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KoreaCorrespondence: Keon Hee Yoo, Department of Pediatrics, Samsung Medical Center, Sungkyunkwan University School of Medicine, 81 Irwon-ro, Gangnam-gu, Seoul 06351, Korea, Tel: 82-2-3410-3532, Fax: 82-2-3410-0043, E-mail: hema2170@skku.edureceived : 2021 March 22, accepted : 2021 August 09.Copyright © 2022 by the Korean Cancer AssociationThis is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.AbstractPurposeChildren with Down syndrome (DS) show a higher risk of acute leukemia than those without DS. In this study, we investigated the nationwide incidence of acute leukemia among children with DS and compared their epidemiologic characteristics with those of children with acute leukemia but without DS.Materials and MethodsUsing the National Health Insurance Service database, we selected patients with acute leukemia aged 0–19 years at diagnosis between 2007 and 2016.ResultsAmong the 4,697 children with acute leukemia, 54 (1.1%) had DS. The median incidence rate of leukemia with DS by year was 1.3% (range, 0.2% to 2.0%). Sixteen patients with acute lymphoblastic leukemia (ALL; 29.6%) and 36 with acute myeloid leukemia (AML; 66.7%) had DS. The DS group showed younger age at diagnosis than the non-DS group, and diagnosis of AML was more frequent in the DS group than in the non-DS group (3 years vs. 9 years, p < 0.001; 66.7% vs. 32.4%, p < 0.001, respectively). The 5-year overall survival was comparable between the DS and non-DS groups (88.0% vs. 81.9%, p=0.375). Among all the Koreans born between 2007 and 2008, the incidences of acute leukemia, ALL, and AML were 49.25, 20.75, and 163.38 times higher, respectively, in the DS group than in the non-DS group.ConclusionOur findings support the fact that the incidence of acute leukemia is higher among patients with DS than among those without DS in Korea. However, the DS and non-DS groups in this study had a comparable overall survival rate.Keywords: Acute leukemia; Precursor cell lymphoblastic leukemia-lymphoma; Acute myeloid leukemia; Childhood; Down syndrome; LymphomaIntroductionDown syndrome (DS) is the most common syndromic chromosomal abnormality in humans, occurring in 1 in 700 to 1,000 live births [1]. The association between DS and leukemia was first reported nearly 60 years ago, and several reports have also described an association between acute leukemia and DS [2–7]. The risk of acute leukemia for patients with DS has been reported to be 10 to 20 times higher than that for patients without DS [8]. It is estimated that acute megakaryocytic leukemia (AMKL) is particularly predominant among patients with DS, increasing the relative risk by 500 times compared to the general population [9]. Moreover, patients with DS who are younger than 5 years old develop acute myeloid leukemia (AML) more frequently than acute lymphoblastic leukemia (ALL) [10].Previous studies have shown that AML with DS (DS AML) accounts for 6% to 14% of all pediatric AML cases, and that the treatment outcomes for DS AML are better than those for non-DS AML [11,12]. ALL with DS (DS ALL) accounts for about 2% of all pediatric ALL cases, and its treatment outcomes are worse than those for non-DS ALL [13,14]. However, since the prevalence of acute leukemia with DS is small, it is difficult to determine its exact incidence or survival rate. Moreover, there have been no reports of acute leukemia with DS in Korea.Korea has a universal National Health Insurance Service (NHIS) system, which was launched by the government in 1989 and covers more than 97% of the population [15]. The NHIS database contains information such as details of diagnosis, prescription, and death for almost the entire population. The NHIS data is available for research purposes through a strict screening process, which allows for a more accurate approach to analysis of the incidences of rare diseases. Based on this background, we investigated the nationwide incidence of acute leukemia among children with DS using the NHIS database, and compared their epidemiologic characteristics and survival data with those of children with acute leukemia but without DS.Materials and Methods1. Data source and extractionWe assessed the NHIS database (NHIS-2019-1-612) and extracted data on patients with acute leukemia aged younger than 20 years old at diagnosis between 2006 and 2016. During this period, the number of new registered patients with acute leukemia with DS or without DS, their sex, age at diagnosis, and date of death were identified.However, since the NHIS database captures the input from each medical institution, over-diagnosis is a likely occurrence. Moreover, acute leukemia or DS can be included in the NHIS database even if it was suspected but not confirmed. Therefore, we used the rare and intractable diseases registration (Rare Diseases Registry [RDR]) database, which was established with the NHIS in 2004 [16]. The RDR database involves the collation of data for each patient with a physician-certified diagnosis to provide accurate information. Therefore, we only selected the patients with acute leukemia with or without DS registered in the RDR database. Records from 2006 were screened to identify cases of patients previously diagnosed with acute leukemia. From January 2007 to December 2016, we collected the data of all patients aged 0 to 19 years old who were diagnosed with acute leukemia with or without DS in Korea. We also collected data on patients with acute leukemia with or without DS born from January 2007 to December 2008 to estimate the incidence of acute leukemia.2. Disease classificationCases with the International Classification of Disease 10th revision (ICD-10) codes Q90.0–Q90.2 and Q90.9 were defined as DS. Acute leukemia was defined as ALL (C91.0, C91.7, and C91.9), AML (C92.0, C92.3–C92.9, C93.0, C93.3–C93.9, C94.0, C94.2, and C94.7), and unspecified acute leukemia (C95.0, C95.7, and C95.9). RDR designated each disease with RDR-specific codes; V159 denotes DS, V011 indicates cases of pediatric cancer in patients aged below 18 years of age, V026 denotes leukemia, and V193 and V194 indicate registered patients with cancer. Data were collected only for patients with acute leukemia or DS with both ICD-10 codes and RDR-specific codes.3. Statistical analysisThe probabilities of overall survival (OS) rate were estimated using the Kaplan-Meier method, and the survival curves were compared using the log-rank test. OS was defined as the time from diagnosis of acute leukemia to death from any cause. Patient characteristics were compared using Fisher exact test for binary variables and Mann-Whitney U test for continuous variables. Statistical differences were considered significant if p < 0.05. Data and statistical analyses were performed using SPSS ver. 19 (IBM Corp., Armonk, NY) and Prism ver. 7.04 (GraphPad Software, La Jolla, CA).ResultsBased on the data extracted from the NHIS database, a total of 4,697 patients under the age of 20 years were diagnosed with acute leukemia from 2007 to 2016. ALL (n=2,758, 58.7%) was the most common disease, followed by AML (n=1,541, 32.8%) and unspecified acute leukemia (n=398, 8.5%). The median age at the time of diagnosis was 8 years old (range, 0 to 19 years). Of the 4,697 patients with acute leukemia, 54 (1.1%) had DS, of which 16 had DS ALL (0.6% of all patients with ALL), 36 had DS AML (2.3% of all patients with AML), and two had unspecified acute leukemia.1. Comparison of patients with acute leukemia with DS and without DSWe divided the patients with acute leukemia into two groups according to diagnosis of DS, namely: acute leukemia with DS (n=54; 1.1%) and acute leukemia without DS (n=4,643, 98.9%). Table 1 shows the number of newly diagnosed leukemia patients with and without DS by year. The median incidence of leukemia with DS by year was 1.3%, with the lowest incidence in 2007 (0.2%) and the highest in 2008 (2.0%). Table 2 shows the patient characteristics of the two groups. AML was more frequent in the DS group than in the non-DS group (66.7% vs. 32.4%, p < 0.001). The median age at the time of diagnosis was younger in the DS group than in the non-DS group (3 years vs. 9 years, p < 0.001). In the DS group, 34 patients (63.0%) were younger than 5 years old and most of them had AML (n=29, 78.9%) (Fig. 1A). In the non-DS group, 1,342 patients (28.9%) were younger than 5 years old. ALL was the most common type of leukemia in the non-DS group (n=929, 69.2%) (Fig. 1B). The 5-year OS was similar between the DS and non-DS groups (88.0% vs. 81.9%, p=0.375) (Fig. 2A). The 5-year OS of ALL and AML was similar between the two groups as well (ALL, 88.2% vs. 85.6%, p=0.835; AML, 87.5% vs. 75.4%, p=0.114) (Fig. 2B and C).Table 1 Number of newly diagnosed patients with acute leukemia with or without DS by year in KoreaYear2007200820092010201120122013201420152016Newly diagnosed patients with acute leukemiaDS, total1 (0.2)10 (2.0)2 (0.4)7 (1.5)7 (1.4)5 (1.0)5 (1.3)6 (1.4)6 (1.3)5 (1.0) ALL04 (0.8)2 (0.4)1 (0.2)1 (0.2)2 (0.4)1 (0.3)2 (0.5)1 (0.2)2 (0.4) AML1 (0.2)6 (1.2)06 (1.3)6 (1.2)2 (0.4)4 (1.0)4 (0.9)4 (0.9)3 (0.6) UAL000001 (0.2)001 (0.2)0Non-DS, total491 (99.8)499 (98.0)492 (99.6)472 (98.5)494 (98.6)466 (99.0)383 (98.7)435 (98.6)446 (98.7)465 (99.0) ALL282 (57.3)292 (57.4)303 (61.3)284 (59.3)286 (57.1)288 (61.1)209 (53.9)211 (47.8)291 (64.4)296 (63.0) AML159 (32.3)163 (32.0)157 (31.8)154 (32.1)173 (34.5)145 (30.8)130 (33.5)149 (33.8)134 (29.6)141 (30.0) UAL50 (10.2)44 (8.6)32 (6.5)34 (7.1)35 (7.0)33 (7.1)44 (11.3)75 (17.0)21 (4.7)28 (6.0)Total492 (100)509 (100)494 (100)479 (100)501 (100)471 (100)388 (100)441 (100)452 (100)470 (100)Values are presented as number (%). ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; DS, Down syndrome; UAL, unspecified acute leukemia.Table 2 Characteristics of patients diagnosed with acute leukemia with or without DS from 2007 to 2016DSNon-DSp-valueNo. of patients544,643Sex Male35 (64.8)2,734 (58.9)0.378 Female19 (35.2)1,909 (41.1)Age at diagnosis, median (range, yr)3 (0–19)9 (0–19)< 0.001Age at diagnosis, mean±SD (yr)5.00±0.749.14±0.08< 0.001Age at diagnosis (yr) 0–434 (63.0)1,342 (28.9)< 0.001 5–97 (13.0)1,179 (25.4) 10–149 (16.7)1,043 (22.5) 15–194 (7.4)1,079 (23.2)Diagnosis ALL16 (29.6)2,742 (59.1)< 0.001 AML36 (66.7)1,505 (32.4)Unspecified acute leukemia2 (3.7)396 (8.5)Values are presented as number (%) unless otherwise indicated. ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; DS, Down syndrome; SD, standard deviation.[image: Fig. 1]Fig. 1 Age-specific distribution of patients diagnosed with acute leukemia from 2007 to 2016. (A) Acute leukemia with Down syndrome (DS). (B) Acute leukemia without DS. Among patients younger than 5 years of age, 63% of the patients in the DS group had acute myeloid leukemia (AML), and 69% of the patients in the non-DS group had acute lymphoblastic leukemia (ALL).[image: Fig. 2]Fig. 2 Overall survival rates of patients with acute leukemia with or without Down syndrome (DS) from 2007 to 2016. (A) Acute leukemia. (B) Acute lymphoblastic leukemia (ALL). (C) Acute myeloid leukemia (AML). There was no statistical difference between the overall survival rates of patients with acute leukemia, ALL, and AML in the DS and non-DS groups.2. Analysis of the incidence of acute leukemia with or without DS among all children born between 2007 and 2008The total number of births in Korea from 2007 to 2008 was 965,356, of which 397 children were diagnosed with DS. Like the patients with acute leukemia, we divided this population into a DS group (n=397) and a non-DS group (n=964,959). During the 10-year observation period, acute leukemia was diagnosed in 10 (2.5%, 10/397) and 506 (0.05%, 506/964,959) cases in the DS and non-DS groups, respectively. The relative risk of acute leukemia, ALL, and AML was 49.25, 20.75, and 163.38 times higher in the DS group than in the non-DS group, respectively (Table 3). Regarding all the patients with acute leukemia born between 2007 and 2008, the 5-year OS was comparable between the DS and non-DS groups (acute leukemia, 90.0% vs. 84.6%, p=0.619; ALL, 100% vs. 90.4%, p=0.569; AML, 83.3% vs. 68.9%, p=0.464, respectively).Table 3 Incidence of acute leukemia with or without DS among children born from 2007 to 2008No. (%)Relative risk (95% CI)p-valueDSNon-DSTotal cases397964,959--Acute leukemia10 (2.5)506 (0.05)49.25 (26.13–92.83)< 0.001 ALL3 (0.8)354 (0.04)20.75 (6.63–64.92)< 0.001 AML7 (1.8)106 (0.01)163.38 (75.54–353.31)< 0.001Unspecified acute leukemia046 (0.005)--ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CI, confidential interval; DS, Down syndrome.DiscussionIn this study, acute leukemia with DS accounted 1.1% of all acute leukemia cases, DS AML accounted for 2.3% of all the AML cases, and DS ALL accounted for 0.6% of all the ALL cases. Compared to previous studies in which 6%–14% of children with AML and 2% of children with ALL had DS, our study revealed that a relatively small proportion of Korean children with acute leukemia have DS [11,12]. In the present study, the incidence of acute leukemia was higher in the DS group than in the general population, a finding that is in accordance with those of previous studies [8,10]. In a previous study, the proportion of women in the DS group was higher than that of men [12]. In the present study, the male to female ratio in the DS group was 1.8:1; however, there was no statistically significant difference between the DS group and the non-DS group. Moreover, our study results demonstrated that in the first 10 years of life, the incidence of acute leukemia was approximately 49-fold higher for patients in the DS group than for those in the non-DS group.The exact mechanism by which trisomy 21 increases the incidence of leukemia has not been fully elucidated; however, this may be related to the gene dosage effect of the extra copy of chromosome 21 [17]. Mutations in several genes on chromosome 21 have been recognized in leukemia, many of which have been recognized as encoding transcription factors that act during various stages of hematopoiesis. RUNX1 (also known as AML1), a gene located on chromosome 21q22, is a transcription factor that regulates normal hematopoiesis. RUNX1 mutations are associated with 20% of pediatric ALL cases and 25% of pediatric AML cases [18]. It has been suggested that trisomy 21 causes GATA1 mutation, which may induce transient abnormal myelopoiesis and progression to myeloid leukemia, especially AMKL, in patients with DS [19]. Furthermore, exposure to environmental factors recognized as carcinogenic factors may increase the risk of developing leukemia in patients with DS [20]. It is necessary to clarify the mechanisms of leukemia in the future studies, and to develop a method that can effectively prevent the progression of leukemia in patients with DS.The age distribution of the patients in our study demonstrated that AML is most common among patients with DS younger than 5 years old, a finding that is similar to those of previous studies [4,12]. In the present study, DS AML accounted for 2.3% of all the AML cases. This percentage is slightly smaller than those recorded in Western countries; 6% was recorded in a UK study [11] and 14% was recorded in a Nordic study [12]. It is related to the lower prevalence of DS in Korea than in Western countries [21]. The prevalence of DS among 0 to 19-year-old individuals is reported to be 16.2 per 100,000 in Korea [21] and 98.4 per 100,000 in the United Kingdom [22]. Moreover, this is also related to differences in the patient population between the previous studies and ours. As mentioned earlier, AML is more prevalent among patients with DS who are less 5 years old. Previous UK [11] and Nordic [12] studies included patients who were aged 0–14 years, whereas our study included patients who were aged 0–19 years. Therefore, we believe that the proportion of DS AML among the all the AML cases in this study was lower than that reported in previous studies.DS AML has shown superior treatment outcomes than non-DS AML in previous studies [4,12]. A plausible reason for this could be the increased sensitivity of DS AML cells to cytotoxic drugs, especially cytarabine [23]. Moreover, differences in the expression of the gene encoding enzymes that metabolize cytotoxic drugs on chromosome 21 may explain the enhanced drug sensitivity of DS AML cells [24]. The results of the present study showed that the treatment outcome for AML was better in the DS group than in the non-DS group; however, there was no statistical difference between the two groups (87.5% vs. 75.4%, p=0.114). This may be associated with the improved treatment outcomes of the patients diagnosed with AML without DS in the present study compared to those of patients in previous studies [4,12]. However, since we only investigated OS as a treatment outcome, further research using data such as recurrence rates or events are necessary to generate more accurate results.Generally, DS ALL rarely occurs in infancy [12,13]. No patients in the present study had DS ALL in infancy, a finding similar to those of previous studies. The treatment outcomes of patients with DS ALL have been reported to be inferior to those of patients with non-DS ALL [13,14]. This is because patients with DS ALL have a higher risk of induction failure than patients with non-DS ALL. This outcome is associated with the lower sensitivity of DS ALL cells to cytotoxic drugs [13,25]. Moreover, patients with DS ALL have higher treatment-related toxicities than patients with non-DS ALL [26]. This may be a poor prognostic factor for patients with DS ALL. However, the treatment results of DS ALL have recently improved, and the results of the present study showed comparable treatment outcomes between patients with DS ALL and patients with non-DS ALL. Our findings showed that the 5-year OS of patients with DS ALL was 88.2%, a percentage that is higher than the 75%–80% reported in some previous studies [13,27] but similar to that of a recent study which showed comparable treatment outcomes between patients with DS ALL and patients with non-DS ALL [28].This study has some limitations. First, we identified 54 leukemia patients with DS in the NHIS and RDR databases; however, our study sample may not include patients with undiagnosed mosaic DS. Therefore, it is possible that the incidence of leukemia with DS was underestimated. Second, there were 396 patients (8.5%) with unspecified acute leukemia in the non-DS group who could be diagnosed with either ALL or AML. Therefore, the recorded percentage of patients with DS ALL and DS AML may be lower than the actual percentage. Third, as data were extracted from the NHIS and RDR databases, patient information such as data on cytogenetics, leukemia cell types, and treatment protocols were insufficient, therefore the factors related to the treatment outcomes could not be analyzed. Future nationwide multicenter studies conducted using detailed information of patients with DS and leukemia are necessary to enable the accurate identification of the clinical factors related to the prognosis of patients with DS. Despite these limitations, this is the first population-based study in Korea in which the epidemiology of acute leukemia with DS over a 10-year period was investigated using the NHIS database, and the survival rates of the DS and non-DS groups were compared. We also analyzed the relative risk of acute leukemia, ALL, and AML patients with DS compared with the general population.In conclusion, we demonstrated that the incidence of acute leukemia among patients with DS is higher than that among those without DS. We also found that the OS rates are comparable between the DS and non-DS groups. Future nationwide multicenter studies are necessary to confirm the accurate incidence of acute leukemia and to determine the prognostic factors associated with leukemia with DS.FootnotesEthical StatementThe study was approved by the Institutional Review Board of Samsung Medical Center (IRB No. SMC 2018-10-054). The need for informed consent was waived by the board.Author ContributionsConceived and designed the analysis: Choi YB, Yoo KH.Collected the data: Choi YB.Contributed data or analysis tools: Choi YB.Performed the analysis: Choi YB, Yoo KH.Wrote the paper: Choi YB, Yoo KH.Conflicts of InterestConflict of interest relevant to this article was not reported.AcknowledgementsThis study was supported by Samsung Medical Center grant (#SMO1190181). The funders had no role in study design, data collection and analysis, or preparation of the study.References1. Tabares-Seisdedos R, Dumont N, Baudot A, Valderas JM, Climent J, Valencia A, et al. No paradox, no progress: inverse cancer comorbidity in people with other complex diseases. Lancet Oncol 2011;12:604–8.
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