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บทคัดย่อ 
ความเป็นมา: โรคมะเร็งเม็ดเลือดขำวเป็นโรคมะเร็งในเด็กท่ีพบบ่อยท่ีสุด ผูป่้วยส่วนใหญ่มีโอกำสหำยขำดสูง
จำกกำรรักษำมำตรฐำน แต่อย่ำงไรก็ตำมผูป่้วยท่ีมีเม็ดเลือดขำวสูง (hyperleukocytosis) อำจจะไม่แสดงอำกำร 
หรือมีอำกำรผิดปกติเช่น ซึม ปัสสำวะออกน้อย เป็นต้น กำรมีภำวะเม็ดเลือดขำวสูงจะเพิ่มควำมเส่ียงต่อ
ภำวะแทรกซ้อนและกำรเสียชีวิตในระยะแรก จำกขอ้มูลกำรศึกษำในประเทศท่ีพฒันำแลว้พบว่ำโอกำสหำยขำด
จำกมะเร็งเม็ดเลือดขำวท่ีมีอำกำรเม็ดเลือดขำวสูง ในผูป่้วยเด็กชนิด acute lymphoblastic leukemia คิดเป็นร้อย
ละ 64.5 จำกกำรศึกษำของคณะแพทยศำสตร์ มหำวิทยำลยัสงขลำนครินทร์ พบวำ่อตัรำกำรรอดชีพในผูป่้วยเด็ก
กลุ่ม acute lymphoblastic leukemia ท่ีมีภำวะ hyperleukocytosis เม่ือเทียบกับไม่มีภำวะ hyperleukocytosis คิด
เป็นร้อยละ 37.2 ต่อ 67.8 (p value < 0.0001) ซ่ึงจะเห็นวำ่อตัรำกำรรอดชีพจำกงำนวิจยัน้ีซ่ึงเก็บขอ้มูลในประเทศ
ไทยต ่ำกว่ำขอ้มูลท่ีเก็บในต่ำงประเทศ และโรงพยำบำลอุดรธำนียงัไม่เคยมีกำรเก็บรวบรวมขอ้มูลผูป่้วยมำก่อน
จึงเป็นท่ีมำของงำนวิจยัช้ินน้ี  
วัตถุประสงค์: อตัรำกำรรอดชีพของผูป่้วยมะเร็งเมด็เลือดขำวชนิดเฉียบพลนัชนิดลิมฟอยดท่ี์มีภำวะเม็ดเลือดขำว
สูงมำกผิดปกติ (hyperleukocytosis) ในผูป่้วยเด็กโรงพยำบำลอุดรธำนี 
วิธีการศึกษา: กำรวิจยัน้ีเป็นกำรศึกษำแบบ retrospective cohort study โดยรวบรวมขอ้มูล ผูป่้วยมะเร็งเม็ดเลือด
ขำวชนิดเฉียบพลนัชนิดลิมฟอยด์ท่ีมีภำวะเม็ดเลือดขำวสูงมำกผิดปกติ (hyperleukocytosis) ในผูป่้วยเด็ก ท่ีเขำ้
รับกำรวินิจฉัยและรักษำด้วยยำเคมีบ ำบดั ท่ีโรงพยำบำลอุดรธำนี ตั้งแต่เดือนกรกฎำคม พ.ศ. 2553 ถึง เดือน
พฤศจิกำยน 2562 โดยใชฐ้ำนขอ้มูลเวชระเบียน โรงพยำบำลอุดรธำนี 
ผลการศึกษา: งำนวิจยัน้ีเก็บขอ้มูลผูป่้วยมะเร็งเม็ดเลือดขำวชนิดเฉียบพลนัชนิดลิมฟอยด์ท่ีมีภำวะเม็ดเลือดขำว
สูงมำกผิดปกติ (hyperleukocytosis) ในผูป่้วยเด็กทั้งส้ิน 22 รำย ผูป่้วยมีอำยุในขณะท่ีวินิจฉัยเฉล่ีย 6.3 ปี (0.3 – 
14 ปี) ส่วนใหญ่เป็นเพศชำย คิดเป็นร้อยละ 59 ส่วนใหญ่เป็นชนิด B-ALL คิดเป็นร้อยละ 64 อำกำรและอำกำร
แสดงท่ีพบมำกท่ีสุดคืออำกำรตบัมำ้มโตโดยพบร้อยละ 95.5 รองลงมำคืออำกำรไขแ้ละอำกำรเลือดออกผิดปกติ 
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คิดเป็นร้อยละ 81.8 และ 54.5 ตำมล ำดับ ผลเลือดขณะวินิจฉัย พบว่ำจ ำนวนเม็ดเลือดขำวเฉล่ียคือ 210,000  
cells/cu.mm. (±247,683.7) ควำมเข้มข้นของเม็ดเลือดแดง (hemoglobin) 6.6 g/dL (±2.7) จ ำนวนเกล็ดเลือด 
29,318 /cu.mm. (±17,038.8) ค่ำ lactate dehydrogenase 5,869 U/dL (±4,579.2) ภำวะแทรกซอ้นท่ีสำมำรถพบได้
บ่อยในระยะเร่ิมแรกของกำรรักษำ คือ tumor lysis syndrome คิดเป็นร้อยละ 31.8 ผูป่้วยมีอตัรำกำรรอดชีพท่ี 5 ปี
อยู่ท่ีร้อยละ 68.2 โดยไม่พบว่ำมีปัจจยัท่ีสัมพนัธ์กบัอตัรำกำรรอดชีพอย่ำงมีนยัส ำคญัทำงสถิติ ไม่ว่ำจะเป็น ช่วง
อำย ุเพศ จ ำนวนเมด็เลือดขำว ชนิดของมะเร็งเมด็เลือดขำว  
สรุป: จำกผลกำรวิจยัพบว่ำผูป่้วยมะเร็งเม็ดเลือดขำวชนิดเฉียบพลนัท่ีชนิดลิมฟอยด์มีภำวะเม็ดเลือดขำวสูงมำก
ผิดปกติ (hyperleukocytosis) ในผูป่้วยเด็ก มีอัตรำกำรรอดชีพท่ี 5 ปีอยู่ท่ีร้อยละ 68.2 โดยไม่พบว่ำมีปัจจัยท่ี
สัมพนัธ์กบัอตัรำกำรรอดชีพอย่ำงมีนยัส ำคญัทำงสถิติ ไม่ว่ำจะเป็น ช่วงอำยุ เพศ จ ำนวนเม็ดเลือดขำว ชนิดของ
มะเร็งเมด็เลือดขำว  
คําสําคัญ: ผูป่้วยเด็กมะเร็งเม็ดเลือดขำวชนิดเฉียบพลนั , อตัรำกำรรอดชีพภำวะเม็ดเลือดขำวสูงมำกผิดปกติ ,  
โรงพยำบำลอุดรธำนี 
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Abstract 
Background: Leukemia represents the most prevalent form of cancer in the pediatric population. The 
majority of affected children achieve favorable outcomes with standard treatment regimens, with high cure 
rates. However, the presence of hyperleukocytosis at initial presentation has been associated with increased 
risks of early complications and mortality. Data from studies conducted in developed countries indicated that 
the cure rate for pediatric patients with acute lymphoblastic leukemia (ALL) and hyperleukocytosis was 
approximately 64.5%. In contrast, a study conducted by the Faculty of Medicine at Prince of Songkla 
University reported a significantly lower overall survival rate among pediatric ALL patients with 
hyperleukocytosis compared to those without this condition, at 37.2% versus 67.8%, respectively (p value < 
0.0001). These findings highlight a disparity in outcomes between patients in Thailand and those in more 
developed healthcare settings. Notably, this is the first collected report at Udon Thani Hospital, thereby 
providing the rationale for the present study. 
Objective: To determine the survival rate of pediatric patients diagnosed with acute lymphoblastic leukemia 
(ALL) presenting with hyperleukocytosis at Udon Thani Hospital. 
Methods: This study employed a retrospective design. Data were collected from medical records of pediatric 
patients diagnosed with acute lymphoblastic leukemia accompanied by hyperleukocytosis who received 
chemotherapy at Udon Thani Hospital between July 2010 and November 2019. Patient information was 
retrieved from the hospital’s electronic medical record database, including demographic, clinical, and 
laboratory findings. 
Results: This study included a total of 22 pediatric patients diagnosed with acute lymphoblastic leukemia 
(ALL) presenting with hyperleukocytosis at Udon Thani Hospital. The mean age at diagnosis was 6.3 years 
old (range: 0.3–14 years), with a male predominance (59%). The majority of cases were classified as B-ALL 
(64%). The most common clinical manifestation was hepatosplenomegaly, observed in 95.5% of patients, 
followed by fever (81.8%) and abnormal bleeding (54.5%). At diagnosis, the mean white blood cell count was 
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210,000 cells/cu.mm. (±247,683.7), mean hemoglobin level was 6.6 g/dL (±2.7), mean platelet count was 
29,318 /cu.mm. (±17,038.8), and mean lactate dehydrogenase (LDH) level was 5,869 U/dL (±4,579.2). 
The most frequently observed early treatment-related complication was tumor lysis syndrome, occurring in 
31.8% of patients. The five-year overall survival rate was 68.2%. No statistically significant associations were 
identified between overall survival and factors such as age at diagnosis, sex, white blood cell count, or 
leukemia subtype. 
Conclusion: The findings indicated that pediatric patients with acute lymphoblastic leukemia and 
hyperleukocytosis treated at Udon Thani Hospital had a five-year survival rate of 68.2. No statistically 
significant prognostic factors were found to be associated with survival outcomes. 
Keywords: Pediatric acute lymphoblastic leukemia, survival rate, hyperleukocytosis, Udon Thani Hospital 
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Introduction 
Leukemia is the most common type of cancer in the pediatric population. In the United States, 

approximately 3,000 new cases of childhood leukemia are diagnosed annually.¹ In Thailand, an estimated 950 
new cases are reported each year, accounting for 25–35% of all pediatric cancer cases.² With appropriate and 
standardized treatment, the prognosis for pediatric leukemia can be favorable. Data collected by the Thai 
Pediatric Oncology Group between 2015 and 2019 revealed a five-year survival rate of 81.7% for acute 
lymphoblastic leukemia (ALL).² However, prognosis significantly worsens in the presence of 
hyperleukocytosis.³ 

Hyperleukocytosis is defined as a white blood cell count exceeding 100,000/µL and is considered a 
hematologic emergency. It is associated with a range of potentially life-threatening complications, including 
tumor lysis syndrome and leukostasis, and contributes to a higher risk of early morbidity and mortality. These 
complications may manifest as central nervous system events (e.g., intracranial hemorrhage) or respiratory 
failure. Hyperleukocytosis is a recognized prognostic factor associated with adverse outcomes in pediatric 
leukemia. In children with ALL, the incidence of hyperleukocytosis ranges from 10.2% to 19.2%,4-12 whereas 
in those with AML, it ranges from 12.6% to 21.7%.4-6 Despite these challenges, advances in chemotherapy 
and supportive care over the past two decades have led to improved survival rates. Among pediatric ALL 
patients with hyperleukocytosis, five-year survival rates have been reported at 82.6%.8 In contrast, AML 
patients with hyperleukocytosis have a five-year survival rate of 37.4%, primarily due to early complications 
such as leukostasis and disseminated intravascular coagulation (DIC).13-19 

A study conducted by the Faculty of Medicine, Prince of Songkla University, examined pediatric 
patients diagnosed with acute leukemia and presenting with hyperleukocytosis between January 1998 and 
December 2017. The results demonstrated a significantly lower survival rate among patients with ALL who 
had hyperleukocytosis compared to those without the condition—37.2% versus 67.8%, respectively (p value < 
0.0001). The cohort included 80 patients with hyperleukocytosis and 403 patients without. Identified factors 
associated with poorer survival outcomes included age less than 1 year or greater than 10 years, male sex, and 
an extreme white blood cell count exceeding 200,000 cells/cu.mm. (termed extremely hyperleukocytosis).3 
These findings highlighted that survival rates observed in this Thai cohort were lower than those reported in 
studies from developed countries. Notably, Udon Thani Hospital has undertaken a guideline by the Thai 
Pediatric Oncology Group. Therefore, the present study was initiated to assess survival rates and explore 
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prognostic factors influencing outcomes among pediatric patients with acute lymphoblastic leukemia and 
hyperleukocytosis treated at Udon Thani Hospital. 
 
Objectives 
Primary Objective: 

To determine the survival rate of pediatric patients diagnosed with acute lymphoblastic leukemia 
(ALL) presenting with hyperleukocytosis at Udon Thani Hospital. 
Secondary Objectives: 

• To identify factors associated with survival outcomes in pediatric patients with acute lymphoblastic 
leukemia and hyperleukocytosis at Udon Thani Hospital. 

• To describe the presenting symptoms, clinical signs, and early treatment-related complications in this 
patient population. 

 
Methodology 

This study employed a retrospective cohort design. Data were collected from the medical records of 
pediatric patients diagnosed with ALL presenting with hyperleukocytosis who received chemotherapy at 
Udon Thani Hospital between July 2010 and November 2019 based on Pediatic Oncology Division’s 
initiation. The data were retrieved from the hospital’s electronic medical record system. The sample size was 
calculated based on a study conducted by the Faculty of Medicine, Prince of Songkla University (2023), 
which reported a hazard ratio of 2.04 for pediatric patients with acute leukemia and hyperleukocytosis. Using 
a two-sided test with a significance level (α) of 0.05 and a statistical power (1–β) of 0.80, the required 
sample size was determined to be 62 patients. An additional 10% was added to account for incomplete or 
missing data, resulting in a final target sample size of 69 patients. 

Data collection was conducted retrospectively and categorized into three main domains: 1) 
demographic and baseline information, 2) disease characteristics, and 3) treatment-related data as therapeutic 
interventions and chemotherapy protocols. All collected data were verified for accuracy and recorded using 
statistical software for analysis. Descriptive statistics were used to summarize the baseline characteristics of 
the study population. Categorical variables were compared using the Chi-square test or Fisher’s exact test, as 
appropriate. For continuous variables, the Independent t-test was used when the data were normally 
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distributed, and the Mann-Whitney U test was applied when the distribution was non-normal. The Kaplan-
Meier method was used to estimate median survival time. The log-rank test was employed to compare 
survival curves between groups. In addition, Cox proportional hazards regression analysis was performed to 
identify factors associated with survival outcomes. This study was approved by the Human Research Ethics 
Committee of Udon Thani Hospital on December 16, 2024 (Reference No. 175/2567). 
 
Results 

This retrospective study included pediatric patients diagnosed with ALL presenting with 
hyperleukocytosis who received chemotherapy at Udon Thani Hospital over a 9-year period, from July 2010 
to November 2019. A total of 22 patients met the inclusion criteria. The mean age at diagnosis was 6.35 years 
old (range: 0.33–14 years), with the majority of patients (63.6%, n = 14) aged between 1 and 9 years. Most 
patients were male (59%, n = 13). The predominant leukemia subtype was B-cell ALL, observed in 64% (n = 
14) of patients. Approximately one-quarter of the cohort had abnormal cytogenetic findings, with roughly half 
of the patients successfully undergoing cytogenetic chromosome analysis (Table 1). 

The most common clinical presentation was hepatosplenomegaly, observed in 95.5% of patients (n = 
21), followed by fever in 81.8% (n = 18) and abnormal bleeding in 54.5% (n = 12) (Table 2). 

At diagnosis, the mean white blood cell count was 210,000 cells/cu.mm. (±247,683.7), mean 
hemoglobin level was 6.63 g/dL (±2.7), mean platelet count was 29,318 /cu.mm. (±17,038.8), and mean 
lactate dehydrogenase (LDH) level was 5,869 U/dL (±4,579.2) (Table 3). 

Early treatment-related complications included septic shock in 22.7% of patients (n = 5), tumor lysis 
syndrome at diagnosis in 18.2% (n = 4), and hyperglycemia also in 18.2% (n = 4). Additionally, tumor lysis 
syndrome occurred in three more patients after initiation of chemotherapy, bringing the total incidence to 
31.8% (n = 7), making it the most frequently observed complication (Table 4). 
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Table 1 General characteristics of pediatric patients with acute lymphoblastic leukemia and hyperleukocytosis 
at Udon Thani Hospital 

Characteristic n (%) 
Age (year), mean (±SD) 
Age group (years)  

- 0 – 1 years  
- 1 – 9 years 
- 10 – 15 years 

Gender  
- Male 
- Female 

Immunophenotyping  
1. B-ALL 
2. T-ALL 
3. Diagnosis based on morphology (due to 
emergency conditions and limitations in laboratory 
testing) 
4. Results unreadable due to specimen issues 
Chromosome 
1. Normal chromosome 
2. Abnormal chromosome 
3. Not performed due to emergency conditions and 
limitations in laboratory testing 
4. Results unreadable due to specimen issues 

6.3 (±4.9) 
 
2 (9.1) 
14 (63.6) 
6 (27.3) 
 
13 (59) 
9 (41) 
 
14 (64) 
3 (13.5) 
4 (18) 
 
 
1 (4.5) 
 
6 (27.3) 
5 (22.7) 
4 (18.2) 
 
7 (31.8) 

 
Remark: B-ALL is typically characterized by the presence of markers like CD19, CD20, and CD22, while T-
ALL is identified by markers like cytoplasmic CD3, CD2, CD4, CD5, CD7, and CD8 
 
 

อตัรำกำรรอดชีพของผูป่้วยมะเร็งเมด็เลือดขำวเฉียบพลนัชนิดลิมฟอยดท่ี์มีภำวะเมด็เลือดขำวสูงมำกผิดปกติ ฯ           157 
 



 

                              

Table 2 Symptoms and clinical signs of patients 
Symptoms and clinical signs n (%) 
Hepatosplenomegaly 
Fever 
Bleeding (grade 3, 4) 
Lymphadenopathy 
Bone pain 
CNS metastasis 

21 (95.5) 
18 (81.8) 
12 (54.5) 
10 (45.5) 
4 (18.2) 
0 (0) 

 
Table 3 Blood parameters of patients with acute leukemia and hyperleukocytosis 

Blood parameters ALL  
mean (±SD) 

White blood cell count (cells/cu.mm.) 
Hemoglobin (g/dL) 
Platelet count (/cu.mm.) 
Lactate dehydroginase (U/dL) 

210,355 (±247,683.7) 
6.63 (±2.7) 
29,318 (±17,038.8) 
5,869 (±4,579.2) (n=10) 

 
Table 4 Early treatment complications in patients 

Early treatment complications in patients ALL  
n (%) 

Tumor lysis syndrome at diagnosis 
Clinical Tumor lysis syndrome after treatment 
Internal organ bleeding (GI bleeding) 
Clinical leukostatis  
Severe infection 

-Septic shock 
-Pneumonia 
-Disseminated abcess (liver and splenic) 

Respiratory failure 

4 (18.2) 
3 (13.6) 
1 (4.5) 
1 (4.5) 
 
5 (22.7) 
3 (13.6) 
2 (9.1) 
3 (13.6) 
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Early treatment complications in patients ALL  
n (%) 

Other complication 
1. PRES 
2. Spontaneous pneumothorax 
3. Pancreatitis 
4. Chemical subarachnoiditis 
5. Hyperglycemia 
6. Mucositis grade 4 

 
1 (4.5) 
1 (4.5)  
1 (4.5) 
1 (4.5) 
4 (18.2) 
2 (9.1) 

 
The findings of this study indicated that pediatric patients with ALL and hyperleukocytosis had a 5-

year survival rate of 68.2% (Figure 1). No statistically significant factors were identified as being associated 
with survival rates, including age group, gender, white blood cell count, or type of leukemia (Table 5). 

The analysis of data regarding treatment protocols revealed that patients receiving the high-risk 
protocol had a significantly higher survival rate compared to those treated with the very high-risk protocol, 
with a p value of 0.0306 (Figure 2). Furthermore, there was no statistically significant difference in survival 
rates between patients who received blood exchange transfusions and those who did not, with a p value of 
0.8056 (Figure 3). 
 
Table 5 Multivariate analysis of risk factors associated with overall survival in pediatric patients with acute 
lymphoblastic leukemia and hyperleukocytosis 
 

Risk factor Hazard ratio 95% CI p value 

Age 
- < 1 year 
- 1-9 year 
- ≥10 year 

 
2.834 
1.000 
2.894 

 
0.291-27.550 
 
0.58-14.434 

 
0.369 
 
0.195 

Sex 
- Male 

 
6.211 

 
0.746-51.706 

 
0.091 
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Risk factor Hazard ratio 95% CI p value 

- Female  1.000 
White blood cell counts 

- <200,000 cell/cu.mm. 
- ≥200,000 cells/cu.mm. 

 
1.000 
1.709 

 
 
0.381-7.667 

 
 
0.484 

Immunophenotyping 
- B -ALL 
- T-ALL  
- NA 

 
0.698 
1.000 
2.242 

 
0.072-6.726 
 
0.233-21.61 

 
0.756 
 
0.485 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Overall survival rate of pediatric patients with acute lymphoblastic leukemia and 

hyperleukocytosis 
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Figure 2 Overall survival rate of pediatric patients with acute lymphoblastic leukemia and hyperleukocytosis 
receiving Thai POG ALL high-risk protocol versus very high-risk protocol following the induction phase (p 
value 0.0306) 

 
 

 
 
 
 
 
 
 
 
 
 
Figure 3 Overall survival rate of pediatric patients with acute lymphoblastic leukemia and hyperleukocytosis 
who underwent exchange transfusion versus those who did not (p value 0.8056) 
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The small sample size (n = 22) was a major limitation and should be explicitly acknowledged. The 
limited statistical power due to the small sample size might explain why no statistically significant factors 
were identified in the multivariate analysis. 
 
Discussion 

This retrospective study examined pediatric patients with acute lymphoblastic leukemia (ALL) and 
hyperleukocytosis treated at Udon Thani Hospital over a nine-year period. Among 244 children diagnosed 
with ALL during the study period, 22 patients (9%) was the most important limitation, presented with 
hyperleukocytosis, a proportion consistent with previous international reports, which had reported incidence 
rates ranging from 10.2% to 19.2% among pediatric ALL patients.4-12 A 9% patient presentation rate of 
hyperleukocytosis (WBC > 100,000/microliter) had significant implications for patient management, 
particularly in the context of leukemia. It indicated a higher-than-expected occurrence of this condition, 
potentially leading to increased risks of complications like leukostasis, tumor lysis syndrome, and 
disseminated intravascular coagulation. This finding also suggested a need for more aggressive and potentially 
specialized treatment approaches, including cytoreduction techniques like leukapheresis, to reduce the risk of 
adverse outcomes. The five-year overall survival (OS) rate in this cohort was 68.8%, which was notably 
higher than the 37.2% reported by the Faculty of Medicine at Prince of Songkla University3, yet lower than 
the 82.6% reported in studies from developed countries.8 

Previous research had identified several poor prognostic indicators in ALL with hyperleukocytosis, 
including age under one year, white blood cell counts ≥200,000 cells/cu.mm., and T-lymphoblastic 
immunophenotype, all of which had been significantly associated with reduced survival.3 However, this study 
did not find these factors to be statistically significant predictors of survival, suggesting potential differences 
in population characteristics or sample size limitations. 

With regard to treatment protocols, all patients who died in this cohort had received the Thai Pediatric 
Oncology Group (Thai POG) "very high risk" protocol. This observation might reflect the increased treatment 
intensity and associated risk of infection in this group. Conversely, patients receiving the "high risk" protocol 
were more likely to have been treated in later years, when supportive care measures had improved in infection 
control, management of tumor lysis syndrome, or nutritional support—potentially contributing to better 
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outcomes. These factors might have influenced the survival advantage seen in the high-risk protocol group (p 
value 0.0306). 

In this study, the use of exchange transfusion as an intervention for hyperleukocytosis was not 
associated with a statistically significant difference in overall survival (p value 0.8056). While some studies 
had advocated for leukoreduction strategies, such as exchange transfusion, to reduce early mortality and 
improve survival,19 other literature recommended individualized decision-making based on the patient’s 
clinical condition. 

Overall, these findings emphasized the need for further prospective studies with larger sample sizes to 
better delineate prognostic factors and optimize treatment strategies for pediatric patients with ALL and 
hyperleukocytosis. Further research involving a larger cohort emphasized the clinical implication potentially 
through extended data collection periods or multicenter collaboration is recommended to more accurately 
identify prognostic factors and validate these outcomes, as well as focusing on further improving survival 
rates, reducing treatment-related toxicities, and addressing disparities in access to care. 
 
Conclusion 

Pediatric patients diagnosed with acute lymphoblastic leukemia (ALL) and concurrent 
hyperleukocytosis had a five-year overall survival rate of 68.2%. No statistically significant associations were 
found between overall survival and clinical variables or leukemia subtype. 

 
Acknowledgments 

The authors would like to express their sincere gratitude to Assistant Professor Dr. Pichai 
Uamturapojn for his invaluable guidance and mentorship throughout the course of this research. Appreciation 
is also extended to Dr. Piyarat Rotsanga, Ms. Wanratchanee Imjaijit, and Ms. Pipaporn Eumthurapojn for their 
statistical consultation and support. We are especially thankful to the pediatric ward team at Udon Thani 
Hospital for their unwavering dedication to providing compassionate, high-quality care to children with 
cancer. 

 
 
 

อตัรำกำรรอดชีพของผูป่้วยมะเร็งเมด็เลือดขำวเฉียบพลนัชนิดลิมฟอยดท่ี์มีภำวะเมด็เลือดขำวสูงมำกผิดปกติ ฯ           163 
 



 

                              

References 
1. Lanzkowsky P, Lipton JM, Fish JD. Lanzkowsky’s manual of pediatric hematology and oncology. 6th 

ed. London: Academic Press. 2016. 
2. Monsereenusorn C, Techavichit P, Sathitsamitphong L, et al. Enhancing outcomes of childhood acute 

lymphoblastic leukemia in workplace diversity in Thailand: Multicenter study on behalf of the Thai 
Pediatric Oncology Group. Ann Hematol. 2024;12:5461-72. 

3. Kittivisuit S, Jongthitinon N, Sripornsawan P, Songthawee N, Chavananon S, Limratchapong C, et al. 
Hyperleukocytosis in childhood acute leukemia: Early complications and survival outcomes. Cancers 
(Basel). 2023;15:3072. 

4. Bunin NJ, Pui CH. Differing complication of hyperleukocytosis in children with acute lymphoblastic or 
acute nonlymphoblastic leukemia. J Clin Oncol. 2024;3:1590-5.  

5. Eguiguren JM, Schell MJ, Crist WM, Kunkel K, Rivera GK. Complications and outcome in childhood 
acute lymphoblastic leukemia with hyperleukocytosis. Blood. 1992;79:871-5. 

6. Abla O, Angelini P, Giuseppe G, Mohamed KF, Wendy L, Johann H, et al. Early complications of 
hyperleukocytosis and leukapheresis in childhood acute leukemias. J Pediatr Hematol Oncol. 
2016;38:111–7.  

7. Kong SG, Seo JH, Jun SE, Lee BK, Lim YT. Childhood acute lymphoblastic leukemia with 
hyperleukocytosis at presentation. Blood Res. 2014;49:29–35.  

8. Park KM, Yang EJ, Lee JM, Hah JO, Park SK, Park ES, et al. Treatment outcome in pediatric acute 
lymphoblastic leukemia with hyperleukocytosis in the yeungnam region of Korea: A multicenter 
retrospective study. J Pediatr Hematol Oncol. 2020;42:275-80. 

9. Haase R, Merkel N, Diwan O, Kramm CM. Leukapheresis and exchange transfusion in children with 
acute leukemia and hyperleukocytosis. A single center experience. Klin Padiatr. 2009;221:374-8. 

10. Irken G, Ören H, Öniz, H,  Çetingül N, Vergin C, Atabay B, et al. Hyperleukocytosis in childhood 
acute lymphoblastic leukemia: Complications and treatment outcome. Turk J Haematol. 2006;23:142-
6. 

11. Kulkarni KP, Marwaha RK, Trehan A, Bansal D. Survival outcome in childhood ALL: Experience 
from a tertiary care centre in North India. Pediatr Blood Cancer. 2009;53:168-73. 

164  พิชญำนนัท ์คู่วจันกุล                                             วำรสำรกุมำรเวชศำสตร์ ปีท่ี 64 ฉบบัท่ี 2 เมษำยน-มิถุนำยน 2568 

https://pubmed.ncbi.nlm.nih.gov/?term=Songthawee+N&cauthor_id=37370683
https://pubmed.ncbi.nlm.nih.gov/?term=Chavananon+S&cauthor_id=37370683
https://pubmed.ncbi.nlm.nih.gov/?term=Limratchapong+C&cauthor_id=37370683
https://pubmed.ncbi.nlm.nih.gov/?term=Kunkel+K&cauthor_id=1737097
https://pubmed.ncbi.nlm.nih.gov/?term=Rivera+GK&cauthor_id=1737097
https://pubmed.ncbi.nlm.nih.gov/?term=Kramm+CM&cauthor_id=19890790
https://pubmed.ncbi.nlm.nih.gov/?term=%C3%87eting%C3%BCl+N&cauthor_id=27265481
https://pubmed.ncbi.nlm.nih.gov/?term=Vergin+C&cauthor_id=27265481
https://pubmed.ncbi.nlm.nih.gov/?term=Atabay+B&cauthor_id=27265481
https://pubmed.ncbi.nlm.nih.gov/?term=Bansal+D&cauthor_id=19405133


 

                              

12. Magrath I, Shanta V, Advani S, Adde M, Arya LS, Banavali S, et al. Treatment of acute 
lymphoblastic leukaemia in countries with limited resources; lessons from use of a single protocol in 
India over a twenty year period. Eur J Cancer. 2005;41:1570-83. 

13. Creutzig U, Ritter J, Riehm H, Langermann HJ, Henze G, Kabisch H, et al. Improved treatment 
results in childhood acute myelogenous leukemia: A report of the German cooperative study AML-
BFM-78. Blood. 1985;65:298-304. 

14. Sung L, Aplenc R, Alonzo TA, Gerbing RB, Gamis AS. Predictors and short-term outcomes of 
hyperleukocytosis in children with acute myeloid leukemia: A report from the Children’s Oncology 
Group. Haematologica. 2012;97:1770-3. 

15. Inaba H, Fan Y, Pounds S, Geiger TL, Rubnitz JE, Ribeiro RC, et al. Clinical and biologic features 
and treatment outcome of children with newly diagnosed acute myeloid leukemia and 
hyperleukocytosis. Cancer. 2008;113:522-9. 
 

16. Creutzig U, Zimmermann M, Reinhardt D, Dworzak M, Stary J, Lehrnbecher T. Early deaths and 
treatment-related mortality in children undergoing therapy for acute myeloid leukemia: Analysis of 
the multicenter clinical trials AML-BFM93 and AML-BFM 98. J Clin Oncol. 2004;22:4384-93. 

17. Xu LH, Wang JW, Wang Y, Yang FY. Hyperleukocytosis predicts inferior clinical outcome in 
pediatric acute myeloid leukemia. Hematology. 2020;25:507-14. 

18. Lowe EJ, Pui CH, Hancock ML, Geiger TL, Khan RB, Sandlund JT. Early complications in children 
with acute lymphoblastic leukemia presenting with hyperleukocytosis. Pediatr Blood Cancer. 
2005;45:10-5. 

19. Göçer M, Kurtoglu E. Effect of prophylactic leukapheresis on early mortality and overall survival in 
acute leukemia patients with hyperleukocytosis. Ther Apher Dial. 2021;25:697-703. 

 
 
 
 
 
 

อตัรำกำรรอดชีพของผูป่้วยมะเร็งเมด็เลือดขำวเฉียบพลนัชนิดลิมฟอยดท่ี์มีภำวะเมด็เลือดขำวสูงมำกผิดปกติ ฯ           165 
 

https://pubmed.ncbi.nlm.nih.gov/?term=Adde+M&cauthor_id=16026693
https://pubmed.ncbi.nlm.nih.gov/?term=Arya+LS&cauthor_id=16026693
https://pubmed.ncbi.nlm.nih.gov/?term=Banavali+S&cauthor_id=16026693
https://pubmed.ncbi.nlm.nih.gov/?term=Langermann+HJ&cauthor_id=3881140
https://pubmed.ncbi.nlm.nih.gov/?term=Henze+G&cauthor_id=3881140
https://pubmed.ncbi.nlm.nih.gov/?term=Kabisch+H&cauthor_id=3881140
https://pubmed.ncbi.nlm.nih.gov/?term=Gerbing+RB&cauthor_id=22801969
https://pubmed.ncbi.nlm.nih.gov/?term=Gamis+AS&cauthor_id=22801969
https://pubmed.ncbi.nlm.nih.gov/?term=Geiger+TL&cauthor_id=18484648
https://pubmed.ncbi.nlm.nih.gov/?term=Rubnitz+JE&cauthor_id=18484648
https://pubmed.ncbi.nlm.nih.gov/?term=Ribeiro+RC&cauthor_id=18484648
https://pubmed.ncbi.nlm.nih.gov/?term=Dworzak+M&cauthor_id=15514380
https://pubmed.ncbi.nlm.nih.gov/?term=Stary+J&cauthor_id=15514380
https://pubmed.ncbi.nlm.nih.gov/?term=Lehrnbecher+T&cauthor_id=15514380

