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ABSTRACT

Objective: To ascertain the frequency of the MLL::AF9 gene rearrangement and its association with survival in Pakistani patients
suffering from acute myeloid leukaemia (AML).

Study Design: Analytical study.

Place and Duration of the Study: Department of Haematology, National Institute of Blood Diseases and Bone Marrow Transplan-
tation, Karachi, Pakistan, from 2015 to 2020.

Methodology: Patients without a history of past AML chemotherapy, aged from 10 to 75 years, were included. Individuals with
metastatic cancer, chronic myeloid leukaemia, or other haematological conditions were excluded. Identifying the MLL::AF9 gene
involved RNA extraction, cDNA synthesis, and Real-time PCR amplification. The Chi-square test was used to examine the relation-
ship between survival and the MLL::AF9 mutation. A Welch two-sample t-test was used to evaluate survival days depending on the
MLL::AF9 gene rearrangement, while ANOVA was used to analyse survival days across various death statuses.

Results: The mean age of 130 patients was 36.65 = 13.01 years, with 64.62% being males. The most common leukaemia type was
AML-M2 (n = 32, 24.62%). During the study follow-up, 22.31% were still alive, 40.77% died, and the status of 36.92% were
unknown. MLL::AF9 gene rearrangement was present in 11.54%. The group with MLL::AF9 gene rearrangement had significantly
longer mean ‘survival days’ (1,542.33 + 926.07) compared to the group without the gene rearrangement (206.42 + 359.57, p
<0.001).

Conclusion: MLL-AF9 mutation was present in 11.54%. Age and MLL::AF9 gene rearrangement were significant predictors of
survival in leukaemia patients.
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INTRODUCTION

Acute myeloid leukaemia (AML) is a rapidly progressing blood
malignancy characterised by aberrant stem or progenitor cell
proliferation inside the bloodstream.'? Despite extensive
research efforts over many years, AML continues to have a high
mortality rate (less than 30% survival rate after 5 years) and a
tendencytorecur, withlimited treatmentchoicesavailable.
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AMListriggered and maintained by a small portion of leukaemia
stem cells (LSCs) that possess unique biological characteristics
compared to the majority of tumour cells. These LSCs exhibit
varying sensitivity to chemotherapy and play a significant role
intreatmentresistance and diseaserelapse.’

Modifications in the mixed lineage leukaemia (MLL) gene are
linked to 10% of cases of acute leukaemia, encompassing both
acute lymphoblastic leukaemia (ALL) and acute myeloid
leukaemia (AML).* The MLL gene, alternatively referred to as
KMT2A, participates in chromosomal rearrangements in 5-10%
of acute leukaemias. These rearrangements play a crucial role in
determining therapy stratification, assessing minimal residual
disease, and targeted therapies.’ Though 79 different MLL trans-
location partner genes have been identified, a few specific rear-
rangements make up the bulk of MLL aberrations in AML.*” AML
with MLL gene modifications display clinical and immunological
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diversity, leading to a range ofimmunophenotypes. The outlook
for AMLis typically grimand hinges on factors such as the precise
translocation, phenotype, and the patient's age. The t(9;11)
(p22;923) translocation is linked to notably extended patient
survival rates, whereas none of the 11923 abnormalities bodes
well for prognosis.® The MLL::AF9 (Mixed-Lineage Leukaemi-
a-AF9) gene fusion is a genetic abnormality associated with
subtypes of AML. The MLL gene plays a crucial role in overseeing
the expression of genes vital for the regular development of
blood cells.” However, when a chromosomal translocation occurs
between the MLL gene on chromosome 11 and a partner gene,
such as AF9 on chromosome 9, it creates the MLL::AF9 fusion
gene. This fusion gene produces a protein that disrupts the
normal regulation of gene expression, leading to the develop-
mentof AML."

MLL::AF9 is most commonly found in a subtype of AML known as
M5 or acute monocytic leukaemia, but it can also occur in other
subtypes.™ Compared to other types of AML, the MLL::AF9 gene
fusion is linked to a prognosis ranging from poor to moderate in
AML. Patients with this specific genetic alteration tend to have a
high response rate in comparison to other types, given standard
chemotherapy. Nonetheless, the outlook can fluctuate based on
several factors, such as the patient's age, the existence of addi-
tional genetic mutations, and theresponse totreatment.*

TheMLL::AF9fusionproteininteractswithvariouscellularcompo-
nentsinvolvedin generegulation, including proteins that modify
histones (proteins that help package DNA), leading to dysregu-
lated gene expression.’ This dysregulation promotes the uncon-
trolled growth and proliferation of leukaemic cells. MLL::AF9 also
affects the self-renewal capacity of leukaemic stem cells,
contributing tothe persistence and recurrence ofthe disease.™

In the MLL gene fusion, approximately 100 partner genes have
been documented. However, data related to clinical outcomes
for the 11g23-rearranged subgroups is scarce, mainly because
this subset constitutes a small portion, making meaningful anal-
ysis a challenge. According to the literature, patients with
t(9;11)(p22;923) generally exhibit a more favourable prognosis
comparedtothose with other MLL translocations.®

There is a notable gap in research regarding the specific
influence of the MLL::AF9 gene rearrangement on survival time
in individuals with newly diagnosed AML. Researchers can learn
more about the underlying processes of the disease by investi-
gating its genetic background and concentrating on the
MLL::AF9 gene rearrangement. This knowledge might helpiden-
tify possible therapeutic targets, which would improve therapy,
lessenside effectsand improve patientcare. The objective of this
study was to ascertain the frequency of the MLL::AF9 gene rear-
rangement and its association with survival in Pakistani patients
sufferingfrom AML.

METHODOLOGY

This analytical cross-sectional study was conducted on 130 AML
patients via non-probability consecutive sampling technique
from 2015 to 2020. Approval for this study was granted by the

institutional review board of the National Institute of Blood
Diseases and Bone Marrow Transplantation (NIBD and BMT)
under reference NIBD/RD-162/17-2014. Following an extensive
elucidation of the study, written informed consent was acquired
from every participantand the data of the patients was retrieved
from the medical record maintained at NIBD and BMT. They were
given assurance that all gathered data would be treated with
strict confidentiality and anonymity. Written informed consent
wastakenfromeach patient.

Newly diagnosed male and female patients, aged between 10
and 75 years, with no history of previous chemotherapy, were
included in the study. Patients with chronic myeloid leukaemia
evolving into AML, any other malignancy, or other coexisting
haematological disorders were excluded fromthe study.

AML patients were confirmed through bone marrow biopsy and
immunohistochemistry, following the diagnostic criteria of the
French-American-British (FAB) classification and World Health
Organization (WHO) classification of haematolymphoid malig-
nancies. A detailed history was taken, which included informa-
tion about age, gender, clinical features, complete blood count
(CBC), bone marrow aspirate, and biopsy reports. Both DNA and
RNA were extracted from the collected blood or bone marrow
samples. All the selected patients were followed up for a
maximum period of 8 years.

The RNA extraction was carried out using the Triazole method as
described.” The complementary DNA (cDNA) was prepared from
RNA using the Affymetrix First-strand cDNA synthesis Kkit,
following the manufacturer's instructions. The PCR master mix
was prepared using the Ana Gene Biotech real-time PCR kit,
according to the manufacturer's recommendations. To prepare
the PCR mix, 2 pl of patient cDNA was added to 10 pl of gPCR mix
(2x), followed by the addition of 5 pl of MLL/AF9 probe/primer mix
and 3 pl of nuclease-free water into a PCR tube. The mixture was
gently pipetted up and down several times to ensure thorough
mixing. Finally, the PCR strips were placed in the real-timeinstru-
mentRoter Gene Qfor furtheranalysis.

FAM green channel was used for translocation detection while
HEX yellow channel for internal control. After completion of
cycles, the fusion transcripts were analysed in the FAM channel
and internal control (ABL gene) in the HEX channel. Only those
sampleresults were considered valid whose internal control (ABL
gene) Ctvalues were before 30 cycles. The signals of transloca-
tion with Ct values below 35 for FAM signal and amplification
curve withexponential growth were considered as true positive.

Statistical analyses were conducted using the R statistical soft-
ware package, version 1.3.2. Mean and standard deviation (SD)
were computed for numerical data, while categorical variables
were presented using percentages and frequencies. A Kaplan-
Meier plotwas generated toillustrate the survival rates forindivi-
duals with and withoutthe MLL::AF9 gene mutation. The associa-
tion between MLL::AF9 gene rearrangement and death status
was determined using Chi-square test. ANOVA was conducted to
compare survival days across different death statuses. Further-
more, Welch two-sample t-test was applied to assess the varia-
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tionin survival days depending on the presence of the MLL::AF9
gene rearrangement. Additionally, Cox proportional regression
analysis was conducted, with survival days acting as the depen-
dent variable while MLL::AF9 gene rearrangement, age, and
gender asindependent variables. A significance level of p <0.05
was deemed statistically significant.

RESULTS

Atotal of 130 leukaemia patients were included. Theirmean age
was 36.65 + 13.01 years. There were 84 (64.62%) males and 46
(35.38%) females. The mean haemoglobin level among these
patients was 8.08 + 2.04 gm/dl. Mean leukocyte count was
observedas45.56 + 73.58 x 10°/L, while the mean percentage of
blasts in the blood was 53.15 + 28.50%. The platelet count
showed an average value of 69.96 + 75.22 x 10° /L. The mean
survivaltimeforthese patientswasfound 360.56 +625.23.

The most common type of leukaemia was AML-M2 (n = 32,
24.62%) followed by AML (n =31, 23.85%) and then AML-M1 (n =
25, 19.23%). The least frequent was AML-M7 found only in 2
patients (1.54%). Throughout the study follow-up, 29 patients
(22.31%) were alive and 53 patients (40.77%) died, while for 48
(36.92%) of the patients the status was unknown. MLL::AF9 gene
rearrangementwasfoundin 15 patients(11.54%).

The Chi-square test p-value indicated that there was no signifi-
cantassociation betweenthe MLL::AF9 generearrangementand
survival statuses (p = 0.204). The data indicated that the
majority of patients in each group were negative for MLL::AF9
generearrangement. Specifically, 86.21% of patientsintheaalive
group, 94.34% in the expired group, and 83.33% in the unknown
groupwere negativefor MLL::AF9 generearrangement.

The ANOVA test suggested that there were significant differ-
encesinsurvival days between the three groups (p <0.001). The
mean survival daysforthealive group (mean=644.72 + 958.68)
was significantly higher compared to the expired group (153.09
+ 243.74) and the unknown group (417.96 + 598.28, p <0.001
for both comparisons). However, there was no significant differ-
ence between the unknown group and the alive group (p =0.11),
but there was a significant difference between the expired group
andtheunknowngroup (p=0.028).

Tablel presentstheresults ofa Welch two-sample t-test that was
used to compare the mean survival days between two groups
based on the presence or absence of the MLL::AF9 gene rear-
rangement. The p-value, whichislessthan0.001, suggested that
there was a significant difference in the mean survival days
between the two groups. The group with the positive mutation
had a significantly longer mean survival days (mean = 1,542.33
+ 926.07) compared to the group without mutation (206.42 +
359.57). Kaplan Meir graph (Figure 1) showed higher survival
probabilityin AML patients with MLL::AF9 generearrangement.

The MLL::AF9 gene rearrangement is associated with longer
survival time (coef = -1.724). The older age is associated with
lowersurvivaltime(coef=0.023). Whilemalegenderisalsoasso-
ciated with shorter survival time (coef = 0.629). The hazard is
0.178 times lower for individuals with the MLL- AF9 mutation

compared to those without the mutation (i.e., the hazard is 82%
lower). Similarly, the hazard of the event of interestis 1.02 times
higher for each one-year increase in age and 1.88 times higher
for males compared to females. Age and MLL::AF9 gene rear-
rangement were significant predictors of survival in leukaemia
patientsasshowninTablell.

Table I: Comparison of survival days and MLL::AF9 gene rearrangement
ofleukaemiapatients.

Characteristic MLL::AF9 gene rearrangement p-value*
Absent Present
(Negative) (Positive)
N =115 N =15
Survival days, 206.42 + 1,542.33 = <0.001
Mean + SD 359.57 926.07

‘Welch two sample t-test N = no. of Patients.

Table II: Cox proportional regression analysis for survival days for
leukaemiapatients.

Survival days coef Hazard se(coef) z p-value
ratio
[exp(coef)]
MLL::AF9 gene  -1.72496 0.17818 0.64260 -2.684 0.00727
rearrangement
(present)
Age 0.02344  1.02371 0.01003  2.336  0.01949
Gender (male)  0.62976  1.87716 0.33360 1.888  0.05906
Strata *~AF9_mutation=absent <=AF9_mutation=present
1.00
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Figure 1:KaplanMeirforsurvivaldaysand MLL::AF9generearrangement.
DISCUSSION

This study explored theimpact of MLL::AF9 gene mutation on the
survival of AML patients. Out of total 130 participants, data on
survivalstatusattheendofthestudywereavailablefor82 partici-
pants. AML was chosen as the target for several reasons,
primarily because itis more prevalentin adults and is associated
with a less favourable outcome. Adults typically demonstrate
bettercompliance with follow-up.

The frequency of MLL::AF9 gene mutation in survived leukaemia
patients was found to be more prevalentthan in the patients who
died, showing some protective effect against the deadly disease,
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but the study found no significant association between MLL::AF9
generearrangementand survival statuses (p =0.204). It mightbe
due to 48 cases with unknown status of survival mainly due to loss
to follow-up. The group with the mutation had significantly longer
meansurvivaldays comparedtothe group withoutthe mutation.

Subtypes of leukaemiain the current study were AML-M2 (n = 32,
24.62%) followed by AML (n =31, 23.85%) and then AML-M1 (n =
25,19.23%). Theleastfrequenttype of leukaemiais AML-M7 with
1.54 %. Throughout the study follow-up, 29 (22.31%) were still
alive and 53 (40.77%) died while for 48 (36.92%) the status was
unknown. Variation in subtypes of leukaemia is known to vary
widely worldwide due to geographic variation. Literature reports
different sub-classes of AML with different prevalence frequen-
cies, itmightbeduetoage, ethnicity, race, and geographicvaria-
tion, which suggests that different subtypes may have diverse
aetiologic factors.” For that reason, a detailed comprehensive
evaluation of leukaemia subtype patterns is necessary globally.
The present study shows a higher prevalence of AML in males.
Likewise, the incidence of AML in males is higher as compared to
females in a study conducted by Stabellini et al., along with a
notable predominance of AML in males, overall survival in
females is also good (lower risk of death).*

The study showed the average age of leukaemia patients at the
time of diagnosis as 36.65 +13.01 years while the mean haemo-
globin level, platelets counts were low with high WBC count.
Other studies conducted in Pakistan and India respectively vali-
dated these results.” The data showed the mean survival of
AML patientsas 360.56 + 625.23 days whichisalso supported by
Kakepoto etal.” The main emphasis of the current project was to
report frequency of MLL::AF9 gene rearrangementin AML cases,
which was detected in 15 patients, which is almost similar to a
study conductedin China.*Inthis study, amongthe patients who
underwent partner gene detection (28.1%) were positive for
MLL::AF9 detection, likewise reported 272 adult AML patients
withMLLgenerearrangement,and 71 patients (26.1%).

With MLL::AF9 t(9;11) (p22;023) mutation.” Literature shows
that MLL::AF9 positive AML patients have a healthier remission
rate and survival than other sub-types of AML patients with other
MLLgenerearrangements.”

In the present study, the mean blast percentage in AML patients
was 53.15 + 28.50%, which is consistent with previous literature
findings.” Significant differences were observed in the association
between MLL::AF9 gene rearrangement and patient death status,
as shown by the results of this study. These findings align with a
study conducted by Scholl et al.”” which also reported a lower death
ratio among AML patients with the MLL::AF9 gene mutation
compared to those without it. Additionally, a significant difference
in survival days among leukaemia patients with and without
MLL::AF9 gene rearrangement was identified. These results are
also consistent with the study conducted by Stubbs et al.”®

Despite the valuable findings of this study, several limitations
need to be acknowledged. First, the small size did not allow the
authors to establish a relationship between the MLL::AF9 gene
mutation and survival outcomes in AML patients. Itisimportant to

consider that other confounding factors could also be influencing
the observed results. Secondly, the presence of cases with
unknown survival status due to loss to follow-up introduces a
significant limitation. This missing data can potentially be biased
and have impacted the findings. The unknown status of these
cases prevents a comprehensive analysis of the entire patient
cohort and may affect the statistical significance of the observed
associations. Moreover, it is essential to recognise that survival
outcomes in AML are influenced by various factors other than the
MLL::AF9 gene rearrangement. Other genetic abnormalities,
treatment protocols, patient characteristics, and coexisting
health conditions can significantly impact patient survival. The
study did not account for the other potential confounding effects
of these factors, which limits the ability to attribute the observed
differencessolelytothe MLL::AF9 generearrangement.

CONCLUSION

MLL- AF9 mutation was present in 11.54%. Age and MLL::AF9
gene rearrangement were significant predictors of survival in
leukaemia patients while this study provides valuable insights
forprotective effect of MLL::AF9 gene mutation against mortality
in AML patients, itisimportanttointerpret the findings within the
contextofitslimitations.
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