated with 1-year NRM included KPS,
age by decade, refined Disease Risk Index (DRI) score,25 donor
type, conditioning intensity, and graft source. Neither patient-
reported functional limitations by IADL nor performance-based func-
tion by slow TUG influenced 1-year NRM. In multivariate analysis,
high HCT-CI comorbidity (SHR, 2.19; 95% CI, 1.22 to 3.94;
P5 .009) and cognitive impairment (SHR, 2.36; 95% CI, 1.21 to
4.60; P5 .01) remained independently prognostic (Table 4).
Results for 2-year NRM recapitulated the 1-year NRM results, with
high comorbidity and cognitive impairment being the only significant
predictors in multivariate analysis (SHR, 1.81; 95% CI, 1.07 to
3.09; P5 .03 for HCT-CI $ 3; and SHR, 2.41; 95% CI, 1.29 to
4.53; P5 .006 for BOMC $7). For subjects without cognitive
impairment (ie, BOMC ,7), NRM was low at 1 and 2 years at 14%
and 17%, respectively, whereas pre-alloHCT cognitive impairment
posed a high risk of NRM at 1 and 2 years at 33% and 37%,
respectively.

Given the strong association of cognitive impairment with NRM, we
explored confounding factors through correlation with GA-rated func-
tion or clinical variables. Cognitive impairment (BOMC $7) was
associated with slower TUG time of $13.5 seconds (P5 .001), but
was not associated with IADL impairment, MOS-PH score above the
median, age by decade, KPS ,90, HCT-CI score $3, high or very
high DRI score, or conditioning intensity. To assess for the presence
of potential bias caused by missing data, we also evaluated the effect
of missing BOMC score. Subjects with missing BOMC score were
older (mean 65 vs 62 years, P5 .0001) but had similar probability of
HCT-CI $3 and IADL impairment (P51.0 and P5 .99, respec-
tively); the 1-year NRM and 1-year OS of subjects with missing
BOMC score were not different from those with available BOMC
score (SHR, 0.38; 95% CI, 0.30 to 1.24; P5 .17; and hazard ratio
[HR], 1.01; 95% CI, 0.68 to 1.51; P5 .96, respectively).

Causes of death for 109 deceased patients with BOMC scores
are summarized in supplemental Table 2. In those for whom

cause of death was known, there was a greater proportion of
non–disease-related deaths in patients with BOMC $7 vs ,7
(14/21 vs 40/86, P5 .1), although this was not statistically signifi-
cant; no category of non–disease-related death predominated.

Prognostic factors for OS and

progression-free survival

With respect to 1-year OS, significant univariate predictors at
P# .1 were KPS ,90, DRI high or very high, reduced intensity con-
ditioning, IADL impairment, and cognitive impairment (Table 3). In
multivariate analysis, only cognitive impairment maintained a signifi-
cant association with worse 1-year OS (HR, 1.94; 95% CI, 1.14 to
3.31; P5 .01) (Table 4). Functional impairment by IADL was not
significantly associated with OS (HR, 1.41; 95% CI, 0.96 to 2.08;
P5 .08). At 2 years, the findings for cognitive impairment and IADL
were similar (cognitive impairment, HR, 1.60; 95% CI, 0.99 to 2.56;
P5 .05; IADL impairment, HR, 1.33; HR, 0.96 to 1.86; P5 .09).
For subjects with normal cognitive function, the probability of OS at
1 and 2 years was 64% and 55%, respectively, whereas for sub-
jects with cognitive impairment, OS at 1 and 2 years was 51% and
40%, respectively. Figure 2C-D displays unadjusted NRM and OS
by presence of cognitive impairment, respectively. To further confirm
these findings, a sensitivity analysis was performed excluding the 37
subjects whose GA data were collected nonsystematically at their
site based on individual patient- or provider-identified need, thereby
including only those subjects whose GA was collected as system-
atic standard of care at their site (typically based on age) or as part
of research. Similar effects of IADL impairment and cognitive impair-
ment on 2-year NRM and OS were found (data not shown).

Predictors of PFS at both 1 and 2 years were high disease risk
(high or very high DRI) and cognitive impairment. Both remained
independently associated with PFS at 2 years (for DRI, HR, 1.62;
95% CI, 1.17 to 2.24; P5 .004; for cognitive impairment, HR,
1.79; 95% CI, 1.14 to 2.81; P5 .01). No geriatric metrics were
associated with risk of relapse, and age was not associated with
any posttransplant outcome.

Table 2. GA metrics

Geriatric metric Possible score range and impairment threshold

n (%) with

available data

Median

(range)

Median (range)

by age group

Impaired,

n (%)

Impairment by

age group, n (%)

Patient-reported function

OARS IADL 0 to 14 with higher score indicating better function 330 (100) 14 (4 to 14) 50 to 59: 14 (5 to 14) 120 (36) 50 to 59: 40 (38)

Impairment: ,14 60 to 69: 14 (4 to 14) 60 to 69: 68 (41)

701: 14 (11 to 14) 701: 12 (21)

MOS-PH 0 to 100 with higher score indicating better function 230 (70) 80 (0 to 100) 50 to 59: 72.5 (0 to 100) N/A N/A

Impairment: N/A 60 to 69: 80 (0 to 100)

701: 87.5 (55 to 100)

Performance-based function

TUG Measured in seconds with higher number indicating worse function 273 (83) 9 (4 to 50) 50 to 59: 9 (4 to 34) 38 (14) 50 to 59: 16 (16)

Impairment $13.5 60 to 69: 9 (4 to 50) 60 to 69: 19 (14)

701: 10 (4 to 15) 701: 3 (9)

Cognition

BOMC 0 to 28 with higher score indicating worse cognition 235 (71) 2 (0 to 16) 50 to 59: 2 (0 to 16) 40 (17) 50 to 59: 17 (20)

Impairment $7 60 to 69: 2 (0 to 14) 60 to 69: 18 (15)

701: 4 (0 to 10) 701: 5 (18)

N/A, not applicable; OARS, Older Americans Resources and Services.
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Outcomes in patients 60 years or older

In a preplanned subgroup analysis of 224 patients aged $60 years,
cognitive impairment remained associated with unadjusted 2-year
NRM (SHR, 2.73; 95% CI, 1.32 to 5.63; P5 .007). There was a
borderline significant association between OS and poor patient-
reported physical function, defined as MOS-PH score below the
cohort median (HR, 1.58; 95% CI, 0.99 to 2.53; P5 .05). IADL
impairment did not confer higher rates of 2-year NRM (SHR, 0.84;
95% CI, 0.44 to 1.63; P5 .61) nor worse 2-year OS (HR, 1.37;
95% CI, 0.93 to 2.04; P5 .11) in this subgroup.

Discussion

In this first multi-institutional study of GA prior to alloHCT, we dem-
onstrate for the first time an association between pre-alloHCT cogni-
tive impairment, as measured by BOMC $7, and inferior OS due to
increased NRM. In contrast to prior reports, IADL was not signifi-
cantly associated with outcomes.

Mild cognitive impairment is highly prevalent in the older patient
population, with best estimates ranging from 14% to 18% in the
general population over age 70,26 and 17% to 35% in hematologic
malignancy patients over age 75.27 In our alloHCT population aged
50 to 77 years, the prevalence of cognitive impairment by BOMC
$7 was 17% (40 of 235 subjects), comparable to prior reports
despite inclusion of somewhat younger subjects. In our study, there
was no difference in rate of cognitive impairment by age, confirming
that even “younger” alloHCT patients in the 50- to 59-year age
group are vulnerable to this geriatric syndrome.

Limited information is known about the impact of baseline cognitive
impairment in the setting of treatment of hematologic malignancies,
although cancer-related cognitive impairment has been more exten-
sively described in solid tumors.28 As well, because many different
screening and diagnostic tests exist to measure cognitive impairment,
with different sensitivity and specificity, comparison of prevalence
across studies is challenging. In a recent large single-institutional

Figure 2. NRM and OS. (A-B) NRM and OS for the entire cohort. (C-D) Unadjusted NRM and OS by presence of cognitive impairment (BOMC score $7).
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study of 341 patients age 75 years and older with hematologic malig-
nancies, impaired working memory by 5-word delayed recall was
associated with inferior OS, even when adjusting for age, comorbid-
ities, and disease aggressiveness.27 Other studies have shown an
inferior impact of cognition on OS in specific patient populations,

such as chronic lymphocytic leukemia and AML.29,30 In the setting of
alloHCT, evidence suggests that cognitive impairment is preva-
lent,13-15,23,31 but association with posttransplant outcomes has not
been consistently examined. These data identify cognitive impairment
as a novel risk factor, independent of function and comorbidity, for

Table 3. Univariate analysis of 1-y NRM and 1-y OS

Variable 1-y NRM SHR (95% CI) 1-y OS HR (95% CI)

GA

Cognitive impairment by BOMC

,7 Reference Reference

$7 2.57 (1.34 to 4.95), P5 .005* 1.56 (0.94 to 2.60), P5 .09*

IADL

Normal (14) Reference Reference

Impaired (,14) 1.17 (0.69 to 2.06), P5 .58 1.37 (0.95 to 1.97), P5 .09*

Physical function by MOS-PH score

.80 (median score) Reference Reference

#80 1.85 (0.94 to 3.61), P5 .08* 1.26 (0.81 to 1.94), P5 .30

TUG, s

,13.5 Reference Reference

$13.5 1.38 (0.64 to 2.99), P5 .41 1.43 (0.86 to 2.38), P5 .17

Clinical variables

Age, y

50 to 59 Reference Reference

60 to 69 1.09 (0.56 to 2.10), P5 .80 1.27 (0.83 to 1.93), P5 .27

$70 1.66 (0.77 to 3.59), P5 .20 1.29 (0.75 to 2.22), P5 .35

Karnofsky performance status

90 to 100 Reference Reference

,90 1.31 (0.72 to 2.41), P5 .38 1.40 (0.94 to 2.07), P5 .1*

Comorbidity by HCT-CI

0 to 2 Reference Reference

$3 2.20 (1.22 to 3.97), P5 .009* 1.28 (0.89 to 1.84), P5 .18

DRI

Low, intermediate Reference Reference

High, very high 1.60 (0.87 to 2.93), P5 .13 1.44 (0.97 to 2.13), P5 .07*

Conditioning intensity

Myeloablative conditioning Reference Reference

Reduced intensity conditioning 1.48 (0.77 to 2.84), P5 .24 1.43 (0.95 to 2.15), P5 .09*

Donor type

Matched sibling Reference Reference

Other related 2.96 (1.02 to 8.59), P5 .05 1.93 (0.85 to 4.35), P5 .11

Well-matched unrelated; 8/8 match 1.29 (0.63 to 2.68), P5 .49 1.18 (0.76 to 1.83), P5 .46

Partially matched unrelated; 7/8 match 1.62 (0.57 to 4.63), P5 .37 1.29 (0.65 to 2.54), P5 .47

Cord blood 2.49 (1.08 to 5.76), P5 .03 1.80 (1.03 to 3.15), P5 .04

Across all donor types, by log rank P5 .14 P5 .22

Graft source

Bone marrow Reference Reference

Peripheral blood 0.68 (0.27 to 1.72), P5 .41 1.23 (0.60 to 2.53), P5 .58

Umbilical cord blood 1.37 (0.47 to 3.97), P5 .57 1.88 (0.82 to 4.30), P5 .13

HCT-CI, hematopoietic cell transplant-comorbidity index.
*Included in multivariate analysis since P # .1.
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NRM and OS in the curative intent setting of alloHCT. Moreover, cog-
nitive impairment was readily assessable using the BOMC, a
6-question screening test commonly considered to be relatively
insensitive.

The underlying mechanisms by which cognitive impairment pre-
disposes to higher alloHCT NRM cannot be elucidated from this
study, but reasonable potential explanations exist. Patients with
mild cognitive impairment may appear unaffected in routine clini-
cal interactions, but have subclinical deficits that may worsen
after transplant due to multiple stressors such as chemotherapy,
sedative/hypnotics, calcineurin inhibitors, infection, or even the
setting of inpatient hospitalization. Cognitive impairment alters
decision making even in an idealized research setting.32 Further-
more, cognitive impairment is an established risk factor for post-
operative delirium33 and thus may contribute to delirium or falls;
these complications have been shown to be associated with
inferior NRM and OS after alloHCT.34

We hypothesized that functional impairment as measured by GA
would independently predict worse outcome. Surprisingly, the study
did not replicate prior findings of the adverse influence of IADL
impairment observed in most prior single-center studies,12,14,15

although not all.13 The seemingly conflicting results with prior stud-
ies may be reconciled. First, we must acknowledge that although
not statistically significant, IADL impairment did show a marginal
association with 1-year NRM (HR, 1.41; P5 .08 in multivariate anal-
ysis), justifying further investigation in larger studies. It is also con-
ceivable that changes in transplant practice have attenuated the
negative impact of functional impairment due to increased physician

awareness. Functional status, as measured by IADL or other tools,
is increasingly being used by transplant physicians as part of stan-
dard-of-care assessment for transplant candidacy based on a recent
survey.16 The lower rates of functional impairment in the older
patients in our cohort indicate some degree of patient selection
based on function. Some patients with impaired function may now
be excluded or have received targeted intervention for this, such as
physical therapy referral, structured exercise, or increased care-
giving support, potentially blunting any association with inferior out-
comes; some of the subjects in this series (around one-third) were
part of such an optimization program.35 Finally, the multi-institutional
nature of the study introduced heterogeneity in administration of
functional tests as far as both methods of measurement and timing
relative to alloHCT.

Important limitations exist in this observational study. First, the ideal
set of tools and thresholds remains undefined. Cognitive testing
presents a major dilemma, as cognitive screening tests such as the
BOMC are not diagnostic.36 However, the gold-standard compre-
hensive neuropsychological testing is laborious and time consuming.
Furthermore, cognitive screening tests such as the BOMC limit the
ability to study subdomains of cognition (eg, memory, executive
function, attention, and concentration). Similarly, the tools and
thresholds for functional status may not be optimized for the studied
population.37,38 The BMT CTN 1704 trial, a large national study pro-
spectively utilizing a standard set of health status tools pre-alloHCT
among patients 60 years and older, will be a critical study to poten-
tially confirm these results (NCT03992352). This study uses a
slightly more detailed cognitive test, the Montreal Orientation Mem-
ory Concentration test, rather than the BOMC.

Table 4. Multivariate analysis of 1-y NRM and 1-y OS

Variable 1-y NRM SHR (95% CI) 1-y OS HR (95% CI)

Cognitive impairment by BOMC

,7 Reference Reference

$7 2.36 (1.21 to 4.60), P5 .01 1.94 (1.14 to 3.31), P5 .01

Comorbidity by HCT-CI —

0 to 2 Reference

$3 2.19 (1.22 to 3.94), P5 .009

Physical function by MOS-PH score —

.80 (median score) Reference

#80 1.65 (0.84 to 3.27), P5 .15

IADL —

Normal (14) Reference

Impaired (,14) 1.41 (0.96 to 2.08), P5 .08

Karnofsky performance status —

90 to 100 Reference

,90 1.25 (0.82 to 1.90), P5 .30

DRI —

Low/intermediate Reference

High/very high 1.39 (0.93 to 2.08), P5 .11

Conditioning intensity —

Myeloablative conditioning Reference

Reduced intensity conditioning 1.31 (0.85 to 2.02), P5 .21

Subjects with missing BOMC or MOS-PH score were included in multivariate analysis; SHR/HR for subjects with missing scores did not differ from reference categories, data not
shown. —, not included in multivariate analysis as P . .1 in univariate analysis.
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The observational nature of the present study precluded evaluation
for toxicities (eg, delirium) or better adjudicating non–disease-
related causes of death. The heterogeneity in patients and regimens
inherent in the multicenter nature of this study represents a strength
as far as generalizability, although also introduces variability that may
limit detecting prognostic utility of GA metrics. Finally, this sample
included only a limited number of patients over age 70, and one-
third were under age 60; nonetheless, geriatric vulnerabilities such
as IADL impairment and cognitive impairment were prevalent in
each age group, and the latter was associated with inferior
outcomes.

Moving forward, this data suggest that the routine assessment of
cognitive impairment in older patients preparing to undergo alloHC
may aid in risk-stratification and may even encourage alloHCT in
older adults lacking cognitive impairment. Pending a confirmatory
study, we recommend that, rather than being used as an exclusion
for alloHCT, the finding of cognitive impairment by a screening test
should prompt additional workup, interventions to improve or pre-
serve cognitive function (eg, behavioral, pharmacologic, or exercise-
based interventions),39-41 and increased caregiver support.35 Stud-
ies to reduce the risk of NRM targeted to this vulnerable population
are a high priority so as to maximize the availability and safety of
alloHCT for those in need.
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