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Abstract

Background: Despite continued increases in use of allogeneic hematopoietic cell transplantation 

(alloHCT) among older adults, no standardized geriatric assessment (GA) has been established to 

risk-stratify for transplant-related morbidity. We conducted a survey of transplant physicians to 

determine perceptions of the impact of older age (≥60 years) on alloHCT candidacy, and 

utilization of tools to gauge candidacy.

Methods: We conducted a 23-item, online cross-sectional survey of HCT physicians caring for 

adults in the United States between May and July 2019.

Results: Of the 770 invited HCT physicians, 175 (22.7%) completed the survey. The majority of 

respondents were 41–60 years old, male, and practiced in a higher volume teaching hospital. 

When considering regimen intensity, 29 physicians (17%) stated they would consider a 

myeloablative regimen for patients ≥70 years, and 141 (82%) would consider reduced intensity/

non-myeloablative conditioning for patients ≥70 years. Almost all (90%) endorsed the need for a 

specialized assessment of pre-HCT vulnerabilities to guide candidacy decisions for older adults. 

Most physicians reported their centers rarely (33%) or never (46%) utilize a dedicated geriatrician/

geriatric-oncologist to assess alloHCT candidates ≥60 years. Common barriers to performing a 

GA included uncertainty about which tools to use, lack of knowledge and training, and lack of 

appropriate clinical support staff.

Conclusions: Many alloHCT physicians will consider alloHCT in patients up to age 75 years 

and not uncommonly, in patients older than that. However, application of tools and domains varies 

widely to assess candidacy in older adults. Incorporation of a standardized pre-transplant health 

assessment tool for risk stratification is a significant unmet need.
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BACKGROUND:

Timely receipt of allogeneic hematopoietic cell transplantation (alloHCT) is a potentially 

curative therapy for many hematologic diseases. With improvement in donor selection, 

transplant-specific conditioning regimens, and supportive care, alloHCT is now offered to a 
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wider number of patients, most notably expanding to those with advanced age. In 2018, 39% 

of alloHCT recipients in the United States (US) were 60 years and older, with 9% of 

alloHCT performed in recipients age ≥70 years.(1, 2) Reports have demonstrated both 

feasibility and encouraging outcomes after alloHCT in the older adult population in light of 

the dismal outcomes of hematologic malignancies with non-transplant approaches.(3)

Underutilization of alloHCT in older adults persists despite these successes (4–7) even for 

the most common alloHCT indication, acute myeloid leukemia (AML). Bhatt and colleagues 

reported in patients age 61–75 years with AML that only 5.5% of patients ultimately 

underwent transplantation.(4) Physician perceptions of eligibility are one of the most 

important modifiable barriers that could help facilitate early referral to transplant center. The 

traditional prognostic factors influencing transplant physicians’ estimates of alloHCT-related 

morbidity and mortality are performance status, comorbidity burden, and chronological age.

(8, 9) Specifically, poor performance status and high comorbidity, although not necessarily 

prohibitive, predict higher non-relapse mortality (NRM) and worse survival.(10, 11)

Use of chronologic age alone to stratify risk poses challenges, especially in the era of 

adoption of alloHCT for patients into their ninth decade of life.(6) Geriatric assessment 

(GA), a multi-dimensional health evaluation of older adults, may identify unrecognized 

impairments and stratify risk for NRM and mortality among older patients.(12–14) The 

increasing use of alloHCT among older adults has stimulated interest in how best to weigh 

chronologic age versus patient fitness through GA or other tools prior to alloHCT. Such 

assessments can also help identify modifiable patient-specific risk factors prior to HCT. 

Based on an emerging body of data on GA to risk-stratify for morbidity in the general cancer 

population, national guidelines now recommend GA in patients 65 years or older prior to 

chemotherapy.(15)

To improve our understanding of transplant physicians’ perceptions when considering 

candidacy of older adults for alloHCT, we conducted a cross-sectional survey focusing on 

usual practices in this population. We also explored the utilization of GA and other 

specialized health testing and barriers to implementation in clinical practice. We 

hypothesized that chronologic age continues to impact alloHCT candidacy and treatment 

decisions. We further wanted to describe practice patterns and barriers for health assessment 

utilizing a GA in the context of alloHCT.

METHODS

This study was a cross-sectional, web-based survey of transplant physicians. Transplant 

physicians were recruited from the Center for International Blood and Marrow Transplant 

Research (CIBMTR®) physician mailing list. Given the differences in practice models and 

patient eligibility criteria across different countries, we focused on US based providers to 

establish baseline preferences in this demographic. Thus, eligible participants were board 

certified hematologists or oncologists providing care for adult patients undergoing alloHCT 

in the US.
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Between May and July 2019, a 23-item online survey was sent to 836 potentially eligible 

adult and adult/pediatric alloHCT physicians (Appendix 1). Non-responders were contacted 

by four follow-up emails in the weeks following the initial invitation.

Study Measures

Survey questions were developed by members of the protocol team, with input from 

physician members of the American Society of Transplant and Cellular Therapy (ASTCT) 

interested in the topic. The 23-item survey was sent via email using web-based survey 

software, SurveyGizmo (Boulder, CO). Survey domains included 1) physician and transplant 

center demographics (8 questions, with the first 3 being to establish eligibility to 

participate), 2) individual and center practice for patients age ≥60 years including 

consideration of currently utilized functional assessment tools (11 questions), and 3) 

availability of comprehensive GA and utilization of geriatric specialist program (3 

questions). One additional question was asked about interest in future studies (data not 

reported). When applicable, questions were formulated using a 5-point Likert scale. The 

survey was piloted by a convenience sample (n=5) to ensure feasibility, interpretability, and 

novelty, and was revised based on input. Estimated time for completion was 

approximately10 minutes. Physicians who participated in survey development and the pilot 

were excluded from participating in the survey itself and were not invited to complete the 

survey. The National Marrow Donor Program Institutional Review Board classified this 

study as exempt, determining it was not human subjects research as defined by 45 CFR 

46.102(d). All responses were considered anonymous.

Analysis

Survey responses were exported from SurveyGizmo to Excel and imported to SAS 

Enterprise Guide 9 (Cary, IN) for analysis. Descriptive statistics were computed for all 

survey questions and demographics. Chi-square or Fisher’s exact test for association was 

used to examine differences in responses based on participant characteristics. Logistic 

regression was used to assess for association between demographic factors and whether GA 

routinely impacted treatment decisions for alloHCT recipients. Variables included in the 

model were physician age group (30–40, 41–60, ≥61 years), gender, practice setting 

(teaching hospital-affiliated with university academic center vs. other), years of practice 

(≤10, 11–20, >20), and center volume of alloHCTs performed on an annual basis (≤49, 50–

199, ≥200). A P-value of <0.05 was considered statistically significant.

RESULTS

Participant Characteristics

Of the 836 potentially eligible participants, 770 were eligible, of whom 175 completed more 

than 75% of the survey questions for an overall survey response rate of 23% (Figure 1). The 

majority of respondents were 41–60 years old, male, and practiced in a teaching hospital 

affiliated with an academic center (Table 1). Over 75% reported working at centers 

performing 50 or more alloHCTs per year. Additionally, a majority of the respondents had 

more than 10 years of post-training experience in alloHCT, with 43% having more than 20 

years.
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Conditioning Regimen Intensity

Nearly all physicians (91%) reported they would consider alloHCT for patients as old as 75 

years, particularly when considering a reduced intensity/non-myeloablative conditioning 

(RIC/NMA) alloHCT. Detailed responses for considering upper age limit (UAL) of alloHCT 

by conditioning regimen are shown in Figure 2. The UAL for myeloablative conditioning 

(MAC) ranged from 50 to 80 years. The majority of respondents (n=139, 79.4%) noted an 

UAL of age 65 or less, with 16.6% (n=29) stating they would consider MAC for patients 

≥70 years, and 7 (4.0%) respondents indicated they did not have an UAL. In contrast, most 

physicians would consider reduced intensity/non-myeloablative conditioning (RIC/NMA) 

alloHCT beyond the age of 70 years with over a third of physicians reporting that they 

would consider such a regimen up to 80 years of age (N=35, 20.0%), or had no UAL (N=31, 

17.7%).

Tools for Evaluating alloHCT Candidacy

Most respondents (n=116, 66%) agreed/strongly agreed that Karnofsky performance score 

(KPS) is a good reflection of overall function in older adults. The minimum KPS threshold 

most commonly reported was ≥70 (n=66, 39.1%) or ≥80 (n=72, 42.6%). Twenty respondents 

(11.4%) used a KPS of ≥90% whereas 6.3% (n=11) had no minimum KPS.

We queried physicians on their usage of recommended GA tools to capture vulnerabilities in 

older adults.(15) The majority (n=130, 74%) applied measures other than KPS to ascertain 

functional or health status in such patients prior to alloHCT; 63% (n=110) used other tools 

routinely while 11% (n=20) prescribed individualized application. Figure 3 summarizes the 

heterogeneity in physician practice for supplemental tools to ascertain alloHCT candidacy in 

older patients.

Physicians who employed tools other than KPS to characterize functional status were further 

queried (n=130) to determine their perceptions of whether the Hematopoietic Cell 

Transplantation-specific Comorbidity Index (HCT-CI), the best validated index for NRM 

after alloHCT, reflected overall health in older adults. Most physicians agreed or strongly 

agreed (N=86, 66%) that the HCT-CI reflects overall health; the remaining third of 

physicians did not agree (n=18, 14%) or were neutral (n=26, 20%). Fifty-four percent 

(N=94) of physicians stated specific HCT-CI scores would exclude a patient from 

undergoing HCT, as follows: HCT-CI ≥ 2 (n=2, 1%), HCT-CI ≥3 (n=23, 13%), HCT-CI ≥4 

(n= 69, 39%). In contrast, 42% (N=74) did not exclude based on an HCT-CI score.

The survey captured physicians insight on the need for specialized assessment of older 

adults. Nearly all physicians (n=157, 90%) either agreed or strongly agreed that a 

specialized assessment of pre-transplant vulnerabilities would help determine alloHCT 

candidacy for older adults. Figure 4 illustrates at which age a standardized toolkit to evaluate 

alloHCT candidacy was considered most critical in addition to currently utilized measures 

(such as age, KPS, HCT-CI).
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Impact of Geriatric Evaluation and Assessment on Treatment Decisions and Perceived 
Barriers

More than three-quarters of physicians noted that their centers rarely or never (n=138, 79%) 

utilize a dedicated geriatrician or geriatric-oncologist to assess older alloHCT candidates. Of 

those physicians whose centers utilized a dedicated specialist (n=37, 21%), only 5% (n=8) 

reported using this specialist all of the time.

Nearly half of all transplant physicians, (45%, n=78) reported that GA routinely impacted 

the decision for transplant versus no transplant; other transplant-related decisions were 

impacted including utilization of MAC versus RIC/NMA (n=64, 37%), and supportive care 

measures (n=60, 34%), with nearly a third of physicians (34%, n=59) describing no impact 

of GA on their treatment decisions.

Figure 5 shows pre-specified barriers to performing a GA for older adults in this context, 

The three most common barriers included: uncertainty about which assessment tools to use 

(n = 132, 76% strongly agree or agree); lack of training, knowledge, understanding or 

experience about geriatric assessment (n=125, 72% strongly agree or agree) and lack of 

clinical support staff (n=118, 68% strongly agree or agree).

The only baseline physician characteristic significantly associated with perceiving use of GA 

to influence the decision for transplant versus non-transplant was younger age of the 

physician. Adjusting for other characteristics (gender, practice type, years of practice, and 

center volume), physicians aged 41–60 and ≥61 years were less likely than younger 

physicians (age 30–40) to indicate GA impacted treatment decisions (41–60 vs. 30–40: odds 

ratio [OR]=0.34, 95% confidence interval [CI]: 0.12–1.0, p=0.05; ≥61 vs. 30–40: OR=0.18; 

95% CI: 0.04–0.76, p=0.02).

DISCUSSION

To our knowledge, this is the first study to comprehensively examine transplant physicians’ 

perceptions of older adult candidacy for alloHCT. While guidelines exist for assessment of 

older general oncology patients, established guidelines for this population undergoing HCT 

are currently unavailable.(15, 16) The striking heterogeneity by which transplant physicians 

assess candidacy and treatment decisions for older adults substantiates the need to 

standardize characterization of patient health. Nevertheless, over 90% of alloHCT physicians 

will consider alloHCT in patients up to the age of 75 years and not uncommonly, in patients 

older than that. While the validity and implementation of age limits in actual practice cannot 

be determined, registry data confirms markedly increasing utilization of alloHCT in older 

adults as well as improved survival in patients 70 years and older.(6) Notably, a minority of 

physicians reported consideration of MAC in patients above 65 years and a substantial 

proportion noting no UAL when considering RIC, underscoring the willingness of transplant 

physicians to entertain different alloHCT approaches for older adults in an era of improved 

transplant supportive care.

While patient age itself did not preclude all transplant physicians from considering alloHCT 

into the eight decade, older age persists as the largest barrier to alloHCT for standard 
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indications. In one report, only 17% of patients 60 years and older with AML were offered 

alloHCT.(7) Likewise, a National Cancer Database report revealed only 5.5% of patients 

with AML between the ages of 61–75 ultimately underwent alloHCT although 42% of new 

AML occurs from ages 55–74 (https://seer.cancer.gov/statfacts/html/amyl.html).(4) 

Numerous biologic and non-biologic factors impact transplant referral and candidacy; 

however, significantly increased odds for HCT non-referral based on advanced chronologic 

age alone has been previously described.(9, 17) Our data on willingness of HCT physicians 

to consider transplantation for older patients suggests lack of referral to a transplant center 

as a significant obstacle consistent with data demonstrating older age as the primary 

impediment to HCT referral from community oncologists.(17)

As we enter an era of routine deliberation of alloHCT for older adults, risk stratification 

based on comprehensive health profiling holds promise. Most physicians (66%) agreed that 

the standard transplant assessments of KPS and HCT-CI reflect overall functional status and 

health, respectively, and may even employ thresholds for candidacy. This is not surprising as 

these are standard tools, but a perceived lack of their ability to fully predict outcomes of 

HCT for older patients may explain physician interest in exploring additional tools to 

address candidacy. Nevertheless 90% of physicians reported a need for a specialized 

assessment toolkit beyond KPS and HCT-CI to better address HCT candidacy. GA, a multi-

dimensional health assessment tool, uncovers functional limitations and frailty prior to 

alloHCT in patients 50 years and older and risk-stratifies for outcomes.(14, 19) Our study 

demonstrates that GA is not routinely adopted at the participating physicians’ HCT centers 

(45%), and geriatricians or geriatric oncologists engagement occurs even less so (21%). The 

lack of geriatric trained collaborators aligns with the reliance by the transplant physicians on 

function and co-morbidity as a crude measure for health assessment. Unfortunately, KPS 

and HCT-CI fail to identify additional aging-related vulnerabilities regularly evaluated in a 

GA such as cognition, falls, weight loss and emotional health. The perceived barriers to 

performing GA are high, similar to a recent American Society of Clinical Oncology (ASCO) 

survey of cancer providers.(20). Our study quantified barriers to routine GA among older 

alloHCT candidates, including lack of clinical support staff; uncertainty about which 

assessment tools to use; lack of training, knowledge, understanding or experience with GA; 

and lack of time. While lack of time was the most common barrier noted in the ASCO study, 

transplant physicians reported uncertainty and lack of training or knowledge on GA tools as 

the most common barriers, similar to ASCO respondents who were not aware of ASCO GA 

guidelines. Still, the majority perceived a need for supplemental information available on 

older patients’ health before alloHCT. This finding highlights the need for clarity on 

recommended assessment and/or tools for older alloHCT patients.

Finally, we found younger physicians more frequently incorporated GA in treatment 

decisions for older patients. We hypothesize introduction of geriatrics into internal medicine 

training programs in 1994, improving over time,(21) enhanced younger physicians geriatric 

comfort and content knowledge.

The lack of prospective studies on the prognostic relevance of health assessments tools such 

as GA may account for variability in application found herein. A Blood and Marrow 

Transplant Clinical Trials Network (BMT CTN) protocol 1704 (https://clinicaltrials.gov/ct2/
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show/NCT03992352) prospective multi-center observational study aims to evaluate pre-

transplant GA and other factors that predict NRM in alloHCT recipients 60 years or older. 

Although our survey occurred prior to initiation of CTN 1704, awareness of the CTN study 

may have influenced physician responses. Based on prior and ongoing studies, we envision 

GA will be recommended for pre-HCT assessment in older patients. Nevertheless, our data 

indicate additional barriers to implementation may exist. Our survey queried on domains 

evaluated (e.g., function, cognition) rather than specific tools, precluding estimates on the 

utilization frequency of specific instruments. We further believe the rich data from GA 

should not simply be another marker for candidacy, but rather to encourage interventions to 

reduce complications.(22) The data suggest interventions targeted to GA-defined 

vulnerabilities are infrequent, as most respondents rarely or never utilized a dedicated 

geriatrician or geriatric-oncologist to evaluate older alloHCT candidates. Additional studies 

are needed to establish the value of inclusion of geriatric-trained providers.

This study has several limitations. While the modest response rate potentially limits the 

generalizability of our findings, the response rate mirrored other physician surveys.(23, 24) 

Respondents with a special interest in aging and HCT may have been more inclined to take 

the survey although we excluded from the survey the subset of physicians engaged in 

questionnaire development. We did not capture actual transplant center practices; we 

anticipate physician response may be aligned with center practice and policies. Anonymous 

survey responses precluded comparison of characteristics of responders to non-responders, 

and we were unable to assess how many individual transplant centers were represented by 

the respondents.

CONCLUSION

Transplant physicians commonly consider alloHCT in patients over the age of 70 years. 

Therefore, community physician perception of age alone as candidacy for alloHCT is an 

important modifiable barrier that could help facilitate early referral to transplant center. HCT 

physicians’ application of tools and domains varies widely in assessing older adults for their 

risk for transplant-related morbidity. Incorporation of a standardized pre-transplant health 

assessment tool for risk stratification is a significant unmet need. Future efforts to facilitate 

incorporation of GA into pre-HCT clinical care may ultimately reduce age-related barriers to 

alloHCT.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Many physicians will consider alloHCT in patients up to age 75 years (and 

older).

• Heterogeneity exists in evaluating pre-HCT health status and alloHCT 

candidacy.

• A standardized health assessment to predict outcomes for older adults is 

needed.
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Figure 1. 
CONSORT Diagram
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Figure 2. 
Upper age limits for considering alloHCT for patients using myeloablative or reduced 

intensity/non-myeloablative conditioning regimens.

*One “other” response included “78” years.
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Figure 3. 
Domains beyond performance status (i.e., Karnofsky performance status) used in the past 12 

months to assess patients age 60 years and older being considered for allogeneic 

hematopoietic cell transplant (alloHCT) (n=130)

*“Other” responses included: “AMPAC [Activity measure for post-acute care] Activity 

Score”; Activity measure for post-acute care]; “Geriatric assessment”; “PAM Score 

pretransplant assessment of mortality per [transplant center]”; “Physical therapy 

assessment”; “social work assessment”; “clinical trial for geriatric population assessment”; 

“full formal Geriatric assessment”; “our center is just beginning to screen alloHCT 

candidates that are 60 years of age or older”; “[The] whole patient and his/her support 

system”

CIRS-G: Cumulative Illness Rating Scale-Geriatric

HCT-CI: Hematopoietic Cell Transplantation-specific Comorbidity Index
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Figure 4. 
Minimum patient age in years at which physicians believed a standardized toolkit to evaluate 

alloHCT candidacy is most critical (n=175)

*Other responses included: “All ages” (n=5) and “Other” [not specified] (n=6)
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Figure 5. 
Agreement with pre-specified barriers to performing geriatric assessment for patients age 60 

years and older.

Note: n=175 for all barriers, except n=174 for “lack of clinical support”
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Table 1.

Respondent Characteristics

Characteristics N (%)

Total 175 (100)

Age (years)

30–40 33 (18.9)

41–60 92 (52.6)

≥61 50 (28.6)

Gender

Female 55 (31.4)

Male 119 (68.0)

Prefer not to respond 1 (0.6)

Years of post-training experience in alloHCT

≤10 61 (34.9)

11–20 38 (21.7)

>20 76 (43.4)

Practice setting

Teaching hospital affiliated with university academic center 150 (85.7)

Other* 25 (14.3)

Annual alloHCT volume by center

<49 41 (23.4)

50–199 78 (44.6)

≥200 56 (32.0)

*
Other practice settings by physician report included: teaching hospital not affiliated with university/academic center (n=12); non-teaching hospital 

(n=10); government hospital- National Institutes of Health clinical center; National Cancer Institute-designated cancer center; and office/clinic not 
affiliated with a hospital

Note: alloHCTs indicates allogeneic hematopoietic cell transplant
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