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Key Points

•GA to guide an MDC
evaluation to optimize
older adult candidates
for hematopoietic cel-
lular therapy is feasible
and practical.

• An MDC evaluation for
older adults before
transplantation holds
promise to mitigate
transplant-related mor-
bidity and mortality.

Limitations found on geriatric assessment (GA) track with worse outcomes after hematopoietic

cell transplantation (HCT). We report on a multidisciplinary team clinic (MDC), consisting of

a cancer-specific GA and a multidisciplinary team of providers, to assess candidacy and create

an individualized optimization plan for allogeneic HCT candidates aged $60 years and

autologous HCT and adoptive T-cell therapy candidates aged$70 years. Among the 247 patients

evaluated in the MDC, allogeneic HCT candidates comprised the majority (60%), followed by

autologous HCT (37%) with occasional older cellular therapy candidates (3%). Almost all

patients meeting program-required minimum ages for MDC optimization at our institution

were assessed (98%). Relative to historical control subjects undergoing GA alone, allogeneicHCT

patients aged $60 years who underwent MDC appraisal had similar frequencies of high-risk

disease, reduced intensity regimens, and high comorbidity but fewer GA-graded functional

impairments. The MDC cohort experienced fewer inpatient deaths, shorter length of stay, and

fewer discharges to nursing facilities compared with control subjects. Improvements in early

mortality were observed over time; 1-year overall survival improved from 43% in the pre-MDC

era to 70% in the recent MDC era, and 1-year nonrelapse mortality decreased from 43% to

18%. The 31 autologous HCT recipients aged $70 years optimized by the MDC achieved 0%

nonrelapse mortality and 97% overall survival at 1 year. A GA-guided MDC for older HCT

candidates is feasible and seems to reduce transplant-associated morbidity and mortality.

An MDC should encourage broader and safer utilization of transplantation in older patients.

Introduction

The majority of hematologic malignancies with indications for hematopoietic cell transplantation
(HCT) and adoptive T-cell therapy occur in older adults.1-4 Moreover, the proportion of autologous and
allogeneic HCTs performed in patients aged $70 years has risen almost 10-fold over the past 1 to 2
decades.5,6 This trend is likely to continue, as US life expectancy at age 65 years in 2010 was 18 years
for male subjects and 20 years for female subjects.7 Although older adults may be at higher risk for
nonrelapse mortality (NRM) relative to younger adults, they can still safely undergo HCT and T-cell
therapies for a variety of disease-specific indications.8-13

Clinicians have traditionally used age, comorbidity, and rudimentary assessments of performance
status to describe the fitness of older individuals, aiming primarily to assess eligibility for HCT rather
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than identifying avenues to optimize their physiologic status and
social support.14 However, in addition to advanced age, factors
such as disability, frailty, and geriatric syndromes (eg, falls,
delirium) play a larger role in describing physiologic age.14-17

Determining an older patient’s physiologic age may be accomplished
by using a geriatric assessment (GA), a multidimensional patient
assessment tool developed for issues germane to older adults that
include functional status, comorbidities, cognitive abilities, behavioral
conditions, social and economic support, nutritional status, and
polypharmacy.18,19 A GA has been shown to be more effective at
predicting remaining life expectancy and tolerance of treatment
than standard medical evaluations for care of the elderly,20-23 and
it may aid in prognostication before autologous and allogeneic
HCTs among older adults.15,24,25

The broader concept of resilience (ie, the ability to adapt and
recover from stressors) better reflects the goal of both determining
and maximizing physiologic age in the context of an impending
stressor as in transplantation.26 Likewise, the American Society of
Clinical Oncology supports this concept, recommending that GA
before oncologic treatment “should be applied to develop an
integrated and individualized plan that informs cancer management
and to identify nononcologic problems amenable to intervention.”27

Multidisciplinary teams have long been used in geriatrics to reduce
functional impairments among older adults.28 Specifically with respect
to oncology, an effective in-person multidisciplinary team meeting
involves tasks and evaluations that require real-time feedback and
communication between providers; this requires an array of providers
with an appropriate skill mix who bring complementary experiences
and attributes to the team.29,30 Although not reported in the context of
HCT for older adults, the high morbidity and NRM after HCT for older
adults warrant consideration of a multidisciplinary team approach.

As such, we established a Transplant Optimization Program (TOP)
for older adults and report on the primary intervention: a GA-guided
multidisciplinary team clinic (MDC) to evaluate and enhance resilience
of older adult HCT and cellular therapy candidates. The current article
describes the composition, feasibility, and outcomes of the MDC.

Methods

Patients

Participation in the TOP MDC was implemented as a standard-of-
care quality initiative to improve patient outcomes. Indications for
the MDC included every allogeneic HCT recipient aged$60 years
at time of transplantation beginning in March 2013. In March
2015, the TOP MDC broadened eligibility to all autologous HCT
candidates aged $70 years and later cellular therapy candidates
aged$70 years. In addition, patients at least 50 years of age could
be referred by the transplant physician as clinically indicated. The
University of Chicago Institutional Review Board granted approval to
review patient data. The data were maintained in a REDCap clinical
database supported by the University of Chicago.

Regimens and supportive care

The regimens and supportive care followed institutional standard
of care or treatment protocols when applicable. The most common
allogeneic conditioning regimens included alemtuzumab with either
fludarabine/melphalan,31 clofarabine/melphalan,32 or fludarabine/
busulfan.33 Busulfan dosing most often targeted an area under the

curve of 4800 per day for 4 days. A CD34-selected haploidentical
regimen plus a single unrelated cord unit (haplo-cord) that used
conditioning with fludarabine-melphalan (140 mg/m2) and rabbit
antithymocyte globulin were also administered.34,35 Low-dose total
body irradiation of 200 to 400 cGy was occasionally added to the
haplo-cord regimen.

GA and quality of life before the MDC

We use a modified cancer-specific GA based on the original work
by Hurria et al36 and the Delphi consensus of geriatric oncology
experts,37 as described in supplemental Table 1. Additional
modifications to supplement the original GA of Hurria et al included
4-m walk and grip strength. In addition, the Short-Form 36 (SF-36)
captured patient-reported quality of life, and several other provider-
specific tools added further depth to the GA screening tools. Before
the MDC, each patient fills out electronic (or less commonly, paper)
versions of the Health Status Survey and the SF-36. On the day of
the MDC, a clinical coordinator (who has a bachelor’s degree) or
similar staff administers the cognitive screen and functional tests (ie,
grip strength, 4-m walk test, timed up and go) to complete the GA.
Before the creation of our MDC, a modified GA was used among
allogeneic HCT patients aged $50 years evaluated from 2005 to
2012 as previously published15,38; this group served as a historical
control. In addition, providers applied their own tools, complementing
the screening GA.

Multidisciplinary team clinic

The initial referral to the MDC occurs after the transplant physician
recommends consideration of hematopoietic or cellular therapy
with the clinic being scheduled after pretransplant testing and
usually within a 2- to 6-week window before conditioning. The
patient then attends the TOP MDC, which involves ;5 hours of
evaluation per patient (supplemental Table 1). The MDC is held
weekly, accommodating 1 to 3 patients per session. As shown in
Figure 1, the team members include the same MDC-dedicated
providers each week: an HCT advanced practice practitioner, an
HCT physician, a geriatric physician (or geriatric oncologist), an
infectious disease physician, a physical and/or occupational therapist,
a dietitian, and a social worker. The MDC team members meet to
review and discuss each patient after clinic on the same day of the
visit, adhering to the following tenets: dissimilar redundancy in
assessments (ie, overlap in health evaluation domains to avoid
missing subtle limitations), optimize resiliency by mitigating limitations
and leveraging strengths from the GA, devise recommendations to
cushion the stressor (ie, morbidity and toxicities) of the proposed HCT
procedure, and engage the patient and caregivers in goal-setting.

MDC recommendations and implementation

The multidisciplinary discussion results in a consensus recommen-
dation on how to best optimize resilience for transplantation or
cellular therapy. Table 1 describes common optimization pathways
according to vulnerability. The patient and the primary referring
transplant physician and team are notified of recommendations, and
further discussion ensues if needed.Generally, evaluation and supportive
care recommendations emanate fromMDC teammembers coordinated
by the HCT advanced practice provider under physician super-
vision. For example, the dietitian will educate on recommended
nutritional practices, whereas the HCT advanced practice pro-
vider will submit and coordinate orders and prescriptions. Once
a plan has been initiated, the primary transplant team is given
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responsibility to continue to observe the patients. Decisions on the
transplant approach (eg, modification of conditioning regimen)
ultimately reside with the transplant physician.

All patients are given recommendations to augment resiliency, even
if no deficits exist, through education, review of previous toxicities
and concerns, and by fortifying strengths. Finally, nonbinding
recommendations about proceeding with the proposed treatment
are designated into 1 of 3 categories: (1) optimize and proceed with
HCT (or cellular therapy); (2) optimize and decline HCT because
acceptable resilience is not likely; or (3) optimize and defer HCT
until established metrics are met, usually with re-evaluation in the
MDC (Figure 1). A second optimization visit if needed usually occurs
after 6 weeks. When the referring physician and MDC recommen-
dation is in conflict, the case is presented at a transplant consensus
meeting.

TOP MDC: assessment of feasibility and outcomes

Heuristic approach. The MDC was not static; modifications
occurred over time with major refinements summarized here. In 2015,
we began requiring attendance in those aged $70 years before
autologous HCT and cellular therapy.We added an infectious disease
physician to the team. The MDC recommendation categories
were clarified to providers. To better prepare the patient for the
MDC, we created a script for patients to be read before the visit
over the telephone and sent patients the detailed MDC schedule
of providers.

Feasibility and outcomes. Supplemental Table 1 highlights
the GA tools investigated to describe outcomes related to the
MDC. Standard thresholds with validated cut points were used to
define vulnerability on the GA.27,39-41

We reviewed feasibility of performing a patient-reported GA among
patients who attended the TOP MDC between March 2013 and
August 2018 (supplemental Table 2). To gauge patient and/or
clinician adherence to the program requirements for MDC atten-
dance, we summarized eligible allograft candidates (ie, aged
$60 years) between March 2013 and August 2018, autograft
candidates aged $70 years between March 2015 and August
2018, and chimeric antigen receptor T-cell therapy candidates
aged$70 years between January 2017 and August 2018 (Figure 2).
Patients with a previous allogeneic stem cell transplant were
excluded.

Statistical analysis

Differences between groups were assessed by using the Fisher’s
exact test for categorical variables and the Mann-Whitney U test for
continuous variables with Stata version 15.0 (StataCorp). Inpatient
length of stay was calculated as the interval from HCT infusion to
the date of hospital discharge. Nursing facility admission by day 100
was defined as any overnight stay in a skilled nursing facility or acute
rehabilitation center.

We restricted outcome comparison with the allogeneic transplant
population aged$60 years because this core population participated
in the MDC from inception and for whom GA data were available;
outcomes studied included length of stay, nursing home admissions,
readmissions, death, and 1-year overall survival (OS) and NRM. Time
to readmission from discharge and OS were calculated by using the
Kaplan-Meier method and compared by using the log-rank test and
Cox regression analysis; there were no competing risk events to
warrant using a cumulative incidence rate for time to readmission. The
cumulative incidences of NRM (censored for relapse or death) and
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Figure 1. Multidisciplinary clinic evaluation, workflow, and team. APP, advanced practice practitioner; MD, physician; PT/OT, physical and/or occupational therapist.
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relapse at 1 year were compared by using Gray’s test. One-year
outcomes were restricted to those with a full year of follow-up.

Results

Feasibility of TOP MDC attendance

and recommendations

Table 2 summarizes the age ranges of the 247 patients referred
to the MDC and who completed the GA. The median age of all
MDC patients was 67.9 years (range, 43-83 years). Allografting
represented the most frequent transplantation approach pro-
posed (60%), with autografting constituting 37%, and chimeric
antigen receptor T-cell or other adoptive T-cell therapy candidates
comprising only 3% of candidates. Eleven (6.7%) allogeneic and

47 (40.7%) autologous HCT candidates were younger than the
program-required age minimums of 60 and 70 years, respectively,
reflecting elective referrals by the treating physician to the MDC.
The primary reasons for deferring or declining transplant (n 5 95)
were poor health status (73%), disease status (23%), insufficient
social support (3%), and patient deferral (1%).

The patient-reported tools were feasible at baseline: the Health
Status Survey and SF-36 required;15 minutes each to complete,
and the majority found the GA survey easy to understand
(supplemental Table 2).

Most patients (122 of 152 [80%]) recommended by the MDC to
proceed with their planned cellular therapy did receive their planned
treatment. Of the 61 patients who the MDC initially recommended
for deferral until additional evaluation and/or optimization, 28 (46%)
eventually received cellular therapy. In contrast, only 2 patients for
whom the MDC team recommended against transplant received an
allogeneic HCT, both at outside institutions. Their outcomes are
described later in the article.

Only 4 (3.3%) of 120 patients undergoing HCT who met our
program’s age-specified standard of care requirement did not
attend the MDC for logistical reasons, supporting feasibility of an
institutional MDC. These three allograft recipients aged $60 years
and 1 autograft recipient aged $70 years were excluded.

Supplemental Table 3 summarizes the baseline characteristics and
GA impairments among patients meeting program-required age
minimums for autologous and allogeneic HCT referral. Due to the
older age minimum, autologous HCT candidates were older than
allogeneic HCT candidates (median, 73 vs 67 years; P , .0001),
although the proportion of GA-rated vulnerabilities did not differ
between autologous HCT and allogeneic HCT.

Outcomes after autologous transplantation

The indications among the 31 autologous HCT recipients aged
$70 years consisted of multiple myeloma (67.7%) and non-Hodgkin
lymphoma (32.3%). Most patients with plasma cell dyscrasia (19 of
22 [86.4%]) received full-dose melphalan at 200 mg/m2, and all
patients with non-Hodgkin lymphoma (n 5 6) received full-dose BEAM
(carmustine, etoposide, cytarabine, and melphalan) conditioning, reflect-
ing the augmented inherent resiliency of the patients42,43 (supplemental
Table 4). The median length of inpatient hospital stay was 14 days
(range, 11-22 days) from time of HCT infusion; no deaths occurred
during the initial hospitalization. Only 1 death occurred within day 100
(3%) of HCT in a patient with primary central nervous system
lymphoma due to progressive disease. Of the 28 evaluable patients
with 1 year of follow-up, 1-year OSwas 97% and 1-year NRMwas 0%.

Allogeneic transplantation: outcomes and

improvements in the TOP MDC era

In the TOP MDC era, 85 patients aged $60 years underwent an
allogeneic HCT between March 2013 and August 2018 (Table 3)
and were compared vs 74 similar allogeneic HCT patients with
a GA in the pre-TOP MDC period (2005-2012).

The cohorts exhibited similar proportions of traditional risk factors
such as American Society for Blood and Marrow Transplantation
high-risk disease, HCT–comorbidity index score $3, and use of
myeloablative conditioning regimens (Table 3). Although the GA
tools differed over the time period, we leveraged the similar

Table 1. Standard pretransplant optimization of older patients

according to vulnerability

Domain impaired Intervention

Significant comorbid
conditions

Use preferred subspecialty consultants

Optimization and stratification related to anticipated
toxicities (rather than “clearance”)

Ensure follow-up of comorbidity after HCT

Impaired function Determine achievable functional gains

Structured prehabilitation: exercises and physical therapy
consultation

Home safety assessment

Falls Assist devices

Educate on fall risks

Define high-risk periods and precipitants (eg,
hospitalization, IV fluids at night, sedative medications)

Limited social support Pretransplant family meeting to widen support

Assign “Team Captain” to coordinate caregivers

Review short- and long-term patient needs to avoid nursing
home or rehabilitation care

Cognitive impairment More detailed cognitive testing and/or medical evaluation

Delirium precautions (eg, avoid high-risk medications,
educate patient and family)

Education in writing and/or by recording

Maximize caregivers availability, including 24/7 in hospital

Depression or anxiety Consult for cognitive behavioral therapy 6
pharmacotherapy

Assess expected adherence post-HCT

Weight loss Exclude concurrent medical and dental problems

Avoid unnecessary dietary restrictions

Bring preferred foods to hospital

Nutritional supplements if needed

Polypharmacy Stop unnecessary medications

Evaluate interactions

Pharmacist review of medication and use pill box

Any impairment Evaluate underlying medical problems

Elaborate on impairment in medical record

Adjust preparative regimen

Increase posttransplant follow-up frequency (visits/calls)

Booster posttransplant day 30 MDC visit

Harmonize patient and family needs and goals
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backbones of instrumental activities of daily living (IADL) and 4-m
walk speed to discern subtle differences. The pre-TOP group had
a higher proportion of patients with an IADL impairment (49.2% vs
29.5%; P 5 .022) and frail 4-m walk (31.7% vs 5.9%; P , .001)
compared with the TOP MDC cohort.

To better delineate improvements over time, the TOP MDC era was
further divided into the initial phase (TOP initial of 2013-2014) and
more recent era (TOP modern of 2015-2017). Early morbidity metrics
showed a favorable association in the TOP era relative to the pre-TOP
era in most measures: mortality during the HCT hospital stay, length of
stay, discharge to nursing facility, and early death by day 100 (Table 4).
Shorter length of stay and fewer inpatient deaths in the MDC era did
not come at the expense of readmissions (supplemental Figure 1).

In the pre-TOP patients, 1-year OS and 1-year NRM were poor at
43%, as previously described.15,38 Steady improvements coincided
with implementation of the TOPMDC (Figure 3). Relapse incidence
within 1 year between the pre-TOP group and the TOP initial and
TOP modern groups were similar (TOP initial subdistribution hazard
ratio [SHR], 1.53; 95% CI, 0.69-3.38 [P5 .30]; TOP modern SHR,
0.69; 95% CI, 0.31-1.57 [P 5 .38]). Similarly, there was no
difference in 1-year relapse-related mortality (13.5%, 18.5%, and
12% for the pre-TOP, TOP initial, and TOP modern groups,
respectively). Compared with pre-TOP patients, the SHR for NRM
within 1 year for the TOP initial group was 0.73 (95% CI, 0.67-1.46;
P5 .37) and for the TOP modern group, it was 0.35 (95% CI, 0.18-
0.69; P 5 .002). In parallel, the hazard ratio for death within 1 year

for the TOP initial group was 0.78 (95% CI, 0.43-1.40; P 5 .399)
and for the TOP modern group, it was 0.37 (95% CI, 0.21-0.65;
P 5 .0005). This indicates that the improvement in OS in the TOP
modern group was driven mainly by improvements in NRM. These
improvements occurred despite more frequent allografting among
patients aged $70 years during the TOP era (5% for pre-TOP,
18.5% for TOP initial, and 22% for TOP modern).

Excluded patients from allogeneic HCT analysis

Two patients received an allogeneic HCT at an outside institution
(1 patient was ,60 years of age) despite a recommendation not to
proceed with transplant and were excluded from the outcomes
analysis; 1 died within 1 year of HCT, and the other experienced
disease relapse within 1 year of transplant although was alive beyond
1 year. Patients who did not undergo aGA before transplant in the pre-
TOP period were excluded from the main analyses, and thus we could
not compare baseline characteristics according to GA to evaluate
patient selection. In the initial TOP MDC period of 2013 to 2014, 3
allograft recipients aged$60 years did not attend the TOPMDC; all 3
died within 1 year (2 of NRM and 1 of relapse). Every first allograft
recipient aged$60 years from 2015 has been evaluated by the MDC.

Outcomes by TOP MDC recommendation for

allogeneic HCT

We tracked outcomes among the patients aged $60 years
receiving allogeneic HCT at our institution according to initial

Prior allogeneic stem cell transplant (n=15)

Attended TOP Clinic between
2013-2018 (n=262)

Evaluated for cellular therapy
intervention (n=247)

Allogeneic stem cell
transplantation

candidate (n=149)

Feasibility Cohort
(Table 2, Supp. Table 2)

Vulnerability Cohort
(Supp. Table 3)

Outcomes Cohort
(Tables 3-4, Figure 3, Supp.
Tables 4-5, Supp. Figure 1)

Autologous stem cell
transplantation

candidate (n=91)

CAR T-cell therapy
candidate (n=7)

Did not receive
CAR-T (n=2)

Received CAR-T
(n=5)

Did not receive autoSCT (n=21)
Did not receive alloSCT (n=54)

Syngeneic transplant (n=1)

Received autoSCT
(n=31)

AutoSCT candidates 
70 years old (n=52)

Received alloSCT
(n=85)

AlloSCT candidates 
60 years old (n=140)

 60 years old (n=9)  70 years old (n=39)

Figure 2. Consolidated Standards of Reporting Trials (CONSORT) diagram of the patients studied. This includes the total number of patients seen in the TOP MDC

and the subsets further studied for feasibility, prevalence of vulnerabilities, and outcomes. alloSCT, allogeneic stem cell transplant; autoSCT, autologous stem cell transplant;

CAR, chimeric antigen receptor.
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TOP MDC visit recommendation: “optimize and proceed” (n5 72),
“optimize and defer” until additional evaluation and/or prehabilita-
tion (n 5 13), and “optimize and decline” (n 5 0). Age and
HCT–comorbidity index score did not differ between the defer and
proceed patients undergoing allogeneic HCT (supplemental
Table 5). Compared with those recommended to proceed, an initial
deferral was associated with delayed time to HCT (median, 76 vs
35 days; P , .001). Length of inpatient stay, discharges to nursing
facility by day 1100, and readmissions by day 1100 did not differ
between these 2 cohorts. The proceed patients less often
succumbed to early death by day 1100 relative to patients in the
defer category (4% vs 23%; P5 .043). One-year outcomes did not
statistically differ according to proceed or defer recommendations
(1-year OS, 64% vs 46% [P 5 .35]; NRM, 22% vs 39% [P 5 .29],
respectively).

Discussion

As early as 1993, transplant researchers had opined that “age alone
should not be considered a contraindication to transplantation.”44

However, identifying adverse factors to ameliorate expected HCT
complications in older patients has been elusive. We created an
MDC to maximize resiliency to avoid biases of older age alone and
more safely offer hematopoietic and cellular therapies. We describe
for the first time the characteristics, feasibility, and outcomes related
to an MDC attuned to older patients before HCT.

A vital component of the MDC consists of the GA, modified
from the Cancer and Aging Research Group GA,36 generating
a quantitative and nuanced picture of older candidates’ resiliency
to aid in stratification and optimization. The novel alignment of
assessment tools, providers, and process for HCT was based on

a geriatrics-embedded collaborative cancer care model and heuris-
tically modified.29,45

We required attendance as part of the standard of care for
allogeneic candidates aged $60 years and later for autologous
candidates aged$70 years. MDCwas feasible as standard of care;
98% of patients undergoing allografting or autografting in these
populations attended the MDC. Only 3 allogeneic HCT recipients
were not seen, all in the first 2 years of the MDC. Furthermore, we
documented frequent elective referrals of candidates at least
50 years of age not required to attend, suggesting a perceived value
of the MDC.

Our data indicate that universally available and validated patient-
reported tools can be routinely performed as standard of care in this
setting via a computer-based survey alongside in-person clinical
evaluation, to the satisfaction of patients. This finding is in keeping
with previous results in older patients with solid tumors.36,46

Nevertheless, nearly one-third of patients completed surveys on
paper, despite a preference among these patients to perform
electronic surveys. Future efforts will be geared toward increasing
electronic survey rates and attempts to reduce redundant questions
to minimize patient survey effort. Consistent with previous data on
pre-HCT evaluations in older adults, the GA frequently uncovered
deficits in function, geriatric syndromes (eg, falls and polyphar-
macy), and putative cognitive impairment.25,38,47

The GA-guided recommendations to enhance resiliency before
allogeneic HCT seems to mitigate early transplant-associated
morbidity in older patients. Specifically, we found significant
reductions in patient-centric outcomes of skilled nursing facility
admissions, hospital length of stay, and early death relative to the
period before our MDC. The effects, especially in the more recent

Table 2. Attendance and recommendation from the TOP MDC

Variable

TOP clinic era: 2013-2018

Autologous Allogeneic CAR-T Total

Attended MDC, n 91 149 7 247

Median age (range), y 70 (50-83) 66 (43-81) 76 (65-79) 67.9 (43-83)

Age group, n (%)

,50 y 0 (0) 2 (1.3) 0 (0) 2 (,1)

50-59 y 5 (5.5) 9 (5.4) 0 (0) 14 (5.7)

60-69 y 32 (35.2) 104 (70.3) 2 (28.6) 138 (55.9)

$70 y 54 (59.3) 34 (23) 5 (71.4) 93 (37.7)

Received planned cellular therapy, total (%) 57 (62.6) 90 (60.4) 5 (71.4) 152 (61.5)

Recommendation/received planned cellular therapy

Recommendation: optimize and, n (%)

Proceed 60 (65.9) 86 (57.7) 6 (85.7) 152 (61.5)

Defer 23 (25.3) 37 (24.8) 1 (14.3) 61 (24.7)

Decline 8 (8.8) 26 (17.5) 0 (0) 34 (13.8)

Received therapy, by recommendation, n/N (%)

Proceed 46/60 (76.7) 72/86 (83.7) 4/6 (66.7) 122/152 (80.3)

Defer 11/23 (47.8) 16/37 (43.2) 1/1 (100) 28/61 (45.9)

Decline 0/8 (0) 0/26 (0)* 0 (0) 0/34 (0)

CAR-T, chimeric antigen receptor T-cell therapy.
*Two patients received allogeneic HCT elsewhere.
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Table 3. Characteristics of patients aged ‡60 years undergoing allogeneic transplantation during the pre-TOP and TOP MDC eras

Variable Pre-TOP (2005-2012) TOP (2013-2018) P

Received cellular therapy, n 74 85 —

After initial deferral, n (%) NA 13 (15)

After declined, n (%) NA 0 (0)

Age, median (range), y 64 (60-73) 67 (60-75) ,.001

Age $70 y, n (%) 4 (5.4) 16 (18.9) .015

Diagnosis, n (%) .69

ALL 3 (4) 5 (5.9)

AML 33 (44.6) 41 (48.2)

MDS 14 (18.9) 21 (24.7)

MPN 6 (8.1) 5 (5.9)

NHL 11 (14.9) 7 (8.2)

Other 7 (9.5) 6 (7.1)

Disease risk classification, n* 62 54 .46

Low, n (%) 21 (33.9) 23 (42.6)

Intermediate, n (%) 12 (19.4) 6 (11.1)

High, n (%) 29 (46.8) 25 (46.3)

HCT–comorbidity index score, n 61 85

Median (range) 2 (0-9) 1 (0-8) .077

Score $3, n (%) 30 (49.2) 32 (37.6) .18

IADL score, n 61 78

Median (range) 14 (3-14) 14 (4-14) .014

IADL ,14, n (%) 30 (49.2) 23 (29.5) .022

4-m walk test, n 41 85

Frail†, n (%) 13 (31.7) 5 (5.9) ,.001

Donor sources, n (%) .11

Matched related 28 (37.3) 31 (36.4)

Matched unrelated 30 (40) 44 (51.8)

Haploidentical 1 cord blood 12 (16) 10 (11.8)

Single mismatched unrelated, n (%) 4 (5.3) 0 (0)

Conditioning intensity, n (%) 1.0

Myeloablative regimen 13 (17.6) 15 (17.6)

Reduced Intensity regimen 61 (82.4) 70 (82.4)

Myeloablative regimens, n 13 15

Flu/Bu/alemtuzumab or, n (%) 11 (84.6) 15 (100)

ATG TBI/etoposide, n (%) 2 (15.4) 0 (0)

Reduced intensity regimens, n 61 70

Clo/Mel/alemtuzumab, n (%) 16 (26.2) 0 (0)

Flu/Mel/alemtuzumab, n (%) 30 (49.2) 58 (82.9)

Flu/Mel/ATG, n (%) 13 (21.3) 12 (17.1)‡

Flu/Mel, n (%) 1 (1.65) 0 (0)

Flu/Bu/rituximab, n (%) 1 (1.65) 0 (0)

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; ATG, antithymocyte globulin; Bu, busulfan; Clo, clofarabine; Flu, fludarabine; MDS, myelodysplastic syndrome; Mel,
melphalan; MPN, myeloproliferative neoplasm; NA, not applicable; NHL, non-Hodgkin lymphoma.
*Risk according to American Society for Blood and Marrow Transplantation disease classification.
†Frail 4-meter walk time defined for male patients as #0.65 m/s if #173 cm and #0.76 m/s if .173 cm. For female patients, frailty was defined as #0.65 m/s if #159 cm and #0.76 m/s

if .159 cm.
‡Three patients also received low-dose total body irradiation (TBI) 200-400 cGy.
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time period, persisted to improve 1-year OS over time through
reduced 1-year NRM. Consistent with a beneficial effect derived
from the MDC, we found remarkably good survival and low NRM
after autologous HCT in those aged $70 years despite high
comorbidity and other impairments. These outcomes occurred
without necessitating dose attenuation of the preparative regimen
(and the attendant increased relapse rates) as 90% received the
standard full doses. These data further intimate that the MDC can
augment resiliency to avoid arbitrary chemotherapy dose minimiza-
tion due to patient age.

Several important limitations warrant discussion. This was a single
institutional observational study of heterogeneous patients and
transplant types, limiting subset analysis. Prospective randomized
studies will be required to ensure validity and generalizability. The
MDC approach likely impeded or denied HCT for some older patients;

the benefits or drawbacks of avoiding HCT for these high-risk patients
cannot be ascertained. Nevertheless, among allogeneic HCT patients
initially deferred by the TOP MDC but ultimately pursuing HCT after
optimization, the outcomes seemed numerically (but not statistically)
inferior relative to those recommended to initially proceed (eg, 1-year
OS and NRM of 46% and 38.5% vs 64% and 22%, respectively) in
this small subset (n 5 13). Deferred patients may represent a more
“at-risk” population whose comorbidities or vulnerabilities could not be
fully mitigated by the MDC; in addition, they experienced a longer time
from evaluation to receipt of transplant, which could have affected
their outcomes. We have now instituted an MDC booster visit on day
30 after transplant for higher risk patients.

It is difficult to isolate improvements attributable to more careful
patient selection vs optimization; we believe coupling selection and
optimization together improved results. Historical comparisons are

Table 4. Outcomes of patients aged ‡60 years undergoing allogeneic transplantation during the pre-TOP and TOPmultidisciplinary clinic eras

Outcome Pre-TOP (2005-2012), n 5 74

TOP Initial (March 2013-

2014) TOP Modern (2015-2018)

n 5 27 P* n 5 58 P*

Inpatient deaths during initial hospitalization, n (%) 13 (17.6) 0 (0) .018 0 (0) ,.001

Length of inpatient stay, median (IQR), d† 19 (15-23) 15 (13-19) .045 14 (13-17) ,.001

Events by day 100, n/N (%) or n (%)

Discharge to nursing facility† 11/61 (18) 1 (3.7) .096 1 (1.7) .0043

Readmission† 36/61 (59) 16 (59.3) 1 27 (46.5) .20

Death 16 (21.6) 3 (11.1) .26 3 (5.2) .011

Events by 1 y, %

OS 43.2 44.4 .66 70‡ ,.001

NRM 43.2 37 1 18‡ .012

IQR, interquartile range.
*Compared with pre-TOP cohort.
†Excludes patients with death during initial inpatient transplant encounter.
‡Excludes 8 patients who received allogeneic transplant in 2018.
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Figure 3. One-year outcomes before and during the TOP MDC among allogeneic transplant recipients aged ‡60 years across 3 different cohorts. Pre-TOP

(2005-2012), TOP initial (2013-2014), and TOP modern (2015-2017). (A) One-year OS. (B) One-year NRM. CI, confidence interval; HR, hazard ratio.
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certainly limited by unmeasured confounding factors (eg, cytoge-
netic and molecular markers of disease) or supportive care changes
(eg, improved molecular diagnostic techniques for cytomegalovirus
and respiratory viruses) that in part account for better results in the
modern era. Regimens, disease risk, and relapse-related 1-year
mortality did not differ over these time periods. Patients in the MDC
era were in fact older (19% who were aged$70 years vs 5% in the
pre-TOP period), consistent with national trends.5 With the
recognition that some GA components differed from the pre-TOP
era, we found fewer functional impairments in IADLs or slow walk
speed in the TOP cohort relative to the pre-TOP period. Therefore,
better pre-HCT patient functional status may account for part of the
gains, actively mediated by the GA-based MDC patient selection.

Although the MDC and optimization framework are detailed, each
patient received a personalized plan in addition to standard
interventions, similar to most clinical encounters. Moreover, we
believe that this type of multidisciplinary clinic is generalizable to other
transplant centers, as the type of specialist providers needed to
engage in the MDC are typically already available at most institutions
with the exception of a geriatrician. However, deploying staff in
a coordinated pretransplant fashion to optimize patients requires
organization and administrative effort. We believe for prospective
studies, more complete characterization of the interventions and the
surrogate markers for benefit will be invaluable (eg, weight and
muscle gain after nutritional intervention and cognitive morbidity).
Ultimately, the approach should still permit personalization and be
iterative. Indeed, we have found continual improvements in 1-year
NRM and OS likely through ongoing modifications in the MDC.

In conclusion, we have shown both feasibility of and favorable
outcomes from an MDC for older adults before hematopoietic and
cellular therapy. A focus on a GA-guided team approach,
optimizing resiliency to inform eligibility, along with an institutional
willingness and understanding of the need for this type of
approach, were crucial to the clinic’s success. The MDC approach,
if validated, may permit safer and more widespread utilization of
transplantation among older adults.
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