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HOW CAN WE ENSURE THAT EVERYONE WHO NEEDS A TRANSPLANT CAN GET ONE ? 

     Allogeneic hema to poi etic cell trans plan ta tion
for older patients 
    Richard J.   Lin  1  and  Andrew S.   Artz  2
1   Memorial Sloan Kettering Cancer Center, New York, NY; and    2    City of Hope National Medical Center , Duarte, CA 

   Hematologic malig nances are more com mon and often higher risk in older patients. Allogeneic hema to poi etic cell trans-
plan ta tion (alloHCT) best enables long - term dis ease con trol for patients with poor risk or relapsed / refrac tory hema-
to logic malig nan cies such as acute mye loid leu ke mia, myelodysplastic syn dromes, or mye lo fi  bro sis. Rates of alloHCT 
among older patients, while still rel a tively low com pared with youn ger patients, have risen sharply over the past decade. 
Accumulating evi dence sup ports alloHCT for patients  ≥ 60 years of age rel a tive to non - HCT ther a pies based on improved 
over all and dis ease - free sur vival. However, a sig nifi   cant pro por tion of older adults have lim i ta tions char ac ter ized by geri-
at ric assess ment. A sys tem atic pro cess to eval u ate and opti mize older patients may improve deci sion mak ing, trans plant 
out comes, and alloHCT access. We pres ent case - based stud ies to illus trate a step wise and ratio nal approach to proper 
older patient eval u a tion, pretransplant opti mi za tion, and posttransplant care with atten tion to impor tant geri at ric issues 
and qual ity of life.  

   LEARNING OBJECTIVES 
   •    Describe access bar ri ers to allo ge neic hema to poi etic cell trans plan ta tion for older adults 
  •    Understand the role of GA, man age ment, and opti mi za tion strat e gies for an older adult through out the alloHCT

pro cess  

  Introduction 
 Allogeneic hema to poi etic cell trans plan ta tion (alloHCT) 
remains the best ­ established cura tive option for many 
patients with advanced hema to logic malig nan cies, par­
tic u larly mye loid neo plasms. 1  In recent years, we have 
witnessed sig nifi   cant advances in reduc ing trans plant ­
 related mor tal ity, manip u lat ing graft ­ ver sus ­ leu ke mia 
effect to pre vent / treat relapse, and devel op ing alloHCT 
as a plat form for novel cel lu lar ther a pies. 2,3  Older age 
may have been the most for mi da ble and impor tant bar­
rier, representing the next fron tier. 4  The demo graph ics 
of blood can cer, espe cially mye loid malig nan cies, with 
a median age of onset in the late 60s to early 70s and 
fre quently higher risk under score the need. 5  The era of 
alloHCT is upon us; the Center for International Blood 
and Marrow Transplantation Research (CIBMTR) reports 
that patients aged  ≥ 60 years com prised more than 40 %  
of adult alloHCT vol ume in the United States ( Figure 1 ). 6

In this review, we dis cuss unique chal lenges fac ing old­
er patients in alloHCT and strat e gies to improve their 
out comes. 

 CASE 1 
 Mr. RM is a 73 ­ year ­ old man with cor o nary artery dis­
ease, hyper ten sion, dia be tes, and mod er ate obe sity who 
resides in a rural town with his wife and chil dren in an 
active life style. One year ago, he ini ti ated hypomethylat­
ing agent ther apy through his local oncol o gist for newly 
diag nosed high ­ risk, trans fu sion ­ requir ing myelodysplas­
tic syn drome (MDS) with excess blasts. The MDS evolved 
to acute mye loid leu ke mia (AML) 1 year later, prompting 
induc tion with lipo so mal dau no ru bi cin and cytarabine. 
His treat ment course was com pli cated by neutropenic 
fever and bac ter emia. A fol low ­ up bone mar row biopsy 
dem on strated com plete remis sion. Should Mr. RM be 
referred for con sol i da tion alloHCT ?  

 AlloHCT vs che mo ther apy in older patients 
 Older patients, espe cially those in their 70s, face the unique 
chal lenge of fi nite life expec tancy that may be fur ther con­
strained by med i cal comorbidities. 7  AlloHCT for older pa­
tients with AML poses the dual dan gers of com pli ca tions 
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including death after alloHCT without relapse (nonrelapse mor­
tality) and disease relapse. As such, it is imperative that physicians 
and patients weigh the benefits and risks of alloHCT vs nontrans­
plant approaches, ideally early in the treatment course. Sever­
al population-based studies have shown that invariably, older  
patients with intermediate- or poor-risk AML (which comprise 
most newly diagnosed AMLs in older patients) rarely survive for 
more than 5 years without an alloHCT.8,9 In a study comparing 
patients with AML aged ≥60 years treated with consolidation 
chemotherapy alone in first complete remission in several 
national cooperative trials vs similarly aged patients undergoing 
alloHCT in first complete remission from the contemporary CIB­
MTR transplant registry,10 survival was worse for alloHCT in the 
first 9 months posttransplant relative to consolidation on trials. 
However, after 5 years, alloHCT significantly benefited patient 
overall survival (OS) at 28.6% vs 13.8% in the chemo-consolida­
tion cohort (hazard ratio, 0.53; P < .0001). Table 1 highlights simi­
lar findings from several registry studies comparing alloHCT with 
nontransplant chemo-consolidation trials for AML.11-13 In addition, 
3 prospective, donor vs no-donor studies for patients with AML 
were published in abstract form, which also supports alloHCT in 
this population (Table 1). The most recently reported Blood and 
Marrow Transplantation Clinical Trial Network (BMT CTN) 1102 
prospectively studied biologically assigned, newly diagnosed 
high-risk patients with MDS aged 60 to 75 years to alloHCT with 
a matched donor vs hypomethylating therapy without alloHCT 
in the absence of a matched donor; the presence of a matched 
donor conferred a 3-year OS advantage of 47.9% vs 26.6%.14

AlloHCT outcomes in older patients
Associated with many advances in transplantation, the number 
and proportion of total alloHCT continue to rise in patients aged 

≥60 years with hematologic malignancies (Figures 1 and 2), fur­
ther stimulated by wider donor availability, including haploiden­
tical, for most patients. Rashidi et al15 performed a meta-analysis 
of 13 studies of patients with AML 60 years and older who under­
went alloHCT. The 2-year relapse-free survival and OS were 44% 
and 45%, respectively, suggesting that alloHCT is a viable op­
tion for these patients. Similar findings were demonstrated for 
patients with a variety of hematologic malignancies.16-18 Even 
among patients older than 70 years, a recent CIBMTR analysis 
showed acceptable if not promising 2-year progression-free sur­
vival and OS of 32% and 39%, respectively, in heterogeneous 
diseases, donor sources, and regimens.19 These data reinforce 
that chronologic age alone, at least up to 75 years, should not 
exclude an older patient from alloHCT candidacy. Rather, we 
propose the patient’s “physiologic” age should be evaluated, 
along with a comprehensive assessment of the patient’s goals 
of care, quality of life (QOL), and the ecosystem, including care­
givers, social support system, financial resources, and living sit­
uation (Figure 3).4,20 Although beyond the scope of this review, 
even among reduced-intensity regimens, a range of transplant 
intensities exist that must be individualized based on patient 
health and disease risk.19-22 Furthermore, graft-versus-host dis­
ease (GVHD) remains a major cause of morbidity and functional 
impairment in this population, prompting consideration of lower 
GVHD platforms (Figure 3).23,24

Transplant access barriers for older patients
Referral bias and other barriers limit access among older pa­
tients to alloHCT. A recent systemic review of 26 studies showed 
that chronologic older age is the single most important barrier 
to refer patients for alloHCT consideration.25 Specifically, opin­
ions differ markedly among hematologists/oncologists, trans­

Figure 1.  Trends in alloHCT in the United States by increasing recipient age (N = total number of alloHCTs during each calendar year; 
Transplant, % reflects the percentage of alloHCT in each age group by calendar year). Data generously provided by the Center for 
International Blood and Marrow Transplant Research.
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plant physicians, and transplant centers regarding the upper age 
limit for alloHCT, likely as a result of individual experience and 
expertise.26,27 Routine aging assessment could neutralize hetero­
geneity in opinion; however, the lack of standardized geriatric 
assessment (GA) tools and resources to accomplish them chal­
lenges physiologic aging evaluation.27 Other noted factors hin­
dering access included nonwhite ethnic origin, insurance status, 
higher comorbidities, and lower socioeconomic status. Given 
recent advances in transplantation using alternative donors such 
as haploidentical and mismatched donors, lack of a matched do­
nor should not be exclusionary even among older patients.28,29

There are several potential mitigation strategies to reduce 
access barriers. First and foremost, disease indications for 
alloHCT should be clearly defined for older patients to supple­
ment standard alloHCT guidelines,30 accounting for worse out­
comes for AML, MDS, and acute lymphoblastic leukemia even in 
the same disease risk group. Rather than a dichotomous single 
decision point of “fit” or “not fit” for transplant, we recommend 
expedited referral for alloHCT evaluation in the appropriate dis­
ease indications for patients 60 years or older in the presence of 
adequate baseline functional status and without severe organ 
comorbidities (Figure 4). We must strive to enroll patients aged 
>75 years on alloHCT studies; until then, the decision must be 
individualized in this age group. Figure 2 quantifies the limited 
application of alloHCT in this cohort but also the substantial 

increase in utilization. Second, we should explore innovative 
approaches to incorporate physiologic aging evaluation by 
GA in the routine care of older patients, such as an embedded 
geriatric hematology clinic and telemedicine platform.31,32 Last, 
we must invest in greater educational and outreach efforts to 
raise awareness of the emerging, promising alloHCT outcome 
data, the role of GA, and clinical trial opportunities specifically 
designed for older patients.26

CASE 1 (Continued)
Mr. RM had several telemedicine visits with the transplant physi­
cian, a clinical nurse coordinator, and a social worker, all located 
at an academic medical center 200 miles away. Cognizant of his 
comorbid conditions, necessary evaluation, and potential early 
loss of QOL from alloHCT, Mr. RM and his family expressed a desire 
to proceed. He also completed a remote, video-assisted GA, 
which demonstrated preserved self-reported functional status, 
mobility, and cognition. In parallel, the unrelated donor search 
proceeded, identifying a young matched unrelated donor. 
During chemotherapy consolidation locally, he underwent pre­
transplant testing also through his local oncologist. Four weeks 
later, he began a reduced-intensity transplant regimen inclusive 

Figure 2.  Trends in alloHCT in the United States for patients 76 years or older (N = total number of transplants). Data generously 
provided by the Center for International Blood and Marrow Transplant Research.
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Figure 3.  Solving the puzzle of alloHCT for older patients with hematologic malignancies. MRD, measurable residual disease; PPx, 
prophylaxis.

Figure 4.  How we perform alloHCT for an older patient with a hematologic malignancy. HLA, human leukocyte antigen. *Severe 
comorbidities: New York Heart Association class 4 heart failure, severe renal dysfunction or end-stage renal disease on dialysis, Child 
class C liver cirrhosis, Gold stage 4 chronic obstructive lung disease, metastatic solid tumor, dementia, or any comorbidity signifi­
cantly limiting life expectancy.
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of posttransplant cyclophosphamide for GVHD prophylaxis on 
the BMT CTN 1301 Progress 3 trial (NCT02345850) from a young 
well-matched unrelated donor.

GA in alloHCT
The shift from fitness alone to assessing resilience to disease-
related and transplant-related stressors broadens interventional 
opportunities that may widen access (Figure 3). The term resil­
iency encompasses both the intrinsic, “physiologic” aging pro­
cess and the extrinsic “ecosystem,” including caregiver, social 
support, finance, and resources; GA combined with standard 
transplant psychosocial evaluation achieves this goal.4 GA is a 
multidisciplinary diagnostic process that identifies medical, 
functional, and psychosocial limitations of an older person and 
place him or her on a continuous spectrum of fitness, vulnerabil­
ity, and frailty and further informs a multidisciplinary care plan 
to maximize healthy aging, as illustrated in the following case.33

CASE 2
Mrs. LK is a 70-year-old woman who had stage II early breast 
cancer 2 years ago that was treated with surgery, radiation, 
and adjuvant chemotherapy with no evidence of disease, mod­
erate chronic obstructive pulmonary disease, osteoarthritis, 
and atrial fibrillation. She sought treatment from her primary 
care physician for fatigue and was found to have pancytope­
nia with peripheral blasts. A bone marrow biopsy specimen 
established the diagnosis of AML harboring a monosomy 7. 
Due to her comorbidities, low-intensity induction commenced 
with azacitidine and venetoclax, which was complicated only 
by ongoing cytopenia. Repeat bone marrow evaluation after 
1 cycle demonstrated complete remission but with positive 
measurable residual disease by multicolor flow cytometry and 
cytogenetics. She was referred for transplant consultation. The 
GA revealed dependence in several instrumental activities of 
daily living, recently depressed mood, and a screening test 
positive for mild cognitive impairment. She would like to pur­
sue curative-intent alloHCT consolidation if possible. She has a 
highly supportive family and caregiver who concur and under­
stand that transplant toxicity may be prohibitive, especially 
considering the GA-defined deficits and comorbidities. What is 
the appropriate next step?

GA domains affect alloHCT outcomes
Physiologic aging established through GA, coupled with antici­
pated stressors of the disease and treatments, begins to paint a 
picture of physical resilience. Serial GA may enrich understanding 
of resilience or “bounce back” after treatment. In the context of 
alloHCT, the GA should address the extrinsic ecosystem, includ­
ing psychosocial support, caregiver support, and resources for 
alloHCT (Figure 3). Artz and colleagues conducted the initial pi­
lot study of GA in alloHCT and found significant associations of 
pretransplant geriatric impairments in function and mobility with 
adverse survival outcomes following alloHCT.34,35 Subsequently, 
several groups independently validated these findings and found 

additional, prognostically important domains such as cognition, 
medication, and frailty scales. These studies are summarized in 
Table 2.36-44 The ongoing BMT CTN 1704 trial (Composite Health 
Assessment Risk Model [CHARM]) is a large national study pro­
spectively using a standard GA and other measures prior to al­
loHCT among patients ≥60 years old, aiming to confirm these 
findings and/or identify additional risk factors (NCT03992352).

CASE 2 (Continued)
The transplant team recommended short-term deferral to 
address GA-defined deficits while continuing chemotherapy 
to deepen disease response. Mrs. LK underwent rehabilitative 
therapy with physical and occupational therapy supplemented 
by home walking and strengthening supervised by her fam­
ily. The resolution of transfusion-dependent anemia further 
boosted physical recovery. The geriatrics team managed poly­
pharmacy by actively deprescribing nonessential medications 
thought to contribute to the mild cognitive deficits. Repeated 
GA 2 months later demonstrated improved functional status 
and cognition (no longer in the impaired range). Depressive 
symptoms resolved with more social engagement and physical 
independence. Based on these results and another informed 
discussion, the patient and transplant team elected to pro­
ceed. She subsequently underwent reduced-intensity condi­
tioning alloHCT using her 36-year-old haploidentical son with 
posttransplant cyclophosphamide for prevention of GVHD. 
The patient had a caregiver starting the day before transplant 
infusion and continuing throughout. The transplant admission 
was complicated by an episode of delirium initially recognized 
by the caregiver. After excluding organic causes, she received 
haloperidol as needed, and occupational therapy prescribed 
intensive cognitive exercises. She was discharged on post­
transplant day +37 to home with a walker and a home exercise 
regimen, avoiding a subacute rehabilitation facility. She contin­
ued “virtual” clinics visits and physical face-to-face encounters 
and ongoing rehabilitation.

Geriatric management and optimization
While GA may uncover vulnerabilities in older patients consid­
ering alloHCT, how best to optimize patients prior to alloHCT  
remains a work in progress. Challenges include short time avail­
able before alloHCT due to the pace of disease and delayed 
referral, nonmodifiable deficits such as comorbidities, and lim­
ited institutional resources. Low-intensity interventions would 
be ideal; however, the BMT CTN conducted a multicenter, 
randomized study of structured home exercise and a stress man­
agement program prior to transplantation, finding no improve­
ment in physical and mental functioning posttransplant.45 While 
not limited to older patients, this accentuated the need for tar­
geted and/or more intensive pretransplant optimization. Recent­
ly, Derman, Artz and colleagues46 conducted the first pilot study 
applying GA-guided interventions in a multidisciplinary team 
clinic (MDC) to optimize patients prior to transplant. They found 
that, compared to historical cohorts with similar disease and 
transplant characteristics, the MDC cohort experienced fewer 
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inpatient deaths, shorter length of stay, fewer discharges to a 
skilled nursing facility, and improved survival. The critical com­
ponents of the MDC approach likely involve more careful patient 
selection, targeted optimization, and multidisciplinary collabo­
ration.46,47 In addition, early recognition, especially of ecosystem 
barriers, through routine evaluation best affords opportunities to 
optimize. Telehealth and a shared care model, for example, may 
alleviate distance barriers for routine pre- and posttransplant vis­
its, at least when patients can safely reside at home.47 GA-guided 
management and integration of geriatric principles of care 
should not be limited to pretransplant care. The development of 
geriatric syndromes of functional decline, fall, delirium, and cog­
nitive impairment posttransplant is not uncommon, and these 
syndromes are associated with impaired survival and QOL.24,48,49 
In addition, discharge to a rehabilitation facility posttransplant 
has been shown to be a marker of poor survival.50 These issues 
require further prospective validation with patient-centric out­
comes of function and QOL.

How we perform alloHCT in an older patient
We summarize our approach to alloHCT in an older patient with 
hematologic malignancy in Figure 4, working toward successful 
completion of a final checklist. We recommend that hematolo­
gists, patients, and institutions first consider the “ABCDE” to tri­
age (early) referral. We believe resiliency measurement, through 
GA or equivalent, is essential in older candidates to supplement 
standard pre-alloHCT testing and the subjective “fitness” crite­
ria. We advocate a collaborative model partnering the transplant 
team and the disease management team (when separate) to har­
monize disease therapy with anticipated transplant timing, often 
dictated by donor availability. Disease treatment may occur dis­
tant from the transplant center, particularly as a range of lower-
intensity treatments exist for common alloHCT indications. This 
shared care model ensures more uniform messaging to patients 
related to alloHCT plans, risks, and benefits from all physicians. 
Shared care promotes the parallel process of maximizing resil­
ience through GA-targeted interventions and preparation of the 
supporting ecosystem during disease treatment. Alignment of 
these processes facilitates meeting a “final checklist” before 
alloHCT (Figure 4). We acknowledge that not all older patients 
who embark on this process will ultimately pursue alloHCT be­
cause of disease relapse, inadequate resilience, and/or changes 
in goals of care, underscoring the value of multiple touch points 
to discuss patient goals and recalibrate patient expectations 
about the likelihood of meeting the final checklist.

Conclusion and future directions
We recommend alloHCT as a standard of care option for older 
patients with high-risk hematologic malignancies best estab­
lished for AML and MDS. Not only has utilization in older patients 
risen markedly, but outcomes in older patients also continue 
to improve due to incorporation of novel transplant platforms 
with reduced toxicities, an increased donor pool, and the better 
selection and care of older transplant patients. Moreover, we are 
beginning to appreciate the impact of aging biology on trans­
plant outcomes and to explore mechanism-based, therapeutic 
interventions to target aging pathways.51 The convergence of 
success in disease-based therapies, education to address age 

misconceptions, novel interventions to bolster patient resilience, 
and transplant regimens promises more widespread and more 
successful application of alloHCT for older adults with high-risk 
hematologic malignancies.
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