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Through collaboration with Iraqi doctors, we could perform the molecular diagnosis of lIraqi
childhood acute leukemia.

Our results showed the unprecedented high frequency of TCF3-PBX1 in lraqi childhood ALL, and
confirmed our previous finding of high RAS mutations in Iragi childhood acute leukemia.

Diagnostic/remission (Eaired) samples from 66 lraqi children with acute
leukemia including, 55 acute lymphoblastic leukemia (ALL) cases, and 11 acute myeloid leukemia (AML)
cases, were evaluated in Japan using next generation sequencing (NGS). Flinders Technology
Associates (FTA) cards used to transfer samples from lraq, were proved to be good enough to yield an
adequate dried blood spot-derived DNA suitable for NGS analysis. lraqi childhood ALL and AML
samples were successfully analyzed. B-ALL represented 49 (89.1%) of ALL cases, and they were
categorized into subsets according to the molecular driver, such as chromosomal aneuploidy,
rearrangements, and point mutations. Several of these subsets were comparable to the results
elsewhere in terms of frequency, except for the striking findings of a highly recurrent TCF3-PBX1
fusion gene of (22.4%) in B-ALL, also a highly frequent RAS signaling pathway mutations of about (45
%) was disclosed in each of ALL and AML Iraqgi childhood cohorts.
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Background: Definition of prognostic agorithms of pediatric acute lymphoblastic leukemia (ALL)
and acute myeloid leukemia (AML), helps in stratifying patients. Our successful genetic analysisin
Japan, using dried blood spots (DBS) of pediatric cases of acute leukemia, transferred from
underdevel oped countries lacking molecular diagnosis, like Irag, and further implementation of results
in management of those patients, have motivated usto perform more comprehensive analysis.

Objectives. Using Flinders Technology Associates (FTA) filter papers, our aim was to detect the
genetic prognostic markers for Iragi pediatric ALL/AML through advanced DNA sequencing, by
performing the next generation sequencing (NGS), on the DBS-derived DNA.. Disclosure of detailed
genetic datawill improve diagnosis, management, and survival of enrolled cases. Moreover, results
may reveal geographic/environmental impacts.

Methods: FTA cards were used to transfer the DBS of newly diagnosed children with ALL/AML,
from several hospitalsin Iraq to Japan (Shinshu University), and NGS was done in Nagoya University.
The study protocol was approved by the Ministry of Health in Irag, and the ingtitutional review board
of Shinshu University School of Medicine, aswell astheinstitutional review board of Nagoya
University School of Medicine. Five main pediatric oncology centers had participated in this study
from Iraq, including Children’s Welfare Teaching Hospital (CWTH) in Baghdad (the major referral
center for childhood cancersin the country), Ibn Al-Atheer Children Hospital at Mosul (IAH), Basra
Children’s Specialty Hospital (BCSH) at Basra (the main center in southern part of Irag), Hiwa Cancer
Hospital (HCH) at Sulaymaniyah, and Jin pediatric hematol ogy-oncology center (JPHOC) at Duhok.
CWTH and BCSH arein Arab provinces, while HCH and JPHOC are in Kurdistan, the area inhabited
by the Kurdish ethnicity in the northern part of Irag. Patients in the above centers were treated
according to the Medical Research Council in the United Kingdom (MRC-UK) protocols for pediatric
acute leukemia, including Modified UKALL 2011 for ALL, and AML-MRC15 for AML. Written
informed consent was obtained from patients or parents according to the guidelines of the Helsinki.
We collected bone marrow (BM) samples at diagnosis (day 0) (tumor status), and BM samples a day
30 or 60 (remission status), from Iraqi patients aged < 16 years, newly diagnosed with ALL, and
AML, until December 2020. A total of 127 cases were recruited for the study from Irag, 53 from
CWTH, 26 from IAH, 25 from BCSH, 15 from HCH, and 8 cases from JPHOC. However, atotal of
66 patients with paired samples were evaluated, 36 were from CWTH, 17 from BCSH, 8 from HCH,
and 5 samples from JPHOC.

Few drops of blood from BM aspirate were applied to the FTA classic card (Cat No. WB120205, GE
Healthcare UK Limited, Buckinghamshire, UK) at the 5 Iragi hospitals. After the blood spots were
dried for 1 hour at room temperature, the FTA cards were kept in aspecial FTA envelopein a
refrigerator for several weeks, and then transported by airplane to Japan. Two mm disks (8 disks) were



punched out from the dried material on FTA cards using a sterile hole puncher (Harris Micro-Punch,
Shunderson Communications Inc., Ottawa, Canada). Genomic DNA was extracted from DBS on
samples of FTA cards and purified by the QIA amp DNA Blood Mini Kit (Cat. No. 56304, Qiagen,
Ltd., Tokyo, Japan) according to the manufacturer’s instructions. After the extraction of DNA, it was
measured using Qubit® 3.0 Fluorometer (Thermo Fisher Scientific, Life Technologies, USA)
according to the manufacturer’s instructions.

We performed whole-exome sequencing (WES), targeted sequencing-based structural variation
detection, and whol e-genome sequencing (WGS).

Results: DBS-derived DNA samples of Iragi children with ALL were comparable to those fresh DNA
samples of Japanese children with ALL, in terms of sequencing coverage. For the matched remission-
status samples especially those with diluted BM, we consumed more DBS disks (up to 40) to increase
the yield of the DNA. A minimum of 20% tumor cells estimation based on mutations in a tumor
sampleis needed for a successful NGS, however >50% is desirable for good analysis, and at least 50
ng of DNA is needed. Notably, FTA derived-DNA tumor cells percentage was ranging from 60%-80%,
inour study. Of interest, thisisthefirst time to use NGS for studying the landscape of mutationsin
Iragi childhood acute leukemia.

ALL cases, paired samples from 55 children with ALL from Iraq were evaluated including 49 (89.1%)
precursor B (B-ALL), and 6 (10.9%) precursor T (T- ALL). The median age among the total ALL
caseswas 4.7 (1-13) years, with malesto female’sratio of 2.1, and a median white blood cells count
(WBC) of 22.4 (2.4-700) x10%I. The median age among B-ALL cases was 4.2 (1-13) years, with a
ratio of male to female of 1.9, while the median age among T-ALL cases was 9.3 (3.5-12.8) years, and
5/6 of them were males. The median WBC in B-ALL, and T-ALL, was 16.4 (2.4-181) x10%I, and
280.5 (4.2-700) x10%1, respectively. The average age and WBC were significantly higher in T-ALL vs.
B-ALL, with p-values of (0.007), and (<0.001), for age and WBC, respectively.

NGSresults (Fig. 1) aidin Fig. 1 Molecular landscape of childhood ALL and AML in Iraq
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those reported in African American, and Mexican B-ALL cases, of 16.3%, and 14.6%, respectively. Of
note, the frequency of TCF3-PBX1 transcript is known to be low in different ethnicities and countries,
for exampleit is (3% in white American and in Maays a-Singapore studies, 4.8% in Hong Kong,
6.1% in China, and 7.2% in Japan). Among our cases with TCF3-PBX1, the median age was 5.7 (2-12)
years, with aratio of males to females of 4.5, and amedian WBC of 52.5 (4.6-152) x10%I. The
average WBC was significantly higher in patients who possessed TCF3-PBX1, compared to those B-
ALL caseswithout it, (63.4 vs. 31.2) x10%1, respectively, (p=0.03), whereas the average number of
somatic mutations per patient associated with TCF3-PBX1 cases was significantly lower than those B-
ALL cases without TCF3-PBX1, (5.6 vs 11.9), respectively, (p=0.02). Thus, 7/11 TCF3-PBX1-positive
cases had the high-risk criteria, including 6 patients with initial WBC > 50x10%1 and 3 of them >
100x10%1, dong with one patient > 10 years old, in line with some reports that point out to the
association of TCF3-PBX1 with high risk ALL and less somatic mutations. However, none of those
who possessed TCF3-PBX1 transcript had central nervous system or testicular disease at presentation.
In total, we detected 589 somatic alterationsin 55 ALL cases including (350 missense, 155 silent, 28
nonsense, 24 frameshift, 17 splice site, and 15 in-frame) mutations. The average number of the
detected somatic mutations was 9 (range 0~38)/patient, and it was higher in T-ALL (12.3) compared to
B-ALL (10.5). No correlation was found between the number of somatic mutations and age, gender,
initial WBC, or ALL subtype, which could be related to the limited sample size. C>T single-base
substitution was the predominant type of mutations (164/515, 31.8%). Potentially pathogenic non-
silent mutationsin ALL that we detected in our seriesinclude RAS signaling pathway mutations as the
commonest, along with less frequent mutations such as PAX5, IKZF1, IKZF3, KMT2D, CDKN2A,
JAK2, IDH1, WHSC1, ARID1A, SETD2, TP53, GATA3, U2AF1, ZEB2, ARID5B, BCORL1, and
CS3R, in B-ALL cases. A significantly higher mutations of frameshift, in-frame and splice site
somatic mutations were identified in T-ALL (16/74, 21.6%) vs. B-ALL (40/515, 7.8%), (p<0.001).

In B-ALL most of the RAS signaling pathway mutations occur in NRAS, KRAS FLT3 and PTPN11,
reflecting a central role of these genes concerned with regulating cellular processesinvolved in



leukemogenesis, including cell growth,
survival, differentiation, and cell cycle
regulation. RAS signaling pathway
mutations, including 10 NRAS, 6 KRAS,
3FLT3, 2 PTPN11, and 1 BRAF, with a
total of 22 (44.9%) mutations were

Table 1 B-ALL classification and concomitant somatic mutations including RASsignaling pathway mutati ons
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signaling pathway mutations were
disclosed in (10/12, 83.3%) patients carrying HHD. A trend toward more somatic mutations and lower
WBC were associated with RAS-mutated B-ALL vs. wild-RASB-ALL, while no correlation was found
in RAS mutated vs. wild-RASB-ALL interms of sex or age, considering that only KRASNRAS
mutated cases were evaluated. Of note, no RAS mutation was detected in our 6 patients with T-ALL.
Our high incidence of RAS mutations was comparable to those reported by 1. S. Jerchel et al. of
(44.2%), and M. Case et al. of (30/86, 34.8%). Furthermore, RAS mutationsin Iraqgi childhood ALL
was significantly higher when compared to USA, Japan, China, Taiwan and Sweden.

AML cases, paired samples of 11 childhood AML cases from Iraq were analyzed. The median age was
8.1 (4-13) years, with aratio of malesto females of 2.7, and a median WBC of 39 (3.8-320) x10%1. A
higher frequency of AML-M3 morphology or acute promyelocytic leukemia (APL); (5/11, 45.5%) was
observed, followed by M2 (4/11, 36.4%), and one case of M5 and M6. In AML, 68 somatic mutations
were illustrated including (30 missense, 20 silent, 8 nonsense, 8 frameshift, 1 splice site, and 1 in-
frame). The average number of the detected somatic mutations was 6.2 (range 1~15)/patient. Asin
ALL, C>T was the most frequent type of mutationsin AML, (16/68, 23.5%). Likewise, RAS mutations
were frequently disclosed (5/11, 45.5%) mutations, in 4 of our AML cases (4/11, 36.4%). Other
potentially pathogenic non-silent mutationsin AML were CEBPA, WT1, and MYC.

It was found that RAS signaling pathway mutations can lead to growth factor-independent proliferation
of hematopoietic progenitors that can trigger leukemogenesis of myeloid leukemiain mouse model.

In summary, this study identified distinct results in both ALL and AML among Iragi children. TCF3-
PBX1 fusion gene was strikingly higher than the records elsewherein the world. Compared to literature,
and in agreement with our previous observation (Al-Kzayer LF, et al., Pediatr Blood Cancer., 2014,
2015), the overal somatic RAS signaling pathway mutations of around (~45%) in lragi children with
acute leukemia, are among the highest reported frequencies whether in ALL or in AML. Our results
suggest that the biology of childhood acute leukemiain Iraq is probably different, and the environment
related to war and war-aftermath in Irag may play arole aong with the geographic or ethnic background.
Further studies enrolling more Iragi patients with acute leukemia are required to address that.
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