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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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includ ing death after alloHCT with out relapse (nonrelapse mor
tal ity) and dis ease relapse. As such, it is imper a tive that phy si cians 
and patients weigh the ben e fits and risks of alloHCT vs nontrans
plant approaches, ide ally early in the treat ment course. Sever
al pop u la tionbased stud ies have shown that invari ably, older  
patients with inter me di ate or poorrisk AML (which com prise 
most newly diag nosed AMLs in older patients) rarely sur vive for 
more than 5 years with out an alloHCT.8,9 In a study com par ing 
patients with AML aged ≥60 years treated with con sol i da tion 
che mo ther apy alone in first com plete remis sion in sev eral 
national coop er a tive tri als vs sim i larly aged patients under go ing 
alloHCT in first com plete remis sion from the con tem po rary CIB
MTR trans plant reg is try,10 sur vival was worse for alloHCT in the 
first 9 months posttransplant rel a tive to con sol i da tion on tri als. 
However, after 5 years, alloHCT sig nifi  cantly benefited patient 
over all sur vival (OS) at 28.6% vs 13.8% in the chemocon sol i da
tion cohort (haz ard ratio, 0.53; P < .0001). Table 1 high lights sim i
lar find ings from sev eral reg is try stud ies com par ing alloHCT with 
nontransplant chemocon sol i da tion tri als for AML.11-13 In addi tion, 
3 pro spec tive, donor vs nodonor stud ies for patients with AML 
were published in abstract form, which also sup ports alloHCT in 
this pop u la tion (Table 1). The most recently reported Blood and 
Marrow Transplantation Clinical Trial Network (BMT CTN) 1102 
pro spec tively stud ied bio log i cally assigned, newly diag nosed 
highrisk patients with MDS aged 60 to 75 years to alloHCT with 
a matched donor vs hypomethylating ther apy with out alloHCT 
in the absence of a matched donor; the pres ence of a matched 
donor con ferred a 3year OS advan tage of 47.9% vs 26.6%.14

AlloHCT out comes in older patients
Associated with many advances in trans plan ta tion, the num ber 
and pro por tion of total alloHCT con tinue to rise in patients aged 

≥60 years with hema to logic malig nan cies (Figures 1 and 2), fur
ther stim u lated by wider donor avail abil ity, includ ing haploiden
tical, for most patients. Rashidi et al15 performed a metaanal y sis 
of 13 stud ies of patients with AML 60 years and older who under
went alloHCT. The 2year relapsefree sur vival and OS were 44% 
and 45%, respec tively, suggesting that alloHCT is a via ble op
tion for these patients. Similar find ings were dem on strated for 
patients with a vari ety of hema to logic malig nan cies.16-18 Even 
among patients older than 70 years, a recent CIBMTR anal y sis 
showed accept able if not prom is ing 2year pro gres sionfree sur
vival and OS of 32% and 39%, respec tively, in het ero ge neous 
dis eases, donor sources, and reg i mens.19 These data rein force 
that chro no logic age alone, at least up to 75 years, should not 
exclude an older patient from alloHCT can di dacy. Rather, we 
pro pose the patient’s “phys i o logic” age should be eval u ated, 
along with a com pre hen sive assess ment of the patient’s goals 
of care, qual ity of life (QOL), and the eco sys tem, includ ing care
giv ers, social sup port sys tem, finan cial resources, and liv ing sit
u a tion (Figure 3).4,20 Although beyond the scope of this review, 
even among reducedinten sity reg i mens, a range of trans plant 
inten si ties exist that must be indi vid u al ized based on patient 
health and dis ease risk.19-22 Furthermore, graftver sushost dis
ease (GVHD) remains a major cause of mor bid ity and func tional 
impair ment in this pop u la tion, prompting con sid er ation of lower 
GVHD plat forms (Figure 3).23,24

Transplant access bar ri ers for older patients
Referral bias and other bar ri ers limit access among older pa
tients to alloHCT. A recent sys temic review of 26 stud ies showed 
that chro no logic older age is the sin gle most impor tant bar rier 
to refer patients for alloHCT con sid er ation.25 Specifically, opin
ions dif fer mark edly among hema tol o gists/oncol o gists, 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 phy si cians, and trans plant cen ters regard ing the upper age 
limit for alloHCT, likely as a result of indi vid ual expe ri ence and 
exper tise.26,27 Routine aging assess ment could neu tral ize het ero
ge ne ity in opin ion; how ever, the lack of stan dard ized geri at ric 
assess ment (GA) tools and resources to accom plish them chal
lenges phys i o logic aging eval u a tion.27 Other noted fac tors hin
der ing access included non white eth nic ori gin, insur ance sta tus, 
higher comorbidities, and lower socio eco nomic sta tus. Given 
recent advances in trans plan ta tion using alter na tive donors such 
as haploidentical and mismatched donors, lack of a matched do
nor should not be exclu sion ary even among older patients.28,29

There are sev eral poten tial mit i ga tion strat e gies to reduce 
access bar ri ers. First and fore most, dis ease indi ca tions for 
alloHCT should be clearly defined for older patients to sup ple
ment stan dard alloHCT guide lines,30 account ing for worse out
comes for AML, MDS, and acute lym pho blas tic leu ke mia even in 
the same dis ease risk group. Rather than a dichot o mous sin gle 
deci sion point of “fit” or “not fit” for trans plant, we rec om mend 
expe dited refer ral for alloHCT eval u a tion in the appro pri ate dis
ease indi ca tions for patients 60 years or older in the pres ence of 
ade quate base line func tional sta tus and with out severe organ 
comorbidities (Figure 4). We must strive to enroll patients aged 
>75 years on alloHCT stud ies; until then, the deci sion must be 
indi vid u al ized in this age group. Figure 2 quantifies the lim ited 
appli ca tion of alloHCT in this cohort but also the sub stan tial 

increase in uti li za tion. Second, we should explore inno va tive 
approaches to incor po rate phys i o logic aging eval u a tion by 
GA in the rou tine care of older patients, such as an embed ded 
geri at ric hema tol ogy clinic and telemedicine plat form.31,32 Last, 
we must invest in greater edu ca tional and out reach efforts to 
raise aware ness of the emerg ing, prom is ing alloHCT out come 
data, the role of GA, and clin i cal trial oppor tu ni ties spe cifi  cally 
designed for older patients.26

CASE 1 (Continued)
Mr. RM had sev eral telemedicine vis its with the trans plant phy si
cian, a clin i cal nurse coor di na tor, and a social worker, all  located 
at an aca demic med i cal cen ter 200 miles away. Cognizant of his 
comorbid con di tions, nec es sary eval u a tion, and poten tial early 
loss of QOL from alloHCT, Mr. RM and his fam ily expressed a desire 
to pro ceed. He also com pleted a remote, videoassisted GA, 
which dem on strated pre served selfreported func tional sta tus, 
mobil ity, and cog ni tion. In par al lel, the unre lated donor search 
proceeded, iden ti fy ing a young matched unre lated donor. 
During che mo ther apy con sol i da tion locally, he under went pre
transplant test ing also through his local oncol o gist. Four weeks 
later, he began a reducedinten sity trans plant reg i men inclu sive 

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 endstage 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 cyclo phos pha mide for GVHD pro phy laxis on 
the BMT CTN 1301 Progress 3 trial (NCT02345850) from a young 
wellmatched unre lated donor.

GA in alloHCT
The shift from fit ness alone to assessing resilience to dis ease
related and trans plantrelated stress ors broad ens interventional 
oppor tu ni ties that may widen access (Figure 3). The term resil
iency encompasses both the intrin sic, “phys i o logic” aging pro
cess and the extrin sic “eco sys tem,” includ ing care giver, social 
sup port, finance, and resources; GA com bined with stan dard 
trans plant psy cho so cial eval u a tion achieves this goal.4 GA is a 
mul ti dis ci plin ary diag nos tic pro cess that identifies med i cal, 
func tional, and psy cho so cial lim i ta tions of an older per son and 
place him or her on a con tin u ous spec trum of fit ness, vul ner a bil
ity, and frailty and fur ther informs a mul ti dis ci plin ary care plan 
to max i mize healthy aging, as illus trated in the fol low ing case.33

CASE 2
Mrs. LK is a 70yearold woman who had stage II early breast 
can cer 2 years ago that was treated with sur gery, radi a tion, 
and adju vant che mo ther apy with no evi dence of dis ease, mod
er ate chronic obstruc tive pul mo nary dis ease, oste o ar thri tis, 
and atrial fibril la tion. She sought treat ment from her pri mary 
care phy si cian for fatigue and was found to have pan cy to pe
nia with periph eral blasts. A bone mar row biopsy spec i men 
established the diag no sis of AML har bor ing a mono somy 7. 
Due to her comorbidities, lowinten sity induc tion com menced 
with azacitidine and venetoclax, which was com pli cated only 
by ongo ing cytopenia. Repeat bone mar row eval u a tion after 
1 cycle dem on strated com plete remis sion but with pos i tive 
mea sur able resid ual dis ease by mul ti color flow cytom e try and 
cyto ge net ics. She was referred for trans plant con sul ta tion. The 
GA revealed depen dence in sev eral instru men tal activ i ties of 
daily liv ing, recently depressed mood, and a screen ing test 
pos i tive for mild cog ni tive impair ment. She would like to pur
sue cura tiveintent alloHCT con sol i da tion if pos si ble. She has a 
highly sup port ive fam ily and care giver who con cur and under
stand that trans plant tox ic ity may be pro hib i tive, espe cially 
con sid er ing the GAdefined defi  cits and comorbidities. What is 
the appro pri ate next step?

GA domains affect alloHCT out comes
Physiologic aging established through GA, cou pled with antic i
pated stress ors of the dis ease and treat ments, begins to paint a 
pic ture of phys i cal resilience. Serial GA may enrich under stand ing 
of resilience or “bounce back” after treat ment. In the con text of 
alloHCT, the GA should address the extrin sic eco sys tem, includ
ing psy cho so cial sup port, care giver sup port, and resources for 
alloHCT (Figure 3). Artz and col leagues conducted the ini tial pi
lot study of GA in alloHCT and found sig nifi  cant asso ci a tions of 
pretransplant geri at ric impair ments in func tion and mobil ity with 
adverse sur vival out comes fol low ing alloHCT.34,35 Subsequently, 
sev eral groups inde pen dently val i dated these find ings and found 

addi tional, prognostically impor tant domains such as cog ni tion, 
med i ca tion, and frailty scales. These stud ies are sum ma rized in 
Table 2.36-44 The ongo ing BMT CTN 1704 trial (Composite Health 
Assessment Risk Model [CHARM]) is a large national study pro
spec tively using a stan dard GA and other mea sures prior to al
loHCT among patients ≥60 years old, aiming to con firm these 
find ings and/or iden tify addi tional risk fac tors (NCT03992352).

CASE 2 (Continued)
The trans plant team recommended shortterm defer ral to 
address GAdefined defi  cits while con tinu ing che mo ther apy 
to deepen dis ease response. Mrs. LK under went reha bil i ta tive 
ther apy with phys i cal and occu pa tional ther apy supplemented 
by home walk ing and strength en ing super vised by her fam
ily. The res o lu tion of trans fu siondepen dent ane mia fur ther 
boosted phys i cal recov ery. The geri at rics team man aged poly
pharmacy by actively deprescribing non es sen tial med i ca tions 
thought to con trib ute to the mild cog ni tive defi  cits. Repeated 
GA 2 months later dem on strated improved func tional sta tus 
and cog ni tion (no lon ger in the impaired range). Depressive 
symp toms resolved with more social engage ment and phys i cal 
inde pen dence. Based on these results and another informed 
dis cus sion, the patient and trans plant team elected to pro
ceed. She sub se quently under went reducedinten sity con di
tion ing alloHCT using her 36yearold haploidentical son with 
posttransplant cyclo phos pha mide for pre ven tion of GVHD. 
The patient had a care giver starting the day before trans plant 
infu sion and con tinu ing through out. The trans plant admis sion 
was com pli cated by an epi sode of delir ium ini tially rec og nized 
by the care giver. After exclud ing organic causes, she received 
hal o per i dol as needed, and occu pa tional ther apy pre scribed 
inten sive cog ni tive exer cises. She was discharged on post
transplant day +37 to home with a walker and a home exer cise 
reg i men, avoiding a sub acute reha bil i ta tion facil ity. She con tin
ued “vir tual” clin ics vis its and phys i cal facetoface encoun ters 
and ongo ing reha bil i ta tion.

Geriatric man age ment and opti mi za tion
While GA may uncover vulnerabilities in older patients con sid
er ing alloHCT, how best to opti mize patients prior to alloHCT  
remains a work in prog ress. Challenges include short time avail 
able before alloHCT due to the pace of dis ease and delayed 
refer ral, nonmodifiable defi  cits such as comorbidities, and lim
ited insti tu tional resources. Lowinten sity inter ven tions would 
be ideal; how ever, the BMT CTN conducted a mul ti cen ter, 
ran dom ized study of struc tured home exer cise and a stress man
age ment pro gram prior to trans plan ta tion, find ing no improve
ment in phys i cal and men tal func tion ing posttransplant.45 While 
not lim ited to older patients, this accen tu ated the need for tar
geted and/or more inten sive pretransplant opti mi za tion. Recent
ly, Derman, Artz and col leagues46 conducted the first pilot study 
apply ing GAguided inter ven tions in a mul ti dis ci plin ary team 
clinic (MDC) to opti mize patients prior to trans plant. They found 
that, com pared to his tor i cal cohorts with sim i lar dis ease and 
trans plant char ac ter is tics, the MDC cohort expe ri enced fewer 
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inpa tient deaths, shorter length of stay, fewer dis charges to a 
skilled nurs ing facil ity, and improved sur vival. The crit i cal com
po nents of the MDC approach likely involve more care ful patient 
selec tion, targeted opti mi za tion, and mul ti dis ci plin ary col lab o
ra tion.46,47 In addi tion, early rec og ni tion, espe cially of eco sys tem 
bar ri ers, through rou tine eval u a tion best affords oppor tu ni ties to 
opti mize. Telehealth and a shared care model, for exam ple, may 
alle vi ate dis tance bar ri ers for rou tine pre and posttransplant vis
its, at least when patients can safely reside at home.47 GAguided 
man age ment and inte gra tion of geri at ric prin ci ples of care 
should not be lim ited to pretransplant care. The devel op ment of 
geri at ric syn dromes of func tional decline, fall, delir ium, and cog
ni tive impair ment posttransplant is not uncom mon, and these 
syn dromes are asso ci ated with impaired sur vival and QOL.24,48,49 
In addi tion, dis charge to a reha bil i ta tion facil ity posttransplant 
has been shown to be a marker of poor sur vival.50 These issues 
require fur ther pro spec tive val i da tion with patientcen tric out
comes of func tion and QOL.

How we per form alloHCT in an older patient
We sum ma rize our approach to alloHCT in an older patient with 
hema to logic malig nancy in Figure 4, work ing toward suc cess ful 
com ple tion of a final check list. We rec om mend that hema tol o
gists, patients, and insti tu tions first con sider the “ABCDE” to tri
age (early) refer ral. We believe resil iency mea sure ment, through 
GA or equiv a lent, is essen tial in older can di dates to sup ple ment 
stan dard prealloHCT test ing and the sub jec tive “fit ness” cri te
ria. We advo cate a col lab o ra tive model partnering the trans plant 
team and the dis ease man age ment team (when sep a rate) to har
mo nize dis ease ther apy with antic i pated trans plant tim ing, often 
dic tated by donor avail abil ity. Disease treat ment may occur dis
tant from the trans plant cen ter, par tic u larly as a range of lower
inten sity treat ments exist for com mon alloHCT indi ca tions. This 
shared care model ensures more uni form mes sag ing to patients 
related to alloHCT plans, risks, and ben e fits from all  phy si cians. 
Shared care pro motes the par al lel pro cess of max i miz ing resil
ience through GAtargeted inter ven tions and prep a ra tion of the 
supporting eco sys tem dur ing dis ease treat ment. Alignment of 
these pro cesses facil i tates meet ing a “final check list” before 
alloHCT (Figure 4). We acknowl edge that not all  older patients 
who embark on this pro cess will ulti mately pur sue alloHCT be
cause of dis ease relapse, inad e quate resilience, and/or changes 
in goals of care, underscoring the value of mul ti ple touch points 
to dis cuss patient goals and recalibrate patient expec ta tions 
about the like li hood of meet ing the final check list.

Conclusion and future direc tions
We rec om mend alloHCT as a stan dard of care option for older 
patients with highrisk hema to logic malig nan cies best estab
lished for AML and MDS. Not only has uti li za tion in older patients 
risen mark edly, but out comes in older patients also con tinue 
to improve due to incor po ra tion of novel trans plant plat forms 
with reduced toxicities, an increased donor pool, and the bet ter 
selec tion and care of older trans plant patients. Moreover, we are 
begin ning to appre ci ate the impact of aging biol ogy on trans
plant out comes and to explore mech a nismbased, ther a peu tic 
inter ven tions to tar get aging path ways.51 The con ver gence of 
suc cess in dis easebased ther a pies, edu ca tion to address age 

mis con cep tions, novel inter ven tions to bol ster patient resilience, 
and trans plant reg i mens prom ises more wide spread and more 
suc cess ful appli ca tion of alloHCT for older adults with highrisk 
hema to logic malig nan cies.
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