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Novelty Statements This work describes the real- world use of different maintenance therapies after transplantation, which is important given the lack of standard guidelines/
recommendations for strategies to manage patients with FLT3- mutated acute myeloid leukemia (AML) with complete remission after first- line chemotherapy and transplantation. The 
real- world use of maintenance therapy was strikingly heterogeneous; the use of any type of maintenance therapy appeared beneficial for improving clinical outcomes compared with no 
maintenance therapy. Overall, maintenance therapy to prevent relapse significantly improved survival without substantially increasing healthcare resource use in patients with 
FLT3- mutated AML achieving complete remission with first- line chemotherapy followed by hematopoietic stem cell transplantation.  
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Abstract
Objectives: Maintenance therapy is one strategy to prolong survival in patients with 
acute myeloid leukemia (AML) following hematopoietic stem cell transplantation 
(HSCT). We evaluated real- world treatment patterns and outcomes in patients with 
newly diagnosed FLT3- mutated AML receiving HSCT after complete remission with 
first- line chemotherapy.
Methods: A global, retrospective chart review to evaluate maintenance therapy and 
outcomes in patients with FLT3- mutated AML after HSCT.
Results: Data from 1208 charts from eight countries showed that most patients 
(n = 765 [63.3%]) received no maintenance therapy after HSCT, 219 (18.1%) received 
FLT3 inhibitor maintenance therapy, and 224 (18.5%) received other types of main-
tenance therapy. No systematic differences were observed in healthcare resource 
utilization across the three groups. Clinical benefit was observed with FLT3 inhibitor 
maintenance over no maintenance therapy with relapse- free survival (adjusted haz-
ard ratio [HR] 0.57 [95% CI 0.34- 0.94], P < .05). FLT3 inhibitor and other maintenance 
also demonstrated overall survival benefit over no maintenance (adjusted HR 0.50 
[95% CI 0.28- 0.89] and 0.46 [95% CI 0.23- 0.91], respectively; both P < .05).
Conclusions: Real- world maintenance therapies after HSCT in patients with FLT3- 
mutated AML were heterogeneous. While overall use of healthcare resources was 
not significantly increased in patients receiving maintenance therapy versus those 
who did not, clinical outcomes were improved.
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1  | INTRODUC TION

Acute myeloid leukemia (AML) is a heterogeneous disease involving 
a clonal population of myeloid stem cells with aberrant differen-
tiation and proliferation, wherein molecular mutations and cyto-
genetic abnormalities can impact the overall prognosis.1 Among 
genetic risk factors, activating mutations in fms- like tyrosine kinase 
3 (FLT3) are present in up to 35% of patients with AML.2 FLT3 mu-
tations confer a worsened prognosis, characterized by lower com-
plete remission (CR) rates and shorter disease- free or event- free 
survival, particularly in patients with internal tandem duplications 
(ITD) compared with patients with wild- type FLT3.1- 4 The reported 
impact on prognosis for patients with FLT3 tyrosine kinase domain 
(TKD) point mutations, which occur in about 10% of patients, is less 
consistent.2,5

Many patients with high- risk AML undergo hematopoietic stem 
cell transplantation (HSCT) as part of their therapy.6- 8 However, pa-
tients with higher- risk AML experience higher post- HSCT relapse 
rates2,9,10 and increased risk of early relapse after transplant com-
pared with standard- risk patients.11 In those with FLT3- ITD AML, 
after allogeneic HSCT, the relapse incidence 2 years post- HSCT was 
approximately 30% compared with approximately 16% in patients 
without FLT3- ITD,9 and relapse was associated with a significantly 
shorter overall survival (OS) in these patients.12

In some populations, maintenance therapies in AML have been 
found to be feasible and beneficial in sustaining remission.13- 16 There 
is growing interest in providing maintenance therapy after HSCT for 
patients with AML in an attempt to reduce relapses, yet the treat-
ment approaches that clinicians currently use are not clearly under-
stood.17 Recently completed or ongoing studies evaluating the safety 
and efficacy of post- transplant maintenance therapies in patients 
with FLT3- mutated AML include gilteritinib (NCT02997202), cren-
olanib (NCT02400255, NCT01522469, NCT03250338), sorafenib 
(NCT01398501, NCT01578109), and others (NCT01477606, 
NCT01468467). In addition to weighing the benefits and risks of 
preventative intervention on patients’ health, additional therapies 
have the potential to affect overall healthcare resource utilization 
(HRU). The use of healthcare resources associated with various as-
pects of treatment— such as hospitalizations, clinic visits, or transfu-
sions— is an important component to understand when developing 
any new treatment modality due to the impact on a patient's family 
life as well as healthcare costs.18- 20

Despite the known risks and burden of relapse, recommenda-
tions and guidelines for maintenance therapy after HSCT are lack-
ing.6,7,21 In this study, we obtained real- world data collected from 
the medical charts of patients with newly diagnosed FLT3- mutated 
(FLT3mut+) AML who received HSCT after achieving CR with first- line 
chemotherapy. Given the lack of standard guidelines and recom-
mendations for maintenance therapy after HSCT in this population, 
our objective was to characterize real- world maintenance therapy 
patterns and compare clinical outcomes and HRU among patients 
treated with various maintenance approaches.

2  | METHODS

2.1 | Study design and population

This study was a retrospective chart review of adult patients 
with FLT3- mutated AML who had achieved CR with first- line 
chemotherapy and then undergone HSCT. Physicians from eight 
countries— Canada, France, Germany, Italy, Japan, Spain, the 
United Kingdom, and the United States— extracted data from eli-
gible patient charts. This research was granted exemption from 
full review by the New England Institutional Review Board, given 
that no personally identifiable information would be collected. 
Data- privacy regulations were adhered to in all countries with par-
ticipating physicians.

Participating physicians used a prespecified rule to randomly se-
lect the medical records of up to 10 eligible patients. To be eligible 
for chart abstraction, adult patients (aged 18 years or older) were re-
quired to have a confirmed AML diagnosis between January 1, 2015, 
and October 31, 2018, and be under the responding physician's care 
from the initial diagnosis. Patients were required to have a confirmed 
FLT3 mutation, have achieved CR with first- line chemotherapy, have 
subsequently undergone HSCT, and have at least 1 year of follow- up 
data after the first CR or confirmed date of death within 1 year after 
the first CR. Patients with acute promyelocytic leukemia or AML 
secondary to prior treatment for other neoplasms were excluded. 
The baseline period was defined as the date that AML was diagnosed 
to the date of HSCT, which was considered the index date, and the 
study period was defined as the index date to the most recent fol-
low- up visit or date of death.

Data on baseline characteristics, treatment patterns, treatment 
outcomes, and AML- related HRU were collected. A standardized 
case report form, which was pilot- tested by physicians from dif-
ferent countries, was used by individual physicians to maintain 
consistency in data abstraction. Additionally, real- time error and 
logic checking were implemented to ensure data quality; automatic 
data validation was incorporated in the case report form which was 
hosted online. For instance, when appropriate, some responses 
were validated by responses to previous questions (eg, the date of 
treatment initiation must be after the date of initial AML diagno-
sis). If there were any logical inconsistencies with these responses, 
physicians would be requested to double- check their responses. 
Baseline characteristics included demographics, comorbidities, 
and performance status, as well as AML- related characteristics (eg, 
genetic mutations, molecular and cytogenetic abnormalities, extra-
medullary involvement). Data on treatment patterns consisting of 
first- line chemotherapy regimens (induction/re- induction and con-
solidation therapies), HSCT type, and maintenance therapies after 
HSCT were also obtained. Maintenance therapies were defined 
on the case report form as non- myelosuppressive treatment with 
chemotherapy and/or targeted therapeutic agents that are admin-
istered over a period of months to years to sustain remission after 
first- line chemotherapy and/or HSCT (if applicable). Healthcare 
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resource utilization was characterized using data abstracted on 
services related to AML care, including hospitalizations, emer-
gency department visits, outpatient visits, and AML- related man-
agement and monitoring.

2.2 | Endpoints

The primary endpoints included post- HSCT maintenance therapy 
patterns and AML- related HRU during the study period. Given the 
large number of different individual treatments, a hierarchy of treat-
ments was used to create mutually exclusive regimen categories. 
For example, within the post- HSCT maintenance therapies, FLT3 
inhibitors (forming the “FLT3 inhibitor maintenance therapy” co-
hort) were assigned the highest level, followed by hypomethylating 
agents (HMAs), other targeted therapies, and cytotoxic chemo-
therapy without targeted agents. Treatment regimens could only be 
assigned to one category. Patients who had their post- HSCT mainte-
nance therapy regimen assigned to the HMA, other targeted thera-
pies, or cytotoxic chemotherapy without targeted agents category 
were grouped together to form the “other maintenance therapy” 
cohort. Ultimately, patients were included in one of three cohorts: 
FLT3 inhibitor maintenance therapy, other maintenance therapy, and 
no maintenance therapy. Healthcare resources evaluated included 
service- related resources such as visit type and duration, as well as 
treatment and monitoring procedures such as transfusions, medica-
tions, and lab testing or imaging. Exploratory clinical outcomes in-
cluded evaluation of relapse- free survival (RFS) and OS during the 
study period, both of which were measured from the time of HSCT 
(index date) to the time of event or censoring at the date of the last 
visit.

2.3 | Statistical analyses

Baseline characteristics, treatment patterns, and AML- related HRU 
during the study period were summarized using descriptive statistics 
for each study cohort. Additionally, AML- related HRU was compared 
between study cohorts using generalized linear models adjust-
ing for the following covariates: age at index date, sex, race, time 
from diagnosis to index date, body mass index, Eastern Cooperative 
Oncology Group (ECOG) grade, measurable residual disease status, 
extramedullary involvement, risk status, and HSCT type. For survival 
outcomes, time- to- event analyses were conducted beginning at the 
index date, with censoring at the end of data availability for patients 
without clinical events. Kaplan- Meier curves and Cox proportional 
hazards models were used to describe and compare RFS and OS be-
tween cohorts. The following baseline covariates were adjusted in 
the Cox regression models: age at index date, sex, race, country, time 
from diagnosis to index date, body mass index, ECOG grade, measur-
able residual disease status, extramedullary involvement, risk sta-
tus, and HSCT type. All analyses were conducted using R Statistical 
Software, version 3.6.1.

3  | RESULTS

A total of 311 hematologists and oncologists (Table S1) from 
eight countries contributed data from 1208 patients with FLT3- 
mutated AML who underwent HSCT. Among these patients, 219 
received a FLT3 inhibitor as post- HSCT maintenance therapy, 224 
received other types of post- HSCT maintenance therapy, and 765 
did not receive post- HSCT maintenance therapy. Follow- up dura-
tion (mean ± SD) was comparable between patient cohorts (FLT3 
inhibitor maintenance therapy, 15.4 ± 9.7 months; other main-
tenance therapy, 16.1 ± 10.6 months; no maintenance therapy, 
16.6 ± 11.6 months). The median (interquartile range) duration of 
maintenance therapy after HSCT was 198.00 (99.00, 349.00) days 
in patients receiving FLT3 inhibitor maintenance therapy and 127.00 
(58.00, 201.00) days in patients receiving other maintenance ther-
apy; median durations for specific maintenance therapies are shown 
in Table S2. The median time from HSCT to initiation of maintenance 
therapy was 1.08 months (FLT3 inhibitor maintenance therapy, 
1.18 months; other maintenance therapy, 0.95 months).

Mean age of patients was 53.5 years at the time of HSCT; 62.8% 
of patients were male, and 80.4% were white (Table 1). Common 
comorbidities included hypertension (33.0%), diabetes (15.2%), and 
coronary heart disease (6.8%). Most patients had good- to- moderate 
performance status with 84.7% having an ECOG grade 0 or 1. More 
patients who received other maintenance therapy had known extra-
medullary involvement compared with patients who received FLT3 
inhibitors or no maintenance therapy. Across the three cohorts, 
more patients in the FLT3 inhibitor cohort had poor cytogenetic or 
molecular risk status while more patients in the other cohort were 
minimal residual disease– positive, despite being in CR. Over 70% of 
patients had an ITD, with or without a TKD mutation. Normal cyto-
genetics was higher among patients who had received FLT3 inhibitor 
maintenance therapy (31.5%) compared with those who received 
other (14.3%) or no (28.1%) maintenance therapy. Additional AML- 
related acquired mutations and cytogenetic or molecular abnormali-
ties at HSCT are shown in Table S3.

Across all three cohorts, allogeneic transplantation (including re-
duced intensity and standard allogeneic transplantation) accounted 
for the majority of HSCT (FLT3 inhibitor, 91.3%; other, 83.9%; none, 
86.7%) (Table 1). Autologous transplants were received by 8.7% of 
patients on FLT3 inhibitor maintenance therapy, 16.1% of patients 
on other maintenance therapy, and 13.3% of patients on no therapy 
after HSCT. Approximately 96% of patients were in CR at the time 
of HSCT. Over 90% of the patients used cytotoxic chemotherapy 
for induction and/or consolidation therapy prior to HSCT (Table S4). 
FLT3 inhibitors were used by 22.1% of patients in combination with 
cytotoxic chemotherapy and 6.1% of patients without chemother-
apy during induction therapy; 16.1% and 5.9% of patients used FLT3 
inhibitors, respectively, during consolidation therapy.

After HSCT, 63.3% of patients did not receive maintenance ther-
apy. Those receiving post- HSCT maintenance therapy included 219 
(18.1%) patients who received FLT3 inhibitor therapy and 224 (18.5%) 
patients receiving other types of maintenance therapy (Table 2). The 
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TA B L E  1   Patient baseline characteristics

Characteristics

Post- HSCT maintenance therapy

FLT3 Inhibitor n = 219 Other n = 224
None 
n = 765

Age at HSCT date (years), mean ±SD 55.1 ± 13.5 52.7 ± 13.8 53.3 ± 12.9

Diagnosis to HSCT date (months), mean ±SD 6.7 ± 4.5 9.2 ± 6.6 6.1 ± 5.4

Male 145 (66.2) 154 (68.8) 460 (60.1)

BMI (kg/m2), mean ± SD 24.7 ± 3.8 23.8 ± 2.7 24.6 ± 3.6

Country

United States 23 (10.5) 40 (17.9) 116 (15.2)

Canada 0 0 30 (3.9)

France 62 (28.3) 29 (13.0) 109 (14.3)

Germany 26 (11.9) 11 (4.9) 83 (10.9)

Italy 44 (20.1) 60 (26.8) 103 (13.5)

Japan 14 (6.4) 54 (24.1) 12 (1.6)

Spain 27 (12.3) 24 (10.7) 153 (20.0)

United Kingdom 23 (10.5) 6 (2.7) 159 (20.8)

Race

White 187 (85.4) 153 (68.3) 631 (82.5)

Asian or Pacific Islander 18 (8.2) 47 (21.0) 46 (6.0)

Black or African 10 (4.6) 24 (10.7) 84 (11.0)

Other 1 (0.5) 0 2 (0.3)

Unknown 3 (1.4) 0 2 (0.3)

ECOG performance statusa 

Grade 0 or 1 194 (88.6) 183 (81.7) 646 (84.4)

Grade 2 or higher 25 (11.4) 40 (17.9) 117 (15.3)

Unknown 0 1 (0.5) 2 (0.3)

Comorbiditiesa 

Hypertension 75 (34.3) 72 (32.1) 252 (32.9)

Diabetes 31 (14.2) 35 (15.6) 117 (15.3)

Mental health condition 15 (6.9) 21 (9.4) 43 (5.6)

COPD 9 (4.1) 15 (6.7) 23 (3.0)

Renal disease 9 (4.1) 10 (4.5) 32 (4.2)

Peripheral artery disease 9 (4.1) 9 (4.0) 19 (2.5)

Coronary heart disease 7 (3.2) 15 (6.7) 60 (7.8)

Congestive heart failure 7 (2.3) 5 (2.2) 16 (2.1)

Stroke 5 (2.3) 7 (3.1) 14 (1.8)

WHO classificationa 

Myelodysplasia- related 16 (7.3) 31 (13.8) 129 (16.9)

Recurrent genetic abnormalities 111 (50.7) 119 (53.1) 328 (42.9)

Unknown 11 (5.0) 15 (6.7) 28 (3.7)

Unspecified 81 (37.0) 59 (26.3) 280 (36.6)

Risk statusa 

Favorable risk 30 (13.7) 54 (24.1) 158 (20.7)

Intermediate risk 83 (37.9) 109 (48.7) 332 (43.4)

Poor risk 104 (47.5) 59 (26.3) 262 (34.3)

Unknown 2 (0.9) 2 (0.9) 13 (1.7)

(Continues)
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most commonly used FLT3 inhibitor in post- HSCT maintenance 
therapy among the FLT3 inhibitor maintenance therapy group was 
midostaurin (63.9%) followed by sorafenib (26.5%). Cytotoxic che-
motherapy, consisting of predominantly cytarabine- based regimens, 
accounted for 70.5% of the other non- FLT3 inhibitor maintenance 
therapies, while HMAs and other targeted therapies accounted for 
the remaining treatments, at 14.7% for each therapy.

AML patients across all study cohorts had frequent HRU during 
the study period. Overall, there were no systematic differences in 
HRU across the three cohorts, though small numeric differences 
were observed in monthly means depending on the HRU type. While 
no differences were observed in the average number of monthly in-
patient or emergency department visits, differences were observed 
in outpatient visits across the three cohorts (Figure 1A). However, 

after adjustment for baseline covariates, the incidence rates of in-
patient visits, emergency department visits, and outpatient visits 
did not differ significantly between patients who received mainte-
nance therapy (FLT3 inhibitor or other) and patients who did not 
receive maintenance therapy (Table 3). Compared to patients with 
no maintenance therapy, patients with other maintenance therapy 
had significantly shorter inpatient stays (adjusted IRR, 0.40; P < .01) 
but longer palliative care stays (adjusted IRR, 5.17; P < .05) (Table 3). 
Approximately 50% of patients received a blood transfusion during 
the study period, and no differences were observed in the number of 
blood transfusions received by patients across cohorts (Figure 1B). 
Regarding monitoring and treatment procedures, adjusted models 
suggested fewer imaging examinations in patients on either FLT3 in-
hibitor or other maintenance therapy compared with patients on no 

Characteristics

Post- HSCT maintenance therapy

FLT3 Inhibitor n = 219 Other n = 224
None 
n = 765

HSCT type

Allogeneic 183 (83.6) 143 (63.8) 605 (79.1)

Reduced intensity allogeneic 17 (7.7) 45 (20.1) 58 (7.6)

Autologous 19 (8.7) 36 (16.1) 102 (13.3)

Disease status at HSCT

Complete remission 208 (95.0) 211 (94.2) 745 (97.4)

Relapse 11 (5.0) 13 (5.8) 20 (2.6)

Response to first- line chemotherapy

CR 155 (70.8) 157 (70.1) 579 (75.7)

CR with partial hematologic recovery 42 (19.2) 42 (18.8) 122 (16.0)

CR with incomplete hematologic recovery 18 (8.2) 19 (8.5) 46 (6.0)

CR with incomplete platelet recovery 4 (1.8) 6 (2.7) 18 (2.4)

MRD status at complete remission

MRD negative 111 (50.7) 110 (49.1) 434 (56.7)

MRD positive 84 (38.4) 100 (44.6) 203 (26.5)

Unknown 24 (11.0) 14 (6.3) 128 (16.7)

Known extramedullary involvementa  54 (24.7) 139 (62.1) 208 (27.2)

Mutations and cytogenetic abnormalities

FLT3 statusb 

ITD 135 (61.6) 122 (54.5) 460 (60.1)

ITD & TKD 22 (10.1) 27 (12.1) 84 (11.0)

TKD 62 (28.3) 75 (33.5) 221 (28.9)

Allelic frequency of the ITD mutation (%), 
mean ± SD

41.2 ± 20.2 41.5 ± 23.0 43.3 ± 22.5

Normal cytogenetics 69 (31.5) 32 (14.3) 215 (28.1)

Note: Values are presented as n (%), unless otherwise noted.
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; CR, complete remission; ECOG, Eastern Cooperative Oncology 
Group; FLT3, Fms- like tyrosine kinase 3; HSCT, hematopoietic stem cell transplantation; ITD, internal tandem duplication; MRD, measurable residual 
disease; SD, standard deviation; TKD, tyrosine kinase domain; WHO, World Health Organization.
aData obtained at the index date (date of HSCT). As assessed by the physician according to risk stratification by the National Comprehensive Cancer 
Network Acute Myeloid Leukemia guidelines.
bFLT3 mutation status reported at initial diagnosis.

TA B L E  1   (Continued)
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maintenance therapy and fewer bone marrow biopsies and antibiotic 
courses in those on other versus no maintenance therapy (Table 3).

Over the course of the study period, a total of 191 patients ex-
perienced AML relapse or death. Patients in the FLT3 inhibitor main-
tenance group appeared to have longer RFS than those in the other 
two groups, though the difference was not statistically significant 
(log- rank P = .10); the median RFS was not reached in any of the 
cohorts (Figure 2A). In the adjusted Cox regression models, the risk 

for relapse or death in the “FLT3 inhibitor” cohort compared with 
the “no maintenance therapy” cohort was lower (adjusted HR of RFS 
0.57 [95% CI 0.34- 0.94], P < .05) (Table 4). RFS was no difference 
between patients on other maintenance therapy compared with no 
maintenance therapy.

Patients on any type of maintenance therapy were found to have 
longer OS compared with patients not on any maintenance therapy 
post- HSCT (log- rank P < .01) (Figure 2B). Results from Cox regres-
sion models were consistent with those seen in the Kaplan- Meier 
analysis. When comparing individual maintenance therapies, the risk 
of death was lower in the FLT3 inhibitor cohort (adjusted HR 0.50 
[95% CI 0.28- 0.89], P < .05) and the other maintenance therapy co-
hort (adjusted HR 0.46 [95% CI 0.23- 0.91], P < .05) compared with 
the no maintenance therapy cohort (Table 4).

Additional analyses were conducted to determine the impact 
of the following factors on survival: use of FLT3 inhibitors prior to 
HSCT, FLT3 mutation type, allelic frequency, specific FLT3 inhibitor 
uses, and transplant type. Results of the additional analyses indicate 
that most of these factors did not significantly affect the post- HSCT 
OS and RFS among patients who used FLT3 inhibitors for mainte-
nance therapy except for patients receiving allogeneic HSCT and pa-
tients with an allelic frequency ≥0.5. A sensitivity analysis with FLT3 
inhibitor use in induction therapy as an additional covariate in the 
adjusted Cox regression models showed no impact on OS and RFS.

4  | DISCUSSION

Best practices and recommendations from treatment guidelines 
on maintenance therapy after HSCT are limited. The AML treat-
ment guidelines do not address routine maintenance strategies.7,21 
The European Society for Medical Oncology recognizes several 
therapeutic options and acknowledges that results from larger 
studies are needed6; meanwhile, for patients with FLT3- ITD AML 
after allogeneic HSCT, the European Society of Blood and Marrow 
Transplantation recommends post- transplant FLT3 inhibitor main-
tenance therapy for a minimum of 2 years.8 Several small or ret-
rospective studies have identified potential benefits of post- HSCT 
maintenance therapy with various FLT3 inhibitors.22- 29 A recently 
published phase 2 study evaluating sorafenib found promising re-
sults,30 and larger studies, including phase 3 trials evaluating gilteri-
tinib (EudraCT 2016- 001061- 83, NCT02997202), are ongoing.

TA B L E  2   Agents used for post- HSCT maintenance therapy

N = 1,208 
n (%)

FLT3 inhibitors 219 (18.1)a 

Midostaurin 140 (63.9)b 

Sorafenib 58 (26.5)b 

Gilteritinib 14 (6.4)b 

Quizartinib 9 (4.1)b 

Other maintenance therapy 224 (18.5)a 

Hypomethylating agents 33 (14.7)b 

Azacitidine 22 (9.8)b 

Decitabine 11 (4.9)b 

Other targeted therapies 33 (14.7)b 

Enasidenib 10 (4.5)b 

Gemtuzumab ozogamicin 9 (4.0)b 

Ivosidenib 8 (3.6)b 

Venetoclax 6 (2.7)b 

Glasdegib 1 (0.5)b 

Cytotoxic chemotherapy 158 (70.5)b 

Cytarabine- based chemotherapy 98 (43.8)b 

Low- dose cytarabine 24 (10.7)b 

Standard- dose cytarabine 42 (18.8)b 

High- dose cytarabine 12 (5.4)b 

Other chemotherapies 60 (26.8)b 

None 765 (63.3)a 

Abbreviations: FLT3, Fms- like tyrosine kinase 3; HSCT, hematopoietic 
stem cell transplantation; SD, standard deviation.
aPercentages are based on total number of patients in sample; agents 
within specific therapy types are not mutually exclusive.
bPercentages are based on the number of patients within each post- 
HSCT maintenance therapy type as the denominator.

F I G U R E  1   Monthly healthcare resource utilization for patients post- HSCT receiving FLT3 maintenance therapy, other maintenance 
therapy, or no maintenance therapy. A, The monthly healthcare resource utilization by type of service (inpatient, outpatient, emergency 
department, or palliative care) identified using number of days or visits is shown in the bar graph. Abbreviations: CI, confidence interval; 
ED, emergency department; FLT3, Fms- like tyrosine kinase 3; G- CSF, granulocyte colony- stimulating factor; HRU; healthcare resource 
utilization; IRR, incidence rate ratio; RBC, red blood cell. Numbers at the end of bars indicate means (standard deviations), representing 
continuous variables. Bolded numbers in inset table indicate statistical significance at P < .05. *Significantly different between maintenance 
therapy groups, P < .05. B, The healthcare resource utilization by diagnostic-  and treatment- related resources identified using the number 
of each resource used per month is shown in the bar graph. Numbers at the end of bars indicate means (standard deviations), representing 
continuous variables. Bolded numbers in inset table indicate statistical significance at P < .05. †Analysis of all patients receiving transfusions 
on a monthly basis for the entire study period. ‡Analysis of only patients receiving transfusions on a monthly basis for the entire study 
period. §Significantly different between maintenance therapy groups, P < .05
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(A)  Monthly healthcare resource utilization by type of service 

(B)  Monthly healthcare resource utilization by diagnostic- and treatment-related resources 
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In addition to the scarcity of best practice recommendations, real- 
world data on the use and outcomes associated with maintenance 
therapies after transplant for patients with FLT3- mutated AML are 
also lacking. Despite the high risk of adverse clinical outcomes after 
transplantation, including disease progression and relapse,31 the po-
tential benefits of using maintenance therapies to prolong remission 
and survival remain to be determined in ongoing studies. In this ret-
rospective chart review, we found that the approaches to post- HSCT 
maintenance therapy in patients with FLT3mut+ AML across various 
countries were heterogeneous. About 37% of patients received any 
post- HSCT maintenance therapy, and only about half of those pa-
tients (18% of all patients) received a FLT3 tyrosine kinase inhibitor. 
It is important to note that the choice of maintenance therapy re-
ported in this study— particularly FLT3 inhibitor therapy— was likely 

influenced by the availability of evidence for FLT3- mutated AML 
in addition to the accessibility to the general population (including 
through market availability and/or insurance coverage) of the agent 
in different countries.32- 42 To date, gilteritinib, midostaurin, and 
sorafenib have approval in multiple countries, whereas quizartinib is 
only approved in Japan.36- 39,41- 45

Substantial or systematic differences in HRU for patients receiv-
ing maintenance therapies were not observed. In this study, the use 
of hospitals, emergency departments, and several other resources 
was similar across cohorts and did not exceed the use observed in 
the patients not receiving any maintenance therapy. Only palliative 
care use was significantly greater in patients on other non- FLT3 
inhibitor maintenance therapies compared with no maintenance 
therapy. Thus, it should not be expected that patients would require 

HRU

Adjusteda  IRR (95% CI), per person- month

FLT3 
inhibitor vs 
None P- Value

Other vs 
None P- Value

Inpatient visits 1.12 
(0.81- 1.56)

.50 0.76 
(0.51- 1.14)

.19

Inpatient days 0.99 
(0.55- 1.77)

.97 0.40 
(0.21- 0.76)

<.01

Emergency department visits 0.82 
(0.59- 1.14)

.24 0.76 
(0.53- 1.08)

.13

Outpatient 1.15 
(0.92- 1.45)

.23 0.94 
(0.73- 1.20)

.60

Palliative care daysb  1.32 
(0.40- 4.38)

.65 5.17 
(1.46- 18.28)

<.05

Blood transfusionc  0.71 
(0.48- 1.04)

.08 0.84 
(0.56- 1.28)

.43

Red blood cell transfusionc  0.73 
(0.51- 1.05)

.09 0.81 
(0.55- 1.20)

.29

Platelet transfusionc  0.71 
(0.48- 1.07)

.10 0.93 
(0.60- 1.44)

.74

Imaging exams 0.70 
(0.55- 0.91)

<.01 0.66 
(0.50- 0.87)

<.01

Bone marrow biopsies 0.93 
(0.76- 1.15)

.51 0.76 
(0.60- 0.96)

<.05

Blood count tests 1.06 
(0.89- 1.26)

.50 1.04 
(0.87- 1.25)

.67

Granulocyte colony- stimulating 
factor

1.35 
(0.82- 2.21)

.24 1.14 
(0.67- 1.95)

.62

Antibiotic courses 0.83 
(0.63- 1.09)

.17 0.72 
(0.53- 0.97)

<.05

Note: Bolded numbers in table indicate statistical significance at P < .05.
Abbreviations: CI, confidence interval; FLT3, Fms- like tyrosine kinase 3; HRU, healthcare resource 
utilization; IRR, incidence rate ratio.
aModels were adjusted for the following covariates, unless otherwise specified: age at index date, 
sex, race, time from diagnosis to index date, body mass index, Eastern Cooperative Oncology 
Group grade, measurable residual disease status, extramedullary involvement, risk status, and 
HSCT type.
bThe following covariates were removed from the list of overall covariates for adjustment for model 
stability: measurable residual disease status, extramedullary involvement, and risk status.
cAnalysis of only patients receiving transfusions on a monthly basis for the entire study period.

TA B L E  3   Adjusted incidence rate ratios 
of healthcare resource utilization between 
post- HSCT maintenance therapy and no 
maintenance therapy
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additional healthcare resources to support maintenance therapies, 
though further study would assist in clarifying resource utilization 
and costs. Relapsed and refractory episodes have been associated 
with increased HRU46 and high healthcare costs, particularly related 

to hospitalization.19,20,47 Lessening the economic burden associated 
with relapsed and refractory episodes is therefore a secondary ad-
vantage to the clinical benefits for patients of achieving and main-
taining CR.

F I G U R E  2   Relapse- free and overall survival curves for patients post- HSCT receiving FLT3 maintenance therapy, other maintenance 
therapy, or no maintenance therapy. A, Relapse- free survival for the different types of maintenance therapies is estimated using Kaplan- 
Meier curves. B, Overall survival for the different types of maintenance therapies is estimated using Kaplan- Meier curves. Abbreviations: 
FLT3, Fms- like tyrosine kinase 3; HSCT, hematopoietic stem cell transplantation

(A)  Relapse-free survival 

(B)  Overall survival
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Although the rate of AML- related HRU was similar, clinical out-
comes were improved in patients who were given any maintenance 
therapy compared with those not receiving any maintenance therapy. 
Of note, the use of FLT3 inhibitors prior to HSCT in some patients 
could have influenced the physicians’ decision to continue treatment 
post- HSCT and the subsequent outcomes. However, the finding of 
improved survival in patients with FLT3- mutated AML receiving post- 
HSCT maintenance therapy is encouraging and consistent with other 
studies. Notably, patients receiving FLT3 inhibitors as maintenance 
therapy had a lower hazard of relapse and/or death compared with 
patients not receiving any maintenance therapy. In small or retro-
spective comparative studies of maintenance therapy, OS rates were 
improved in patients receiving sorafenib25,27 and midostaurin28 com-
pared with those not receiving FLT3 inhibitor maintenance therapy. 
In a recently published phase 2, randomized, double- blind study of 
post- HSCT patients with FLT3- ITD– positive AML, sorafenib main-
tenance therapy was found to reduce the risk of relapse and death 
compared with placebo (ie, no maintenance therapy).30 As men-
tioned previously, studies evaluating the safety and efficacy of sev-
eral different agents (including gilteritinib, sorafenib, and crenolanib) 
as maintenance therapies in patients with FLT3- mutated AML post- 
transplant have recently been completed or are ongoing.

As a retrospective chart review, this study does have several 
limitations. First, only data available and accessible to physicians 
could be abstracted, and, as a result, HRU may be underestimated 
if patients received care elsewhere or if care was not documented. 
Additionally, the accuracy of physician- determined risk status or 
sensitivity of measurable residual disease is difficult to confirm in 
this type of study even though all physicians were hematologists 
and oncologists with multiple years of practice. Survivor bias may 
exist in these data wherein physicians selected patients that sur-
vived rather than died. To mitigate potential bias, physicians were 
specifically informed to consider patients that were both alive or 
deceased and to avoid selecting patients based on treatment re-
sponse. A randomization scheme was also used to select patients. 
The finding of improvements in OS but not RFS could point to differ-
ences in non- relapse mortality, which may indicate a selection bias 

based upon post- transplant fitness and/or transplant- related tox-
icity. Finally, potential confounders, such as differences in propor-
tions of patients that received autologous versus allogeneic HSCT 
(although regression models for OS and RFS were adjusted for HSCT 
type) or broad variability in maintenance treatments among patients, 
as well as selection bias, wherein certain patients are more likely to 
be prescribed maintenance therapy by their providers, may be in-
herent to a retrospective study. Additional analyses conducted to 
explore potential impacts show a minimal effect of the use of FLT3 
inhibitor prior to HSCT, type of FLT3 inhibitor, FLT3 mutation, allelic 
frequency, and type of HSCT, although many cohorts had relatively 
smaller sample sizes and thus lower statistical power. The findings of 
our study may help providers identify current global practices and 
generate data or hypotheses for future investigation.

5  | CONCLUSIONS

Using data from medical charts of patients with FLT3- mutated AML 
in multiple countries, we observed that the use of post- HSCT main-
tenance therapy, including FLT3 inhibitors, was heterogeneous, and 
its use may significantly reduce the risk of clinical events without 
substantial increases in HRU. The results of this study support 
continued evaluation of post- HSCT maintenance therapies to pre-
vent relapse and prolong survival for patients with AML and FLT3 
mutations.
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