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Abstract
AIM
To examine the outcome and prognostic factors for high risk patients with acute
lymphoblastic  leukemia/lymphoma (ALL/LBL)  who underwent  allogeneic
hematopoietic stem cell transplantation (HCT) at our center during the period of
2010-2017

METHODS
After due institutional review board approval, patients with high risk ALL/LBL
post  HCT  were  identified  and  included.  All  records  were  retrospectively
collected. Time to event analysis was calculated from the date of HCT until event
of interest or last follow up with Kaplan-Meir means. Cox regression model was
used for multivariable analysis calculation.

RESULTS
A total of 69 patients were enrolled and examined with a median age of 21 (14-
61). After a median follow up of 15 mo (2-87.3), the 2-year cumulative incidence
of  relapse,  cumulative  incidence  of  non-relapse  mortality,  progression  free
survival  and  overall  survival  (OS)  were  34.1%,  10.9%,  54.9%  and  62.8%,
respectively.  In  a  multivariable  analysis  for  OS;  acute  graft  vs  host  disease
(GVHD) and chronic GVHD were significant with corresponding hazard ratio 4.9
(1.99-12; P = 0.0007) and 0.29 (0.1-0.67; P = 0.0044), respectively.

CONCLUSION
Allogeneic-HCT  for  high  risk  ALL/LBL  resulted  in  promising  remissions
particularly for patients with cGVHD.
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Core tip: Allogeneic hematopoietic stem cell transplantation (HCT) is a potentially
curative therapy for acute lymphoblastic leukemia/lymphoma (ALL/LBL) patients. We
examined the outcome and prognostic factors of HCT for high risk ALL/LBL at our
center. After due institutional review board approval, 69 patients were enrolled. After a
median follow up of 15 mo (2-87.3), the 2-year overall survival (OS) was 62.8%. In a
multivariable analysis; acute graft vs host disease (GVHD) and chronic GVHD predicted
OS. In conclusion, allogeneic-HCT for ALL/LBL results in promising remissions in high
risk disease and early referral for HCT to be considered for young and fit patients.
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INTRODUCTION
Acute lymphoblastic leukemia (ALL) and lymphoblastic lymphoma (LBL) constitute
around 5% of all  adult  lymphoid malignancies and is  typically diagnosed in the
second to third decade of life. Complete morphologic remission, evident by presence
of less than 5% clonal blasts in the bone marrow, following induction therapy can be
achieved in the majority of patients. Incidence of relapse (IR) remains high; therefore,
optimization of post remission therapy is vital. Furthermore, outcome of patients post
relapse is dismal[1].

The role  of  allogeneic  hematopoietic  stem cell  transplantation (HCT) in  adult
ALL/LBL  in  first  complete  remission  (CR1)  is  debated.  This  is  in  part  due  to
conflicting  evidence  with  regards  to  the  utility  of  this  therapy  due  to  on-going
developments in the field. Typically accepted indications for allogeneic HCT in CR1
include elevated white blood count (WBC) > 30 × 109/L in B-cell disease and > 100 ×
109/L in T-cell disease, age > 35 years, CD20 expression in B-cell disease, high risk
cytogenetics including Philadelphia chromosome (Ph +ve), among others[2,3].

A number of prospective studies have examined the role of allogeneic HCT in CR1
spanning  an  enrolment  period  of  almost  two  decades  (1986-2005).  The  French
Leucemie Aigue Lymphobalstique del’Adulte (LALA) group reported outcomes on
over 400 patients from two studies (LAL-87 and LALA-94) and found that allogeneic
HCT in CR1 resulted in improved survival in high risk patients[4,5]. Similar conclusions
were drawn from the Groupe Ouest-Est des Leucémies Aiguës et Maladies du Sang
(GOELAL02)  clinical  trial [6].  Conversely,  the  Eastern  Cooperative  Oncology
Group/Medical  Research  Council  (ECOG/MRC)  and  the  Haemato-Oncology
Foundation for adults in the Netherlands (HOVON) clinical trials demonstrated that
this  survival  advantage  is  restricted  to  patients  with  standard  risk  disease[7,8].
Collectively, these results created some controversy within the transplant community
on the optimal indication for all-HCT in CR1. The American Society of Blood and
Marrow Transplantation recently published recommendations for the indications of
various diseases for HCT, and they endorsed transplant for ALL in high risk disease
in CR1 or  CR2;  however,  these recommendations were not  consistent  with their
European counterparts[9,10].

Out our center, we reserve allogeneic HCT for patients exhibiting conventional
high risk features or evidence of minimal residual disease (MRD) at end of induction.
We also perform allogeneic HCT for patients in second or subsequent CR (≥ CR2) due
to its curative potential, albeit lower, in these patients and lack of better therapeutic
strategies in this setting. Our aim from this analysis is to examine the prognostic
factors and outcome in these high risk patients.

MATERIALS AND METHODS
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Patient cohort
The  project  was  approved  by  the  institutional  review  board  (IRB)  prior  to
commencing.  We identified all  patients  ≥  14  years  of  age  at  our  institution that
underwent HCT for ALL during the time period of 2010-2017. All clinical records with
regards to patient, disease, therapy and outcome were collected retrospectively from
electronic medical records at our institution. The inclusion criteria were; patients who
received allogeneic HCT for ALL using different conditioning intensity from matched
related donor (MRD), matched unrelated donor (MUD) or haploidentical donors. The
intensity of the conditioning regimen was based on the criteria suggested by the
Centre of International Blood and Marrow Transplant Research (CIBMTR)[11]. Choice
of regimen was based on the Hematopoietic Stem Cell Co-morbidity index (HCT-CI);
patients scoring < 3 were considered for a myeloablative (MAC) regimen while the
remaining patients received reduced intensity conditioning (RIC) regimen. Patients
preferentially received a total body irradiation (TBI) regimen if they were candidates
for a MAC regimen. We excluded patients who received a cord blood or bone marrow
graft, second transplant and any patient that underwent in vivo or in vitro T-cell
depletion. All records were retrospectively collected. Cytogenetics with hypodiploid
karyotype, translocations at (4;11), (11q23), (9;22) and (1;19) were classified as high
risk while all others were deemed standard risk.

Treatment protocol and indications for allogeneic HCT
The majority of patients received hyper-fractionated cyclophosphamide, vincristine,
doxorubicin  and  dexamethasone  with  high  dose  methotrexate  and  cytarabine
(HyperCVAD) given in alternating cycles (A and B) with cycle A consisting of 300
mg/m2 of intravenous (IV) cyclophosphamide every 12 h on days 1-3 for a total of 6
doses with appropriate mesna dose for bladder protection; vincristine 1.4 mg/m2

(maximum dose 2 mg) IV for two days (day 1 and 11); doxorubicin 50 mg/m2 IV on
day 4 followed by dexamethasone 40 mg IV on days 1-4 then 11-14. Cycle B contained
of  high  dose  methotrexate  1  g/m2  given  over  24  h  on  day  1  with  appropriate
hydration with sodium bicarbonate, leucovorin and therapeutic drug monitoring;
cytarabine 3000 mg/m2 IV over 2 h given every 12 h on days 2-3 for a total of 4 doses
and  methylprednisolone  50  mg  IV  every  12  h  on  days  1-3.  Patients  with  CD20
expression were given the monoclonal antibody rituximab on days 1 and 8 at a dose
of 375 mg/m2. Ph positive ALL patients were given tyrosine kinase inhibitor (TKI)
dasatinib 140 mg daily days 1-14 of each cycle of therapy and reinitiated post HCT
once immunosuppression is tapered. Central nervous system prophylaxis consisted of
intrathecal (IT) methotrexate 12 mg and hydrocortisone 50 mg given on day 2 of
cycles A and B, and cytarabine 50 mg on day 8 of cycle A only. Patients were given at
least 6 doses of IT chemotherapy prior to HCT. Patients were given 4 cycles of therapy
(until 2B) prior to proceeding to HCT.

Supportive care consisted of granulocyte colony stimulating factor (GCSF) 300 mcg
given starting day 5 until  neutrophil  recovery; ciprofloxacin 500 mg orally or IV
equivalent  twice  daily;  acyclovir  200  mg  orally  or  IV  equivalent  twice  daily;
fluconazole 200 mg orally or IV equivalent twice daily and prednisolone 1% eye drops
in each eye four times daily 1 d prior to and continued for 3 d post completion of
cytarabine.

Bone marrow aspirate and trephine biopsy was done on day 28 post  cycle 1A
induction to assess for remission status with morphologic remission defined as < 5%
blasts in the bone marrow with complete count recovery. The following high risk
features  were  considered  as  indications  for  allogeneic  HCT  in  first  remission;
presenting WBC > 30 × 109/L or 100 × 109/L in B- vs T-cell ALL, respectively; high
risk cytogenetics as indicated above or evidence of persistent MRD post induction
with HyperCVAD. Patients with relapsed disease and successfully achieved CR2
following salvage chemotherapy proceeded to HCT.

Preparative regimens and graft vs host disease prophylaxis
The MAC preparative regimen for matched related or unrelated donors (MRD or
MUD) consisted of cyclophosphamide 60 mg/kg IV for a total of two days then a total
of 1200 cGy of TBI divided twice daily for three days. Mesna was given for bladder
protection.  The  MAC  preparative  regimen  for  haploidentical  HCT  consisted  of
fludarabine 25 mg/m2 IV for 3 d and TBI 1200 cGy fractionated twice daily for 4 d as
previously  described[12].  For  RIC  regimens  and  MRD  or  MUD  donors,  patients
received fludarabine 30 mg/m2 IV on a daily basis for a total of 5 d with melphalan 70
mg/m2 IV for 2 d. For those with RIC haploidentical HCT, the preparative regimen
consisted of fludarabine 30 mg/m2 IV daily for 5 d, cyclophosphamide 14.5 mg/kg IV
daily for 2 d and TBI 200 cGy in a single fraction[13].

Prophylaxis  for  graft  vs  host  disease  (GVHD)  contained  methotrexate  and
cyclosporine for MRD and MUD HCT. Methotrexate was administered at 15 mg/m2
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on  day  +1  then  at  10  mg/m2  on  days  +3,  +6  and  +11.  GVHD  prophylaxis  for
haploidentical HCT consisted of tacrolimus 0.1 mg/kg per day orally twice daily (or
IV  equivalent)  starting  on  day  +6  adjusted  to  trough  level  of  10-15  ng/mL,
mycophenolate mofetil (MMF) 15 mg/kg/dose three times daily starting on day +6
until  +36  and  cyclophosphamide  50  mg/kg  IV  daily  on  days  +3  and  +5  with
appropriate mesna dose for bladder protection.

Definitions and transplant related outcomes
We defined overall survival (OS) as the time from transplant until the time of death of
any cause or last patient encounter while progression free survival (PFS) was defined
as  the  time  from  transplant  until  death  due  to  any  cause  or  relapsed  disease.
Cumulative incidence of relapse (CIR) was defined as the time from transplant until
evidence of disease relapse or last patient encounter. While cumulative incidence of
non-relapse mortality (NRM) was defined as the time from transplant until death due
to any cause without evidence of relapse. Absolute neutrophil count (ANC) of 0.5 ×
109/L or for 3 d constituted neutrophil engraftment while platelet count greater than
20 × 109/L for 7 d without transfusion support constituted platelet engraftment.

Statistical analysis
All baseline variables relating to patient, disease or treatment characteristics were
reported in a descriptive fashion. Pearson’s χ2 and Wilcoxon/Kruskal-Wallis tests
were used to analyze categorical or continuous variables, respectively. The Kaplan-
Meir method with log ranks was used to estimate the probability of OS and PFS.
Grey’s model was used to estimate the incidence of events with competing nature, i.e.,
CIR and cumulative incidence of NRM (CI-NRM). Cox regression model was used for
univariate and multivariate analysis with outcome expressed as a hazard ratio (HR)
with 95% confidence interval (CI) and P value. Variables with a P ≤ 0.05 were inserted
into the multivariate model. Analysis was performed using JMP and EZR[14].

RESULTS

Patient and transplant variables
During the study period, 69 patients were identified per our inclusion criteria and
were further analyzed. The median (range) age was 21 (14-61) years with 41 (59%)
being male. B-cell ALL was the most common pathology representing 50 (72%) of
cases with the remaining being T-cell subtype. Ph-ALL was detected in 16/50 (32%) of
B-cell ALL. LBL was seen in 17 (25%) of cases. 35 (51%) of patients had high risk
cytogenetics. A total of 42 (61%) of patients received HCT in CR1 while the remaining
patients were in second or subsequent CR. Indications for HCT in these patients were;
27 (64%) for high risk cytogenetics including Ph-ALL; 11 (26%) for high presenting
WBC at diagnosis and 4 (10) for persistent MRD post induction. Matched sibling
donor (MSD) was the most common donor type in 58 (84%) of cases and the majority
of  patients  received  MAC  regimen  (90%)  containing  TBI  (87%).  The  baseline
characteristics of the cohort are shown in Table 1.

Engraftment and GVHD
The median total of CD34 cells infused was 6 × 106/kg of recipient weight (range; 8.9-
2) and all collected cells were infused through a Hickman catheter or a peripherally
inserted central catheter (PICC). Infusion was over one day for all patients. GCSF was
used in 33 (47.8%) of patients at the discretion of the treating physician. Median time
to ANC engraftment, defined as ANC ≥ 0.5 × 106/L sustained over three days was 17
d (range; 9-28). There was no significant difference between time to ANC engraftment
between patients receiving GCSF and those who did not.  On the other hand, the
median time to platelet engraftment was 12 (range; 0-29).

Acute GVHD (aGVHD) developed in a total of 20 patients (29%), with grades II, III
or IV with 8 (40%), 8 (40%) and 4 (20%), respectively. All of them required systemic
corticosteroid therapy, 5/20 (25%) required second line immune-suppressants while
2/20 (10%) required third line immune-suppressants. A high incidence of mortality
was noted within these patients  with 8/20 (40%) dying due to  organ toxicity  or
infectious etiology. On the other hand, chronic GVHD (cGVHD) developed in a total
of 30 patients (43.5%) with mild, moderate or severe forms in 8 (26.7%), 15 (50%) and 7
(23.3%), respectively. A total of 9 patients had overlap GVHD syndrome.

Post-transplant outcomes
Overall cohort: The median follow up was 15 mo (2-87.3), following which the 2 year
CIR, CI-NRM, PFS and OS were 34.1%, 10.9%, 54.9% and 62.8%, respectively as shown
in Figure 1). Stratified by remission status at the time of HCT, patients in CR1 had an
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Table 1  Baseline characteristics of the cohort n (%)

Characteristic Entire cohort (n = 69)

Patient age in years, median (range) 21 (14-61)

Recipient gender, male 41 (59%)

Cell subtype

B-cell 50 (72)

T-cell 19 (28)

Philadelphia chromosome (B-cell) 16/50 (32)

Disease subtype

Lymphoblastic leukemia 52 (75)

Lymphoblastic lymphoma 17 (25)

Cytogenetic status

Standard 30 (43)

High risk 35 (51)

Missing 4 (6)

ECOG, median (range) 0 (0-2)

HCT-CI, median (range) 0 (0-5)

Gender mismatch 28 (41)

Female donor/male recipient 11 (16)

Donor type

MSD 58 (84)

MORD 2 (3)

MUD 3 (4)

Haploidentical 6 (9)

Status at HCT

CR1 42 (61)

≥ CR2 27 (39)

ABO matching

Match 50 (73)

Major/bidirectional 10 (14)

Minor 9 (13)

TBI containing regimen 60 (87)

Conditioning intensity

MAC 62 (90)

RIC/NMA 7 (10)

ECOG: Eastern Cooperative Oncology Group; HCT-CI: Hematopoietic stem cell transplant comorbidity
index; MSD: Matched sibling donor; MORD: Matched other related donor; MUD: Matched unrelated donor;
CR: Complete remission; TBI: Total body irradiation; MAC: Myeloablative conditioning; RIC/NMA: Reduced
intensity conditioning/non-myeloablative.

improved survival compared to those in CR2 or CR3 with 2-year OS of 69.5% vs 46.5%
vs 25% with a trend towards significance (P = 0.083) as shown in Figure 2A. On the
other hand, when stratified by presence of cGVHD post HCT, patients with evidence
of cGVHD had a significantly improved outcome with a 2-year OS of 70% vs 47.6% (p
= 0.033) as shown in Figure 2B.

Predictors of outcome:  In multivariable analysis for PFS or OS as the outcome of
interest, the following variables were included; age at HCT, cell subtype, ALL vs LBL,
Ph-chromosome status, female donor to male recipient, donor gender mismatch, MSD
vs other donor source, TBI containing regimen, MAC regimen vs other, CR1 vs other,
acute  or  cGVHD.  For  PFS,  aGVHD  and  cGVHD  were  significant  for  PFS  with
corresponding HR of 3.14 (1.36-7.1;  P  = 0.008) and HR 0.38 (0.15-0.89;  P  = 0.026),
respectively.  Whereas  for  OS  aGVHD  and  cGVHD  were  significant  at  the
multivariable analysis with HR 4.9 (1.99-12; P = 0.0007) and 0.29 (0.1-0.67; P = 0.0044),
respectively. These results are shown in Table 2.
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Figure 1

Figure 1  Outcome of post hematopoietic stem cell transplant for high risk acute lymphoblastic leukemia/lymphoma.  A: Cumulative incidence of relapse; B:
Cumulative incidence of non-relapse mortality; C: Progression free survival; D: Overall survival. PFS: Progression free survival; OS: Overall survival; CI: Cumulative
incidence.

DISCUSSION
The optimal post remission therapy in ALL/LBL continues to be debated amongst
experts given the ongoing developments in the field. On the one hand, allogeneic
HCT offers good disease control relative to chemotherapy alone but the potential
toxicity  depending  on  prior  therapy  and  hematopoietic  stem  cell  transplant
comorbidity index (HCT-CI) can be a hindering factor for some patients[15]. On the
other hand, more refined methods of risk stratification specifically with the use of
MRD and the utilization of a pediatric inspired regimens in eligible patients have
significantly  reduced  relapse  rates[16].  Importantly,  optimal  therapy  should  be
delivered upfront as outcome of these patients post relapse are inferior. Oriol et al[17]

reported on outcome of ALL patients with relapsed disease treated on one of four risk
adapted trials by the PETHEMA study group. Only 10% of patients were alive at 5
years but more favorable outcomes were seen in younger patients and those relapsing
late beyond 2 years.

A large comparative study examined 422 Ph negative ALL patients who underwent
HCT in CR1 from the Center of International Blood and Marrow Transplantation
Research (CIBMTR) to an age matched concurrent cohort of 108 patients treated with
the Dana-Farber Consortium (DFC) Pediatric protocol found that while the relapse
rate was similar among both approaches, patients fared significantly better with the
DFC mainly due to a transplant related mortality (TRM) of 37%[18]. With regards to
chemotherapy regimen comparison, the MD Anderson Cancer Center performed a
comparative analysis between HyperCVAD, a common regimen for ALL used at their
institution and the Augmented Berlin-Frankfurt-Munster (ABFM)[19]. Both regimens
were associated with comparable overall outcomes, but with differing adverse event
profile;  ABFM resulting in  higher  hepatotoxicity,  pancreatitis  and osteonecrosis
whereas HyperCVAD resulting in more bone marrow suppression related toxicity. Of
note, the 5-year OS was 60% in both groups and around 10% of patients underwent
HCT in CR1. Collectively, it remains unclear which treatment modality is preferred
and further studies are needed to resolve this debate. The heterogeneity within the
inclusion criteria among studies is the likely result in such discrepant outcomes.

Our aim with this analysis was to ascertain outcome of patients whom underwent
HCT for ALL/LBL at our center. The patients presented herein were all those with
high risk features, i.e., conventional risk factors, positive MRD or those with relapsed
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Figure 2

Figure 2  Overall survival of high risk acute lymphoblastic leukemia.  A: Stratified by remission status prior to transplantation; B: Stratified by chronic graft vs host
disease status HCT: Hematopoietic stem cell transplant; OS: Overall survival; cGVHD: Chronic graft vs host disease.

disease in second or subsequent remissions. We observed an OS of 62.8% at 2-year for
the entire cohort which is quite promising. Furthermore, the CIR at 2-years was 34.1%
for the entire cohort irrespective of the remission status at HCT. The majority of
patients in this cohort underwent HCT utilizing MAC intensity conditioning and a
MSD. Previously, the largest prospective trial in ALL, i.e., the ECOG/MRC trial cohort
reported  a  5-year  OS  of  41%  for  high  risk  patients  undergoing  HCT  in  CR1[7].
Interestingly, the relapse rate observed within this trial was 37% for the high risk
group  and  24%  within  the  standard  risk  which  was  comparable  to  our  cohort.
However, the incidence of NRM within the high risk cohort was 35.8% at 2-years
which is substantially higher than what we observed despite having similar HCT
criteria. We have two plausible observations that could have resulted in such higher
NRM; first, the median age within our cohort was younger, and as such the expected
complications post HCT are likely to be lower. This was reported previously where
younger patients were reported to fare better than their older counterparts which was
largely driven by higher incidence of NRM, whereas disease control with HCT is the
same[20]. Second, the changes in supportive care over the last 1-2 decades, particularly
with the use of antimicrobials for prophylaxis and management could have led to a
reduction in post HCT complications[21].

Subsequently, we analyzed the cohort to ascertain factors influencing outcome at
the multivariable analysis stage. We included typical patient, disease and transplant
variables  that  may impact  outcome.  We observed that  acute and chronic  GVHD
predicted for OS. There was a trend towards significance for B-cell subtype and CR1
remission status for OS and perhaps a larger sample size could have identified such
variables  as  significant  as  well.  Interestingly  in  our  cohort,  presence  of  Ph
chromosome did not portend a negative prognostic marker and is likely due to the
use  of  dasatinib  as  targeted  TKI  therapy  during  induction  and  as  post  HCT
maintenance.

Allogeneic HCT is favored as post remission therapy due to relatively potent graft
vs leukemia effect. Although difficult to measure or quantify, it is felt that cGVHD is a
surrogate for such GVL effect[22,23]. Such effect is felt to be mediated by a number of
donor factors but perhaps largely T-lymphocytes that exhibit their role by targetting
any residual leukemia cells and prolonging patient’s remission. However, this is a
double edged sword as significant GVHD can augment the NRM effect and lead to
more detrimental  outcomes.  Our patients  experienced largely  mild to  moderate
cGVHD, possibly due to majority of donors being MRD and we observed a favorable
effect of such cGVHD on OS. aGVHD on the other hand had a detrimental impact on
OS with a high case fatality ratio due to organ toxicity or infectious complications.
Lastly,  all  B-ALL/LBL  within  this  cohort  received  the  monoclonal  antibody
rituximab, if CD20 positive, and it is possible that this has contributed to the trend of
improved OS seen within our cohort. Previously, multiple studies reported on the
favorable impact of rituximab on the outcome of ALL including Burkitt type ALL[24-26].

This analysis has some inherent limitations,  particularly with its  retrospective
single center design and sample size. However, a number of important observations
were noted; First, conventional high risk features of ALL/LBL can be overcome by the
conditioning effect of the transplant coupled by the GVL effect. This is evident as the
survival curve has plateaued indicating the curative potential of this therapy. Second,
cGVHD leads to enhanced OS likely as it  represents a surrogate for GVL. Third,
aGVHD  can  be  detrimental  to  outcome  as  it  causes  significant  morbidity  and
mortality mainly due to infectious complications. In conclusion, allogeneic-HCT for
high risk ALL/LBL results in promising remissions in high risk disease and early
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Table 2  Univariable and multivariable risk factors influencing post hematopoietic stem cell transplant outcome

Univariable HR (95%CI; P value) Multivariable HR (95%CI; P value)

PFS Age at HCT 1.5 (0.27-6; P = 0.6)

B-cell vs T-cell 0.53 (0.25-1.17; P = 0.11)

ALL vs LBL 0.6 (0.27-1.45; P = 0.24)

Female D → male R 0.87 (0.25-2.26; P = 0.79)

Donorgender mismatch 0.53 (0.22-1.17; P = 0.12)

MSD vs other 0.5 (0.22-1.28; P = 0.14)

TBI regimen 1.1 (0.41-3.67; P = 0.89)

MAC vs RIC/NMA 1.37 (0.41-8.5; P = 0.65)

CR1 vs other 0.59 (0.28-1.28; P = 0.18)

aGVHD 2.1 (0.95-4.5; P = 0.066) 3.14 (1.36-7.1; P = 0.008)

cGVHD 0.43 (0.18-0.94; P = 0.033) 0.38 (0.15-0.89; P = 0.026)

OS Age at HCT 1.02 (0.98-1.05; P = 0.28)

B-cell vs T-cell 0.57 (0.24-1.37; P = 0.2)

ALL vs LBL 0.44 (0.19-1.11; P = 0.08)

Female D → male R 1.15 (0.33-3.1; P = 0.8)

Donorgender mismatch 0.62 (0.23-1.48; P = 0.29)

MSD vs other 1.27 (0.43-5.4; P = 0.69)

TBI regimen 1.99 (0.58-12.5; P = 0.31)

MAC vs RIC/NMA 0.69 (0.23-2.92; P = 0.56)

CR1 vs other 0.5 (0.21-1.17; P = 0.11)

aGVHD 3.35 (1.42-7.9; P = 0.006) 4.9 (1.99-12; P = 0.0007)

cGVHD 0.4 (0.15-0.97; P = 0.043) 0.29 (0.1-0.67; P = 0.0044)

HCT: Hematopoietic stem cell transplant; ALL: Acute lymphoblastic leukemia; LBL: Lymphoblastic lymphoma; Ph: Philadelphia chromosome; MSD:
Matched sibling  donor;  TBI:  Total  body irradiation;  CR:  Complete  remission;  MAC:  Myeloablative  conditioning;  RIC/NMA: Reduced intensity
conditioning/no myeloablative; a/cGVHD: Acute/chronic graft vs host disease.

referral for HCT to be considered for young and fit patients.

ARTICLE HIGHLIGHTS
Research background
Allogeneic hematopoietic stem cell transplantation (HCT) is a potentially curative therapy for
patients with high risk acute lymphoblastic leukemia (ALL). The indications for HCT have
evolved over time with the introduction of pediatric inspired protocols and minimal residual
disease (MRD) monitoring. Our aim from this study is to examine the outcome and prognostic
factors for high risk ALL patients at our center.

Research motivation
Identifying the  prognostic  factors  that  may facilitate  patient  selection and select  the  ideal
candidate for transplantation.

Research objectives
Our aim from this study is to examine the outcome and prognostic factors for high risk ALL
patients.

Research methods
After due institutional review board approval, patients with high risk ALL/ lymphoblastic
lymphoma (LBL) post HCT were identified and included. All  records were retrospectively
collected. Time to event analysis, was calculated from the date of HCT until event of interest or
last  follow up with KM means.  Cox regression model  was used for  multivariable  analysis
calculation.

Research results
A total of 69 patients were enrolled and examined with a median age of 21 (14-61).  After a
median follow up of 15 mo (2-87.3), the 2-year cumulative incidence of relapse (CIR), cumulative
incidence  of  non-relapse  mortality  (CI-NRM),  progression free  survival  (PFS)  and overall
survival (OS) were 34.1%, 10.9%, 54.9% and 62.8%, respectively. In a multivariable analysis for
OS; acute graft vs host disease (GVHD) and chronic GVHD were significant with corresponding
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HR 4.9 (1.99-12; P = 0.0007) and 0.29 (0.1-0.67; P = 0.0044), respectively.

Research conclusions
Allogeneic-HCT for high risk ALL/LBL results in promising remissions and early referral for
HCT is to be considered for young and fit patients.

Research perspectives
We identified that acute and chronic graft vs host diseases were prognostic for overall survival.
We also observed that patients with Philadelphia positive ALL whom were given tyrosine kinase
inhibitor therapy fared better than expected. Post HCT outcome of patients with ALL is expected
to improve over time with the changing therapeutic landscape.  We wished to examine the
outcome of ALL patients treated in a contemporary era and identify prognostic factors for
outcome. Our findings warrant confirmation in a larger cohort of patients.
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