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Abstract 

Acute lymphoblastic leukemia (ALL) in elderly patients is challenging, and while allogeneic stem cell trans- 
plantation (alloHCT) has established benefits in younger candidates, its use in the elderly can be difficult. We 

identified 84 ALL patients 70 years or older in the EBMT registry that underwent alloHCT. Our results demon- 
strate favorable outcome especially in those achieving first complete remission with > 50% 2-year OS. AlloHCT 

appears feasible in select elderly ALL patients. 
Introduction/Background: The treatment of acute lymphoblastic leukemia (ALL) in patients older than 70 is extremely 
challenging with dismal outcome. Allogeneic stem cell transplantation (alloHCT) has seen many advancements in the 

last decades showing benefits in younger ALL patients, but this treatment modality is decreasingly used with increasing 

age due to high treatment-related mortality. Patients and Methods: We identified 84 ALL patients 70 to 84 years old 

allografted In 2002 to 2019 from a matched related (23%), unrelated (58%), haploidentical (17%), or cord blood (2%) 
donor at EBMT participating centers with a median follow-up of 23 months. Results: The 2-year relapse incidence (RI) 
and non-relapse mortality were 37% and 28%, respectively, and 2-year leukemia-free survival (LFS), overall survival 
(OS) and GVHD-free, relapse-free survival (GRFS) were 35%, 39% and 23%, respectively. The strongest predictor of 
outcome was disease status at transplant whereby patients in first complete remission (CR1) had > 50% 2-year OS, 
reflected in multivariate analysis (MVA) with significant improvement in RI, LFS, and GRFS (HR 0.23, 0.49, and 0.54, 
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Allogeneic stem-cell transplantation; TBI, Total body irradiation; RIC, Reduced- 
intensity conditioning; ALWP, Acute Leukemia Working Party; EBMT, European 
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GVHD, Graft-versus-host disease; CMV, Cytomegalovirus; MAC, Myeloablative 
conditioning; LFS, Leukemia free survival; NRM, Non-relapse mortality; RI, Relapse 
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Predictive Factors for Outcome of First Allogeneic Transplant 

respectively). Furthermore, karnofsky score ≥90 reflective of good functional status positively influenced non-relapse 

mortality in both univariate and MVA (HR 0.37), and interestingly, donor CMV positivity appeared to negatively affect RI, 
LFS and OS in univariate analysis and RI in MVA (HR 2.87). Conclusion: Our data suggest that alloHCT is an option for 
elder ly ALL patients, particular ly those carefully selected and transplanted in CR1 especially if failed or without access 
to novel non-chemotherapy-based approaches. 

Clinical Lymphoma, Myeloma and Leukemia, Vol. 21, No. 12, 831–840 © 2021 Elsevier Inc. All rights reserved. 
Keywords: Allogeneic stem cell transplantation, Complete remission, Haploidentical transplantation, Graft-versus-host 

disease, Treatment-related mortality, CMV positivity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

832 
Introduction 

The management of acute lymphoblastic leukemia (ALL) in
elderly patients is challenging with a generally dismal outcome.
In fact, while patients above the age of 55 only constitute around
a fifth of diagnosed ALL, they account for over half of ALL-
related deaths. 1 This striking discrepancy is explained by age-related
increased comorbidities and higher-risk genetic alterations leading
to lower remission rates, higher relapse rates, and poor overall
survival (OS). Patients often do not respond well to chemotherapy,
and even those achieving remission have < 25% 5-year survival. 2

While the benefits of allogeneic stem-cell transplantation (alloHCT)
in younger ALL patients have been well established, with a long-
term survival advantage exceeding 4-fold in certain patients, 3-7 its
indication for elderly patients is controversial and rarely made due
to its concomitant high treatment-related mortality, 8 and older
patients are often excluded from investigational trials. Furthermore,
many of the alloHCT for ALL are based on myeloablative total
body irradiation (TBI) which cannot be delivered to elderly patients
due to high toxicity. 9-15 Many advancements in reduced-intensity
conditioning have been made however, which is proving to be a
promising option for selected patients and increasing study eligi-
bility. 15 , 16 Clinical trials with alloHCT in elderly patients remain
extremely rare, and results from both prospective and retrospective
studies have so far yielded conflicting results with little evidence
for benefit of transplant in such patients. 17 , 18 This missing gap
in the literature drove us to conduct this retrospective analysis
using the European Society for Blood and Marrow Transplantation
(EBMT) registry, which we believe will provide better understand-
ing of alloHCT outcome and whether this modality is feasible in this
population. 

Materials and Methods 

Study Design and Data Collection 

This was a retrospective, registry-based, multicenter analysis.
Data were provided and approved by the Acute Leukemia Working
Party (ALWP) of the EBMT. 19 The EBMT is a voluntary collab-
orating working group of more than 600 transplant centers that
are required to report all consecutive stem cell transplantations and
follow-up once a year, with regularly performed audits to determine
the accuracy of the data. Since the January 1st, 2003, all transplanta-
tion centers have been required to obtain written informed consent
prior to data registration with the EBMT, as per the guidelines of
the Declaration of Helsinki of 1975. 
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Eligibility criteria for this analysis included elderly patients (aged
≥70 years) with ALL who received a first alloHCT between 2000
and 2019 from an HLA-matched related, unrelated, haploiden-
tical or cord blood donor with bone marrow, peripheral blood
or cord blood stem cells. Variables collected included recipient
and donor age and gender, date of diagnosis, disease status and
Karnofsky performance status (KPS) score at the time of transplant.
Transplant-related factors included date, conditioning regimen and
graft-versus-host disease (GVHD) prophylaxis, in vivo T-cell deple-
tion, donor type, and patient and donor cytomegalovirus (CMV)
status. 

Definitions 
Myeloablative conditioning (MAC) was defined as a regimen

containing either TBI with a dose ≥8 Gy, a total dose of oral
busulfan (Bu) > 8 mg/kg, or a total dose of intravenous Bu > 6.4
mg/kg. All other regimens were defined as reduced-intensity condi-
tioning. 20 Diagnosis and grading of acute 21 and chronic GVHD 

22

were performed by transplant centers using standard criteria. High-
resolution HLA allele typing at loci A, B, C, DRB1, and DQ was
retrieved from the EBMT registry for both the patient and the
donor. 

Endpoints 
Endpoints included leukemia free survival (LFS), OS, non-

relapse mortality (NRM), relapse incidence (RI), acute and chronic
GVHD, and GVHD-free, relapse-free survival (GRFS), with all
outcomes measured from the time of alloHCT. LFS was defined
as survival without leukemia relapse or progression, with patients
censored at the time of last contact. OS was defined as the time until
death from any cause. NRM was defined as being alive until death
with no previous leukemia relapse. GRFS was defined as being alive
with neither grade III-IV acute GVHD, extensive chronic GVHD,
nor relapse. 23 Surviving patients were censored at the time of last
contact. 

Statistical Analysis 
The Kaplan-Meier method was used to calculate the probabil-

ities of OS and LFS. Cumulative incidence functions were used to
estimate RI and NRM in a competing risk setting. Death and relapse
were considered as competing events for acute and chronic GVHD.

Univariate analyses were done using the Gray’s test for cumulative
incidence functions and the log rank test for OS, GRFS, and LFS.
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Table 1 Patient Characteristics 

Patient Characteristics n = 84 
N (%)/ Median (Range) [IQR] 

Age (y) 71.5 (70-83.8) [70.5-72.9] 

Year of Transplant 2015 (2002-2019) 

Follow-up (mo) 23.2 [6.1-45.8] 

Gender 

Male 48 (57.1%) 

Female 36 (42.9%) 

Diagnosis 

Ph- B-ALL 18 (21.4%) 

Ph + B-ALL 29 (34.5%) 

Ph-unknown B-ALL 26 (31.0%) 

T-ALL 11 (13.1%) 

missing 13 (15.5%) 

Status at transplant 

First CR 44 (52.4%) 

CR2 + 22 (26.2%) 

Advanced 18 (21.4%) 

Karnofsky score 

< 90 32 (38.1%) 

> = 90 46 (54.8%) 

missing 6 (7.1%) 

HCT-CI 

HCT-CI = 0 31 (36.9%) 

HCT-CI = 1 or 2 9 (10.7%) 

HCT-CI > = 3 14 (16.7%) 

missing 30 (35.7%) 

Patient CMV serology 

CMV- 27 (32.1%) 

CMV + 57 (67.9%) 

Abbreviations: CMV = cytomegalovirus; CR = complete remission; HCT-CI = Hematopoietic 
Cell Transplantation-Comorbidity Index; Ph = Philadelphia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 Transplant Characteristics 

Donor n = 84 N (%) 
Matched sibling 19 (22.6%) 

Unrelated 49 (58.3%) 

Haploidentical 14 (16.7%) 

Cord blood 2 (2.4%) 

Source of stem cells 

Bone marrow 13 (15.5%) 

Peripheral blood 69 (82.1%) 

Cord blood 2 (2.4%) 

Donor gender 

Male 55 (65.5%) 

Female 25 (29.8%) 

missing 4 (4.8%) 

Female to male 

No 69 (82.1%) 

Yes 13 (15.5%) 

missing 2 (2.4%) 

Donor CMV serology 

CMV- 36 (42.9%) 

CMV + 47 (56.0%) 

missing 1 (1.1%) 

In vivo T-Cell depletion 

No 38 (45.2%) 

Yes 46 (54.8%) 

Conditioning 

MAC 19 (22.6%) 

RIC 65 (77.4%) 

MAC Chemo 3 (3.6%) 

RIC Chemo 47 (55.9%) 

MAC TBI 16 (19.0%) 

RIC TBI 18 (21.5%) 

Post-transplant cyclophosphamide 

No 67 (79.8%) 

Yes 16 (19.0%) 

missing 1 (1.2%) 

Abbreviations: CMV = cytomegalovirus; MAC = myeloablative conditioning; RIC = reduced 
intensity conditioning; TBI = total Body Irradiation. 

 

 

 

 

 

 

 

 

 

 

 

 

A Cox proportional hazards model was used for multivariate regres-
sion, including status of the disease at HSCT (first complete remis-
sion [CR1] vs other), donor type (MSD vs. other), year of HSCT
and factors associated with the outcome in univariate. Results were
expressed as hazard ratio (HR) with a 95% confidence interval (CI).
All tests were 2-sided. The type-1 error rate was fixed at 0.05 for
determination of factors associated with time-to-event outcomes.
All analyses were performed using SPSS 24.0 (SPSS Inc, Chicago,
IL) and R version 3.4.0 (R Core Team. R: a language for statistical
computing. 2014. R Foundation for Statistical Computing, Vienna,
Austria). 

Results 

Patient and Transplantation Characteristics 
Eighty-four patients (43% female; median age 72 years; range,

70-84) met the eligibility criteria and were included in this study
( Tables 1 and 2 ) with a median follow-up for alive patients of 23
months (IQR, 6-46). More than half (53%) of the patients were
in CR1, 26% were in second or subsequent remission (CR2 + ),
and 21% had advanced disease. Thirteen percent had T-cell acute
lymphoblastic leukemia (T-ALL), 35% were Philadelphia chromo-
some positive, 21% were Philadelphia chromosome (Ph) negative,
and 31% had B-cell acute lymphoblastic leukemia (B-ALL) with
unknown Ph status. The KPS score was ≥90 in 59% of the patients
and the Hematopoietic Cell Transplantation-Comorbidity Index
(HCT-CI) was 1-2, and > = 3 in 11% and 17% of patients, respec-
tively. Conditioning was MAC in 22.6% of the patients (Supple-
mentary Table 1) and 40.5% received TBI. In vivo T cell depletion
was used in 55% of patients. Sixty-eight percent of the patients and
57% of the donors were CMV positive. Sixteen percent of patients
Clinical Lymphoma, Myeloma and Leukemia December 2021 833 
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Table 3 Cause of Death 

Cause of Death n = 46 
N (%) 

Original disease 19 (41.3%) 

Infection 12 (26.1%) 

GVHD 4 (8.7%) 

Interstitial pneumonitis 3 (6.5%) 

Multi-organ failure 2 (4.3%) 

Other transplant related 1 (2.2%) 

Failure/rejection 1 (2.2%) 

Missing 4 (8.7%) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

834 
were males who received a graft from a female donor. Patients
were allografted from a matched related (23%), matched unrelated
(58%), haploidentical (17%), or cord blood donor (2%). 

Transplant Outcomes 
Median time from diagnosis to alloHCT was 8.8 months (IQR,

5.7-16.3). Day + 180 acute GVHD grades II-IV and III-IV were
encountered in 30% and 10% of patients, respectively, whereas the
2-year cumulative incidence of chronic and extensive GVHD were
34% and 23%, respectively. The 2-year RI was 37% and NRM
28%. The 2-year LFS, OS and GRFS were 35%, 39%, and 23%,
respectively ( Tables 3 and 4 ). The main causes of death of the 46
deceased patients were primary disease (45%), infections (29%),
and GVHD (10%) ( Table 5 ). 

In the univariate analysis ( Tables 3 and 4 ), patient age, ALL
subtype, conditioning intensity, TBI use, patient and donor gender,
female to male donor, and in vivo T cell depletion did not affect
any of the transplant outcomes. On the other hand, at least one
outcome was affected by the status at transplant, donor type, KPS
score and HCT-CI, year of transplant, and patient and donor CMV
serology. In fact, patients in CR1 had significantly better 2-year
outcomes compared to CR2 + and advanced disease with relapse
rates of 14% vs. 54% and 64%, respectively ( P = .001), LFS of
52% vs. 21% and 18%, respectively ( P = .009), OS of 53% vs.
33% and 21%, respectively ( P = .029), and GRFS of 36% vs. 8%
and 13% respectively ( P = .01; Table 3 , Figure 1 ). Patients with a
KPS score ≥90 had a significantly lower NRM (17%) compared to
44% in those with a KPS < 90 ( P = .016), and those transplanted
from CMV positive donors had a higher RI of 50% vs. 21% in
CMV negative donors ( P = .007), and worse LFS (23% vs. 49%;
P = .012) and OS (25% vs. 55%; P = .024) ( Table 3 ). On the other
hand, patients undergoing haploidentical transplants and those with
HCT-CI scores ≥3 had significantly higher rates of day + 180 grade
III-IV acute GVHD (29% P = .04 and 36% P = 0.015, respec-
tively). Patients transplanted before 2015 (median) had lower rates
of day + 180 grade II-IV acute GVHD (14% vs. 41%; p = .016)
and 2-year chronic GVHD (13% vs. 46%; P = .018), whereas
patients with a positive CMV serology had lower rates of chronic
(23% vs. 55%; P = .007) and extensive chronic GVHD (11% vs.
57%; P = .001; Table 4 ). 
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In multivariate analysis ( Table 6 ), CR1 was significantly associ-
ated with improved RI, LFS, and GRFS with HR of 0.23
( P = .007), 0.49 ( P = .034), and 0.54 ( P = .027) respectively. KPS
above 90 was significant for improved NRM with a HR of 0.37
( P = 0.025), and donor CMV positivity negatively affected RI with
HR of 2.87 ( P = .039) but was no longer a predictor or LFS (HR
1.86; P = .062) and OS (HR 1.96; P = .057). 

Discussion 

In this study we evaluated the predictive factors for post-
transplant outcome in elderly ALL patients above the age of 70
years using 84 patients from the EBMT registry. We found that
RI, LFS, OS, and GRFS were significantly better in patients trans-
planted after achieving CR1, and that RI (and possibly LFS and
OS) were significantly worse if donors were CMV positive. A KPS
score ≥90 at transplant was associated with better NRM but gave
no OS benefit. These results may help guide treatment choice for
this particularly challenging population. 

The main challenges when treating elderly ALL patients are
centered around the lack of options and effective treatment strate-
gies. In fact, conventional chemotherapy has so far yielded subop-
timal results in this population, and while younger counterparts
are often offered more intensive therapies such as alloHCT and
chimeric antigen receptor (CAR) T-cells, the more elderly are often
left behind, as it can be difficult selecting those eligible and deciding
on whether to use full-intensity regimens such as MAC and TBI. 

Ph-negative ALL is drug-resistant by nature, and elderly patients
often require reduction of key administered drugs throughout the
course of therapy which reflects in poor outcome using conventional
chemotherapy alone. 9 , 11 , 12 , 24 , 25 

Conversely, the proportion of Ph-positive ALL increases with
increasing age, historically considered high-risk disease, the intro-
duction of tyrosine kinase inhibitors (TKIs) led to better CR rates
and lower induction mortality. 26 , 27 This has yet to reflect on long-
term survival, as 5-year OS remains around 14% for patients older
than 60 years receiving imatinib with full intensity regimens. 28 High
subsequent relapse rates could be overcome with the use of second
and third generation TKIs owing to their higher potency. 29-34 

AlloHCT is considered a standard of care for high-risk ALL
patients and offered as consolidation for all fit candidates when
suitable donors are available. Elderly patients can be particularly
challenging as they often present with high-risk disease and often
lack the required fitness to undergo such intensive therapy. Studies
investigating alloHCT in older patients have reported a 3-year OS
of around 40% with NRM from matched donors of approximately
25%. 15 , 35 While prospective randomized trials have yet to estab-
lish a definitive answer, our data suggest that alloHCT is feasible in
patients above 70 years of age, with almost 40% surviving beyond 2
years, especially if transplanted in CR1 where survival exceeds 50%.
It is important to note that although a bad KPS score was associ-
ated with higher NRM, there was no impact on LFS, OS, or GRFS,
likely because of small numbers. 

An important aspect and possible setback when considering
alloHCT is donor availability and optimal selection. Physicians are
often torn between proceeding with the first available donor or
waiting for a more optimally matched one to maximize outcome.
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Table 4 Univariate Analysis 

2 Y 
Relapse NRM LFS OS GRFS 

Whole population 36.6%[25.3-48] 28%[17.8-39.1] 35.4%[24-47] 38.6%[26.6-50.5] 23.1%[13.5-34.2] 

Status at transplant CR1 14.1%[4.9-27.9] 34%[18.2-50.5] 51.9%[33.6-67.5] 52.8%[33.9-68.6] 36%[19.7-52.7] 

CR2 + 53.9%[27-74.7] 24.8%[8.4-45.6] 21.3%[6.1-42.7] 33.1%[13.8-54] 7.5%[0.6-27.5] 

Advanced 64.4%[34.9-83.2] 17.2%[3.8-38.7] 18.3%[4.6-39.4] 20.6%[5.2-43] 12.7%[2.2-33] 

P value .001 .5 .009 .029 .01 

Diagnosis Ph- B ALL 24.2%[6.7-47.6] 37.9%[14-61.9] 37.9%[14.9-61] 37.2%[14.4-60.4] 29.5%[8.7-54.3] 

Ph + B ALL 30.7%[14.1-49] 27.8%[11.6-46.6] 41.6%[22.2-59.9] 41.9%[21.7-60.8] 25.6%[9.9-44.8] 

T ALL 68.8%[15.3-92.8] 0% 31.2%[4.6-64.3] 30.3%[4.4-63.3] 17.7%[1-52.2] 

P value .28 .11 .73 .55 .13 

All B ALL 28.9%[15.8-43.4] 32.9%[18.3-48.3] 38.2%[22.8-53.4] 37.5%[21.8-53.3] 24.5%[11.3-40.3] 

Age at transplant < Median 35.8%[20.2-51.7] 15%[5.9-28] 49.2%[31.9-64.3] 49.3%[31.5-64.8] 28.4%[13.8-45] 

> Median 37.7%[21.4-53.9] 40.4%[23.2-57] 22%[9.4-37.8] 27.8%[13.2-44.5] 18.4%[7.3-33.4] 

P value .8 .06 .2 .3 .92 

Donor Matched sibling 18.4%[3.9-41.3] 30.8%[7.5-58.7] 50.8%[21.1-74.4] 48.3%[19.5-72.3] 47.8%[20.2-71.2] 

Unrelated 38.7%[24.2-53] 29.2%[16.4-43.2] 32.1%[18.8-46.3] 36.2%[21.7-50.8] 15.5%[6.1-29] 

Haploidentical 55.9%[18.5-81.8] 11%[0.4-41.2] 33.1%[8.1-61.4] 40.2%[10.9-68.7] 21.4%[3.5-49.3] 

P value .21 .64 .42 .52 .08 

Karnofsky < 90 24.2%[10.2-41.2] 44.3%[25.1-62] 31.5%[15.4-49.1] 34.4%[17.3-52.2] 19.3%[7.3-35.6] 

> = 90 45.5%[29.4-60.3] 16.7%[7-30] 37.8%[22.7-52.7] 40.7%[24.7-56.2] 27.7%[14.7-42.4] 

P value .07 .016 .61 .42 .92 

HCT-CI 0 29.8%[13.6-48] 28.6%[13-46.4] 41.6%[22.9-59.4] 44.3%[24.9-62.1] 24.6%[10.3-42.1] 

1 or 2 38.9%[6-72.9] 36.1%[1.1-79.6] 25%[1.4-63.9] 25%[1.4-63.9] 26.7%[1.5-65.9] 

> = 3 42.7%[10.1-72.9] 22.9%[2.8-54.4] 34.4%[8.2-63.4] 29.6%[5.2-60.7] 21.4%[3.5-49.3] 

P value .64 .68 .87 .88 .86 

Year of transplant < Median 38.4%[20.5-56.1] 36.1%[18.2-54.3] 25.5%[11-42.9] 29.9%[13.8-47.8] 25.9%[11.4-43.2] 

> Median 36%[21.4-50.8] 22.7%[11.3-36.5] 41.3%[25.9-56.1] 44.6%[28.5-59.4] 20%[8.3-35.4] 

P value .47 .55 .12 .3 .7 

Conditioning MAC 37.4%[13.9-61.3] 15.8%[3.7-35.6] 46.8%[21.7-68.5] 44.2%[19.3-66.7] 43.7%[20.2-65.2] 

RIC 36%[23.4-48.8] 30.7%[18.8-43.5] 33.3%[20.9-46.1] 37.6%[24.2-51] 19.5%[9.9-31.5] 

P value .72 .65 1 .85 .74 

TBI No 32.7%[18.9-47.2] 30.4%[17-44.9] 36.9%[22.3-51.6] 37.2%[22.2-52.1] 27.4%[15-41.2] 

Yes 43.7%[23.9-62] 24.4%[9.9-42.4] 31.9%[14.8-50.5] 41.5%[22-59.9] 14.7%[3.1-34.7] 

P value .41 .88 .52 .87 .47 

Patient sex Male 36.4%[20.9-52.1] 26.1%[13.6-40.4] 37.5%[22.1-53] 38%[22-53.9] 21.8%[9.5-37.2] 

Female 37.1%[20.6-53.6] 29.1%[14-46.2] 33.8%[17.8-50.6] 39.6%[21.9-56.8] 24.3%[10.9-40.6] 

P value .99 .72 .6 .4 .9 

Donor sex Male 30.1%[17.3-43.9] 29.3%[16.8-43.1] 40.6%[26-54.7] 44.3%[29.3-58.3] 29.8%[17-43.6] 

Female 46.1%[23.6-66.1] 24.1%[7.8-45.2] 29.8%[11.7-50.4] 28.6%[10.2-50.4] 9.5%[0.8-31.3] 

P value .2 .45 .63 .57 .37 

Female to male transplant No 33.8%[21.9-46.1] 28.7%[17.4-40.9] 37.6%[24.9-50.2] 42.3%[28.8-55.1] 26.1%[15.3-38.3] 

Yes 58.2%[17.7-84.5] 15.4%[2.2-40.1] 26.4%[4.6-56.1] 17.3%[1.1-50.2] 24.6%[4.8-52.4] 

P value .09 .42 .34 .25 .33 

Patient CMV CMV- 35.8%[13.3-59.2] 25.3%[7.6-48] 38.9%[15.9-61.7] 47.3%[20.9-69.9] 18.5%[3.6-42.4] 

CMV + 38.1%[24.8-51.2] 28.7%[17-41.6] 33.2%[20.7-46.2] 35.2%[22.2-48.5] 26.5%[15.2-39.2] 

P value .37 .81 .23 .25 .9 

Donor CMV CMV- 20.8%[8.1-37.5] 30.1%[14.3-47.7] 49%[29.5-66] 54.6%[33.8-71.3] 25.1%[9.8-43.9] 

CMV + 49.9%[33-64.7] 26.9%[14-41.6] 23.2%[11.1-37.9] 25.2%[12.5-40.2] 18.8%[8.2-32.6] 

P value .007 .65 .012 .024 .27 

In vivo T-cell depletion No 39.2%[21.2-56.9] 23.9%[9.9-41.2] 36.9%[19.2-54.7] 47.3%[27.2-65] 29%[13.7-46.3] 

Yes 34.4%[20-49.2] 31.6%[17.7-46.5] 34.1%[19.7-49] 32.8%[18.5-47.9] 19.8%[8.8-33.9] 

P value .54 .92 .75 .65 .92 

Abbreviations: CMV = cytomegalovirus; CR = complete remission; MAC = myeloablative conditioning; Ph = Philadelphia; RIC = reduced intensity conditioning; TBI = total body irradiation. 

Clinical Lymphoma, Myeloma and Leukemia December 2021 835 



Predictive Factors for Outcome of First Allogeneic Transplant 

Table 5 Univariate Analysis 

180 D 2 Y 
Acute GVHD II-IV Acute GVHD III-IV Chronic GVHD Ext. Chronic GVHD 

Whole population 29.6%[20.1-39.8] 9.9%[4.6-17.6] 33.6%[21.7-46] 23.3%[12.9-35.4] 

Status at transplant CR1 29.2%[16.1-43.6] 4.8%[0.8-14.3] 33.3%[16-51.7] 29.3%[13.2-47.4] 

CR2 + 36.4%[16.9-56.3] 18.2%[5.5-36.8] 55.6%[27.4-76.7] 34.1%[10.3-60.2] 

Advanced 29.4%[10.1-52] 11.8%[1.8-32] 7%[0.3-28.8] 0% 

P value .9 .24 .013 .08 

Diagnosis Ph- B ALL 27.8%[9.6-49.7] 5.6%[0.3-23.1] 13.9%[1.8-37.9] 9.5%[0.3-37.7] 

Ph + B ALL 29.6%[13.8-47.4] 11.1%[2.7-26.2] 41.7%[19.5-62.7] 27.8%[10.5-48.5] 

T ALL 45.5%[14.9-72.2] 18.2%[2.4-45.7] 44.3%[4-81.3] 44.3%[4-81.3] 

P value .53 .55 .18 .09 

All B ALL 28.9%[16.4-42.6] 8.9%[2.8-19.5] 30.9%[16-47.1] 20.8%[8.7-36.5] 

Age at transplant < Median 33.2%[18.8-48.2] 12.5%[4.5-24.8] 34.4%[17.6-51.8] 27.5%[12.6-44.8] 

> Median 29.3%[16.2-43.6] 7.3%[1.9-18] 32.6%[16.1-50.2] 18.3%[6.2-35.5] 

P value .69 .42 .76 .54 

Donor Matched sibling 22.2%[6.5-43.6] 5.6%[0.3-23.2] 16.3%[2.1-42.6] 10.2%[0.4-38.5] 

Unrelated 29.6%[17.2-43.1] 6.2%[1.6-15.6] 41.9%[25.2-57.7] 31.7%[17.1-47.4] 

Haploidentical 42.9%[16.6-67.1] 28.6%[8.2-53.3] 21.8%[1.8-56] 0% 

P value .45 .04 .28 .11 

Karnofsky < 90 29%[14.2-45.6] 6.5%[1.1-18.9] 44.8%[24.9-62.8] 31.5%[14.4-50.2] 

> = 90 32.4%[19.7-45.7] 12%[4.8-22.7] 21.6%[9.8-36.3] 14%[4.9-27.7] 

P value .84 .41 .18 .26 

HCT-CI 0 33.8%[17.3-51.2] 6.7%[1.1-19.5] 49.6%[28-67.9] 33.8%[15.6-53.2] 

1 or 2 22.2%[2.8-53] 0% 19%[0.3-62.4] 19%[0.3-62.4] 

> = 3 50%[21.5-73.2] 35.7%[12.2-60.4] 14.9%[2.2-38.9] 0%[NaN-NaN] 

P value .35 .015 .32 .13 

Year at transplant < Median 13.8%[4.2-28.9] 3.4%[0.2-15.3] 13%[3-30.7] 8.7%[1.3-25.1] 

> Median 40.9%[27.2-54] 13.5%[5.9-24.3] 46%[27.8-62.5] 32.7%[16.6-50] 

P value .016 .15 .018 .054 

Conditioning MAC 38.9%[16.8-60.7] 16.7%[3.9-37.2] 26.5%[5-55.4] 7.4%[0.4-29.8] 

RIC 28.9%[18.2-40.6] 7.9%[2.9-16.3] 35.5%[21.9-49.3] 27.2%[14.8-41.2] 

P value .31 .25 .62 .24 

Patient sex Male 37%[23.1-50.8] 8.7%[2.7-19.1] 33.5%[17.6-50.2] 20.9%[8-37.9] 

Female 23.2%[10.7-38.4] 11.4%[3.5-24.5] 33.3%[16.1-51.7] 26.2%[11.1-44.3] 

P value .19 .66 .76 .4 

TBI No 25%[13.8-38] 8.3%[2.6-18.3] 36.6%[21.3-52] 24.7%[11.9-39.8] 

Yes 39.8%[22.9-56.3] 12.1%[3.7-25.8] 30.8%[10.6-54] 21.2%[5.3-43.9] 

P value .14 .55 .32 .64 

Donor sex Male 31.5%[19.6-44.1] 7.4%[2.3-16.4] 37.3%[22.3-52.3] 22.8%[10.9-37.2] 

Female 33.7%[15.6-52.9] 16.7%[5-34.1] 30.7%[9-56] 27.8%[6.7-54.5] 

P value .78 .21 .38 .93 

Female to male transplant No 30%[19.5-41.3] 7.5%[2.7-15.4] 35.6%[22.4-48.9] 24.5%[13.3-37.4] 

Yes 41.7%[13.9-67.8] 25%[5.4-51.7] 10%[0.4-38.2] 0% 

P value .34 .07 .49 .48 

Patient CMV CMV- 41.7%[22.4-60] 11.1%[2.7-26.2] 55.4%[24.3-78.2] 56.7%[16.2-83.7] 

CMV + 25.9%[15.1-38.2] 9.3%[3.4-18.8] 22.6%[11.5-36] 11.1%[4-22.4] 

P value .18 .82 .007 .001 

Donor CMV CMV- 37.7%[21.6-53.8] 11.4%[3.5-24.5] 43.4%[21.6-63.5] 36.9%[16.3-57.7] 

CMV + 24.4%[13-37.8] 8.9%[2.8-19.5] 25.2%[12.2-40.5] 14.4%[5-28.6] 

P value .27 .73 .29 .1 

In vivo T-cell depletion No 41.1%[24.8-56.7] 13.5%[4.8-26.6] 38.3%[18.1-58.4] 17.8%[5.1-36.9] 

Yes 22.7%[11.6-36.1] 6.8%[1.7-16.9] 30.4%[16-46.2] 25.2%[12.1-40.5] 

P value .11 .33 .33 .82 

Abbreviations: CMV = cytomegalovirus; CR = complete remission; MAC = myeloablative conditioning; Ph = Philadelphia; RIC = reduced intensity conditioning; TBI = total body irradiation. 
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Figure 1 Post-transplant outcomes of elderly ALL patients in CR1 vs. CR2 + . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Matched related donors are traditionally favored, but advancements
in haploidentical alloHCT has significantly improved outcomes
for candidates lacking such donors, 36-38 a challenge particularly
faced with elderly patients. There are data that even suggest better
outcomes compared to matched sibling donor for minimal residual
disease (MRD)-positive disease. 39 It has been also recently published
that all donor choices provide comparable results in certain ALL
patients, 37 , 40 , 41 which appears to apply to elderly patients as donor
type had no measurable impact on outcome suggesting that the first
available donor should be used regardless of compatibility. 

While data from alloHCT in elderly ALL patients remain scarce,
results can also be extrapolated from elderly acute myeloid leukemia
(AML) patients. Recently published data from the ALWP compar-
ing outcomes between 713 patients ≥70 years and 16,161 patients
age 50 to 69 years with AML who underwent alloHCT between
2004 and 2014 have shown worse outcomes in elderly patients
except those with active disease. 42 In fact, survival at 2 years was
38% (95% CI, 34%-42%) in elderly group compared to 50% (95%
CI, 49%-50%) in the younger patients ( P < .001). In patients with
active disease, corresponding percentages were 35% (95% CI, 29%-
41%) in the elderly and 33% (95% CI, 31%-34%) in younger
patients ( P = .36). 

There is mounting interest for earlier use of novel agents
such as inotuzumab and blinatumomab in ALL treatment given
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Table 6 Multivariate Analysis 

Outcome Variables HR (95% CI) P Value 
Relapse CR1 vs. other 0.23 (0.08-0.67) .007 

MSD vs. other 0.48 (0.13-1.77) 0.27 

Donor CMV positivity 2.87 (1.06-7.77) .039 

Year of HSCT 0.96 (0.84-1.10) .55 

NRM CR1 vs. other 1.05 (0.43-2.58) .91 

MSD vs. other 0.60 (0.20-1.85) .38 

KPS > = 90 0.37 (0.15-0.88) .025 

Year of HSCT 0.91 (0.79-1.05) .18 

LFS CR1 vs other 0.49 (0.26-0.95) .034 

MSD vs. other 0.54 (0.23-1.26) .16 

Donor CMV positivity 1.86 (0.97-3.58) .062 

Year of HSCT 0.95 (0.87-1.05) .3 

OS CR1 vs. other 0.61 (0.32-1.20) .15 

MSD vs. other 0.61 (0.26-1.41) .25 

Donor CMV positivity 1.96 (0.98-3.91) .057 

Year of HSCT 1.0 (0.91-1.11) .95 

GRFS CR1 vs. other 0.54 (0.31-0.93) .027 

MSD vs. other 0.54 (0.25-1.14) .1 

Year of HSCT 0.99 (0.91-1.08) .77 

Acute GVHD II-IV CR1 vs. other 0.85 (0.39-1.86) .67 

MSD vs. other 0.70 (0.24-2.06) .52 

Year of HSCT 1.10 (0.95-1.27) .22 

Chronic GVHD CR1 vs. other 0.81 (0.32-2.04) .65 

MSD vs. other 0.50 (0.11-2.21) .36 

Patient CMV positivity 0.44 (0.17-1.11) .08 

Year of HSCT 1.01 (0.82-1.23) .96 

Abbreviations: CI = confidence interval; CR1 = first complete remission; HR = hazard ratio. GRFS = GRFS and relapse free survival; GVHD = graft-vs-host disease; HSCT = Hematopoietic 
stem-cell transplantation; KPS = Karnofsky score; LFS = leukemia-free survival; MSD = matched sibling donor; NRM = non-relapse mortality; OS = overall survival. 
Significant P-values < 0.05 are displayed in bold. 
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their impressive activity and tolerability which has also been
reflected in the elderly population. Inotuzumab in combination
with low-dose cyclophosphamide, dexamethasone and methotrex-
ate in newly diagnosed elderly Ph-negative ALL patients (median
age 68 years) was shown to be safe and highly efficacious with
CR rates reaching 98%. 43 This was reflected by a 3-year OS
of 56%, far superior to standard chemotherapy. Blinatumomab
is currently being investigated both as frontline and relapse
therapy in combination with the POMP regimen (mercaptop-
urine, vincristine, methotrexate, and prednisone) (ClinicalTrials.gov
identifier: NCT02143414), dasatinib and corticosteroids (Clinical-
Trials.gov identifier: NCT02143414, NCT02744768), and tyrosine
kinase inhibitors in Ph-positive patients (ClinicalTrials.gov identi-
fier: NCT03263572). Patients with T-ALL however, lack the avail-
ability of such novel drugs and currently remain with an unmet
treatment need. A sequential-based conditioning for these patients
can therefore be an option, especially in the relapsed/refractory RR
setting. 44 

CAR T-cells are also emerging for the treatment of ALL especially
in the RR setting. The CD19-directed CAR T Isagenlecleucel
Clinical Lymphoma, Myeloma and Leukemia December 2021 
yielded impressive results with 80% CR rates in heavily pretreated
ALL mostly in pediatric patients. 45 This led to its approval as salvage
therapy by the FDA for young ( ≤25 years) fit RR-ALL patients. 46

The ZUMA-3 study is a phase I trial investigating the use of KTE-
X19, an autologous anti-CD19 CAR T in RR adult ALL patients. 47

Recently published interim analysis of 45 patients ranging from 18
to 77 years of age over 16 months median follow-up showed accept-
able safety and encouraging efficacy with up to 84% of patients
achieving CR or CR with incomplete bone marrow recovery and
a median survival of 15 months. Phase II results are still awaited. 

Limitations 

Many challenges were faced during the design and data analysis
of this study, and results should be interpreted with caution. First,
this study was limited by its retrospective registry-based nature, and
by the inclusion of only transplant-eligible patients. The authors
acknowledge that there is a probable selection bias whereby only
relatively fit elderly patients were deemed eligible for transplant, not
necessarily reflective of all elderly ALL patients above 70. Similarly,
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the patient group was treated over an 18-year period which accounts
for a relatively narrow subgroup of all ALL transplants, again putting
into question the data generalizability. While multivariate analysis
was performed, the small sample size was underpowered to show
significant results, whereby models were limited in both size and
significance. Finally, other limitations also included missing data
such as MRD status, comorbidities index for all patients and the
use of TKIs as part of treatment course. 

Conclusion 

AlloHCT has seen many advancements over the last decades
allowing for significant improvements in acute leukemia patients
outcome. The elderly population however has yet to take full advan-
tage of these advancements, as treating physicians are sometimes
reluctant to subject these patients to alloHCT due to their usual
frailty, more aggressive disease with short life expectancy, and higher
treatment-related mortality. We propose that alloHCT is feasible in
this subgroup with over 50% 2-year OS in patients with favorable
outcome predictive-factors such as achieving CR1, good functional
status and donor CMV negativity. Interestingly, donor choice did
not have a notable impact on outcome, albeit CMV positivity
might confer worse survival, making any available donor a suitable
candidate. These results can hopefully help guide decision-making
regarding undergoing alloHCT in older patients pending prospec-
tive trials to confirm these findings. It is worth noting that non–
chemotherapy-based novel immunotherapies such as BITE antibod-
ies, inotuzumab, and CAR T-cells are potentially good alternatives
to alloHCT when available and should also be considered in such
patients. 

Clinical Practice Points 
 Acute lymphoblastic leukemia (ALL) has dismal outcome in

elderly patients, and while allogeneic stem cell transplantation
(alloHCT) has established benefits in younger candidates, its use
in the elderly can be difficult. 

 AlloHCT appears feasibly in elderly patients and our results
demonstrate favorable outcome especially in those achieving first
complete remission with > 50% 2-year OS. 

 We believe our results can help shift the paradigm of alloHCT
usage in elderly patients as it appears to be a valid option especially
in carefully selected candidates. 

Acknowledgments 

AHB was supported by an educational grant from ATERHIT. No
other specific funding was disclosed. 

Disclosure 

Mohamad Mohty reports grants and/or lecture honoraria from
Janssen, Sanofi, MaaT Pharma, JAZZ pharmaceutical, Novartis,
Celgene, Amgen, BMS, Takeda, Pfizer, and Roche. 

Supplementary materials 

Supplementary material associated with this article can be found,
in the online version, at doi: 10.1016/j.clml.2021.07.010 . 
References 

1. National Cancer Institute: Cancer Stat Facts: Leukemia: Acute lymphocytic
leukemia (ALL). 

2. Yilmaz M , Kantarjian H , Jabbour E . Treatment of acute lymphoblastic leukemia
in older adults: now and the future. Clin Adv Hematol Oncol . 2017;15:266–274 . 

3. Thiebaut A , Vernant JP , Degos L , et al. Adult acute lymphocytic leukemia
study testing chemotherapy and autologous and allogeneic transplantation. A
follow-up report of the French protocol LALA 87. Hematol Oncol Clin North Am .
2000;14:1353–1366 . 

4. Thomas X , Boiron JM , Huguet F , et al. Outcome of treatment in adults with
acute lymphoblastic leukemia: analysis of the LALA-94 trial. J Clin Oncol .
2004;22:4075–4086 . 

5. Goldstone AH , Richards SM , Lazarus HM , et al. In adults with standard-risk acute
lymphoblastic leukemia, the greatest benefit is achieved from a matched sibling
allogeneic transplantation in first complete remission, and an autologous transplan-
tation is less effective than conventional consolidation/maintenance chemother-
apy in all patients: final results of the International ALL Trial (MRC UKALL
XII/ECOG E2993). Blood . 2008;111:1827–1833 . 

6. Pidala J , Djulbegovic B , Anasetti C , Kharfan-Dabaja M , Kumar A . Allogeneic
hematopoietic cell transplantation for adult acute lymphoblastic leukemia (ALL)
in first complete remission. Cochrane Database Syst Rev . 2011 . 

7. Santoro N , Ruggeri A , Labopin M , et al. Unmanipulated haploidentical stem cell
transplantation in adults with acute lymphoblastic leukemia: a study on behalf of
the Acute Leukemia Working Party of the EBMT. J Hematol Oncol . 2017;10:113 . 

8. DeFilipp Z , Advani AS , Bachanova V , et al. Hematopoietic cell transplantation in
the treatment of adult acute lymphoblastic leukemia: updated 2019 evidence-based
review from the American Society for Transplantation and Cellular Therapy. Biol
Blood Marrow Transplant . 2019;25:2113–2123 . 

9. Sive JI , Buck G , Fielding A , et al. Outcomes in older adults with acute lymphoblas-
tic leukaemia (ALL): results from the international MRC UKALL XII/ECOG2993
trial. Br J Haematol . 2012;157:463–471 . 

10. Akahoshi Y , Nishiwaki S , Arai Y , et al. Reduced-intensity conditioning is a
reasonable alternative for Philadelphia chromosome-positive acute lymphoblastic
leukemia among elderly patients who have achieved negative minimal residual
disease: a report from the Adult Acute Lymphoblastic Leukemia Working Group
of the JSHCT. Bone Marrow Transplant . 2020;55:1317–1325 . 

11. Sancho JM , Ribera JM , Xicoy B , et al. Results of the PETHEMA ALL-96 trial
in elderly patients with Philadelphia chromosome-negative acute lymphoblastic
leukemia. Eur J Haematol . 2007;78:102–110 . 

12. Ribera JM , Garcia O , Chapchap EC , et al. Treatment of frail older adults
and elderly patients with philadelphia chromosome-negative acute lymphoblastic
leukemia: results of a prospective trial with minimal chemotherapy. Clin Lymphoma
Myeloma Leuk . 2020;20(8):e513–e522 . 

13. Giebel S , Labopin M , Socie G , et al. Improving results of allogeneic hematopoi-
etic cell transplantation for adults with acute lymphoblastic leukemia in first
complete remission: an analysis from the Acute Leukemia Working Party of
the European Society for Blood and Marrow Transplantation. Haematologica .
2017;102:139–149 . 

14. Cahu X , Labopin M , Giebel S , et al. Impact of conditioning with TBI in adult
patients with T-cell ALL who receive a myeloablative allogeneic stem cell trans-
plantation: a report from the acute leukemia working party of EBMT. Bone Marrow
Transplant . 2016;51:351–357 . 

15. Rosko A , Wang HL , de Lima M , et al. Reduced intensity conditioned allograft
yields favorable survival for older adults with B-cell acute lymphoblastic leukemia.
Am J Hematol . 2017;92:42–49 . 

16. Peric Z , Labopin M , Peczynski C , et al. Comparison of reduced-intensity
conditioning regimens in patients with acute lymphoblastic leukemia >45
years undergoing allogeneic stem cell transplantation-a retrospective study by
the Acute Leukemia Working Party of EBMT. Bone Marrow Transplant .
2020;55(8):1560–1569 . 

17. Fathi AT , DeAngelo DJ , Stevenson KE , et al. Phase 2 study of intensified
chemotherapy and allogeneic hematopoietic stem cell transplantation for older
patients with acute lymphoblastic leukemia. Cancer . 2016;122:2379–2388 . 

18. Wolach O , Stevenson KE , Wadleigh M , et al. Allogeneic transplantation is not
superior to chemotherapy in most patients over 40 years of age with Philadel-
phia-negative acute lymphoblastic leukemia in first remission. Am J Hematol .
2016;91:793–799 . 

19. Kanate AS , Nagler A , Savani B . Summary of scientific and statistical methods,
study endpoints and definitions for observational and registry-based studies in
hematopoietic cell transplantation. Clin Hematol Int . 2019;2:2–4 . 

20. Bacigalupo A , Ballen K , Rizzo D , et al. Defining the intensity of
conditioning regimens: working definitions. Biol Blood Marrow Transplant .
2009;15:1628–1633 . 

21. Glucksberg H , Storb R , Fefer A , et al. Clinical manifestations of graft-versus-host
disease in human recipients of marrow from HL-A-matched sibling donors. Trans-
plantation . 1974;18:295–304 . 

22. Terwey TH , Vega-Ruiz A , Hemmati PG , et al. NIH-defined graft-versus-host
disease after reduced intensity or myeloablative conditioning in patients with acute
myeloid leukemia. Leukemia . 2012;26:536–542 . 

23. Ruggeri A , Labopin M , Ciceri F , Mohty M , Nagler A . Definition of GvHD-free,
relapse-free survival for registry-based studies: an ALWP-EBMT analysis on
patients with AML in remission. Bone Marrow Transplant . 2016;51:610–611 . 

24. O’Brien S , Thomas DA , Ravandi F , Faderl S , Pierce S , Kantarjian H . Results
Clinical Lymphoma, Myeloma and Leukemia December 2021 839 

https://doi.org/10.1016/j.clml.2021.07.010
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0002
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0002
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0002
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0002
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0003
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0003
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0003
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0003
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0003
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0004
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0004
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0004
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0004
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0004
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0005
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0005
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0005
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0005
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0005
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0006
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0006
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0006
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0006
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0006
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0006
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0007
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0007
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0007
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0007
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0007
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0008
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0008
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0008
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0008
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0008
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0009
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0009
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0009
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0009
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0009
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0010
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0010
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0010
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0010
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0010
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0011
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0011
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0011
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0011
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0011
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0012
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0012
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0012
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0012
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0012
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0013
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0013
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0013
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0013
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0013
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0014
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0014
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0014
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0014
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0014
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0015
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0015
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0015
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0015
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0015
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0016
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0016
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0016
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0016
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0016
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0017
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0017
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0017
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0017
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0017
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0018
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0018
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0018
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0018
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0018
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0019
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0019
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0019
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0019
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0020
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0020
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0020
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0020
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0020
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0021
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0021
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0021
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0021
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0021
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0022
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0022
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0022
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0022
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0022
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0023
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0023
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0023
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0023
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0023
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0023
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0024
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0024
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0024
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0024
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0024
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0024
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0024


Predictive Factors for Outcome of First Allogeneic Transplant 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

840 
of the hyperfractionated cyclophosphamide, vincristine, doxorubicin, and dexam-
ethasone regimen in elderly patients with acute lymphocytic leukemia. Cancer .
2008;113:2097–2101 . 

25. Enrico M , Francesco S , Francesco L . Treatment of adult patients with
relapsed/refractory B-Cell Philadelphia-negative acute lymphoblastic leukemia.
Clin Hematol Int . 2019;1:85–93 . 

26. Ribera JM , Garcia O , Oriol A , et al. Feasibility and results of subtype-oriented
protocols in older adults and fit elderly patients with acute lymphoblastic leukemia:
results of three prospective parallel trials from the PETHEMA group. Leuk Res .
2016;41:12–20 . 

27. Ottmann OG , Wassmann B , Pfeifer H , et al. Imatinib compared with chemother-
apy as front-line treatment of elderly patients with Philadelphia chromosome-pos-
itive acute lymphoblastic leukemia (Ph + ALL). Cancer . 2007;109:2068–2076 . 

28. Daver N , Thomas D , Ravandi F , et al. Final report of a phase II study of imatinib
mesylate with hyper-CVAD for the front-line treatment of adult patients with
Philadelphia chromosome-positive acute lymphoblastic leukemia. Haematologica .
2015;100:653–661 . 

29. Ravandi F , O’Brien SM , Cortes JE , et al. Long-term follow-up of a phase
2 study of chemotherapy plus dasatinib for the initial treatment of patients
with Philadelphia chromosome-positive acute lymphoblastic leukemia. Cancer .
2015;121:4158–4164 . 

30. Rousselot P , Coude MM , Gokbuget N , et al. Dasatinib and low-intensity
chemotherapy in elderly patients with Philadelphia chromosome-positive ALL.
Blood . 2016;128:774–782 . 

31. Kim DY , Joo YD , Lim SN , et al. Nilotinib combined with multiagent chemother-
apy for newly diagnosed Philadelphia-positive acute lymphoblastic leukemia.
Blood . 2015;126:746–756 . 

32. Ottmann OG , Pfeifer H , Cayuela J-M , et al. Nilotinib (Tasigna®) and chemother-
apy for first-line treatment in elderly patients with de novo Philadelphia chromo-
some/BCR-ABL1 positive acute lymphoblastic leukemia (ALL): a trial of the
European Working Group for Adult ALL (EWALL-PH-02). Blood . 2014;124:798 .

33. Cortes JE , Kim DW , Pinilla-Ibarz J , et al. A phase 2 trial of ponatinib in Philadel-
phia chromosome-positive leukemias. N Engl J Med . 2013;369:1783–1796 . 

34. Cortes JE , Kim DW , Pinilla-Ibarz J , et al. Ponatinib efficacy and safety in Philadel-
phia chromosome-positive leukemia: final 5-year results of the phase 2 PACE trial.
Blood . 2018;132:393–404 . 

35. Roth-Guepin G , Canaani J , Ruggeri A , et al. Allogeneic stem cell transplantation
in acute lymphoblastic leukemia patients older than 60 years: a survey from the
acute leukemia working party of EBMT. Oncotarget . 2017;8:112972–112979 . 

36. Srour SA , Milton DR , Bashey A , et al. Haploidentical transplantation with post–
transplantation cyclophosphamide for high-risk acute lymphoblastic leukemia. Biol
Blood Marrow Transplant . 2017;23:318–324 . 
Clinical Lymphoma, Myeloma and Leukemia December 2021 
37. Brissot E , Labopin M , Russo D , et al. Alternative donors provide comparable
results to matched unrelated donors in patients with acute lymphoblastic leukemia
undergoing allogeneic stem cell transplantation in second complete remission: a
report from the EBMT Acute Leukemia Working Party. Bone Marrow Transplant .
2020;55(9):1763–1772 . 

38. Wang Y , Liu QF , Xu LP , et al. Haploidentical versus Matched-Sibling Transplant
in Adults with Philadelphia-Negative High-Risk Acute Lymphoblastic Leukemia:
A Biologically Phase III Randomized Study. Clin Cancer Res . 2016;22:3467–3476 .

39. Chang YJ, Wang Y, Xu LP, et al. Haploidentical donor is preferred over matched
sibling donor for pre-transplantation MRD positive ALL: a phase 3 genetically
randomized study. 

40. Shem-Tov N , Peczynski C , Labopin M , et al. Haploidentical vs. unrelated
allogeneic stem cell transplantation for acute lymphoblastic leukemia in first
complete remission: on behalf of the ALWP of the EBMT. Leukemia .
2020;34:283–292 . 

41. Al Malki MM , Yang D , Labopin M , et al. Comparing transplant outcomes in ALL
patients after haploidentical with PTCy or matched unrelated donor transplanta-
tion. Blood Adv . 2020;4:2073–2083 . 

42. Ringden O , Boumendil A , Labopin M , et al. Outcome of allogeneic hematopoi-
etic stem cell transplantation in patients age >69 years with acute myeloge-
nous leukemia: on behalf of the acute leukemia working party of the European
Society for Blood and Marrow Transplantation. Biol Blood Marrow Transplant .
2019;25:1975–1983 . 

43. Kantarjian H , Ravandi F , Short NJ , et al. Inotuzumab ozogamicin in combina-
tion with low-intensity chemotherapy for older patients with Philadelphia chromo-
some-negative acute lymphoblastic leukaemia: a single-arm, phase 2 study. Lancet
Oncol . 2018;19:240–248 . 

44. Bazarbachi AH , Al Hamed R , Labopin M , et al. Allogeneic stem-cell transplanta-
tion with sequential conditioning in adult patients with refractory or relapsed acute
lymphoblastic leukemia: a report from the EBMT acute leukemia working party.
Bone Marrow Transplant . 2020;55:595–602 . 

45. Maude SL , Laetsch TW , Buechner J , et al. Tisagenlecleucel in children and young
adults with B-Cell lymphoblastic leukemia. N Engl J Med . 2018;378:439–448 . 

46. O’Leary MC , Lu X , Huang Y , et al. FDA approval summary: tisagenlecleucel for
treatment of patients with relapsed or refractory B-cell precursor acute lymphoblas-
tic leukemia. Clin Cancer Res . 2019;25:1142–1146 . 

47. Shah BD , Bishop MR , Oluwole OO , et al. End of phase I results of ZUMA-3, a
phase 1/2 study of KTE-X19, anti-CD19 chimeric antigen receptor (CAR) T cell
therapy, in adult patients (pts) with relapsed/refractory (R/R) acute lymphoblastic
leukemia (ALL). J Clin Oncol . 2019;37:7006 . 

http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0024
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0025
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0025
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0025
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0025
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0026
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0026
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0026
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0026
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0026
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0027
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0027
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0027
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0027
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0027
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0028
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0028
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0028
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0028
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0028
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0029
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0029
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0029
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0029
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0029
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0030
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0030
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0030
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0030
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0030
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0031
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0031
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0031
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0031
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0031
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0032
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0032
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0032
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0032
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0032
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0033
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0033
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0033
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0033
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0033
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0034
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0034
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0034
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0034
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0034
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0035
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0035
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0035
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0035
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0035
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0036
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0036
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0036
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0036
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0036
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0037
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0037
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0037
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0037
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0037
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0038
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0038
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0038
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0038
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0038
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0040
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0040
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0040
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0040
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0040
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0041
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0041
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0041
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0041
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0041
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0042
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0042
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0042
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0042
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0042
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0043
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0043
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0043
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0043
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0043
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0044
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0044
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0044
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0044
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0044
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0045
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0045
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0045
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0045
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0045
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0046
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0046
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0046
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0046
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0046
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0047
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0047
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0047
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0047
http://refhub.elsevier.com/S2152-2650(21)00280-9/sbref0047

	Predictive Factors for Outcome of First Allogeneic Transplant for Elderly Patients With Acute Lymphoblastic Leukemia
	Introduction
	Materials and Methods
	Study Design and Data Collection
	Definitions
	Endpoints
	Statistical Analysis

	Results
	Patient and Transplantation Characteristics
	Transplant Outcomes

	Discussion
	Limitations
	Conclusion
	Clinical Practice Points

	Acknowledgments
	Disclosure
	Supplementary materials
	References


