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ABSTRACT

Background: Chromosome-1 abnormalities (C1As) are common genetic aberrations in hematological malignancies. We
sought to evaluate significance of these abnormalities with reference to clinical characteristics and survival outcome
in a pediatric B-Lymphoblastic Leukemia (B-ALL) cohort.

Methods: This is a retrospective study conducted in cytogenetic section of Indus Hospital and Health Network. Data
was retrieved from October 2020 to July 2022 for childhood B-ALL cases exhibiting C1As. Chromosome analysis was
performed on Cytovision MB8 using G-banded metaphases derived from unstimulated bone marrow culture. Results
were recorded according to the International System for Human Cytogenetic Nomenclature (ISCN-2020). Data analyzed
using SPSS, version 24.0.

Results: C1As were observed in 60/450 (13.3%) cases of B-ALL. Among C1As, 29 (48%) cases had t(1;19). There were 13
(45%) balanced and 16 (55%) unbalanced translocations. The aberrations without t(1;19) were seen in 31 (52%) cases
including 1q duplication with hyperdiploidy in 14 (45%) cases. The median age for C1As with and without t(1;19) was
eight years and six years while the median leukocyte count was 32 x 10°/L vs. 17 x 10°/L. Event-free survival (EFS) for
cases with and without t(1;19) was 69% and 74.2% respectively.

Conclusion: Despite the fact that the t(1;19) positive group had a higher median age, a higher white cell count and
more CNS positives, the difference in EFS is statistically insignificant when compared to the t(1;19) negative cases.
Furthermore, we found a survival difference between balanced and unbalanced t(1;19) groups, which is statistically
insignificant but warrants large-scale prospective studies for further understanding.
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are commonly reported in hematological malignancies
such as multiple myeloma and myeloid malignancies.
A variety of structural and numerical chromosome-1
aberrations (C1As) are described in these hematological
disorders with reference to clinical features and
prognosis.”® In childhood B-ALL, translocation t(1;19)
(923;p13) causing TCF3-PBX1 fusion gene is one of the
well-known C1As. Historically, this abnormality was
considered as a poor prognostic factor, but recent studies
show an improved outcome with intensive chemotherapy
protocols.” With the exception of the knowledge of t(1,19)
translocation, there is a paucity of information regarding
various structural and numerical chromosome-1
abnormalities in childhood ALL. As ClAs have been
linked to disease progression in myeloproliferative
neoplasia and have a poor prognostic impact in multiple
myeloma, it is crucial to look for various ClAs in
childhood B-ALL to see if there is a relationship between
clinical factors and disease outcome.

In the current study, cases of childhood B-ALL with
different Cl1As were analyzed. The chromosomal
abnormalities and clinical features of these cases were
correlated and the impact of these abnormalities on
patient prognosis was discussed.

METHODS

This is a retrospective, observational and non-
therapeutic study conducted in the cytogenetic section
of Clinical laboratories of Indus Hospital and Health
Network (IHHN). IHHN is a tertiary care nonprofit,
nongovernmental organization having one of the largest
pediatric oncology units in the country dealing with more
than 1200 new patients of childhood cancer per year.
The patients” Medical Record number was used as their
personal-identifying information. Data of all patients
reviewed from one to sixteen years of age who were
diagnosed with B-ALL. Infantile leukemia cases (age <1
year) were excluded from the analysis. The diagnosis was
confirmed by immunophenotyping using flow cytometric
analysis of bone marrow aspirate or blood samples or
immunohistochemistry on bone marrow biopsy.

Ethical Approval: It was obtained from hospital IRB Ref:
(IRB_IRB_2021_06_012) and then, the hospital’s electronic
medical record was reviewed from October 2020 to July
2022.

Inclusion & Exclusion Criteria: Among 473 diagnosed
cases of B-ALL, 450 were found to be eligible for study
analysis. We excluded 23 cases from the study due to
the absence of cytogenetic sample with initial diagnostic
workup (six cases) or due to failure of marrow culture for
cytogenetic studies (17 cases). For chromosomal analysis,
bone marrow aspirate samples collected in sodium
heparin were used and unstimulated cultures for 24 hours
were setup. After culturing, metaphases were arrested
by colcemid and then treated with hypotonic solution.
This was followed by fixation using preformed fixatives
(Methanol: Glacial acetic acid). After fixation slides
were made and GTG banding was performed. By using
Cytovision MB8 software (Leica Biosystems, Germany),
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total 20 GTG banded metaphase cells were analyzed.
Results were recorded according to the International
System for Human Cytogenetic Nomenclature (ISCN-
2020).

Statistical Analysis: Data was analyzed by using SPSS,
version 24.0 (IBM Corp., Armonk, NY). Descriptive
statistics like median, and interquartile range (IQR), were
computed for age and white cell count, as appropriate.
Frequency and percentage were calculated for qualitative
variables such as sex, central nervous system status,
prednisolone response, various cytogenetic aberrations
and disease outcome.

The statistical tests of Kruskal-Wallis H, and Fisher-
exact were used, as needed, to measure the association
between various categories of ClAs and clinical
parameters including age, WCC, CNS status, etc. A
p-value <0.05 was considered statistically significant.

Events evaluated as endpoints were complete remission
(CR) and event-free survival (EFS). CR was defined as
<5% blasts in the bone marrow by the end of induction.
EFS was defined as time elapsed from date of diagnosis
to occurrence of an event including relapse, death due to
any cause, and abandonment. The Kaplan-Meier method
was used to estimate the survival probability, and log-
rank test was used to determine statistical significance.

RESULTS

Out of 450 cytogenetically evaluated patients, 60
(13.3%) showed chromosome-1 abnormalities. Among
those who tested positive for ClAs, 52% were male
and 48% were female. The median age of the cohort
was seven years, and the median hemoglobin (Hb),
WCC, and platelet counts were 7.25 g/dl, 23.15 x 10°/L,
and 20 x 10°/L, respectively. Depending on the type
of aberrations, C1As were broadly stratified into four
categories including cases with t(1;19), 1q duplication
with hyperdiploidy, complex karyotype with ClAs,
and non-specific ClAs. The occurrences and further
delineation of these categories are shown in Fig.1. These
aberrations were analyzed with respect to the patient’s
demographics and different clinical variables as shown in
Table-1. Although statistically insignificant, an interesting
finding was the higher incidence of unbalanced t(1;19) in
female patients (62.5% versus 37.5% cases). Likewise, the
category of unbalance t(1;19) had highest median WCC
(43 x 10°/L), the highest CNS positive cases (18.8%),
and a large proportion of NCI HR patients. The median
age differed amongst the categories of C1As, with non-
specific chromosomal abnormalities having the lowest
median age of 4.5 years (p-value 0.061). Similarly, there
was a variance in hemoglobin, white cell counts and
platelet counts across categories as shown in Table-I.
However, these findings were not statistically significant
(p-value: >0.05). Data of different clinical prognostic
variables was evaluated. In a total cohort, 11.6% (7/60)
cases were CNS positive, 15% (9/60) were prednisone
poor responder and 55% (33/60) were NCI high risk
cases. The association between these prognostic variables
and different categories of ClAs was not statistically
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Fig.1: Distribution of chromosome-1 abnormalities.

significant. There were two abandonments and two
deaths during the induction phase of chemotherapy,
therefore post-induction bone marrow assessment was
applicable in 56 cases and all achieved CR.

With the median follow up of 12.6 months (IQR 5.8-
17.2 months), the Kaplan-Meier estimate of EFS with and
without abandonment for the entire cohort at five years
was 71.1% and 79.6% respectively. The survival outcome
was also analyzed with reference to different categories of
C1As. EFS for cases with and without t(1;19) was 69% and
74.2% respectively. Moreover, balanced and unbalanced
translocations were used to further categorize cases
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of t(1,19), and EFS was found to be 53.8% and 81.3%,
respectively. These results are shown in Fig.2.

DISCUSSION

Cytogenetic abnormalities such as chromosomal
structural rearrangements and aneuploidy are the most
common findings in childhood ALL and are observed
in approximately 70-80% of cases.”® For a risk-adapted
therapy and the improvement of outcomes, the studies
on their prognostic value are essential. We analyzed the
clinical significance of C1As in a cohort of childhood B-
ALL which is the most prevalent cancer in this age group.
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Table-I: Characteristics of patients with reference to various C1As.

Cases with £(1;19)

Complex Duplication . o

. . . iVUIL'DPCLl:/lL ¥

Characteristics Balanced Unbalanced Zzg(ggges , ofelrzzliwlz;?d ClAs P-value
translocation translocation yperdiproray

No. of patients 13 16 09 14 08 -
Sex (n) (%)
Male 08 (61.5) 06 (37.5) 05 (55.6) 07 (50) 05 (62.5) 0.710°
Female 05 (38.5) 10 (62.5) 04 (44.4) 07 (50) 03 (37.5)
Age (years)
Median 08 09 08 5.5 4.5 0.053°
(IQR) (03-11) (07-13.5) (06-09) (03-07) (3.25-10.75)
Hemoglobin (gm/dl)
Median 08 7.0 9.4 6.5 7.8 0411
IQR (6.5-10) (6.4-7.9) (4.2-10.4) (3.2-8.3) (6.9-9.4) '
WCC (x10%L) %5
Median (111 .78 3) 43.0 18 17.8 28.1 0.272°
IQR T (13.2-104.3) (7.4-56.8) (8.4-31.7) (4.0-76.5)
Platelets (x10%/L)
Median 17 19.5 35 375 17 0.703°
IOR (07-62.5) (14-58.5) (8.5-126.5) (9.7-53.5) (06-56.25)
CNS Status (n) (%)
Negative 12 (92.3) 13 (81.3) 08 (88.9) 12 (85.7) 08 (100) 0.8557
Positive 01(7.7) 03 (18.8) 01 (11.1) 02 (14.3) 00
Prednisone response (n) (%)
Good 11 (84.6) 14 (87.5) 08 (88.9) 10 (71.4) 08 (100) 0.561°
Poor 02 (15.4) 02 (12.5) 01 (11.1) 04 (28.6) 00 '
NCI Risk (n) (%)
Standard Risk 06 (46.2) 04 (25) 04 (44.4) 09 (64.3) 04 (50) 0.3137
High Risk 07 (53.8) 12 (75) 05 (55.6) 05 (35.7) 04 (50)

“Fischer Exact test, "Kruskal-Wallis H test, IQR: Interquartile range, WCC: White cell count,

CNS: Central nervous system, NCI: National cancer institute.

In our retrospective analysis, C1As were observed
in 13.3% (60/450) cases of B-ALL. Although overall
incidence of ClAs have been commonly reported in
many adult-onset hematological malignancies, including
chronic myeloproliferative disorders (up to 28%) and
multiple myeloma (45%) but there is a paucity of data for
childhood ALL.”** However, there are studies on specific
chromosome-1 abnormalities such as t(1;19) and 1q
duplication in childhood B-ALL. The two most frequently
observed C1As in our cohort were t(1;19) and duplication
1q with hyperdiploidy, with prevalence of 49% (29/60)
and 23% (14/60), respectively. The overall occurrence in
total cohort was 6.4% (29/450) for t(1,19) aberration and
3.1% (14/450) for duplication 1q with hyperdiploidy,
both of which were found to be comparable to previously
published data.’>** The categories of C1As were analyzed
with reference to different clinical and prognostic factors.

Our results showed a median age of eight years for
balanced t(1;19) cases and nine years for unbalanced
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t(1;19) cases. These findings contrast with Berlin-
Frankfurt-Munster (BFM)-based studies, in which the
median ages for balanced and unbalanced t(1;19) cases
were six years and four years, respectively.’? In contrast
to previous results, we observed lower median values for
hemoglobin and platelets, and higher median values for
WCC in both the categories of balanced and unbalanced
t(1,19).1>** Furthermore, we had 65.5% NCI HR cases in
the t(1,19) group, 36% in duplication 1q category and
55% in the entire cohort. These figures are much higher
than the numbers reported by previous studies.!*'*!
These differences can partly be explained by a delayed
recognition and diagnosis of patients in our resource-
limited settings, however further studies may be required
to determine the other biological differences.

The category of 1q duplication with hyperdiploidy has
14% (2/14) CNS positive cases in our cohort. This finding
contrasts with an Egyptian investigation that found
no CNS involvement in a subset of 14 patients with 1q
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Fig.2: Event free survival (EFS). (A) Total cohort with and without abandonment. (B) Cases with and without
t(1,19) including abandonment. (C) Cases with balanced versus unbalanced t(1;19) including abandonment.

duplication.” With respect to the categories with positive
and negative t(1;19), CNS positivity was observed in13.7 %
and 9.6%, respectively. The influence of t(1;19) on CNS
involvement yields contradictory results. Data from the
Nordic countries and a study from China demonstrate no
correlation between CNS positivity and t(1;19); however,
an investigation from Argentina showed a higher
incidence of CNS involvement in t(1;19) patients.'>!*!¢
Although literature also reports an increased risk of CNS
relapse with t(1;19), no CNS relapse has been observed in
our cohort so far.”” The short follow-up time, on the other
hand, may be a limiting factor in our cohort’s meaningful
interpretation of CNS relapse data.

In terms of treatment response, we found no
statistically significant variations in prednisone response
or CR rates amongst the various categories of C1As. This
data is in concordance with other studies. * ® Without
abandonment, EFS in our cohort is 79.6%, which is poor
in contrast to regional data from China and data from
developed countries.™*" So far, five (8.3%) deaths
have been reported in this cohort, all of which were
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treatment-related and caused by neutropenic infections
or hemorrhage. This mortality rate is significantly higher
than that reported in developed countries, where it ranges
from 2-4% in various trials.**?' Many variables, including
poor socioeconomic level, malnourishment, delayed
presentation, and a lack of appropriate supportive
services, exacerbate the toxic effects of chemotherapy in
our circumstances.”? EFSwas also evaluated with reference
to t(1,19) positive and negative groups, and no statistically
significant difference in survival was identified, which
is consistent with recently reported studies.'*'” The
most prevalent chromosome-1 aberration in the t(1;19)
negative group was 1q duplication with hyperdiploidy.
We observed no deaths or relapses in the 14 cases in this
category, which is consistent with 100% EFS. This finding
is in contrast to an Egyptian study which shows poor
prognosis in this subgroup of patients.”* However, in our
investigation, the shorter time of follow-up might be a
limiting aspect.

The t(1;19) positive group was further classified as
having balanced or unbalanced translocations. Though

ICON Supplement  www.pjms.org.pk  S51



Neelum Mansoor et al.

statistically insignificant (p-value = 0.155), there was a
difference in survival, with 54% EFS for patients with
balanced translocations and 81% for individuals with
unbalanced translocations. In contrast, a prior study from
Argentina found EFS of 88% and 78% for patients with
balanced and unbalanced translocations, respectively.'

Limitations of the study: This is a single-center,
retrospectively analyzed data set with a short follow-
up period. The lack of fluorescent in-situ hybridization
(FISH) data for chromosomal abnormalities was the
study’s main shortcoming. Furthermore, the results
of minimal residual disease (MRD) were not used to
determine the association with C1As.

CONCLUSION

There were more unfavorable clinical features in
t(1,19) patients, such as a higher median age, a higher
white cell count, and more CNS positives. However,
the EFS was comparable in both the t(1;19) positive and
negative groups. Similarly, no negative association was
found between 1q duplication and EFS. A difference in
survival is noticed between patients with balanced and
unbalanced t(1;19) aberrations. Although statistically
insignificant, these results are still preliminary and
require further large-scale prospective studies to gain
more insight. Moreover, low EFS in the entire cohort is
worrisome and warrants efforts to address the reasons
for high treatment-related mortality and abandonment
rates.

Acknowledgement: We would like to acknowledge the
support of Ms. Sidra Magsood, Dr. Mohiba Ali, Mr. Uzair
Ahmed and Ms. Bushra Akhter for data cleaning, analysis
and final formatting of the draft.

Conflict of Interest: None.
Funding: None.
REFERENCES

1.  Terwilliger T, Abdul-Hay M. Acute lymphoblastic leukemia: a
comprehensive review and 2017 update. Blood Cancer ]. 2017;7:e577. doi:
10.1038/bcj.2017.53

2. Jamal S, Meraj F, Mansoor N, Parveen S, Shaikh A, Jabbar N. Distribution
of subtypes and immunophenotypic characterization of 1379 cases
of paediatric acute leukaemia. Pak J Med Sci. 2021;37(3):805-811. doi:
10.12669/ pjms.37.3.3552

3. Mitchell C, Richards S, Harrison CJ, Eden T. Long-term follow-up of the
United Kingdom medical research council protocols for childhood acute
lymphoblastic leukaemia,1980-2001. Leukemia. 2010;24:406-418. doi:
10.1038/1eu.2009.256

4. Hunger SP, Mullighan CG. Acute lymphoblastic leukemia in children. N
Engl ] Med 2015;373:1541-1552. doi: 10.1056/ NEJMra1400972

5.  Schwab C, Harrison CJ. Advances in B-cell Precursor Acute
Lymphoblastic Leukemia Genomics. HemaSphere, 2018;2:4. doi: 10.1097/
HS9.0000000000000053

6. Meraj F, Jabbar N, Nadeem K, Taimoor M, Mansoor N. Minimal residual
disease in childhood B Lymphoblastic Leukemia and its correlation
with other risk factors. Pak ] Med Sci. 2020;36(1):520-526. doi: 10.12669/
pjms.36.ICON-Suppl.1721

7. Caramazza D, Hussein K, Siragusa S, Pardanani A, Knudson RA,
Ketterling RP, et al. Chromosome 1 abnormalities in myeloid
malignancies: a literature survey and karyotype-phenotype associations.
Eur ] Haematol. 2010;84(3):191-200. doi: 10.1111/j.1600-0609.2009.01392.x

Pak J Med Sci

January 2024 Vol. 40 No. 2

8. Chang H, Ning Y, Qi X, Yeung ], Xu W. Chromosome 1p21 deletion is
a novel prognostic marker in patients with multiple myeloma. Br J
Haematol. 2007;139:51-54. doi: 10.1111/}.1365-2141.2007.06750.x

9. Moorman AV, Ensor HM, Richards SM, Chilton L, Schwab C, Kinsey
SE, et al. Prognostic effect of chromosomal abnormalities in childhood
B-cell precursor acute lymphoblastic leukaemia: results from the UK
Medical Research Council ALL97/99 randomized trial. Lancet Oncol.
2010;11(5):429-438. doi: 10.1016/51470-2045(10)70066-8

10. Woo JS, Alberti MO, Tirado CA. Childhood B-acute lymphoblastic
leukemia: a genetic update. Exp Hematol Oncol. 2014;3:16. doi:
10.1186/2162-3619-3-16

11.  Giri S, Huntington SF, Wang R, Zeidan AM, Podoltsev N, Gore SD, et
al. Chromosome 1 abnormalities and survival of patients with multiple
myeloma in the era of novel agents. Blood Adv. 2020;26;4(10):2245-2253.
doi: 10.1182/bloodadvances.2019001425

12.  Felice MS, Gallego MS, Alonso CN, Alfaro EM, Guitter MR, Bernasconi
AR, et al. Prognostic impact of t(1;19)/ TCF3-PBX1 in childhood
acute lymphoblastic leukemia in the context of Berlin-Frankfurt-
Miinster-based protocols. Leuk Lymphoma. 2011;52(7):1215-1221. doi:
10.3109/10428194.2011.565436

13. El Ashry MS, Elsayed GM, Madney Y, Arafah O, Allam RM, Rasekh
EO. Duplication 1q is highly correlated with poor prognosis in high
hyperdiploid pediatric B-acute lymphoblastic leukemia. Int J Lab
Hematol. 2021;43(2):235-243. doi: 10.1111/1jlh.13369

14. Jia M, Hu BF, Xu XJ, Zhang JY, Li SS, Tang YM. Clinical features and
prognostic impact of TCE3-PBX1 in childhood acute lymphoblastic
leukemia: A single-center retrospective study of 837 patients
from China. Curr Probl Cancer. 2021;45(6):100758. doi: 10.1016/j.
currproblcancer.2021.100758

15. Schultz KR, Pullen DJ, Sather HN, Shuster JJ, Devidas M, Borowitz MJ,
et al. Risk- and response-based classification of childhood B-precursor
acute lymphoblastic leukemia: a combined analysis of prognostic markers
from the Pediatric Oncology Group (POG) and Children’s Cancer Group
(CCG). Blood. 2007;109(3):926-935. doi: 10.1182/blood-2006-01-024729

16. Andersen MK, Autio K, Barbany G, Borgstrom G, Cavelier L, Golovleva
I, et al. Paediatric B-cell precursor acute lymphoblastic leukaemia with
t(1,19)(q23;p13): clinical and cytogenetic characteristics of 47 cases
from the Nordic countries treated according to NOPHO protocols. Br J
Haematol. 2011;155(2):235-243. doi: 10.1111/j.1365-2141.2011.08824.x

17. Jeha S, Pei D, Raimondi SC , Onciu M , Campana D, Cheng C, et al.
Increased risk for CNS relapse in pre-B cell leukemia with the t(1,19)/
TCF3-PBX1. Leukemia. 2009; 23:1406-1409. doi: 10.1038/1eu.2009.42

18. HuY,HeH,6 LuJ, Wang Y, Xiao P, LiJ, et al. E2A-PBX1 exhibited a
promising prognosis in pediatric acute lym- phoblastic leukemia treated
with the CCLG-ALL 2008 protocol. Onco Targets Ther. 2016; 22:7219-
7225. doi: 10.2147/OTT.S115257.

19. Kager L, Lion T, Attarbaschi A, Koenig M, Strehl S, Haas OA, et al.
Incidence and outcome of TCF3- PBX1-positive acute lymphoblastic
leukemia in Austrian children. Haematologica 2007;92(11):1561-1564. doi:
10.3324/haematol. 11239

20. Hunger SP, Lu X, Devidas M, Camitta BM, Gaynon PS, Winick NJ, et al.
Improved survival for children and adolescents with acute lymphoblastic
leukemia between 1990 and 2005: a report from the children’s oncology
group. J Clin Oncol. 2012;30:1663-1669. doi: 10.1200/JCO.2011.37.8018

21. Christensen MS, Heyman M, Métténen M, Zeller B, Jonmundsson G,
Hasle H, et al. Treatment related death in childhood acute lymphoblastic
leukaemia in the Nordic countries: 1992-2001. Br ] Haematol. 2005;131:50~
58. doi: 10.1111/}.1365-2141.2005.05736.x

22.  Metzger ML, Howard SC, Fu LC, Pefia A, Stefan R, Hancock ML, et al.
Outcome of childhood acute lymphoblastic leukaemia in resource-poor
countries. Lancet. 2003;362:706-708. doi: 10.1016,/50140-6736(03)14228-6

Authors Contribution:

NM: Conceived, designed, drafted the manuscript
and responsible and accountable for the accuracy and
integrity of the work.

NR: Data collection and analysis.

SJ: Critical review and editing of manuscript.

AE: Critical review and final approval.

All authors have approved the final manuscript.

ICON Supplement  www.pjms.org.pk S§52



	_Hlk145262037
	_GoBack
	_GoBack
	_GoBack
	_Hlk144645939
	_GoBack
	_Hlk147235986
	_Hlk145847930
	_Hlk147159422
	_Hlk147159498
	_GoBack
	_Hlk134089349
	_Hlk135499462
	_Hlk142991328
	_GoBack
	_GoBack
	_Hlk146490157
	_Hlk146789809
	_Hlk146788947
	_Hlk146789916
	_Hlk135589253
	_Hlk135589099
	_Hlk148516794
	_Hlk148098782
	_Hlk148098907
	_GoBack
	_GoBack
	_GoBack
	_Hlk118885631
	_GoBack
	OLE_LINK1
	OLE_LINK2
	_GoBack
	_Hlk150931403
	_Hlk150931622
	_Hlk150256004

