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An 8-year pragmatic observation evaluation of the
benefits of allogeneic HCT in older and medically
infirm patients with AML
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KEY PO INT S

•Models adjusted for
AML and patient-
specific variables
showed no benefit of
allogeneic HCT in
patients that are older
or medically infirm.

• Current practice of
offering HCT to older
and medically infirm
patients with AML is
not evidence based,
which calls for
randomized trials.
8 M
a

We designed a prospective, observational study enrolling patients presenting for treatment
of acute myeloid leukemia (AML) at 13 institutions to analyze associations between
hematopoietic cell transplantation (HCT) and survival, quality of life (QOL), and function in:
the entire cohort, those aged ≥65 years, those with high comorbidity burden, intermediate
cytogenetic risk, adverse cytogenetic risk, and first complete remission with or without
measurable residual disease. Patient were assessed 8 times over 2 years. Time-dependent
regression models were used. Among 692 patients that were evaluable, 46% received HCT
with a 2-year survival of 58%. In unadjusted models, HCT was associated with reduced risks
of mortality most of the subgroups. However, after accounting for covariates associated with
increased mortality (age, comorbidity burden, disease risks, frailty, impaired QOL, depres-
sion, and impaired function), the associations between HCT and longer survival disappeared
in most subgroups. Although function, social life, performance status, and depressive
symptoms were better for those selected for HCT, these health advantages were lost after
receiving HCT. Recipients and nonrecipients of HCT similarly ranked and expected cure as
main goal of therapy, whereas physicians had greater expectations for cure than the former.
y 2024
Accounting for health impairments negates survival benefits from HCT for AML, suggesting that the unadjusted observed
benefit is mostly owing to selection of the healthier candidates. Considering patients’ overall expectations of cure but also
the QOL burdens of HCT motivate the need for randomized trials to identify the best candidates for HCT. This trial was
registered at www.clinicaltrials.gov as #NCT01929408.
Introduction
Acute myeloid leukemia (AML) accounts for the largest number of
leukemia deaths in the United States.1 Allogeneic hematopoietic
cell transplantation (HCT) is potentially curative, substantially
reflecting a donor-derived graft-versus-leukemia effect.2 “Genetic
randomization” studies, based largely on availability of
HLA-matched sibling donors have shown benefit of allogeneic
HCT for patients with AML aged <60 years with adverse and, to a
lesser extent, intermediate-risk cytogenetics.2-4
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However, most patients with AML are older than 65 years.5

Although studies suggest HCT improves overall survival (OS)
in patients of older age,6-8 overall outcomes among most older
patients with AML remain poor, with recent 5-year OS rates in
the United States of only 6.8% to 9.3%, 1.1% to 1.5%, and 0% to
1.2% for patients aged 65 to 74, 75 to 84, and ≥85 years,
respectively.9 Although the advent of reduced intensity condi-
tioning regimens has increased the use of HCT and has been
proposed to lengthen OS, population-based studies indicate
that only 6% to 8% of patients aged 60 to 80 years receive
HCT,10,11 raising the possibility of a selection bias. Furthermore,
comorbidity burdens increase with increasing age,12 and these
burdens increase the risk of mortality and morbidity after
HCT.13-15 To what extent comorbidity and other health burdens
among the overall AML population influence benefits from HCT
compared with other therapies, is unknown.

Consequently, a comparison of HCT and non-HCT approaches
in patients that are vulnerable (older and/or medically infirm)
that considers potential differences in health burdens is an
unmet need. Such a comparison should ideally account for
geriatric health measures, which are often not reported despite
strong recommendations to the contrary for patients with can-
cer aged ≥65 years.16-19 Observational studies of patients not
enrolled into formal clinical trials, and thus, without overly
restrictive eligibility criteria, are considered important for
informing development of future studies and are more reflec-
tive of the patient populations that are actually treated.20

Hence, in preparation for a possible future randomized study,
we designed a multicenter observational study to prospectively
examine the effects of HCT on mortality, patient-reported
outcomes, such as quality of life (QOL), function, frailty,
depression, social support, cognition, and geriatric syndromes.
We also examined patient preferences/goals of treatment and
compared their perceptions of chances of cure with those of
their physicians. These issues were examined in 6 cohorts: (1) all
study participants, (2) those aged ≥65 years, (3) those with
augmented HCT comorbidity index [HCT-CI] scores of ≥4,21

(4) those with intermediate risk according to the 2017 Euro-
pean LeukemiaNet (ELN) diagnostic guidelines,22 (5) those with
ELN guideline–based adverse risk, (6) and those in first com-
plete remission (CR1) or beyond CR1. The impact of minimal
residual disease (MRD) was also studied.

Methods
We followed the EQUATOR (enhancing the quality and trans-
parency of health research) reporting guidelines23 that employ
the STROBE (strengthening the reporting of observational
studies in epidemiology) reporting criteria for observational
studies.24

Study design, setting, and participants
This was a multicenter, prospective, observational,
nonpopulation-based longitudinal clinical trial (www.
clinicaltrials.gov, #NCT01929408). Patients were enrolled
between July 2013 and December 2017, after receiving AML
therapy at 1 of 13 US centers (12 academic and 1 private
practice). Assessments of QOL and other measures continued
for 2 years after enrollment, whereas OS data were collected
until April 2021. Inclusion criteria were (1) aged 18 to 80 years
(to capture patients aged <65 years but also those who are
296 19 JANUARY 2023 | VOLUME 141, NUMBER 3
<65 years but have significant comorbidity burdens); (2) newly
diagnosed AML, relapsed/refractory AML, or high-risk myelo-
dysplastic syndromes (MDSs) (10% to 19% blasts in bone
marrow); (3) treated with AML-like therapy at either lower or
higher intensity; (4) ability to speak and read English; and
(5) provided informed consent. Exclusion criteria were (1)
projected OS of <6 months owing to active second malignancy
or other medical problem and (2) receipt of purely palliative/
supportive care. All patients that met the eligibility criteria were
approached, unless prevented for medical reasons. All sites
followed similar steps to screen patients for study eligibility. The
2017 ELN classification was used to categorize patient risks
including the use of molecular data.22

The trial was approved by the institutional review boards of
each collaborating site, and participants provided written
informed consent.

Timing of study evaluations, study time frame, data collection
and sources, and bias management are described in
supplemental Table 1, supplemental Figure 1, and in the
supplemental Materials and methods, available on the Blood
website.

Variables, data sources, and measurement
Study outcomes The primary outcome was overall survival.
Secondary outcomes included QOL, functional status, and
frailty.

Exposure All patients that were enrolled received induction
therapy, whether of an intensive or less-intensive nature,25 per
the National Comprehensive Cancer Network guidelines.26

HCT was used to treat some patients at the discretion of
physicians and patients.

Predictors Factors used to predict outcomes, including AML
risks, the comorbidity index, QOL, functional status, frailty, and
other geriatric health problems are listed in Table 1 and in
supplemental Materials and methods.

Study size
Power calculations were made based on a total enrollment of
640 patients. This study accrued 705 patients. The addition
of patients was meant to take into account the possibility of
missing data or incomplete surveys. Power calculations were
guided by results that show that the 1-year survival rate of
patients that are older with AML given allogeneic HCT is
~65%.27 In contrast, patients receiving non-HCT therapies were
shown to have a 1-year survival rate of ~40%.28 From these
2 studies, the 1-year survival rate for HCT and non-HCT recip-
ients had a difference of 25%; 2-year survival rates were 48%
and 26%, respectively, with a difference of 22%. Hence,
assuming a comparison group of at least equal size for patients
who were treated with nontransplant therapies, we then had
80% power to detect an improvement of 19% (absolute differ-
ence) in survival in the transplanted group after the enrollment
of at least 640 patients.

Statistical methods
Frequency counts and percentages for categorical variables
(diagnosis and ELN cytogenetic risk category) and means and
SORROR et al
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Table 1. Baseline characteristics of study population

All patients (N = 692), %

Age, y

18-49 22

50-59 21

60-64 14

65-69 19

70-74 14

75-79 9

≥80 1

Augmented HCT-CI

0-1 15

2-3 29

4-5 23

≥6 33

2017 ELN cytogenetic risk

Favorable 21

Intermediate 43

Adverse 36

KPS

>70 83

≤70 17

AML composite model

0-3 13

4-6 32

7-9 32

≥10 23

Diagnosis

Newly diagnosed AML 77

Relapsed/refractory AML 14

High-risk MDS 9

Status posttreatment

Never achieved CR 44

Achieved CR 56

KPS, Karnofsky performance status.
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standard deviations for baseline continuous outcome variables

were calculated.

Primary outcome The start of induction therapy was taken
as “time zero.” Patients who received HCT had to survive long
enough to undergo transplantation, and this potential bias
(immortal time bias or lead-time bias) needs to be considered in
the assessment of the effect of HCT on outcome. This bias was
dealt with by modeling HCT as a time-dependent covariate.29

In such a model, patients were considered in the non-HCT
group until receipt of HCT, at which time they entered the
HCT group. To account for variables other than HCT that could
potentially affect OS, we first utilized Cox regression models to
identify baseline and time-dependent risk factors associated
HCT VS NON-HCT THERAPIES IN AML
with mortality in the overall population. The same factors are
thought to influence physicians’ choices of therapies for their
patients. Factors identified as significantly associated with
mortality (P < .05) were considered in the development of a set
of multivariable models examining the association between
HCT and mortality within the aforementioned study cohorts. In
addition, achievement of CR1 was modeled as a time-
dependent covariate in 281 patients treated at the Fred
Hutchinson Cancer Center, who achieved CR1 because MRD
assessments were complete and had been performed uniformly
in this population, generally within 1 to 2 weeks of blood count
documentation of CR, using 10-color flow cytometry. In this
subset, the potential interaction between MRD status and HCT
was assessed by including an interaction term in the regression
model. The potential statistical interaction of other factors with
HCT was also examined in the same manner.

Secondary outcomes To estimate the effect of HCT on
QOL, functional status, frailty, and other important outcomes,
we used logistic regression with generalized estimating equa-
tions and robust variances to account for multiple observations
per person. Given the time lag between diagnosis of AML and
receipt of transplant, patients were categorized into 1 of 3
groups: (1) patients who had never received HCT (never-HCT),
(2) those who were scheduled to receive an HCT (pre-HCT), and
(3) those already having had received a transplant (post-HCT).
This categorization allowed an examination of how the receipt
of HCT may change longitudinal outcomes, in addition to
whether patients who receive HCT differ from those who never
receive HCT. Secondary outcomes were modeled as a function
of group, along with time and group-by-time interactions.
Curves were also generated to illustrate the pattern of proba-
bility of a favorable outcome over time for each group.

Handling of missing data The handling of missing data and
loss of follow-up is described in the supplemental Materials and
methods.
Results
Descriptive data
Participant characteristics and exposure Patient char-
acteristics are reported in Table 1. Details of study flow are in
Figure 1 as well as in supplemental Materials and methods.
Data from 692 patients were analyzed. Patients aged ≥65 years
constituted 43% of the cohort, whereas those with augmented
HCT-CI scores of ≥4 constituted 56%; 68.2% of patients
(n = 472) were aged ≥65 and/or had augmented HCT-CI scores
of ≥4.

Diagnoses were mostly newly diagosed AML (77%), whereas
relapsed/refractory AML (14%) and high-risk MDS (9%) were
less frequent. Most patients had intermediate (43%) or adverse
(36%) cytogenetic risk per the ELN classification.22 The majority
(83%) had KPS scores of >70%. After initial treatment, 56%
achieved CR. Induction regimens are shown in supplemental
Table 2. The most common intensive regimens used were
cytarabine (≥1 g/m2 per dose) ± others (in 46.6% of patients)
and “7 + 3” ± others (in 46.1%); the most common less-
intensive regimens were azacitidine ± others (in 33.0%) and
decitabine ± others (in 28.7%).
19 JANUARY 2023 | VOLUME 141, NUMBER 3 297



Examined for Eligibility
(n = 23,996)

Ineligible
(n = 23,151)*

Unwilling to Participate
(n = 114)†

Found to be Ineligible
After Enrollment

(n = 29)‡

Excluded from Analysis
(n = 10)¶

Confirmed Eligible
(n = 845)

Enrolled
(n = 731)

Analyzed
(n = 692)

Incomplete Follow-up
(Data Included for all
Timepoints Available)

(n = 87)§

Complete Follow-Up
(n = 615)

Received
Allogeneic HCT

and Alive
(n = 180)

Received
Allogeneic HCT
and Deceased

(n = 135)

Without Allogenic
HCT and Alive

(n = 101)

Without Allogenic
HCT and
Deceased
(n = 276)

Figure 1. Study flow diagram. * indicates patients
were deemed ineligible if their diagnosis was not lis-
ted on inclusion criteria, they were not within the
allowed age range, the patient was not offered an
AML-like therapy with curative intent, and/or the
patient was not able to speak/read English; †, patient
was too tired (n = 18), overwhelmed with diagnosis
(n = 33), too occupied with treatment (n = 30), not
interested in the study (n = 24), did not like the way the
study was presented (n = 1), did not understand why
the study was important (n = 1), and/or had a different
reason (n = 24); ‡, patient transferred to receive initial
treatment at another institution (n = 1), patient not
within allowed age range (n = 1), did not have eligible
diagnosis or disease status at enrollment (n = 10),
received palliative care as main treatment or did not
receive treatment (n = 6), and/or consented >7 days
after day 1 of treatment (n = 11); §, received HCT as
initial treatment (n = 10); and ¶, unable to reach patient
(n = 59), withdrawn per patient request (n = 28), and/or
data included for time points available.
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Of the 315 (45.5%) patients who received an HCT, 241
(76.5%) were given HCT in CR1. Among the 472 patients that
were older and/or had comorbidities, 171 (36.2%) received
an HCT and 137 (80.1%) were in CR1; 31.2% of the
295 patients aged ≥65 years received an HCT, with 83.7% of
these in CR1. Of the 296 patients at ELN intermediate risk,
156 (52.7%) received an HCT, with 124 (79.5%) in CR1; and
42.7% of the 248 patients at ELN adverse risk received an
HCT, with 82 (77.4%) in CR1.

Length of follow-up and missing data Median follow-up
among survivors was 53.6 months (range, 1.1-88.5 months)
after start of treatment. Supplemental Table 1 shows low
rates of missing data in general. As would be expected,
data collected via medical charts were less frequently
missing relative to patient-reported tools and other
assessments.
298 19 JANUARY 2023 | VOLUME 141, NUMBER 3
Reasons for declining enrollment Among the 114 patients
who were unable or unwilling to participate in the study, 99
patients completed a declination survey. Patients were allowed to
endorse more than 1 reason for declining the study. Reasons for
declination included being too tired (15.7%), too overwhelmed
with diagnosis (28.4%), too occupied with treatment (26.3%), not
interested in the study (21.1%), and other reasons (21.1%). Other
reasons included in order of frequency, “did not want to complete
assessments,” “overwhelmed by diagnosis,” “too occupied with
treatment,” “not interested in study,” “unwell or too tired,”
“participating in too many other research studies,” “prior negative
experience in another research study,” “too busy,” and “con-
cerned about commitment for study follow-up.”

Patient preferences and patients’ and physicians’
estimates of chances of cure At study enrollment, 80% of
patients ranked cure as their main treatment goal, followed by
SORROR et al
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QOL (36%) and length of life (33%) (Table 2). When we assessed
these parameters later, either at 3 or 6 months after enrollment for
non-HCT recipients or at the closest time point before receiving
HCT among recipients of HCT, we found cure remained the main
goal regardless of type of treatment (74% and 87%, respectively),
followed in importance by QOL (51% and 44%, respectively).

Patients’ and physicians’ perceptions of patients’ chances of
cure were clearly discordant. For example, although 65% of
patients estimated at enrollment that they might have a “good”
(>75%) chance of cure, only 7% of physicians agreed.

At later time points, 78% of physicians estimated a “maybe” (25%
to 74%) chance of cure for recipients of HCT, whereas only 47% of
physicians estimated the same for those not given HCT. A “poor”
(<25%) chance of cure was estimated by only 15% of physicians
for recipients of HCT, whereas 46% of physicians estimated such a
low chance for non-HCT recipients. Patients’ perceptions of
chance of cure differed less according to whether they had
received HCT or not (38% vs 35%, respectively).

Primary outcome (OS)
Potential confounders Table 3 describes results of Cox
regression models for associations between mortality and baseline
and time-dependent potential confounding variables in all 692
patients. Variables that had statistically significant associations with
mortality included increasing augmented HCT-CI scores (2-3, 4-5,
and ≥6 vs 0-1); increasing age (60-64, 65-69, and ≥70 vs <60
years); intermediate and adverse ELN risk (vs favorable risk);
relapsed/refractory AML (vs de novo AML) at enrollment; relapse
or refractory; CR2 or CR3 (vs CR1) responses to treatment given
after enrollment; frailty as measured by 4-MWT; impaired QOL as
measured by FACT-G scores; increased depressive symptoms as
measured by PHQ-9 scores; and dependent status as measured
by ADL scores <14.

Univariate associations between HCT and mortality For
patients given HCT, the 4-year (following HCT) OS estimate was
54% (95% CI, 48-59). Unadjusted analysis among all patients
showed a 29% reduced risk of mortality for HCT relative to no
HCT (HR, 0.71; 95% CI, 0.57-0.88; P = .002). Patients that were
older (aged ≥65 years) had a 35% reduction in risk of mortality
when given HCT (HR, 0.65; 95% CI, 0.46-0.90; P = .01). Patients
with augmented HCT-CI scores of ≥4 had a 37% reduction in risk
of mortality when given HCT (HR, 0.63; 95% CI, 0.46-0.86; P =
.0004). Corresponding figures were 45% in patients at interme-
diate (HR, 0.55; 95% CI, 0.40-0.77; P = .0004) and 63% in patients
at adverse (HR, 0.37; 95% CI, 0.25-0.54; P < .0001) ELN risk,
respectively (Table 4).

The unadjusted risk of mortality was lower among patients who
failed to achieve CR1 and who were given HCT compared with
patients who failed to achieve CR1 and were not given HCT
(HR, 0.27; 95% CI, 0.15-0.51; P < .0001). Among patients who
achieved CR1, the unadjusted HR of mortality for patients who
received HCT compared with those who did not receive HCT
was 0.85 (95% CI, 0.61-1.09; P = .20).

Multivariable associations between HCT and
mortality After adjusting for variables shown to be associated
with mortality (Table 3), there was no definitive evidence that
HCT VS NON-HCT THERAPIES IN AML
receiving HCT improved OS in the entire cohort or any of the
previously described subgroups (Table 4), with the exception
of patients at adverse ELN risk (HR, 0.58; 95% CI, 0.38-0.89;
P = .01) and those who never achieved CR1 (HR, 0.45; 95% CI,
0.22-0.90; P = .02), although the number of transplants in this
later group was relatively small (30 such patients received HCT).

Effect of HCT based on MRD status and induction
intensity Unadjusted models indicated that receipt of HCT
was associated with at least a numerically improved OS among
the Fred Hutchinson Cancer Center CR1 subset (HR, 0.79; 95%
CI, 0.57-1.08; P = .14). However, this numerical advantage was
diminished after adjustment for risk factors as detailed in pre-
vious sections in addition to the presence of MRD (HR, 0.96;
95% CI, 0.66-1.40; P = .82). A test of interaction between the
impact of HCT among patients who achieved CR1 and MRD
status yielded P = .78 (adjusted HR = 1.01 for patients with MRD
and adjusted HR = 0.94 for patients without MRD). Regardless
of HCT status, however, the HR of mortality for patients with
MRD compared with those without MRD was 1.47 (95% CI,
1.00-2.17; P = .05).

A statistical test of this interaction between impact of HCT and
induction regimen intensity (intensive vs less intensive) yielded
P = .41. Furthermore, the adjusted HR of mortality for HCT vs
non-HCT among patients who received intensive induction
therapy was 0.87. That adjusted HR was 0.68 for patients who
received less-intensive induction.

Secondary outcomes
Multivariable associations between HCT and secondary
outcomes In adjusted models, there were no statistically sig-
nificant differences between pre-HCT and never-HCT groups
for scores on FACT-G, EuroQOL 5-dimensions, PHQ-9, Fried
frailty index, 4-MWT, or instrumental activities of daily living
scores at enrollment. However, pre-HCT group social activity
log (P < .001), ENRICHD social support instrument (P = .003)
and ADL (P = .004) scores, and performance status (<0.001)
were significantly better when compared with never-HCT group
scores at enrollment.

When analyzing group changes over time, the pre-HCT and
never-HCT groups showed no significant differences for any of
the outcomes with the exception of faster improvement in
PHQ-9 (depressive symptoms) and worsening of SAL among
the pre-HCT group relative to the never-HCT group (P = .005
and P = .034, respectively). In contrast and when considering
changes over time, the post-HCT group showed no differences
on any of the tools compared with the never-HCT group
(Table 5; Figure 2).

Discussion
This US-based multisite prospective observational longitudinal
trial showed significant survival benefit associated with HCT.
However, this benefit was diminished among all patients and in
most of the various prespecified subgroups once we accounted
for confounding AML- and patient-specific variables that
impacted mortality and, likely, treatment assignment, because
these variables disproportionately favored recipients of HCT
(Table 4). Specifically, we found no definitive survival advantage
for HCT considering either all 692 patients, those aged
19 JANUARY 2023 | VOLUME 141, NUMBER 3 299



Table 2. Treatment preferences and values of physician and general patients with AML population, as stratified by HCT and non-HCT recipients

All patients at enrollment Non-HCT at 3- or 6-mo follow-up time point* HCT at closest time point before transplant

Rank of importance, n (%) Rank of importance, n (%) Rank of importance, n (%)

Patient survey Objective 1 2 3 1 2 3 1 2 3

Cure 430 (80) 57 (11) 52 (10) 134 (74) 29 (16) 17 (9) 201 (87) 19 (8) 10 (4)

QOL 188 (36) 217 (41) 123 (23) 90 (51) 55 (31) 32 (18) 99 (44) 85 (38) 40 (18)

LOL 173 (33) 143 (27) 207 (40) 56 (32) 56 (32) 65 (36) 84 (38) 59 (26) 81 (36)

More important objective, n (%) More important objective, n (%) More important objective, n (%)

Patient survey Cure vs QOL Cure Equal QOL Cure Equal QOL Cure Equal QOL

313 (60) 130 (25) 80 (15) 81 (47) 52 (30) 40 (23) 121 (54) 82 (37) 21 (9)

More important objective, n (%) More important objective, n (%) More important objective, n (%)

Patient survey Cure vs LOL Cure Equal LOL Cure Equal LOL Cure Equal LOL

318 (61) 129 (25) 73 (14) 101 (58) 50 (29) 22 (13) 130 (58) 79 (35) 15 (7)

More important objective, n (%) More important objective, n (%) More important objective, n (%)

Patient survey QOL vs LOL QOL Equal LOL QOL Equal LOL QOL Equal LOL

240 (46) 132 (25) 149 (29) 90 (51) 49 (28) 36 (21) 94 (42) 82 (37) 46 (21)

Chance of cure, n (%) Chance of cure, n (%) Chance of cure, n (%)

Good (>75%)
Maybe

(25%-74%) Poor (<25%) Good (>75%)
Maybe

(25%-74%) Poor (<25%) Good (>75%)
Maybe

(25%-74%) Poor (<25%)

Patient perception 338 (65) 162 (31) 22 (4) 110 (60) 63 (35) 10 (6) 140 (61) 87 (38) 1 (<1)

Physician
perception

36 (7) 309 (64) 137 (28) 14 (7) 90 (47) 89 (46) 13 (6) 179 (78) 34 (15)

LOL, length of life.

*Data selected from either 3- or 6-month follow-up assessment per patient, whichever had earliest responses.
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Table 3. Multivariable analysis of risk factors associated
with mortality in the general AML population

Risk factor HR (95% CI)* P

Augmented HCT-CI

0-1 1.0

2-3 1.79 (1.05-3.06) .03

4-5 2.42 (1.44-4.07) .0009

≥6 3.69 (2.24-6.06) <.0001

Age, y

0-59 1.0

60-64 1.50 (1.05-2.13) .02

65-69 1.36 (0.99-1.86) .06

≥70 2.19 (1.65-2.91) <.0001

ELN cytogenetic risk†

Low 1.0

Intermediate 1.53 (1.03-2.28) .03

Adverse 2.35 (1.56-3.54) <.0001

Status at enrollment

Newly diagnosed AML 1.0

Relapsed/refractory
AML

1.65 (1.24-2.20) .0005

Status after treatment

Never reached CR 1.0

CR1 0.29 (0.23-0.37) <.0001

Relapsed after CR1 1.66 (1.24-2.23) .0007

CR2 0.78 (0.44-1.37) .38

Relapsed after CR2 3.41 (1.81-6.44) .0002

CR3 3.80 (1.19-12.07) .02

FACT-G (per 10 points)‡ 0.89 (0.81-0.98) .02

PHQ-9 depressive
symptoms (per point)

1.03 (1.00-1.06) .03

ADL (per point) 0.95 (0.90-1.00) .05

4-MWT mean time (per
doubling)

1.31 (1.09-1.57) .004

4-MWT, National Institutes of Health Toolbox 4-Meter Walk Gait Speed Test; ADL,
activities of daily living; FACT-G, functional assessment of cancer therapy–general; PHQ-9,
patient health questionnaire 9; HR, hazard ratio; CI, confidence interval.

*Cox regression analysis based on time since start of treatment on enrolled study.

†Missing data indicator included.

‡For time-dependent QOL measures, missing data indicator until first known data and
analysis uses last available observation.
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≥65 years, those with augmented HCT-CI scores of ≥4, the
group with intermediate ELN risk, or among patients who
achieved a CR1. Moreover, the impact of HCT on outcome was
not demonstrably different among patients who had MRD at
CR1 vs those who did not have MRD at CR1, nor was there
sufficient evidence to conclude that there was a differential
impact of HCT based on induction intensity. Two patient
groups, specifically those with the highest AML risks for relapse,
sustained benefit from HCT after multivariate model adjust-
ments: patients with ELN-based high risk as well as those who
had received transplants in a status beyond CR1 benefited from
HCT VS NON-HCT THERAPIES IN AML
HCT regardless of their baseline differential risks, when
compared with patients who did not receive transplants. The
study has >4 years of follow-up, therefore, it is unlikely that any
late benefits of allogeneic HCT were missed. To the best of our
knowledge, our comparisons are the first to entail the use of
validated models to include a comprehensive assessment of
patients’ overall health.

Our results might reflect improvement in supportive care and
non-HCT therapies and/or the highly selective nature of the
current HCT eligibility process. The latter is probably the most
important because we accounted for variables that are usually
ignored in clinical trials but yet strongly influenced physicians’
decisions about referral to HCT. We acknowledge, however,
that it is very difficult to account for all confounding variables in
a nonrandomized setting, and the selection bias associated with
HCT is very difficult to accurately model.

Our study has the advantage of describing real-world data from
a large number of institutions without restrictions to patient
accrual. It includes pre- and posttreatment data on QOL,
function, and geriatric health; information that is routinely
lacking from comparative effectiveness studies in HCT because
these data are not generally collected in routine care and are
unavailable in most registries and retrospective studies. Recent
reports suggest a lack of significant difference in effect esti-
mates when comparing observational and randomized studies,
regardless of the specific observational study design.30 Perhaps
accordingly, the US Food and Drug Administration currently
accepts real-world evidence31,32 in accordance with the 21st
Century Cures Act, approved by the US Congress in 2016.33

Nonetheless, we are very aware of the well-recognized limita-
tions of observational studies. As a matter of principle, we do not
consider these as substitutes but rather motivators for random-
ized trials. To date, randomized studies comparing outcomes
between HCT and alternative treatments in older patients have
been very limited,17 with, to the best of our knowledge, only two
published randomized studies. The first study, focusing on
patients aged 50 to 70 years, showed lack of benefit of alloge-
neic HCT from sibling donors after reduced intensity condition-
ing.34 The second study was from the French Innovative
Leukemia Organization and that study suggested improved
survival after allogeneic HCT;35 however, it did not account for
patient-related factors such as comorbidities, frailty, cognitive
health, and other parameters that were included in our study,
which, in part, might explain the different results. In particular, in
our study after adjusting only for clinical factors (ie, HCT-CI, age,
ELN, achievement of CR1, relapsed/refractory disease at time of
treatment, and use of intensive induction therapy) the HR for
mortality for HCT vs non-HCT in all patients was 0.71 (95% CI,
0.55-0.90; P = .005). However, after additionally adjusting for the
factors that measure frailty, cognitive health, comorbidities, and
other patient-specific parameters, the HR was increased to 0.85
(95% CI, 0.66-1.09; P = .19). This further shows the importance of
taking into account patient risk factors when comparing treat-
ment approaches. We believe the findings of our study support
our contention that randomized studies are sorely needed to
clarify the role of allogeneic HCT in patients with AML that are
older and/or medically infirm, similar to what has recently been
done for patients with advanced MDSs.36,37
19 JANUARY 2023 | VOLUME 141, NUMBER 3 301



Table 4. Association of HCT with overall mortality, unadjusted, and adjusted models with HCT modeled as a
time-dependent covariate

Unadjusted Adjusted*

HR (95% CI) P HR (95% CI) P

All patients (N = 692) 0.71 (0.57-0.88) .002 0.85 (0.66-1.09) .19

Patients aged ≥65 y (n = 295) 0.65 (0.46-0.90) .01 0.79 (0.53-1.16) .22

Patients with augmented HCT-CI scores ≥4 (n = 353) 0.63 (0.46-0.86) .0004 0.84 (0.58-1.21) .34

Patients with ELN intermediate risk (n = 296) 0.55 (0.40-0.77) .0004 0.81 (0.55-1.17) .26

Patients with ELN adverse risk (n = 248) 0.37 (0.25-0.54) <.0001 0.58 (0.38-0.89) .01

Patients who achieved CR1 (n = 510) 0.85 (0.67-1.09) .20 0.96 (0.72-1.27) .75

Patients who did not achieve CR1 (n = 182) 0.27 (0.15-0.51) <.0001 0.45 (0.22-0.90) .02

*Adjusted for the augmented HCT-CI, age, ELN cytogenetic risk, relapsed/refractory AML at enrollment, posttreatment CR1 status, treatment intensity, sum PHQ-9, KPS, ADL, FACT-G, and
4-MWT (posttreatment CR1 status, sum PHQ-9, KPS, ADL, FACT-G, and 4-MWT modeled as time-dependent variables, with missing indicator to account for those without data).
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Indeed, we believe that observational and randomized trials are
complementary,38 with the former serving to help motivate and
design the latter. It seems that decisions regarding HCT might
not be currently evidence based in 2 large groups of older
patients with AML. First, patients who are at intermediate risk of
relapse and who are apparently in good health, who had been
systematically chosen for HCT without knowledge of how they
will fare without it, thus, exposing them to potentially unnec-
essary long-term complications of HCT such as chronic graft-
versus-host disease and second malignancies. Second,
patients who at high risk of relapse but who are not considered
for HCT because they are subjectively considered unfit. This
occurs despite reports of continued improvements in allogeneic
HCT outcomes7,39 and despite current trials focused on
improving evaluation and management of vulnerabilities such
as older age, comorbidity burden, and/or frailty
(#NCT03992352 and #NCT03870750, respectively). We con-
ducted this 8-year-long study hoping to change these practices.

Patients enrolled in this prospective trial have received 38
different combinations for induction therapy (supplemental
Table 2). No patient was excluded from the study based on the
type of initial therapy. This was done to ensure that we account for
current practice and to minimize the impact of initial therapy on
study outcomes. Clearly, our study predated the approval of
venetoclax. Randomization to venetoclax plus azacitidine rather
than azacitidine alone improved median survival from 9 to 15
months;40 likewise, randomization to venetoclax plus low-dose
Ara-c rather than low-dose Ara-c alone increased median sur-
vival from 4.1 to 8.4 months.41 Although, when compared with
standard less-intensive therapy, these improvements are statisti-
cally significant, they have been less obviously clinically signifi-
cant. Hence, it does not seem that introduction of venetoclax
changed practice in a way to obviate the need for a randomized
trial to better understand the role of allogeneic HCT in manage-
ment of patients with AML that are older and/or medically infirm.

Taking into consideration our real-world results as well as the
current availability of different choices for donor source,42 we
suggest 3 possible randomized, rather than biologic assignment,
302 19 JANUARY 2023 | VOLUME 141, NUMBER 3
studies (Figure 3). The first would randomize older patients
withoutMRD at intermediate risk between immediate vs delayed
HCT. In addition to our results, a report from theUnited Kingdom
suggested that for patients at intermediate risk, similar survival
can be achieved by delaying HCT until relapse.43 Other studies
found that patients who achieve a MRD-negative CR have a
relapse probability of only ~30% even without HCT in CR1.44

This relatively low rate suggests that it is possible to spare
patients withMRD-negative CR and ELN intermediate-risk group
HCT complications. A second potential trial might address
whether older patients with MRD before a proposed HCT should
proceed directly to HCT followed byMRD-directed treatment, or
first receive treatment intended to reduce MRD. The third
possible trial would focus on patients that are older and
apparently unfit, who are currently considered to be at a rela-
tively higher risk of morbidity and mortality post-HCT, but who
are also at very high risk of relapse without HCT because they
are in the ELN adverse risk group or are in CR2. The use of
an outcome-adaptive randomization approach to ensure
randomization of more patients to the demonstrated more
successful treatment option would be of interest for these
patient groups.45,46 Finally, consideration for maintenance
treatment after the nontransplant arm might be beneficial to
further improve outcomes.

BeforeHCT, patientswhowere selectedby their treatingphysicians
to receive HCT had better function, social support, social activity,
less depression, and better performance status compared with
those who were not selected to receive HCT. These findings sug-
gest that seeminglyfitter patientswith a higher perceived chanceof
cure may have been preferentially identified by physicians to
receive HCT. Yet, our results show such QOL and geriatric out-
comes were similar among patients post-HCT vs never-HCT, sug-
gesting that the benefits of improved general health before
transplant are lost once HCT is given. These results imply that HCT
could come at a relatively high price by early deterioration in
general health. This is in alignment with the knowledge that health
impairments after HCT are linked to chronic graft-versus-host dis-
ease that tend to last for a median of 30 months (range, 5.5-119
months).8 Lastly, this study showed that patients who did or did not
SORROR et al



Table 5. Generalized estimating equation models examining secondary outcomes across never-HCT, pre-HCT, and
post-HCT groups after adjusting for covariates plus/minus change over time

Measure Parameter Comparison Estimate (95% CI) P

QOL (FACT-G) (greater than mean - 0.5 standard) Group Never-HCT Reference

Group Pre- vs never-HCT 1.25 (0.86-1.82) .2512

Group Post- vs never-HCT 1.37 (0.77-2.45) .2859

Group change over time* Never-HCT Reference

Group change over time* Pre- vs never-HCT 1.02 (0.94-1.10) .6542

Group change over time* Post- vs never-HCT 0.97 (0.92-1.03) .3057

QOL (EuroQOL 5-dimensions index) (>33rd percentile) Group Never-HCT Reference

Group Pre- vs never-HCT 1.26 (0.89-1.79) .1859

Group Post- vs never-HCT 1.41 (0.82-2.43) .2098

Group change over time* Never-HCT Reference

Group change over time* Pre- vs never-HCT 1.00 (0.92-1.10) .9112

Group change over time* Post- vs never-HCT 1.00 (0.95-1.04) .8568

Depressive symptoms (PHQ-9) (<10) Group Never-HCT Reference

Group Pre- vs never-HCT 1.04 (0.72-1.49) .8368

Group Post- vs never-HCT 2.01 (1.06-3.81) .0323

Group change over time* Never-HCT Reference

Group change over time* Pre- vs never-HCT 1.19 (1.05-1.35) .0055

Group change over time* Post- vs never-HCT 0.95 (0.89-1.01) .0913

Social activities (social activity log) (≥1.13) Group Never-HCT Reference

Group Pre- vs never-HCT 2.06 (1.40-3.04) <.001

Group Post- vs never-HCT 1.27 (0.70-2.32) .4344

Group change over time* Never-HCT Reference

Group change over time* Pre- vs never-HCT 0.93 (0.87-0.99) .0346

Group change over time* Post- vs never-HCT 1.00 (0.95-1.05) .9789

Perceived social support (ENRICHD social support
inventory) (greater than mean - 0.5 standard)

Group Never-HCT Reference

Group Pre- vs never-HCT 1.76 (1.21-2.57) .0033

Group Post- vs never-HCT 1.31 (0.76-2.25) .3341

Group change over time* Never-HCT Reference

Group change over time* Pre- vs never-HCT 0.95 (0.89-1.02) .1838

Group change over time* Post- vs never-HCT 1.00 (0.96-1.04) .97

*Adjusted for age group, sex, comorbidity score group per AML composite model, disease type (MDS/myeloproliferative disorder or AML), and induction treatment regimen intensity as
appropriate.
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Table 5 (continued)

Measure Parameter Comparison Estimate (95% CI) P

Instrumental activities of daily living (=14) Group Never-HCT Reference

Group Pre- vs never-HCT 0.98 (0.71-1.36) .9177

Group Post- vs never-HCT 0.39 (0.24-0.63) <.001

Group change over time* Never-HCT Reference

Group change over time* Pre- vs never-HCT 0.99 (0.93-1.06) .8508

Group change over time* Post- vs never-HCT 1.02 (0.98-1.07) .3102

ADL (=14) Group Never-HCT Reference

Group Pre- vs never-HCT 1.67 (1.17-2.37) .0043

Group Post- vs never-HCT 0.98 (0.58-1.67) .9542

Group change over time* Never-HCT Reference

Group change over time* Pre- vs never-HCT 0.98 (0.91-1.05) .4973

Group change over time* Post- vs never-HCT 1.01 (0.96-1.06) .7107

Frailty (4-MWT) (≥0.8 m/s) Group Never-HCT Reference

Group Pre- vs never-HCT 1.33 (0.94-1.89) .1119

Group Post- vs never-HCT 2.14 (1.14-3.99) .0171

Group change over time* Never-HCT Reference

Group change over time* Pre- vs never-HCT 1.11 (0.97-1.27) .1222

Group change over time* Post- vs never-HCT 0.95 (0.89-1.01) .1092

Frailty (Fried frailty index) (=0) Group Never-HCT Reference

Group Pre- vs never-HCT 1.22 (0.77-1.93) .4019

Group Post- vs never-HCT 3.69 (1.48-9.23) .0051

Group change over time* Never-HCT Reference

Group change over time* Pre- vs never-HCT 0.93 (0.81-1.06) .2599

Group change over time* Post- vs never-HCT 0.91 (0.81-1.02) .1022

Performance status (KPS) (>70) Group Never-HCT Reference

Group Pre- vs never-HCT 3.00 (2.01-4.46) <.001

Group Post- vs never-HCT 0.66 (0.41-1.05) .0804

Group change over time* Never-HCT Reference

Group change over time* Pre- vs never-HCT 0.94 (0.88-1.00) .0464

Group change over time* Post- vs never-HCT 1.00 (0.96-1.04) .9939

*Adjusted for age group, sex, comorbidity score group per AML composite model, disease type (MDS/myeloproliferative disorder or AML), and induction treatment regimen intensity as
appropriate.
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receive HCT had similar goals of therapy and similar expectations
from therapy, that is, cure.On the contrary, physicians believed that
HCT offered better chances of cure, yet at the same time, they
appear to have selected the “better” patients for this treatment.
This further highlights the need for thoughtful studies to better
304 19 JANUARY 2023 | VOLUME 141, NUMBER 3
understand the role of HCT in patients with AML that are vulner-
able. Furthermore, the discrepancies between physicians’ per-
spectives and patients’ expectations of outcomes raises the need
for future studies to better understand these discrepancies. This
could include prospective monitoring of communications between
SORROR et al
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Figure 2. Comparisons of quality of life, function, depression, frailty and social activity among recipients and nonrecipients of hematopoietic cell transplantation.
(A-E) Generalized estimating equation comparisons of secondary outcomes among never-HCT, pre-HCT, and post-HCT groups final models. ESSI, ENRICHD social support
inventory; FFI, Fried frailty index.
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patients andphysicians in the clinic setting, voiceor video recording
of conversations, and receiving and providing feedback from
patients to further understand how the gap can be narrowed.

In conclusion, this large observational study provides evidence
that the current belief that HCT is preferable to no HCT is subject
to a large degree of contradiction, making the assessment of HCT
difficult outside a randomized clinical trial. This is owing to, in large
part, the selection bias associated with the decision to receive or
not receive HCT and/or the lack of consideration of patients/
overall health usingmodernmeans to examine vulnerabilities.We
believe the role of HCT needs to be formally studied in
HCT VS NON-HCT THERAPIES IN AML
randomized trials for the groups, described herein, to definitively
address the efficacy of HCT in AML. This is particularly of impor-
tance given the continued improvements in HCT outcomes, the
better current understandingof patient health risks, the novel trials
directed toward improving resilience to HCT, and the results of
this study that showed equal desires for cure by those who were
and were not selected by their physicians to receive an HCT.
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