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Supplementary Materials

Table 1S. The summary of the common gene mutations reported in AML and ALL patients.

AML
Mutation Functional class Frequency Prognostic Description
(%) impact/risks p
Class I mutations
FLT3 Signalling and kinase The FLT3 mutation has been determined as a crucial contributor to
pathway leukemogenesis associated with AML pathogenesis [1].
FLT3-1TD 20-32 Unfavourable [1] FLT3-ITD mutation commonly demonstrated adverse clinical features,
2. 3] including increased risk of relapse and leukocyte counts [1].
FLT3-TKD 5-1212,3] Controversial [1] FLT3-ITD is prominently related to more severe phenotypes [1].
AML patients with the FLT3-ITD mutation have a high risk of relapse [4] and
a low cure rate [5].
RAS Signalling and kinase 15-47[6] NRAS mutations are the most prominent RAS mutations in AML patients
pathway compared to KRAS, and HRAS mutations [7].
NRAS 10-15[2]  Controversial [8] HRAS mutation is infrequent in AML patients [7].
KRAS 5171 NRAS and KRAS mutations were shown to be insignificantly affecting the
outputs of most research that used adult and paediatric cohorts [9].
PTPNI1I Signalling and kinase 4-6 [10] Unfavourable =~ PTPNII mutation is strongly associated with NPMI mutation, normal
pathway [11] karyotype, older age, CD14 expression, and FB M4/M5 subtypes [10].

PTPNI1 mutation is inversely linked with FLT3-1TD mutation [10].

AML patients with PTPNI] mutation have distinct molecular and clinical
characteristics [11].




Class II mutations

NPM]1

Nucleophosmin 30 [2] Favourable [12]

One of the most frequent somatic aberrations in AML, particularly in AML
patients with normal cytogenetics [10].

NPM1 mutation commonly co-occurs with FLT3 mutations, specifically the
ITD-mutation type [10].

NPM 1 mutations are frequently present in adult AML patients of all ages and
less common in children, particularly those under three years of age [10].

The most prominent of NPM1 mutations are 4-base pair insertions. These 4-
base pair insertions caused the deletion of W288 and W290 (or W290 alone)
and the generation of a new C-terminal NES due to the frameshift in the last
few C-terminal amino acids [12].

RUNX]I

Transcription factor Unfavourable
[13]

RUNXI acts as a key contributor to haematopoiesis due to its involvement in
the regulation of multiple hematopoietic processes [14].

RUNXI mutation in AML is linked with unique inferior output and
clinicopathologic characteristics [15].

Class III mutations

DNMT34

Epigenetic modifier 20 [2] Unfavourable
[16]

The DNMT3A mutation is strongly related to IDH2, NPM1, PTPNI11, and FLT3-
ITD mutations, higher WBC and platelet counts, older age, and normal and
intermediate-risk cytogenetics [16].

The DNMT3A mutation is inversely linked to CEBPA mutations [16].

IDH

IDHI

IDH?2

Epigenetic modifier 20 [10] Controversial
[17]

7-10[2]

10-20 [2]

IDH?2 mutations are more prominent than /DH[ mutations, and co-mutation of
these mutations is rarely present in the same patient [17].

In AML patients, /DHI and IDH2 mutations affect the arginine residues at
position 132 or 170 (R132 or R170) and 140 or 172 (R140 or R172),
respectively [9].

In patients of intermediate-risk AML with NPM I mutation, the R140 mutation
in /DH?2 was correlated with a favourable outcome [18].




TET? Epigenetic modifier ~ 10-17 [2, 3] Controversial It was reported that 13.2% of patients with 7E72 mutation were strongly
[19] correlated with intermediate-risk cytogenetics, co-mutation with ASXL/ and
NPM], isolated trisomy 8, older age, elevated WBC, and blast counts [20].
The frequency of TET2 mutations is directly proportional with age [21].
Deletions (frameshift and non-frameshift), missense, nonsense, splice site
mutations are among the most common types present in 7E72 mutations [22].
Class IV mutations
TP53 Tumour suppressor 2-20[2] Unfavourable Most of the TP53 mutations are located in exon 5 to exon 8 [10].
[23] The 7TP53 mutations more commonly occur in older AML patients and therapy-
related (30%) or secondary AML (18%) [24].
TP53 mutations are strongly associated with a complex karyotype and are
approximately 80% observed in patients with a monosomal karyotype or loss
of 7/7q, 5/5q, or 17/7p [25].
wTl Transcription factor 10 [3] Unfavourable Frameshift and missense mutations are commonly present in AML patients and
[26] typically in patients with older age, secondary AML, chemoresistance to
mainstay treatment, and shorter OS [13].
The frequency of co-mutations of W71 and NPM1 in AML patients is ~ 15%
[27].
ALL
B-ALL
Mutation Functional class Frequency Prognostic Description
(%) impact/risks P
IKZF1 Tumour suppressor ~15 of Poor [29] IKZF1 mutation is one of the most prominent gene mutations in B-ALL [30].
gene and pacdiatric The focal deletion is the most common type of /KZF1 mutation occurring in
transcriptional factor ~ ALL cases P &

15% of ALL cases and > 50% in high-risk ALL [31].




~70% (in

Deletions of IKZF1 were linked with adverse events, poor outcomes, and

BCR- elevated risk of relapse [32].
A.BLI_ The most frequent of IKZFI deletions determined in B-ALL patients were
positive B- . . . . ..
whole-gene deletions [33], intragenic deletions of exons 4-7 (resulting in the
ALL . . . . . )
) formation of the IK6 isoform), and intragenic deletions of exons 2-7 (removing
cases); the ATG start codon located in exon 2) [31].
~40% (in
BCR-
ABLI1-like
B-ALL
cases) [28]
PAXS Tumour suppressor ~30% [34] Varies, PAX5 mutations were postulated as driver mutations in B-ALL leukemogenesis
gene depending on the and involved in susceptibility to B-ALL [38].
type Ef 5m ; ;z]ltlons Rearrangements, amplifications, point mutations, and deletions are frequently
) affecting the PAX5 gene [39].
Rearrangement is the most common mutation in P4X5 gene that contributes to
ALL. As an example, ETV6-PAXS5 and ZNF521-PAXS5 are the most common
fusion proteins that are reported due to rearrangement of the PAX5 with the
ETV6 and ZNF521, respectively [40-41].
CREBBP Transcriptional co- 18% in Poor [43] Not only did they commonly become bi-allelic during B-ALL evolution, but
activator relapsed CREBBP mutations were also involved with the activation of the RAS pathway
paediatric mutation, and this hypothesizes these mutations might stimulate the oncogenic
B-ALL RAS signalling in ALL [44].
patients CREBBP loss-of-function (LOF) mutations are identified as recurrent second-
1% in hit mutations in various B-ALL subtypes, and they are linked to adverse
patients characteristics [42].
who did not
relapse [42]
T-ALL
Mutation Functional class Frequency Prognostic Description

(%) impact/risks




NOTCH1 Oncogene 60% [45] Controversial More than 50% of T-ALL patients have activating NOTCH1 gain-of-function
[46, 47] mutations [48].
The mutation of NOTCHI/FBXW7 was identified in at least 60% of T-ALL
adult patients [48].
WTl Tumour suppressor 10% [49] Controversial In T-ALL, WTI mutations are associated with elevated risk of relapse, and
gene [50, 51] chemoresistance [49].
The heterozygous frameshift mutations are the most frequent W7/ mutations
identified in T-ALL patients, and are also linked with HOXA, TLX1, and TLX3
[51].
PHF6 Tumour suppressor 16%-38%  Favourable Somatic mutations are found in T-ALL patients [54].
gene [52] (associated with

T-cell
lymphoblastic
lymphoma [53]

Small deletions, missense, frameshift, and nonsense mutations are among the
alterations that can be found throughout the PHF6 [54].

This mutation is significantly present only in male patients [55].
The mutation rate of PHF6 in T-ALL ranges between 20 and 30% [56].

In male patients, it was reported that PHF6 mutations co-exist with RUNX],
U2AF1, and ASXL I mutations [57].

It was reported that PHF6 mutations were prominently linked with molecular
genetic markers including SET-NUP214 rearrangements, and JAKI, and
NOTCH mutations [58].




Table 2S. Overview of clinical trials that were performed for the most common gene mutation in acute leukemias.

AML

Trial, clinical

trial ID, study Regimen(s) NO.' of Primary objective Prlmgry Conclusion Ref
patients endpoints
phase
FLT3
CALGB 10603 Standard chemotherapy 717 To examine the effect of the (ON The addition of midostaurin to standard [59-62]
(RATIFY), (daunorubicin + addition of midostaurin to chemotherapy significantly prolonged overall and
NCTO00651261, cytarabine + cytarabine standard chemotherapy in event-free survival among patients with AML and an
Phase 3 consolidation) + either AML patients with an FLT3 FLT3 mutation.
midostaurin/ placebo mutation In 2017, the US Food and Drug Administration
(FDA) and European Medicines Agency approved
the combination of midostaurin in a standard
chemotherapy regimen in AML patients with an
FLT3 mutation.
QuANTUM- Quizartinib vs. placebo 539 To determine the efficacy of (ON] This trial showed the improvement in overall [63]
First, quizartinib versus placebo in survival of this population, where it was indicated by
NCT02668653, newly  diagnosed AML the increase in relapse-free survival and duration of
Phase 3 patients with FLT3-ITD- complete remission, and the reduction in cumulative
positive. incidence of relapse and MRD underlies the overall
survival benefit and the manageable safety.
Thus, this inhibitor is potentially to be used for
elderly patients (aged 18-75 years) with FLT3-ITD-
positive newly diagnosed AML.
NCTO04140487,  Azacitidine + 52 To evaluate the efficacy and MTD Appropriate dosage modifications were needed due [64]
Phase 1/2 venetoclax + gilteritinib safety of these combination (Phase 1) to myelosuppression in most of the patients.
resmens n AML patients This combination regimen was effective and safe,
with FLT3 mutation. . . . .
OR particularly in the frontline cohort, resulting in a CR

(Phase 2)

rate and OS of 90% and 72%, respectively.




NPM1

QUAZAR Azacitidine 472 To identify the effects of oral OS Patients with NPM1™" had longer median OS than [65]
AML-001, AZA vs. placebo in patients patients with NPM1%¢(47.2 months vs. 19.6 months,
NCTO01757535, with NPM1 mutation at AML respectively).

Phase 3 diagnosis NPMI™" patients had significantly longer median
relapse-free survival (RFS) compared to NPMI1™
patients in both the Oral-AZA (54% improvement)
and placebo (35% RFS improvement) arms.

NCT00893399, GO + standard 588 To determine the efficacy of EFS The trial failed to achieve the primary endpoint of [66]

Phase 3 chemotherapy combination regimens of GO EFS by the addition of GO into combination

(idarubicin, etoposide, with standard therapy and regimens in AML patients with NPM1 mutation,
cytarabine, ATRA, ATRA in AML patients with where the combination resulted in a higher death
pegfilgrastim) Vvs. NPMI1 mutation within the incidence.
standard chemotherapy randomized AMLSG 09-09
(idarubicin, etoposide, trial.
cytarabine, ATRA,
pegfilgrastim)
IDH
NCT03173248, Ivosidenib + azacitidine 146 To identify the efficacy of the EFS The combination of ivosidenib-and-azacitidine [67]
Phase 3 vs. placebo + azacitidine combination of ivosidenib significantly improved the EFS compared to
and azacitidine compared to placebo-and-azacitidine group.
placebo and azacitidine in
newly  diagnosed AML
patients with IDH1 mutation
who are ineligible for
intensive induction
chemotherapy.
NCT03683433,  Azacitidine + enasidenib 26 To evaluate the efficacy of CRc This combination regimen showed a promising [68]
Phase 2 *Continuously ~ BCL2 this combination regimen in effectiveness in AML patients.
inhibitor  (venetoclax) AML (newly diagnosed and
and FLT3 inhibitor relapsed/refractory) patients

with IDH2 mutation who




(sorafenib/gilteritinib/mi ineligible  for  intensive
dostaurin) were allowed chemotherapy.
DNMT3A
NCT00492401, Decitabine vs. decitabine 46 To  evaluate  DNMT3A CR% mOS  AML patients with DNMT3A mutation have longer
Phase 2, and + bortezomib mutational status in older, CR rates and mOS than patients with DNMT3A wild [69]
NCT00703300, previously untreated patients type (CR rate: 75% vs. 34%; mOS: 15.2 months vs.
Phase 1 with AML 11.0 months, respectively).
It was postulated that AML patients with DNMT3A
mutations—particularly those with R882 mutations
and/or co-mutated with NPM1l—may show a
promising response to decitabine treatment.
The limitation of this study was the limited number
of AML patients with DNMT3A mutation. Thus,
future study is suggested to be performed in a large
number of AML patients with DNMT3 A mutation.
TP53
NCTO01773408, Idasa vs. Idasa-C 122 To identify the safety and MTD; The study showed promising outcomes, and further [70]
Phase 1 *Paticnts pharmacokinetics of RP2D; research on the development of idasanutlin is highly
with escalating doses of Idasa asa DLTs; AEs; recommended.
confirmed monotherapy or combination SAEs
AML -t/ regimens of Idasa-C in AML
AML. patients
SAML, t-
AML, and
de novo
AML
Beat AML Entospletinib + 58 To determine the efficacy of CRc; ORR; A novel treatment modality is urgently needed, as [71]
Master Trial, decitabine entospletinib + decitabine in mDoR; this trial resulted in ineffective outcomes, as
AML patients mOS



NCT03013998, indicated by the low and short CR rate and short OS,
Phase 2 respectively.
NCTO01515527, Cladribine + LDAC 118 To evaluate the efficacy of CRY; DFS Further confirmatory testing is needed, as this trial [72]
Phase 2 alternating with this regimen in AML patients demonstrated promising efficacy of this regimen in a
decitabine cohort of older and/or unfit patients with newly
diagnosed AML.
NCT04214860, Eprenetapopt + 49 To assess the safety and DLTs; The findings of this study support further evaluation [73]
Phase 1 azacytidine + venetoclax preliminary efficacy of this TEAE:s; of this regimen in the treatment of TP53-mutated
regimen in AML patients SAEs AML.
ALL
B-ALL
Trial, clinical No. of Prima
trial ID, study Regimen(s) . Primary objective Y Conclusion Ref
patients endpoints
phase
NCT02101853, Rhelnmdut(}:ltlfn 208 To identify the substitution of DFS The B-ALL patients in the blinatumomab group [74]
Phase 3 cehemothcrapy blinatumomab for intensive resulted in an insignificant difference in DFS
(vincristine, . .
chemotherapy in compared with the chemotherapy group. Further
dexamethasone, S .. : .
consolidation treatment clinical trials are suggested to be performed using a
pegasparagase, . . . -
. would improve survival in larger number of participants.
mitoxantrone) - atients with B-ALL first
blinatumomab/chemothe p
. relapse.
rapy + hematopoietic
stem cell transplant
(HSCT)
NCT00381680, High-/standard 271 To assess the efficacy of high  EFS; OS  The EFS and OS of the AALL0433 trial (63.6% and [75]
Phase 3 vincristine  dosing  + vincristine dosing compared 72.3%, respectively) showed a similar output as in
different = combination with standard vincristine the UK ALLR3 trial (60% and 70%, respectively). It
chemotherapy regimens dosing in patients with was postulated higher vincristine dosing improved
(prednisone + intermediate-risk relapse of the outcomes. However, the ALLR3 trial also
doxorubicin B-ALL demonstrated significant infectious toxicities.
hydrochloride +

pegaspargase +



cytarabine
methotrexate
dexamethasone
etoposide
cyclophosphamide
+leucovorin calcium +
filgrastim + asparaginase

+ o+ + +

+mercaptopurine)
EWALL-BOLD, Blinatumomab 62 To examine blinatumomab in CR® This finding revealed that alternating between [76]
NCT03480438, .p..: . sequence with chemotherapy standard chemotherapy and blinatumomab showed
Patients received . . . . }
Phase 2 in newly diagnosed older B- potential efficacy and tolerability with a low
standard-of-care . } . )
ALL patients. mortality and high molecular response and cytologic
chemotherapy  before, for thi
between, and after or this age group.
blinatumomab cycles.
T-ALL
Trial, clinical No. of Prima
trial ID, study Regimen(s) . Primary objective iy Conclusion Ref
patients endpoints
phase
NCTO01085617, SOC +/- nelarabine 144 To evaluate the addition of ERS;OS  The addition of nelarabine into SOC did not show [77]
Interventional nelarabine to SOC to improve the benefit to EFS or OS.
phase the efficacy for T-ALL
patients.
NCT00501826, Hyper-CVAD + 145 To identify the CR® post- CR? The addition of venetoclax to regimens of hyper- [78]
Phase 2 nelarabine + PegAsP treatment with hyper-CVAD CVAD-nelarabine-PegAsp  showed  promising
in combination with outcomes for adult patients with T-ALL/LBL.

nelarabine and PegAsP in
previously untreated patients
with T-ALL and T-LBL



NCT00558519, Paediatric regimen:
Phase 2 *Different treatment
phases have different

combination regimens

(6-MP, 6-TG, Ara-C,

CTX, DEX, DNR, MTX,

PegAsP, pred, and VCR)

NCT02518113, Crenigacestat (50-, 75-,
Phase 1 100-, 125-mg) + DEX

295

36

To determine the efficacy and
tolerability of wusing a
paediatric regimen for older
AYAs with newly-diagnosed
ALL

To identify the RP2D of
crenigacestat in combination
withh  DEX in  adult,
relapsed/refractory T-ALL/T-
LBL patients.

CR®; EFS;
DFS; OS

DLTs

This finding showed that the implementation of
paediatric regimen was effective and tolerable, as
indicated by the improved EFS and OS of this
population (up to the age of 40 years old) compared
to the historical cohort (Children’s Oncology Group
randomized study AALL0232).

This finding established 75 mg 3 times per week as
the RP2D of Crenigacestat in combination with DEX
for this population.

[79]

[80]

6-MP: 6-mercaptopurine; 6-TG: 6-thioguanine; AEs: Adverse events; AML: Acute myeloid leukemia; APL: Acute promyelocytic leukemia; Ara-C: Cytarabine; ATRA:
All-trans retinoic acid; AYAs: Adolescents and young adults; CTX: Cyclophosphamide; CR* Complete remission rate; CR®: Complete response rate; CR®: Complete
hematologic remission; CRc: Composite complete remission rate; DEX: Dexamethasone; DFS: Disease-free survival; DLTs: Dose-limiting toxicities; DNR:
Daunorubicin; EFS: Event-free survival; GO: Gemtuzumab ozogamicin; hyper-CVAD: Hyperfractionated cyclophosphamide; vincristine sulfate; doxorubicin
hydrochloride; and dexamethasone; Idasa: Idasanutlin; Idasa-C: Idasanutlin plus cytarabine; LDAC: Low-dose cytarabine; mDoR: Median duration of response; mOS:
Median overall survival; MTD: Maximum-tolerated dose; MTX: Methotrexate; ORR: Overall response rate; OS: Overall survival; PegAsP: Pegylated asparaginase;
pred: Prednisone; RP2D: Recommended phase 2 dose; r/r AML: Relapse/refractory AML; sAML: Secondary AML; TEAEs: Treatment-emergent adverse events; t-
AML: Treatment-related AML; T-LBL: T-cell lymphoblastic lymphoma; SAEs: Serious adverse events; SAML: Secondary acute myeloid leukemia; SOC: Standard

chemotherapy; VCR: Vincristine.



Table 3S. The epitome of the clinical impact of the present CNVs and SNPs that are implicated in acute leukemias across the nations.

CNVs in AML
CNVs Population Objective Findings Conclusion Ref
SEMA4D, CBFB, Mixed To identify genes linked to 102 CNV-related genes were found The research suggests that [81]
CHAFIB, SAE1, and (Global) CNVs whose presence or whose copy number status (gain/loss) analysing CNV profiles, along
DNMTI absence (or gain or loss) was associated with patient survival. with examining the expression
correlates with overall survival, Five genes (SEMA4D, CBFB, CHAFIB, changes .the-y cause, can offer
as well as genes whose . . prognostic indicators in AML.
.. SAEl, and DNMTI1) were identified .
expression, influenced by these L Specifically, the five genes they
. .~ whose expression is modulated by the 7
CNVs, is itself a prognostic . .~ discovered could act as new
fact CNVs and whose expression is " I
actor. significantly associated with clinical PrOgNOSUC Markers.
outcomes.
ALOXI15B, MTDH, Mixed To investigate the prognostic They identified six CNV-driven Their two-gene model (DNAJB6 [82]
DNAJBG6, HSPB1, ATF4, (Global) role of ferroptosis-related ferroptosis-related genes (FRGs). These and HSPBI) based on CNV-driven
and PLIN2. genes (FRGs) driven by CNVs FRGs, whose expression is altered in ferroptosis-related genes offers a
in AML. AML and correlates with CNV status, novel signature with  good
include ALOX15B, MTDH, DNAJB6, prognostic power in AML.
HSPB1, ATF4, and PLIN2.
To ~ build a  prognostic They refined the prognostic model to
model/gene  signature  that g
combines CNV  data  and focus on two genes: DNAJB6 and
) HSPBI1. DNAJB6 was identified as a
expression of FRGs that can . A .
b . o protective factor, with higher expression
etter predict survival in AML . . ) )
atients levels linked to improved survival, while
p ' HSPBI was associated with poorer
survival  outcomes, as increased
expression indicated a higher risk in their
risk-score model.
NPM]1, followed by FLT3, European To evaluate a rapid, robust, The most frequent mutations were HaloPlex is a quick and reliable [83]

DNMT3A4, TET?2

high-throughput protocol for
detecting both gene mutations
and copy number changes in

NPM]1, followed by FLT3, DNMT3A, and
TET?2.

target enrichment method that can
aid diagnosis and prognostic




AML in a diagnostically DNMT3A4 mutations can persist post- stratification of acute myeloid
suitable manner. chemotherapy and in two cases studied at leukemia patients.
diagnosis and relapse.
CNVsin ALL
CNVs Population Objective Findings Conclusion Ref
PAXS5, IKZF1, EBF1I, Mixed To examine and integrate In paediatric B-ALL, about 65% of cases CNVs (especially deletions in [84]

CDKNZ2A4/B, RB1

existing research on the impact
of CNVs, particularly gene
deletions and gains, on the
prognosis of B-ALL.

To explore which CNVs are
most prevalent in paediatric
versus adult B-ALL, how CNV
patterns change from diagnosis
to relapse, and which CNVs are
currently utilized or should be
considered for risk
stratification.

harbour CNVs in genes related to early
B-cell differentiation (e.g., PAXS, IKZF1,
EBFI) or cell cycle regulation (e.g.,
CDKN2A/B, RBI).

Among adult B-ALL, deletions in
IKZF1, CDKN2A4/B, PAXS, etc., are also
frequent, especially in subtypes such as
Ph+ or Ph-like B-ALL.

IKZF1 deletion: associated with worse
outcome (relapse risk, drug resistance,
overall survival) in many studies,
particularly in podiatric patients and in
Ph+ or Ph-like disease.

CDKN2A / CDKN2B deletions: These
are frequent, and in many studies,
particularly in adult Ph— B-ALL, their
presence correlates with worse outcomes
(lower OS or higher relapse risk).

PAXS deletions: Their prognostic impact
seems to depend on whether they co-
occur with other adverse CNVs (e.g.
IKZF1I) or in specific subtypes. Alone,
PAXS5 deletions sometimes show a
weaker prognostic signal.

IKZF1, CDKN2A/B, PAX5) are
important prognostic markers in
B-ALL. They are common and, in
many studies, significantly
associated with higher relapse risk,
worse event-free survival (EFS),
and overall survival (OS).

TERT gene polymorphisms in AML




Polymorphism Population Objective Findings Conclusion Ref
Rs3087456, rs4780335 (in Chinese To investigate the involvement This study showed four SNPs involvedin The involvement of AML [85]
CIITA); rs2272022, of AML immunosuppression- the aetiology and treatment efficacy of immunosuppression-related SNPs
rs3746444 (in  CD200); related SNPs on the aetiology AML. The details are as below: serves as crucial indicators for
rséfgigégi . (T[LRggl 63); ?ln? tre’?tm?}iML efficacy Rs4883263 in CDI63 correlated with ;:f/?]ictlrltg tf[eatrnent outcomes in
s (in ) clerogenelty o AML susceptibility, abnormal patients.

chromosome karyotype, and peripheral
blood PLT count.
Rs4780335 in CIITA is linked to
peripheral blood WBC count and AML
OS.
Rs2272022 in CD200 is linked to
peripheral blood PLT count.
Rs1048801 in LILRB4 is associated with
AML OS and AML treatment sensitivity.
Q53H, VI170M, A184T, Computational To classify the harmful TERT Q53H, V170M, A184T, S255Y, A288V, These SNPs may be employed as [86]
S255Y, A288V, H412Y, analysis gene mutations, and to analyse H412Y, and I540M all negatively possible targets in biological
1540M, R631W (nsSNPs of them using various impacted  protein  stability @ and markers, protein research, and
TERT gene) computational approaches at hydrophobicity, protein-protein and illness diagnostics.
structural, functional, and protein-nucleic acid interactions, protein
translational expression levels  folding, three-dimensional structure,
secondary structure, and conservation
profile.
Rs2853669 Multinational To determine the genetic According to  multivariate  Cox The TERT 152853669 variant [87]

predisposition to AML, their
association  with  different
prognostic markers, and their
impact on survival, outcome,
and the prognosis of affected
patients

regression, rs2853669 was a significant
predictor of overall survival in AML
patients.

The estimated adjusted hazard ratio
revealed that survival time changed
negatively with the rs2853669 mutation
(HR adjusted = 1.54, 95% CI: 1.01-2.35).

genotype had a negative effect on
AML patients' overall survival in
the presence of other known
prognostic factors.



Rs2853669, rs2736100

Chinese Han  To identify the association
between TERT gene
polymorphisms and AML
susceptibility in a Chinese Han

population

Rs2853669:

The frequency differences between GG
and AA genotypes were not significant.

The frequency of G allele showed a
decreasing trend in the case group but
was not statistically significant.

The Rs2853669 polymorphism is located
at 245 bp from the TERT ATG site.

Rs2736100:

The CC genotype was higher in AML
patients.

Individuals with the CC genotype
showed a 2.632-fold higher risk of AML.

The frequency of the C allele also higher
in the AML case group.

The Rs2736100 polymorphism is located
in the second intron of the TERT gene.

This study proposed a positive
correlation between the
susceptibility to AML and the
rs2736100 polymorphism of the
TERT gene in the Chinese Han
population.

[88]

TERT SNPs and their association with ALL

Polymorphism

Population Objective

Findings

Conclusion

Rs2735940, rs2736100 and
rs10069690

Chinese To investigate the association
of TERT polymorphisms with

risk of childhood ALL

For allele comparison, rs2736100, and
rs10069690 along with rs2735940, were
associated with the risk of developing
ALL in children (P=0.036, 0.011, and
0.022, respectively).

According to in vitro luciferase assays
performed in Jurkat cells, the T allele of
1s2735940 had greater transcriptional
activity than the C allele.

The TERT promoter rs2735940
polymorphism may affect TERT
activity.

Rs2736100 may be associated
with telomere function, making it
a potential biomarker for genetic
susceptibility to ALL in Chinese
children.



The T allele of rs2735940 had greater
TERT mRNA expression, as suggested
by analyses of the bone marrow.

Rs2735940; Iranian To investigate the association There were no associations made Independent of TERT variations, [90]
MNS16A Ins/Del of the SNPs -1327C/T and concerning hTERT gene variants or telomere attrition may be
MNS16A Ins/Del, and telomere haplotypes with the risk of childhood connected to the pathophysiology
length with risk of paediatric ALL. Also, hTERT polymorphisms did of paediatric ALL.
ALL not correlate with RTL or the
clinicopathological features of the
patients, including age (P=0.304), sex
(P=0.061), organomegaly (P=0.212),
CSF  involvement (P=0.966), or
treatment response (P=0.58).
Polymorphisms from other genes involved in AML and ALL
Polymorphism Population Objective Findings Conclusion Ref
Rs2071746 (in HMOX]); ) Chinese To investigate the association Rs2071746 (HMOXI) and rs1132339 SNPs in the HMOXI, TXNIP, [91]
rs?gjgézs; 42“ (in TXNIP); between SNPs in (TNFAIP2) are linked with BM blasts at TNSF10/TRAIL, and TNFAIP2
fFSNFSI 0/TRAIL): (in immunomodulatory factors and the time of AML patient diagnosis. genes are linked to AML and serve
) ’ AML - . as a crucial reference for
rs1132339 (in TNFAIP2) Rs7211 (TXNIP) is linked with treatment S .
sensitivity caused by cytarabine and P redlctlpg the ~prognosis  and
anthracyclines in AML, and rs9245 responsiveness to therapy of AML
(TXNIP) is linked with adverse outcomes patients.
associated with AML recurrence.
Overall survival of the AML patients is
associated with the AA genotype of
TRAIL/TNFSF10 rs12488654, which
may be an independent favourable factor
for AML prognosis
Rs4132601, rs11978267 (in Various To investigate the association A significant association was found The IKZF1 rs4132601 mutation is [92]
IKZF1) ethnicity between ALL susceptibilityand between rs4132601 and ALL across a major genetic risk factor

IKZF] gene SNPs

genetic models.

correlated to ALL. Diverse study is
needed for a full understanding



Rs3775296 C/A, rs5743312
C/T, rs3775291 C/T, and
rs3775290 C/T (in TLR3)

Rs5743618  (in  TLRI);
rs4986790, rs4986791 (in
TLR4), 1s5744105 (in
TLRS); TLR6: 1s5743810
(in  TLR6); 15743836,
rs187084 (in TLRY);
1$2569191 (in CD14-159)

Rs7073837, rs10740055,
rs7089424, rs10821936,
rs4506592, rs10994982,
rs7896246, rs10821938,
rs7923074, rs6479778,
rs4948487, rs6479779,

Saudi

Brazilian
Amazon

Yemeni

To investigate the association
between specific SNPs in the
TLR3 gene and susceptibility
to ALL in the Saudi population.

To investigate the association
between specific SNPs in the
TLRs gene and susceptibility to
ALL in the Brazilian Amazon

To examine the association of
ARID5B SNPs with ALL risk

among  Yemeni  children,
providing new insights for the
Arab population

There is a strong correlation between a
greater risk of ALL and rs5743312 (C/T).
Those with the T allele were more likely
to develop ALL than controls.

Given that it is associated with a
decreased incidence of ALL, rs3775290
(C/T) could have a protective effect.

An increased risk of getting ALL is
strongly linked to TLR6 (rs5743810,
C>T) (OR: 3.20,95% CI: 1.11-9.17, p=
0.003). Additionally, in ALL individuals,
it is associated with protection against
mortality (OR: 0.48, 95% CI: 0.24-0.94,
p = 0.031).
Another risk factor for ALL is TLR9
(rs187084, C>T) (OR: 2.29, 95% CI:
1.23-4.26, p = 0.000).
Protection against mortality in ALL is
linked to TLR1 (rs5743618, T>G) (OR:
0.17, 95% CI: 0.04—-0.79, p = 0.008).

Out of 14 ARID5B SNPs genotyped, nine

(rs7073837, 1rs10740055, 1s7089424,
rs10821936, 1s4506592, 1510994982,
1s7896246, 1510821938, 1s7923074)

were significantly associated with ALL
under additive genetic models.

and improved diagnostic
techniques, even if these findings
support the use of rs4132601 in
genetic risk profiles for ALL.

In the Saudi population, there is a
substantial correlation between the
risk of ALL and certain 7LR3
genetic variations (rs5743312 and
rs3775290).

The findings highlight the
potential of 7TLR3 SNPs as
biomarkers for ALL susceptibility
and encourage further research
into their physiological and
clinical importance.

Although some 7LRI and TLR6
mutations may be conferring
protective effects against
mortality, polymorphisms in 7LR6
and TLRY9 genes are associated
with increased risk of ALL. These
findings underscore the
importance of various immune
gene variations for outcomes and
susceptibility to ALL, and require
future  studies in  diverse
populations.

Many variations of the ARID5B
gene are significantly associated
with ALL risk in children from
Yemen, and many of the associated
SNPs have gender-specific effects.

[93]

[94]

[95]



rs2893881, and rs10994990
(ARID5B intronic SNPs)

Rs3731217, rs3731249 (in
CDKN24)

Caucasian

To investigate the association
of two key SNPs in CDKN2A4
with ALL susceptibility

Rs10740055, rs10994982, and
16479779 were significant in females,
while rs10821938 and rs7923074 were
significant in males under the recessive
model. Under the dominant model,
rs7073837, 1510821936, rs7896246, and
rs6479778 were significant in males only.

The additive model revealed that
rs10821936 was significant in both
genders.

Rs3731217: This SNP is associated with
areduced risk of ALL (OR = 0.72),
suggesting a protective effect.

Rs3731249: This SNP is associated with
a significantly increased risk of ALL (OR
= 2.26), indicating it is a strong risk
factor.

Rs3731217 and rs3731249, are
significantly associated with ALL
risk, with effects most evident in
Caucasian populations.

Although further study is needed
to validate their impact in other
ethnic groups, these variations
may be significant genetic
indicators for ALL risk.

[96]

ALL: Acute lymphoblastic leukemia; AML: Acute myeloid leukemia; ARID5B: AT-rich interaction domain 5B; B-ALL: B-cell acute lymphoblastic leukemia;
CDKN2A: Cyclin dependent kinase inhibitor 2A; CI: Confidence interval; CSF: Cerebrospinal fluid; EFS: Event-free survival; HMOX1: Heme oxygenase 1; HR:
Hazard ratio; hTERT: Human telomerase reverse transcriptase; IKZF1: IKAROS family zinc finger 1; nsSNPs: Non-synonymous single nucleotide polymorphisms;
OR: Odds ratio; OS: Overall survival; RTL: Relative telomere length; SNPs: Single nucleotide polymorphisms; TLR1: Toll-like receptor 1; TLR3: Toll-like receptor
3; TLR4: Toll-like receptor 4; TLRS5: Toll-like receptor 5; TLR6: Toll-like receptor 6; TLRY: Toll-like receptor 9; TLRs: Toll-like receptors; TNFAIP2: Tumour necrosis
factor alpha induced protein 2; TNFS10/TRAIL: Tumour necrosis factor superfamily member 10/tumour necrosis factor-related apoptosis-inducing ligand; TXNIP:
Thioredoxin interacting protein.



Table 4S. The summarise of current research on the effectiveness and safety of single- and multi-agents in acute leukemias setting.

AML
Clinical trial ID, study Chemotherapeutic Objective Primaq Conclusion Ref
type, phase agent(s) endpoint
In ter\igggr?;llfl?fs% I IDAC vs. HDAC To compare IDAC with (N} In this randomized clinical trial, OS at 5 years [97]
HDAC as postinduction was noninferior for intermediate-dose Ara-C
therapy in patients 18 to 60 compared with high-dose Ara-C as
years of age with ND-AML. postinduction therapy for AML.
Interljeg{igizf 1933131;; 1IIb Midostaurin + “7+3” To further assess the safety CR/CRi In this study, midostaurin in combination [98]
“54+2” induction and efficacy of midostaurin with intensive chemotherapy provided high
chemotherapy plus chemotherapy in response rates, irrespective of patient age,
induction, consolidation, and induction regimen (“7+3” or “5+2”), or the
maintenance monotherapy in type of anthracycline used (daunorubicin or
young (<60 years) and older idarubicin) during the induction therapy.
=60 years) ND-AML
patients with FLT3-mutation.
ISRCTN-31682779, FLAG-Idaor DAC  To evaluate the survival (ON} In this study, older patients with AML [99]
EudraCT-2013- . . . .
00273021, beneﬁ.t qf chemotherapy cgn&dered fit and Wlth eYldence of residual
Interventional Phase T1II1 1nten51ﬁcat10n (FLAG-Ida or .dlseas'e aftgr ﬁrgt induction, ch.emotherapy
DAC) in older patients with intensification improved survival. DAC
AML who have not achieved intensification was better tolerated than
an MRD-negative remission FLAG-Ida.
after a first course of DNR
and Ara-C.
NCT92283177’ Crenolanib in To investigate the effects of CR/Cri In adults with ND-AML with FLT3-mutation, [100]
Interventional Phase II L . . . . . : .
combination with crenolanib added to intensive CIR crenolanib plus intensive chemotherapy
intensive chemotherapy on outcomes of results in a high rate of deep responses and
chemotherapy (Ara-C, ND-AML patients with FLT3- oS long-term survival with acceptable toxicity.

DNR/IDA

followed

mutation.



NCT01246752,

by consolidation with
Ara-C)

Interventional Phase I1I AlloHCT vs. high- To explore the optimal (N In patients aged <60 years with intermediate- [101]
dose  Ara-C for therapy for patients with risk AML in first CR and an available donor,
consolidation and intermediate-risk AML after primary alloHCT did not confer superior OS
salvage HCT only in first CR: alloHCT vs. compared with consolidation chemotherapy.
case of relapse standard consolidation

chemotherapy
ALL
Clinical trial ID, study Chemotherapeutic Objective Primaq Conclusion Ref
type, phase agent(s) endpoint
NCT03022747, Oral 6-MP + To investigate the effects of e-TGN >200  The addition of allopurinol to 6-MP shows [102]
Interventional Phase II allopurinol adding allopurinol to 6-MP in nmol/mmol Hb promising outcomes, as it increased the levels
ALL patients with TPMT of e-TGN while reducing the level of MeMP
wild-type patients without without adverse effects in ALL patients.
previous clinical signs of
skewed 6-MP metabolism
In teg(ejr};?(f)jalllgslf;s’e 1 Oral 6-MP + MTX  To investigate the intensity of Ery-TGN, Ery- The intensity of maintenance therapy as [103]
maintenance  therapy as MeMP, MTX measured by MTX and 6-MP metabolite
evaluated by MTX and 6-MP polyglutamates, levels was not associated with the risk of
metabolite levels with the risk  and DNA-TG  symptomatic osteonecrosis in children and
of symptomatic osteonecrosis young adults with ALL.
in children and young adults
with ALL.
Retrospective study IDA vs. L-DNR To compare the efficacy and OS, PFS, ORR L-DNR was shown to be an effective drug [104]

safety of IDA in comparison
to L-DNR in combination
with prednisone, VCR, and L-
asparaginase in adults with
HR-ALL.

within a multiagent approach, with a
favourable overall profile, and with similar
adverse events when compared with IDA in
patients with HR-ALL.



NCT00846703,
Interventional Phase IV

ChiCTR1800014888,
Interventional Phase IV

VCR and DEX pulses
+ 6-MP and MTX, vs.
6-MP and MTX only

Decitabine

To investigate the efficacy
and safety of the addition of
VCR/DEX pulses to
conventional ~ maintenance
therapy and their applicability
to the population in a large
cohort of paediatric ALL who
were treated with  the
modified BFM-2002 regimen.

To investigate the -efficacy
and safety of low-dose
decitabine on the prevention
of adult ALL relapse after
alloHSCT.

EFS

CIR, OS, DFS

Omitting nine pulses of VCR/DEX may
reduce treatment burden and potentially
improve quality of life in standard- to
intermediate-risk patients. Conversely, in the
HR-ALL cohort, incorporation of VCR/DEX
pulses during the maintenance phase remains
appropriate given the excellent outcomes
observed.

Maintenance treatment with low-dose
decitabine after alloHSCT may be used as a
therapeutic option to reduce relapse in
patients with adult ALL, especially in
patients with T-ALL.

[105]

[106]

6-MP: 6-mercaptopurine; ALL: Acute lymphoblastic leukemia; AlloHCT/HSCT: Allogeneic hematopoietic cell transplantation/hematopoietic stem cell transplantation;
AML: Acute myeloid leukemia; Ara-C: Cytarabine; CIR: Cumulative incidence of relapse; CR: Complete Remission; Cri: CR with Incomplete Count Recovery;
DAC: Daunorubicin; Ara-C: Cladribine; DEX: Dexamethasone; DFS: Disease-free survival, DNA-TG: DNA-incorporated thioguanine nucleotides; DNR:
Daunorubicin; EFS: Event-free survival; Ery-MeMP: Erythrocyte methylated 6-mercaptopurine metabolites; Ery-TGN: Erythrocyte thioguanine nucleotides; e-TGN:
Erythrocyte levels of thioguanine nucleotides; FLLAG-Ida: Fludarabine; ara-c; granulocyte colony-stimulating factor and IDA; FLT3: FMS-like tyrosine kinase 3;
HDAC: High dose cytarabine; HR-ALL: High-risk ALL; IDA: Idarubicin; IDAC: Intermediate dose ara-C; L-DNR: Liposomal daunorubicin; MRD: Measurable
residual disease; MTX: Methotrexate; ND-AML: Newly diagnosed-AML; ORR: Overall response rate; OS: Overall survival; PFS: Progression-free survival; TG:
Thioguanine; TPMT: Thiopurine methyltransferase; VCR: Vincristine.
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