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Background: The survival rate of children and adolescents with acute lymphoblastic leukemia (ALL) has progressively improved. However, ALL survivors often have adverse effects after treatment, such as an increased risk of obesity. Obesity has been associated with reduced survival.

Objective: We investigated the relationship between obesity, adipocytokine levels, and ALL short-term outcomes.

Methods: Weight and height were measured, and body mass index (BMI) was calculated at patient diagnosis and discharge. Leptin and Adiponectin levels and Minimal Residual Disease (MRD) were measured before therapy, at days 19 of remission-induction therapy, and at the end of remission-induction therapy (days 46). The relationship between BMI, adipocytokine levels, and MRD was then determined.

Results: Compared to the normal BMI group, children with an abnormal increase in BMI had an increase in MRD at day 19 and 46 (P = 0.04 and P = 0.008), and showed a positive correlation (P = 0.014). In addition, we found a positive correlation between weight, hip circumference at diagnosis and at day 19, and MRD at day 46. Both BMI and fat concentric distribution affected the outcome of ALL children. A higher BMI was also associated with a significant increase in Leptin levels at diagnosis. Leptin resistance should be considered in ALL children with high BMI.

Conclusion: BMI affects the outcome of ALL patients. Early interventions such as regular weight, height monitoring, and dietary assessments should be preferably initiated during remission-induction chemotherapy.
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INTRODUCTION

The survival rate of children and adolescents with acute lymphoblastic leukemia (ALL) has improved to more than 90% in developed countries as a result of improved risk-directed treatment and supportive care (1–4). However, ALL survivors often show adverse effects after their treatment, such as an increased risk of obesity and short stature (5). In children with acute myeloid leukemia, obesity at diagnosis has been associated with worse outcomes (6, 7). These include reduced survival and increased drug toxicity (8). In the long-term, obesity could result in substantial physical and psychosocial morbidity, such as infections, hypertension, and hyperglycemia during therapy, as well as metabolic syndrome (MS) later in life (9). Hence, MS criteria, such as BP, weight, and serum triglyceride levels, should be measured at each patient visit (10).

Obesity/overweight, one of the major complications after ALL treatment, affects treatment efficacy and survival through multiple mechanisms (11). Leptin is a protein synthesized in the fatty tissues and is effective for the control of obesity. Monitoring leptin levels in acute lymphoblastic leukemia (ALL) survivors could be helpful in controlling obesity (12). Biomarkers such as homeostasis model of assessment for insulin resistance index (HOMA-IR), leptin, and leptin/adiponectin have been associated with components of MS and have been associated with a greater risk of MS among ALL children (13).

This study investigated the adverse effects of obesity in ALL children in two centers who were treated using the St. Jude total XV protocol (14). This was done during the remission-induction phase, which is the most important phase during the chemotherapy protocol. Body mass index (BMI), waist circumference, and hip circumference at diagnosis and at the end of remission-induction were measured. Leptin, Adiponectin levels, and Minimal Residual Disease (MRD) (15) were measured at day 0, 19, and 46 of remission-induction chemotherapy using marrow examinations.



MATERIALS AND METHODS


Study Design and Patients

This study was a longitudinal observational study. Between March 2017 and March 2018, ALL patients who received treatment at the Department of Hematology and Oncology of Guangzhou Women and Children's Medical Center and Department of Pediatrics at Nanfang Hospital, Southern Medical University were enrolled to this study. Patient inclusion criteria were: (1) Between 1 and 10 years of age; (2) newly diagnosed with ALL (16, 17) and received remission-induction chemotherapy based on the St. Jude total XV protocol (14) (Table 1); (3) clear consciousness and the ability to communicate, or were accompanied by their parent(s) or guardian; and (4) had stable disease. Patient exclusion criteria were: (1) extreme malnutrition or critical illness; (2) congenital metabolic or genetic disorders, such as urea cycle disorder or Prader-Willi syndrome; (3) psychiatric disorders or organic encephalopathy; (4) did not receive a normal diet or oral nutrition or required fasting and parenteral nutrition due to the disease condition.


Table 1. Remission-induction chemotherapy.
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This study was approved by the Ethics Committee of Guangzhou Women and Children's Medical Center. All parents signed informed consent before study initiation.

During the remission-induction chemotherapy, we compared the height, weight, waist, and hip circumference at discharge vs. at diagnosis. In addition, we measured Leptin and Adiponectin levels on days 0, 19, and 46 together with MRD using bone marrow examinations. A paired t-test was performed to evaluate data between days 0, 19, and 46.



Risk Classification

Risk classification was based on the CCCG-ALL-2015 protocol which was modified from the St. Jude total XV protocol (14) after considerations specific to the Chinese population (18). Risk classifications were based on the following characteristics (age, white blood cell count, immunophenotype, and cytogenetics) and treatment response as measured by MRD levels during remission induction (on day 19) and at the end of remission induction therapy (on or around day 46).



Remission-Induction Chemotherapy

Remission-induction chemotherapy was the most important and initial portion of the entire ALL chemotherapy regiment. Intravenous injection or oral administration of dexamethasone (Dex) (3 mg/m2, twice per day) was on days 1–4. Afterward, prednisone (15 mg/m2, three times per day) was orally administered on days 5–28. The prednisone dose was gradually reduced by half on days 29–35 until withdrawal. This was the initial remission-induction chemotherapy and was termed VDLP therapy. The second remission-induction chemotherapy was CAT therapy and consisted of cyclophosphamide (CTX), cytarabine (Ara-C), and 6-mercaptopurine (6-MP) (based on the St. Jude total XV protocol) (14) (Table 1). Children were discharged after 35 days of remission-induction chemotherapy, and then re-hospitalized for subsequent chemotherapy after 2 weeks.



Data Collection

A medical record abstraction was performed for each patient. Height and weight were measured before chemotherapy and after 46 ± 2 days. Raw BMI was then calculated. The waist and hip circumferences were measured for each course of remission-induction chemotherapy. The waist-to-hip ratio (WHR) was then calculated. In addition, Leptin and Adiponectin levels in the bone marrow were measured at days 1–4, 19 ± 2, and 46 ± 2 together with MRD using bone marrow examinations. The leptin-to-adiponectin ratio (LAR) was subsequently calculated. MRD was the main prognostic variable in this study.

For children between 1 and 3 years of age, Seca416 and Seca376 were used to measure the length and weight. For children > 3 years of age, Seca704s was used to measure height and weight. Waist and hip circumferences were measured using Seca201. One decimal was used for the results of height, waist circumference, and hip circumference, while two decimals were used for the results of weight. The measuring tools were regularly verified to ensure that they were accurate and easy to use and calibrated before use. All measurements were performed by two trained nurses according to the Standard Methods for Somatometry issued by the World Health Organization (WHO) in 20081.

The RayBio® Human Leptin enzyme-linked immunosorbent assay (ELISA) kit (RayBiotech, Inc., Georgia, America) and the RayBio® Human Acrp30 ELISA kit (RayBiotech, Inc., Georgia, America) were used to measure the levels of leptin and adiponectin and were performed according to the manufacturer's instructions. Patient samples were diluted 30,000 times before measuring Adiponectin levels.



Standardization and Definitions of BMI

Raw BMI values were converted to age and gender-adjusted z-scores using the Centers for Disease Control and Prevention's Year 2000 growth charts for patients 2–10 years (Epi Info 3.5)2. Length for weight z-scores was substituted for patients who had measured values prior to turning 24 months of age. Patients aged 2–10 years were defined as underweight, normal weight, overweight or obese according to whether their BMI was below the 5th percentile, in or above the 5th percentile but below the 85th percentile, in or above the 85th percentile but below the 95th percentile or in or above the 95th percentile, respectively (19). Percentage of measured/median was defined as a proportion of measured value in the median of the WHO reference.



Primary and Secondary Outcomes Variables

The primary outcome was MRD and the change in BMI. Secondary outcomes included the changes in waist circumference, WHR, Leptin, and Adiponectin levels. MRD was determined at diagnosis, days 19 ± 2 and at days 46 ± 2 of remission-induction chemotherapy using a multiparameter 6-color flow cytometry performed on bone marrow samples with a sensitivity of 0.01% (20).

For bone marrow examinations, routine time points for bone marrow aspiration in clinical practices (days 0, 19, and 46) were selected. Patients were placed in the lateral position, and then bone marrow aspiration was performed from the posterior superior iliac spine. After obtaining 0.5–1 ml of bone marrow aspirate, samples were centrifuged and the supernatants were stored at −80°C until required (13). All bone marrow aspirations were performed by experienced physicians.



Statistical Analysis

All data were analyzed using SPSS 25.0 win64 software (IBM, NY, USA). Continuous data were examined for normal distribution using the Kolmogorov–Smirnov test. Continuous variables with normal distribution were presented as means ± standard division (SD) and were analyzed using an independent-sample t-test (intergroup comparisons) or paired t-test (pre and post-therapy) or using repeated measure ANOVA and SNK post-hoc test (intergroup comparisons in time). Frequencies (percentages) were used to present categorical variables, and the chi-square test was used for intergroup comparisons. P < 0.05 was considered statistically significant, i.e., BMI at diagnosis was analyzed in four (underweight, normal, overweight and obese) subgroups. BMI percentile changes from diagnosis to the end of induction were analyzed as a continuous variable. MRD on day 19 and at the end of induction were compared across the groups by the chi-square tests. Complete remission was defined as having <5% leukemic blasts with restoration of normal hematopoiesis.




RESULTS


Patient Recruitment and Baseline Characteristics

In this study, 103 children with B-cell acute lymphoblastic leukemia (B-ALL) were enrolled. Six children were excluded due to severe disease needing intensive care, and three due to history of pancreatitis. Another 12 children were withdrawn during the study, which included five who were administered parenteral nutrition after refusing oral diet or enteral nutrition due to severe oral ulcers and seven who had variable blood glucose levels and received a diabetic diet. Finally, 82 children were included in the study. Baseline characteristics including age, gender, admission age, and risk classification by BMI category are presented in Table 2, while discharge status is presented in Table 3.


Table 2. Patient characteristics based on body mass index.
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Table 3. Patient physical characteristics at diagnosis and discharge.
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Minimal residual disease by BMI category is shown in Table 4. Among the four subgroups, abnormal BMI was associated with higher percentage of an MRD level of 1% or higher on day 19 (P = 0.04) and 0.01% or more on day 46 (P = 0.008). Percentage of an MRD level of 1% or higher on day 19 and 0.01% or more on day 46 was significantly higher in the higher BMI subgroups (overweight and obese) than the normal weight subgroup (7.7% vs. 0 and 30.8 vs. 6.9%, respectively).


Table 4. Patient minimal residual disease and adipocytokine levels based on body mass index.
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There was no difference in Leptin and Adiponectin levels between BMI categories. However, paired t-test showed that both Leptin and Adiponectin levels raised significantly on day 19 of induction (P = 0 and P = 0.015, respectively; Table 5; Figures 1–3).


Table 5. Comparison of Leptin and Adiponectin marrow levels at different times.
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[image: Figure 1]
FIGURE 1. Leptin level of bone marrow.
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FIGURE 2. Adiponectin level of bone marrow.



[image: Figure 3]
FIGURE 3. Leptin/Adiponectin rate of bone marrow.


The percentage of BMI at day 0/median was defined as a proportion of BMI at diagnosis within the median of the WHO reference and represents the difference between the measured value and the mean level for the same gender and age. The greater the difference between the BMI and reference value, the worse the MRD at day 46 (P = 0.014; Table 6).


Table 6. Pearson correlation analysis of body mass index, body fat distribution and minimal residual disease day 46.
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Waist and hip circumference reflected the distribution of body fat, i.e., the concentric distribution. The results suggested that fat concentric distribution is significantly correlated with poor MRD at day 46 (Table 6).

There was a significant positive correlation between BMI and bone marrow Leptin levels at diagnosis (P = 0.005) (Table 7), i.e., patients with higher BMI had higher levels of Leptin, suggesting Leptin resistance. No correlation was found between BMI and Adiponectin levels.


Table 7. Pearson correlation analysis of body mass index and adipocytokine levels.
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DISCUSSION

Acute lymphoblastic leukemia is the most common pediatric cancer. Childhood survivors of acute lymphoblastic leukemia (SALL) are at risk of obesity and related cardiometabolic diseases, including type 2 diabetes, hypertension, stroke, and cardiovascular events (21).

We observed changes in BMI, waist circumference and MRD of the 82 enrolled ALL children during their remission-induction therapy (Table 1). In our study, 13 (15.6%) were overweight/obese and 11 (13.4%) were malnourished at diagnosis based on the age- and sex-adjusted BMI. Waist/hip circumference ratio in most children, i.e., 60 (73.2%) reached >1.0 on Day 19 during chemotherapy. Waist circumference increased in 22 children (27%) and hip circumference increased in 33 (40%) ALL children during remission-induction. A higher BMI was associated with significantly increased MRD at day 46 and showed a positive correlation (P = 0.014). In addition, we found positive correlations between weight, hip circumference, and MRD at day 46. This suggested that an increase in MRD was associated with concentric distribution of body fat. Our study suggested that monitoring and control of body weight during chemotherapy is important to the prognosis of the disease.

A meta-analysis suggested that a higher BMI at diagnosis was associated with poorer survival in children with pediatric ALL or acute myeloid leukemia (AML). Orgel et al. performed a meta-analysis of 4,690 cases of ALL and observed poorer event-free survival (EFS) in children with a higher BMI compared to children with lower BMI. A higher BMI was associated with significantly increased mortality and a statistically non-significant trend toward the greater risk of relapse compared to children with a lower BMI (22). At a time when obesity has become a global public concern, the use of hormone drugs such as dexamethasone administered during ALL treatment could cause obesity, especially in children from developing countries. Núñez-Enríquez et al. (9) performed a multicenter cohort study in a Mexican cohort of 1,070 children. Early mortality and early relapses were the main outcomes. Overweight/obesity at diagnosis were predictors of early mortality. In this study, the correlation between BMI at diagnosis and MRD at day 46 supports the results above. Importantly, the weight gain induced during remission-induction therapy (within 6 weeks after diagnosis) after glucocorticoid administration was further exacerbated after completion of therapy. This was regardless of the patients' clinical characteristics, such as age, race, gender, or treatment risk (23).

Body composition analysis also showed an increased incidence of skeletal muscle mass loss (24). Marriott CJC conducted body composition in 75 long-term survivors of ALL (more than 10 years after initial diagnosis). Excess fat mass and the combined morbidity of sarcopenic obesity were found to be prevalent in long-term survivors of ALL. This places ALL survivors at double jeopardy from excess body fat and inadequate skeletal muscle mass (SMM). This is associated with an adverse impact on overall survival (24). In our study, we found the correlation was not only between BMI at diagnosis and MRD day 46 but also between waist circumference and MRD at day 46. This finding suggests that body composition could also affect the outcome of ALL children.

Leptin is an effective adipocytokine to control obesity (12). We found that bone marrow leptin average levels as well as Adiponectin levels increased significantly during dexamethasone administration. Hypothalamic leptin resistance should be considered in obese patients with ALL (25). Obese leukemic survivors have been reported to have lower serum adiponectin levels compared to non-obese survivors (26), while dysregulation of the adipokine pathway has been associated with carcinogenesis and ALL (27). This study also confirmed that Leptin levels of those whose BMI was high at diagnosis were also increased, while two MS markers showed a positive correlation.

Minimal residual disease (MRD) is defined as the presence of sub-microscopic levels of leukemic cells (28). Detection of MRD during remission induction and consolidation therapy is the most sensitive method to evaluate treatment response and one of the strongest predictors of outcome in childhood acute lymphoblastic leukemia. Several studies have demonstrated the prognostic significance of measuring MRD in childhood ALL, suggesting that MRD positivity at serial time points during the treatment is highly predictive of relapse, and associated with poor treatment outcome (29, 30). A recent study suggested that MRD levels at the end of remission induction therapy measured using multiparameter flow cytometry have clinical significance in childhood ALL. High levels of MRD were strongly related to poor treatment outcomes (31, 32). This study found that the MRD day 46 was correlated with higher age- and sex-adjusted BMI at diagnosis (P = 0.014). MRD day 46 seemed worse in patients with fat concentric distribution, i.e., increased waist circumference on diagnosis, day 19 (P = 0.010 and P = 0.007). However, it did not seem to affect MRD through changes in adipocytokine levels.

There were several limitations to this study. Although we focused on the BMI of ALL children, the body composition measurements were not performed to access fat-free mass and fat distribution. In addition, longer longitudinal follow-ups were not performed on ALL children until the end of maintenance therapy and analysis for EFS and overall survival (OS) (33–36).



CONCLUSIONS

In the study, we found that 13 (15.6%) ALL children were overweight/obese and 11 (13.4%) were malnourished (wasting) at diagnosis based on age- and sex-adjusted BMI. A higher BMI was associated with significantly increased MRD at day 46 and showed a positive correlation (P = 0.014). In addition, we found a positive correlation between weight, hip circumference at diagnosis, days 19, and MRD at days 46. Both BMI and fat concentric distribution affected the outcome of ALL children. A higher BMI was also associated with significantly increased Leptin levels at diagnosis. Leptin resistance should be a risk factor in ALL children with high BMI.

To address this risk of weight gain, early interventions such as regular weight and height monitoring and dietary assessment involving a multidisciplinary team of oncologists, nurses, dietitians, physical therapists, psychologists, and endocrinologists should be consulted to evaluate ALL children, preferably starting during remission -induction chemotherapy (19, 37).



ORIGINAL DETAILS OF RISK CLASSIFICATION


Total Therapy Study XV for Newly Diagnosed
 
Patients With Acute Lymphoblastic Leukemia

Principal Investigator: Ching-Hon Pui, M.D.

Co-Principal Investigator: John T. Sandlund, M.D. Departments of Hematology/Oncology St. Jude Children's Research Hospital.




Risk Classification

Patients were classified into one of three categories (low-, standard-, or high-risk) based on age at admission, leukocyte counts, presence or absence of central nervous system (CNS) 3 status or testicular leukemia, immunophenotype, cytogenetic and molecular diagnosis, DNA index, and early response to therapy. Hence, definitive risk assignment (for provisional low-risk cases based on presenting features) will be made after completion of remission induction therapy. The criteria and the estimated proportion of patients for each category (based on data from Total XIII study) are provided below.


Criteria for Low-Risk ALL (~40% of Patients)

• B-cell precursor ALL with DNA index ≥ 1.16, TEL-AML1 fusion gene, or age 1–9.9 years and presenting WBC <50 × 109/L.

• Must not have (i) CNS 3 status (≥5 WBC/:L of cerebrospinal fluid with morphologically identifiable blasts or cranial nervepalsy), (ii) overt testicular leukemia (evidenced by ultrasonogram), (iii) adverse genetic features [t(9;22) or BCR-ABL fusion gene; t(1;19) with E2A-PBX1 fusion gene; rearranged mixed lineage leukemia gene (MLL); orhypodiploidy (<45 chromosomes)], or (iv) poor early response (≥1% lymphoblasts on day 19 or 26 of remission induction, ≥0.01% lymphoblasts by immunologic or molecular methods on remission date).



Criteria for Standard-Risk ALL (~50% of Patients)

• All cases of T-cell ALL and those with B-cell precursor ALL that do not meet the criteria for low-risk or high-risk ALL.



Criteria for High-Risk ALL (~10% of Patients)

• t(9;22) or BCR-ABL fusion.

• Induction failure or >1% leukemic lymphoblasts in the bone marrow on remission date.

• >0.1% leukemic lymphoblasts in the bone marrow in week 7 of continuation treatment (i.e., before re-induction I, ~14 weeks post-remission induction).

• Re-emergence of leukemic lymphoblasts by minimal residual disease (MRD) (at any level) in patients previously MRD negative.

• Persistently detectable MRD at lower levels.
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FOOTNOTES

1Available online at: https://www.who.int/tools/child-growth-standards.

2Available online at http://www.who.int/childgrowth/software.
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