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Abstract
Background: Down syndrome (DS) also known as Trisomy 21, is a chromosomal disorder affecting approximately 1 in
732newborns annually in the United States. Children with DS are more likely to develop acute lymphoblastic leukemia (ALL). For the
management of pediatric ALL, different treatment protocols have been set up since years. However, ALL children with coexisting DS
have shown to have increased therapy-related toxicities compared to those without DS. Therefore, in this study, we aimed to
systematically analyze the treatment outcomes in acute ALL children with versus without coexisting DS.

Methods: Electronic databases including the Web of Science, EMBASE, Cochrane Central, MEDLINE, http://www.ClinicalTrials.
gov, andGoogle scholar were searched for publications reporting treatment related outcomes in ALL children with versus without co-
existing DS. Several treatment protocols were used accordingly. This study had a long-term follow-up time period ranging from 5 to
10 years. The RevMan 5.3 software was used to carry out this analysis. Odds ratios (OR) with 95% confidence intervals (CI) were
used to represent the results post analysis.

Results: A total number of 31,476 children with ALL enrolled between the years 1981 and 2011 were included. Among the total
number of children with ALL, 1303 had coexisting DS. Our results showed that event-free survival was similar in ALL children with
versus without DS (odds ratio [OR]: 1.34, 95% confidence interval [CI]: 0.51–3.50; P= .55). Overall mortality (OR: 1.63, 95%CI: 0.86–
3.10; P= .13) and participants who achieved clinical remission (OR: 1.04, 95% CI: 0.12–9.29; P= .97) were also similarly manifested.
However, treatment-related mortality (OR: 4.29, 95% CI: 2.90–6.36; P= .00001) and induction failure (OR: 2.77, 95% CI: 1.08–7.07;
P= .03) were significantly higher in the DS group. Also, total (OR: 1.38, 95% CI: 1.02–1.88; P= .04) and bone marrow relapses (OR:
1.29, 95% CI: 1.00–1.67; P= .05) were significantly higher in ALL children with DS. Nevertheless, central nervous system relapse
(OR: 1.15, 95%CI: 0.60–2.20; P= .67), testicular relapse (OR: 0.84, 95%CI: 0.38–1.85; P= .87), and other relapses (OR: 1.12, 95%
CI: 0.27–4.62; P= .88) were not significantly different when these outcomes were separately analyzed.

Conclusion: Based on this analysis of the treatment outcomes in ALL children with versus without DS, event-free survival, overall
mortality, and patients who achieved clinical remission were similar during this long-term follow-up time period. However, due to the
significantly higher treatment-related mortality, induction failure, and certain relapses in ALL children with DS, new guidelines might
have to focus on reconsidering or modifying treatment regimens for ALL children with DS.

Abbreviations: ALL = acute lymphoblastic leukemia, CI = confidence intervals, DS = Down syndrome, OR = odds ratios.
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1. Introduction

Down syndrome (DS) also known as Trisomy 21, is a
chromosomal disorder affecting 1 in 732 newborns annually in
the United States.[1] Children with DS are more likely to develop
acute lymphoblastic leukemia (ALL) compared to childrenwithout
Trisomy 21.[2,3] During the first 5 years of life, the relative risk for
childrenwithDS todevelopALL is>50 times greater than children
who do not have DS. Studies have shown the pathophysiology
associated with ALL in children with DS to be related to mutation
in the hematopoietic transcription factor geneGATA1, a gene that
encodes an essential hematopoietic transcription factor.[4] Even, if
the prevalence of ALL in children with DS is high, several studies
have even shown a 150-fold increase in the incidence of myeloid
leukemia.[5] In addition, the estimated incidence of transient
myeloproliferative disorder, a pre-leukemia characterized by the
excessive growth of immature megakaryoblasts, is approximately
seen in 4%–5% of children with DS[6] and about 20%–30% of
these children will develop myeloid leukemia by the age of 4
years.[7] Blast cells in myeloid leukemia and transient myeloprolif-
erative disorder also carry acquired mutated genes in the
hematopoietic transcription factor GATA1.[8]

In the development of ALL in children with DS, several
abnormalities in genetic content are involved. For example, the
implication of CRLF2, an essential lymphoid signaling receptor,
which is dysregulated and overexpressed in >60% of children
with DS, has been observed.[9] Another example is the mutation
of the Janus Kinase 2 receptors, which could contribute to the
development of ALL.[9] Therefore, understanding the mecha-
nisms causing the development of these hematopoietic tumors
might be essential to develop medications to prevent progression
of the diseases and to predict prognosis.
For the management of pediatric ALL, different treatment

protocols have been developed since years.[10,11] Treatment
regimens comprised of multiple cytotoxic drugs including
doxorubicin, cytarabine, methotrexate, vincristine, and etopo-
side. However, ALL children with co-existing DS may be more
vulnerable to toxic side effects.[12]

Therefore, in this study, we aimed to systematically analyze the
treatment outcomes in acute ALL children with versus without
DS.
2. Methods

2.1. Search databases and search strategies

The authors searched the Web of Science, EMBASE, Cochrane
Central, MEDLINE, http://www.ClinicalTrials.gov, and Google
scholar from July to September 2019 for publications reporting
treatment-related outcomes in ALL children with versus without
co-existing DS using the following Medical Subject Heading
(MeSH) terms:
-
 Acute AND lymphoblastic AND leukemia AND Down’s AND
syndrome;
-
 Acute AND lymphoblastic AND leukemia AND Down’s AND
syndrome AND children;
-
 Pediatric AND acute AND lymphoblastic AND leukemia AND
Down’s AND syndrome;
-
 Leukemia AND Down’s AND syndrome AND children;

-
 Acute AND lymphoblastic AND leukemia AND trisomy 21;

-
 Acute AND lymphoblastic AND leukemia AND trisomy 21
AND children;
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-
 ALL AND Down’s AND syndrome AND children;

-
 Pediatrics AND ALL AND Down’s AND syndrome.

Relevant articles which satisfied the inclusion and exclusion
criteria below were then filtered.
2.2. Inclusion and exclusion criteria

Criteria for inclusion were studies that reported treatment-related
outcomes in ALL children with versus without co-existing DS;
were published in English language; consisted of relevant data
(dichotomous data) associated with the outcomes which were
being assessed with their corresponding number of events
occurring in the study and the control groups, respectively.
Criteria for exclusion were studies that were case studies, meta-

analyses, and literature reviews; did not compare treatment
related outcomes in ALL children with versus without co-existing
DS; only consisted of children with DS without any comparison
with non-DS (absence of a control group); were published in
another language apart from English; consisted of irrelevant data
(nondichotomous), which could not be used in this analysis;
duplicated studies.
2.3. Outcomes

All the outcomes which were reported in the original studies have
been listed in Table 1.
The outcomes which were assessed in this analysis included

event-free survival, overall mortality, treatment-related mortali-
ty, induction failure, achieved clinical remission, total relapse,
central nervous system (CNS) relapse, bone marrow relapse,
testicular relapse, and other region relapse.
The mean follow-up time period ranged between 5 and

10 years.
2.4. Data extraction and quality assessment

Relevant data were extracted by 2 independent reviewers. First of
all, the names, publication year, and data concerning the type of
study were retrieved. At a later stage, the total number of
participants with and without DS were extracted, followed by the
treatments and treatment-related outcomes reported, the total
number of events in each category, the follow-up time period, and
the baseline features were extracted. Any disagreement during the
data extraction or assessment process was resolved by a careful
discussion with the most senior, and more experienced doctor,
the corresponding author (Y.L.) who was the one to take the final
decision.
Furthermore, the methodological features of the studies were

assessed using the Newcastle Ottawa Scale (NOS)[13] for
observational/retrospective studies and the criteria recommended
by the Cochrane Collaboration[14] were used to assess the
methodological quality for the randomized trials. Following this
assessment, the studies were classified as having a low, moderate,
or high risk of bias appropriately.
Ethical approval was not required for this systematic review

and meta-analysis.
2.5. Statistical analysis

This meta-analysis was carried out by the Cochrane-based
RevMan 5.3 software (United Kingdom). Odds ratios (OR) with
95% confidence intervals (CI) were used to represent the results

http://www.clinicaltrials.gov/


Table 1

Outcomes and follow-up time periods.

Studies Outcomes
Follow-up
time period

Athale et al, 2018[16] Induction death, induction failure, achieved clinical remission, relapse (marrow only, marrow + CNS, CNS only, other),
remission death, second malignant neoplasm, overall survival, event-free survival, disease free-survival

5 y

Bohnstedt et al, 2013[17] Relapse, event-free survival, CNS involvement, testicular involvement 10 y
Buitenkamp et al, 2010[18] Anemia, leukopenia, neutropenia, thrombocytopenia, neurological toxicity, gastrointestinal toxicity, liver toxicity
Buitenkamp et al, 2014[19] CNS manifestation, lymph node manifestations, hepatomegaly, testis manifestation, overall survival, treatment-related

mortality, event-free survival, relapse
8 y

Chessells et al, 2001[20] Event-free survival, survival, no remission, death in remission, any relapse, isolated CNS relapse, any CNS relapse,
bone marrow relapse

5 y

Dordelmann et al, 1998 [21] Clinical remission, events free survival, therapy death, relapse, site of relapse: bone marrow, CNS, testes, others 6 y
Matloub et al, 2019[22] Event-free survival, bone marrow relapse, CNS relapse, testicular relapse, other relapse, death at first event, total

events
5 and 10 y

Patrick et al, 2014[23] Any serious adverse event, any infection, fungal infection, seizure, pancreatitis, avascular necrosis, any thrombosis,
CNS thrombosis, mucositis, vincristine neurotoxicity, steroid toxicity, event-free survival, treatment related mortality,
relapse, overall survival

5 y

Whitlock et al, 2005[24] Induction failure, events, no events, death in induction, marrow relapse, CNS relapse, testicular relapse, other, death
after first event, alive, dead, overall survival, event-free survivals, disease free-survival

10 y

Zeller et al, 2005[25] Induction failure, relapse, death, event-free survival 5 and 10 y

CNS= central nervous system.
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after analysis. A subgroup analysis was considered statistically
significant if the corresponding P value was�0.05. Heterogeneity
was assessed by the I2 statistic test whereby an increasing I2 value
denoted an increased heterogeneity. The statistical model which
was used during data analysis was a random-effect statistical
model. Sensitivity analysis was also carried out, and publication
bias assessment was carried out through visual observation of the
funnel plot.

3. Results

3.1. Search outcomes

A total number of 582 publications were obtained through the
search databases (PRISMA guideline) using the respective MeSH
terms.[15] A careful assessment of the titles and abstracts
(specifically focusing on the key elements of the titles, and the
data and results which were reported in the abstracts) was carried
out by the authors and based on this assessment, a total number
of 539 articles were eliminated since they were not related or
linked to the scope or idea of this research topic. Forty-three (43)
full-text articles were assessed for eligibility.
The full-text articles were carefully assessed and further

eliminations were carried out based on the inclusion and
exclusion features as shown in Figure 1. Finally, only 10
studies[16–25] were confirmed for this analysis.

3.2. Main and baseline characteristics

A total number of 31,476 children with ALL enrolled between
1981 and 2011 were included in this analysis whereby 1303
children had DS and 30,173 were non-DS participants. Four
studies were trials, whereas 6 studies were observational studies.
The general features of the studies have been listed in Table 2.
Table 3 lists the baseline features of the children who were
involved.
Based on the methodological quality assessment, an average

grade B was allotted representing moderate risk of bias among
the trials (assessed by the Cochrane collaboration) and
observational cohorts (assessed by the NOS), respectively.
3

3.3. Treatments

Medications were prescribed according to the body weight.
Briefly, in Athale et al’s study, 2018,[16] ALL children with and
without DS were treated based on the Dana-Farber Cancer
Institute Acute Lymphoblastic Leukemia Consortium protocols
00-001 (2000–2004) and 05-001 (2005–2011). All the
participants received multiagent remission induction consisting
of weekly vincristine, prednisolone (40mg/m2/day for a total
of 28 days), L-asparaginase, and doxorubicin (total induction
dose: 60mg/m2). In protocol 00-001, a single high dose of
methotrexate (MTX) (iv 4g/m2) was administered during
induction, whereas in protocol 05-001, the participants were
administered with a single low-dose MTX (40mg/m2) during
induction and then a single high dose of MTX (iv 5g/m2) during
the first post induction phase. In Bohnstedt et al’s, 2013,[17] and
Zeller et al’s study, 2005,[20] the participants were treated
according to the Nordic Society of Pediatric Hematology and
Oncology (NOPHO) ALL92 (1992–2001) or ALL2000 proto-
col (2003–2007). A 4-week induction therapy was initiated and
consisted of vincristine, prednisolone, doxorubicin, and intra-
thecal MTX, as well as asparaginase. Furthermore, in
Buitenkamp et al’s study, 2010,[18] and Buitenkamp et al’s
study, 2014.[19] respectively, treatment was given based on the
Dutch Childhood Oncology Group (DCOG) ALL treatment
protocol as referenced in detail. In Chessells et al’ study,
2001,[20] the participants were treated on 2 consecutive United
Kingdom protocols (MRC UKALL X and XI) briefly consisting
of daunorubicin, prednisolone, vincristine, MTX, and L-
asparaginase. In Dordelmann et al’s study, 1998,[21] the
participants were treated based on the ALL Berlin-Frankfurt-
Munster Group (BFM) 81, 83, 86, 90 protocols as referenced.
Moreover, in Matloub et al’s, 2019,[22] and Whitlock et al’s
study, 2005,[24] the participants were treated according to the
Children’s Cancer Group (CCG) protocol involving cytarabine,
vincristine, dexamethasone, pegaspargase andMTX. At last, the
contemporary protocol based on which participants were
treated in Patrick et al’s study, 2014,[23] has been described
previously.

http://www.md-journal.com


Figure 1. Flow diagram showing the selection of studies to be included in this meta-analysis.
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3.4. Results of this analysis

Event-free survival was similar in ALL children with versus
without DS (OR: 1.34, 95% CI: 0.51–3.50; P= .55) as shown
in Figure 2. Overall mortality (OR: 1.63, 95% CI: 0.86–3.10;
P= .13) and participants who achieved clinical remission (OR:
1.04, 95% CI: 0.12–9.29; P= .97) were also similarly
manifested (Fig. 2). However, treatment-related mortality
(OR: 4.29, 95% CI: 2.90–6.36; P= .00001) and induction
failure (OR: 2.77, 95% CI: 1.08–7.07; P= .03) were signifi-
cantly higher in ALL children with co-existing DS as shown in
Figure 3.
Table 2

General features of the studies.

Studies Patients’ enrollment (year) Type of study N

Athale et al, 2018[16] 2000–2011 Retrospective
Bohnstedt et al, 2013[17] 1992–2007 Observational
Buitenkamp et al, 2010[18] 1991 – 2006 Observational
Buitenkamp et al, 2014[19] 1995–2004 Retrospective
Chessells et al, 2001[20] 1985–1997 Observational
Dordelmann et al, 1998[21] 1981–1995 Trial
Matloub et al, 2019[22] 2000–2005 Trial
Patrick et al, 2014[23] 2003–2011 Trial
Whitlock et al, 2005[24] 1983–1995 Trial
Zeller et al, 2005[25] 1984–2001 Observational

ALL= acute lymphoblastic leukemia, DS=Down syndrome.

4

Total relapse (OR: 1.38, 95%CI: 1.02–1.88;P=0.04) andbone
marrow relapse (OR: 1.29, 95%CI: 1.00–1.67; P= .05) were also
significantly higherwithDS as shown in Figures 4 and5.However,
central nervous system relapse (OR: 1.15, 95% CI: 0.60 – 2.20;
P= .67), testicular relapse (OR: 0.84, 95%CI: 0.38–1.85; P= .87)
and other relapses (OR: 1.12, 95% CI: 0.27–4.62; P= .88) were
not significantly different when separately analyzed as shown in
Figures 4 and 5. The results have been summarized in Table 4.

Sensitivity analysis showed consistent results throughout.

Publication bias was visually assessed by observing the funnel
plot represented by Figure 6.
o. of ALL participants with DS (n) No. of ALL participants without DS (n)

38 1248
48 522
44 87
653 4445
55 3596
61 4049
75 2003
86 3040
179 8268
64 2915



Table 3

Baseline features.

Age at diagnosis, y Males (%) Median WBC count �109 cells/L Grading for methodological quality
Studies DS/NDS DS/NDS DS/NDS B

Athale et al, 2018[16] 5.60/4.90 45.0/55.0 12.0/12.0 B
Bohnstedt et al, 2013[17] 6.00/4.00 47.9/52.9 15.0/7.00 B
Buitenkamp et al, 2010[18] 5.40/3.60 56.8/57.5 8.80/27.0 B
Buitenkamp et al, 2014[19] 5.00/4.70 52.5/54.7 10.5/8.80 B
Chessells et al, 2001[20] 60.0/57.0 — B
Dordelmann et al, 1998[21] 6.03/4.70 44.3/43.4 16.8/11.3 B
Matloub et al, 2019[22] B
Patrick et al, 2014[23] B
Whitlock et al, 2005[24] B
Zeller et al, 2005[25] 4.00/4.00 54.7/53.5 9.80/10.0 B

DS=Down syndrome, L=per liter, NDS=Non-Down syndrome, WBC=white blood cell.

Figure 2. Treatment outcomes in acute lymphoblastic leukemia children with co-existing Down syndrome (part I).
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Figure 3. Treatment outcomes in acute lymphoblastic leukemia children with co-existing Down syndrome (part II).
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4. Discussion

Our analysis showed event-free survival to be similar in ALL
children with and without coexisting DS during this long-term
follow-up time period. In addition, overall mortality and the
number of children achieving remission were also similarly
manifested. Even though total and bone marrow relapses were
significantly higher in ALL children with co-existing DS, separate
analysis did not show any significant difference with CNS,
testicular and other relapses compared to ALL children without
DS. However, treatment-related mortality and induction failure
were significantly increased in the DS group.
A collaborative data analysis on DS children with ALL carried

out by the Tokyo Children’s Cancer Study Group (TCCSG) and
the Kyushu Yamaguchi Children’s Cancer Study Group
(KYCCSG) showed a 50% 5-year relapse-free period and later,
relapse was the main cause of death in these children.[26] In the
former study group, the overall survival rate of children was
lower among those with co-existing DS.
This current analysis showed an increased risk of treatment-

related mortality among pediatric ALL with co-existing DS. To
support the results of this analysis, another comparative
analysis[27] showed that even though a better treatment response
was observed in DS children with ALL, lower event-free survival
was due to treatment-related mortality in these children. To
further support our results concerning a higher rate of treatment
related mortality, data (1982–2004) from the Italian Association
6

of Pediatrics Hematology and Oncology (AIEOP) demonstrated
that induction and remission deaths occurred more in ALL
children with DS.[28] In addition, featured results from AIEOP
showed that leukemia relapse, mainly to the bone marrow,
occurred in approximately 31% of the children with DS again
supporting this current analysis. The authors further concluded
that even though there was a progressive improvement in the DS
subgroup with modern therapy, the outcomes were still not as
good as those ALL children without DS. Reasons for such a result
in ALL children with DS could be related to the biology of the
disease, and the respective therapy which could further result in
treatment-related toxicities.
Studies showed that there were biological differences between

ALL children with versus without DS which could have
significant impacts on outcomes and prognosis following
treatment. Hyperdiploidy which is referred to >50 chromo-
somes, has shown to contribute to a better prognosis in children
with ALL.[29] However, a significantly lower prevalence of
hyperdiploidy was observed in ALL children with DS which
might contribute to the poorer post therapeutic outcomes when
compared to children without DS.[24] In addition, TEL-AML1
rearrangement is a genetic abnormality which is most frequent in
children with ALL. TEL-AML1 rearrangement is normally
associated with a good prognosis.[30] However, studies have
demonstrated TEL-AML1 re-arrangement to be uncommon in
ALL children with DS further contributing to a poor prognosis in
these children.[31]



Figure 4. Treatment outcomes in acute lymphoblastic leukemia children with co-existing Dows syndrome (part III).
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Previous studies have shown several mechanisms in children
with ALL and DS. A recent study has shown the association of
genomic abnormalities of cytokine receptor-like factor 2
(CRLF2) in about 60% of ALL children with DS including
CRLF2 translocation with immunoglobulin heavy chain locus at
chromosome 14q32, formation of P2RY8-CRLF2 fusion which
result in overexpression of CRLF2.[32] Another report from the
International BFM Study Group demonstrated that DS confers a
rising risk for genetically extreme diverse ALL showing frequent
overexpression of CRLF2 associated withmutated Janus kinase 2
(JAK2)[33] which could contribute to unfavorable outcomes and
poor prognosis.
In this current analysis, CNS relapse and testicular relapse were

similar in children with and without co-existing DS. Another
study based on the ALL-BFM treatment regimen showed that
dose reduction in the first treatment course decreased severe
adverse drug events without increasing the risk of relapse in these
children.[34] On the contrary, a nationwide population-based
cohort study comparing 5-year leukemia survivors with leuke-
mia-free individuals with DS born in Denmark between 1960 and
2007, and in Sweden between 1973 and 2009, showed that
relapse was the major reason for mortality and hospitalization
among these children with coexisting DS.[35]
7

When a comparison of the prevalence of favorable and
unfavorable biological and clinical characteristics, and adverse
drug outcomes was carried out within a total number of 2174
eligible children (ALL with and without DS) enrolled for the
CCG-1952 protocol, favorable or unfavorable biological
features were less likely among the children with coexisting
DS.[36] However, toxicity and hospitalization were more obvious
among those with DS compared to the control group. Overall
survival was also significantly higher among the ALL patients
with coexisting DS.
At last, a 34-year nationwide experience based on the long-

term prognosis of children with DS and leukemia, retrospectively
from 1968 to 1981, and prospectively from 1982 to 2002, based
in Finland, the authors concluded that standard leukemia
chemotherapy showed beneficial effects in children with
DS.[37] However, due to frequent adverse drug events, the
anti-leukemic regimens should better be revised. Also, a matched
pair analysis comparing adverse drug events and survival
following ALL treatment with an intermediate and a high dose
MTX in ALL children with versus without coexisting DS
conclusively stated that the treatment which showed efficacy in
children with ALL should carefully be incorporated in children
with coexisting DS.[38]

http://www.md-journal.com


Figure 5. Treatment outcomes in acute lymphoblastic leukemia children with co-existing Down syndrome (part IV).
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5. Limitations

This analysis has several limitations. First, the total number of
ALL children with DS was low compared to the control group.
Table 4

Main results of the analysis.

Outcomes OR with 95% CI P I2 (%)

Event-free survival 1.34 (0.51–3.50) .55 97
Overall mortality 1.63 (0.86–3.10) .13 91
Achieved clinical remission 1.04 (0.12–9.29) .97 53
Treatment-related mortality 4.29 (2.90–6.36) .00001 38
Induction failure 2.77 (1.08–7.07) .03 21
Total relapse 1.38 (1.02–1.88) .04 71
CNS relapse 1.15 (0.60–2.20) .67 54
Bone marrow relapse 1.29 (1.00–1.67) .05 0
Testicular relapse 0.84 (0.38–1.85) .67 0
Other relapse 1.12 (0.27–4.62) .88 0

CI= confidence intervals, CNS= central nervous system, OR= odds ratios.

8

Second, the follow-up time periods for event-free survival and
overall mortality varied in several studies (5–10 years). This
might have, to a little extent, affected the result of this analysis.
Third, there were variations in treatment of the participants with
ALL. Different studies used different treatment protocols but
which were based on almost similar drugs. However, in our
analysis, we were concerned only with the end outcomes, as all
the treatments were approved and would result in improvement
of the conditions of these children. Fourthly, several subgroup
analyses showed a high level of heterogeneity. This was obvious
due to the presence of data which were obtained from
observational studies and different study designs which would
further contribute to the introduction of confounding factors and
other types of bias. Only 2 people were involved in the search and
extraction of data which could represent another limitation of
this study due to potential bias risk. At last, the original studies
which have been used in this analysis were not very recent, and
did not reflect current therapeutic strategies. However, upcoming
studies should be awaited to further investigate this matter.



Figure 6. Funnel plot for the visual assessment of publication bias.
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6. Conclusion

Based on this analysis of the treatment outcomes in ALL children
with versus without DS, event-free survival, overall mortality,
and patients who achieved clinical remission were similar during
this long-term follow-up time period. However, due to the
significantly higher treatment-related mortality, induction fail-
ure, and certain relapses in ALL children with DS, new guidelines
might have to focus on reconsidering or modifying treatment
regimens for ALL children with DS.
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