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Abstract

Purpose: Despite improvements in frontline pediatric acute lymphoblastic leukemia (ALL) 

treatment, relapse remains a concern. Research in adult cancer patients suggests that patient-

reported symptoms may predict survival, but the relationship between symptoms and relapse for 

pediatric ALL has received little attention.

Methods: Pediatric patients with ALL (age 2–18 years) and/or their primary caregivers 

completed symptom surveys at: end of induction, start of delayed intensification (DI), start of 

maintenance cycle 1 (MC1), and start of maintenance cycle 2 (MC2). Symptom clusters for co-

occurring fatigue, pain, sleep disruptions, and nausea were defined using latent profile analysis. 

Hazard ratios (HR) and 95% confidence intervals (CI) for the association between symptom 

clusters, individual symptoms and subsequent relapse were calculated using multivariable Cox 

proportional hazards models, adjusting for clinical and demographic factors.

Results: Eligible patients (n=208) were followed an average of 2.6 years for the incidence of 

relapse (n = 22). Associations between relapse and symptoms were identified for fatigue at DI (HR 

= 1.83, 95%CI: 1.23–2.73) and MC1 (HR = 2.14, 95%CI: 1.62–2.84), pain at DI (HR = 1.80, 

95%CI: 1.19–2.72), nausea at end induction (HR=1.19, 95%CI: 1.01–1.39), and sleep disturbances 
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at end induction (HR=2.00, 95%CI: 1.11–3.62), DI (HR = 1.73, 95%CI: 1.01–2.96), and MC1 

(HR = 2.19, 95%CI: 1.10–4.35). Symptom clusters comprised of individuals with a higher average 

symptom burden at DI were significantly (p < 0.05) associated with relapse.

Conclusion: Patient-reported symptoms may provide prognostic information to aid in the 

identification of pediatric ALL patients at increased risk of relapse.
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INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most frequent malignancy diagnosed in children 

in the United States.1 Due to improvements in the treatment of pediatric ALL over the past 

several decades, five-year survival rates now exceed 90% in most developed countries.2 

However, approximately 20% of cases experience relapse.3 Unlike survival rates for newly 

diagnosed pediatric ALL, little progress has been made in the treatment of relapsed ALL, 

with salvage therapy resulting in durable remission in approximately a third of cases.4 Due 

to the frequency of pediatric ALL and disappointing outcomes following disease recurrence, 

relapsed ALL remains the leading cause of death due to cancer in children.5 Although end of 

induction minimal residual disease (MRD) is the best established predictor of ALL relapse,
6,7 nearly half of relapse cases occur among MRD negative individuals.6 Therefore, 

consideration of additional factors, which directly or indirectly contribute to ALL relapse, 

may be necessary to improve ALL risk prediction and stratification efforts.

Adverse symptoms of pediatric cancer and its treatment are a significant source of morbidity 

in children with cancer. In particular, pain, nausea, sleep disturbances, and fatigue are among 

the most pervasive symptoms reported during pediatric cancer therapy.8–11 In addition to 

negatively impacting quality of life and daily functioning,12,13 adverse symptom profiles 

may provide insight into the overall physical health of patients and their ability to tolerate 

cancer therapy. In fact, evidence from the adult oncology literature suggests that patient-

reported symptoms may predict survival in individuals with cancer.14–16 To date, few studies 

have correlated patient-reported symptoms with treatment outcomes in pediatric oncology. 

Importantly, symptoms rarely remain static throughout childhood ALL treatment;17,18 

therefore, there exists a need to evaluate the association between symptom profiles at critical 

phases of pediatric ALL therapy and subsequent relapse. Additionally, there is growing 

recognition that cancer-related symptoms rarely occur in isolation and characterizing the 

constellation of co-occurring symptoms that form “symptom clusters” may provide a more 

holistic estimation of overall symptom burden.19 Differences in clinical outcomes between 

symptom clusters remains largely undetermined, particularly among pediatric patients with 

ALL. Therefore, the objective of this study was to evaluate the prognostic potential of 

individual symptoms and symptom clusters systematically collected in a prospective cohort 

of pediatric patients during ALL therapy.
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METHODS

Pediatric patients, aged 2–18 years at diagnosis, with newly-diagnosed ALL treated at Texas 

Children’s Cancer and Hematology Centers were enrolled between 2012 and 2017. Patients 

with pre-existing neurologic disorders or developmental disabilities were excluded from the 

study. Of the 236 eligible patients approached for the study, 208 (88%) agreed to participate. 

Most of the eligible patients who did not participate (21 of 28) cited lack of time or interest 

in the study as the primary reason for declining. The study protocol was reviewed and 

approved by an institutional review board at Baylor College of Medicine, and informed 

consent and/or assent, when indicated, was obtained from each research participant and legal 

guardian.

Leukemia Treatment

Eligible participants were treated on or according to recent Children’s Oncology Group 

(COG) ALL protocols: AALL0031, AALL0434, AALL0932, AALL1122, AALL1131, and 

AALL1231. Detailed information on each treatment protocol can be found on 

www.clinicaltrials.gov. Treatment typically consisted of one month of induction therapy 

with intrathecal methotrexate, corticosteroids, pegaspargase, and weekly vincristine and 

daunorubicin (for patients with high-and very-high risk disease). The next six to eight 

months of post-induction therapy consisted of several courses of vincristine, asparagine, 

doxorubicin, corticosteroids, mercaptopurine, cytarabine, intermediate- or high-dose 

intravenous methotrexate, and intrathecal methotrexate every 12 weeks. Finally, 

maintenance therapy typically lasted two to three years, depending on the sex of the child, 

and included a combination of daily oral mercaptopurine, weekly oral methotrexate, 

intravenous vincristine and oral corticosteroids, and intrathecal methotrexate every 12 

weeks.

Symptom Battery

A detailed description of the study design and methods has been published.17 Briefly, 

symptom inventories were administered for participants at least three years of age at the time 

of the assessment. All evaluations were completed between January of 2013 and when the 

symptom study ended in August of 2018. Surveys were administered to each participant at 

four time points, approximately corresponding to the following treatment phases: end of 

induction (~1 month post-diagnosis), start of delayed intensification or day 113 of 

consolidation therapy for low-risk patients (~6 months post-diagnosis), start of the first cycle 

of maintenance therapy (~9 months post-diagnosis), and start of the second cycle of 

maintenance therapy (~12 months post-diagnosis). When appropriate, children ≥ 7 years of 

age self-reported symptoms, while guardian proxy reports were obtained for children < 7 

years of age. To the extent possible, the individual completing the symptom inventory 

remained consistent across all time points evaluated. All surveys were administered in 

person during routine clinical appointments using electronic tablets or paper questionnaires 

to assess symptoms over the previous 2–4 week period. Assessments were structured around 

phases of therapy with participants completing questionnaires the day of the clinical 

appointment. In limited cases, participants were approached at the next scheduled office visit 

(within two weeks of designated time point) and allowed to complete the survey if not 
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completed during the initial visit. Research coordinators were present to supervise 

completion of each questionnaire and offer assistance if needed. English and Spanish 

translations were available for all scales. Fatigue was measured using the Parent Fatigue 

Scale (ages 3–6 years), Child Fatigue Scale (ages 7–12 years), or Adolescent Fatigue Scale 

(ages 13–18 years).20–22 Cumulate scores were standardized to a T- score with mean of 50 

and standard deviation (SD) of 10 (range: 20–80), with higher scores endorsing higher levels 

of fatigue. Sleep disturbances were recorded using the Child (ages 3–12) or Adolescent 

(ages 13–17) Sleep-Wake Scales.23 Responses were averaged across subscales to derive 

overall sleep quality scores (range: 1–6). In order to be consistent with the other symptom 

scales, scores were reverse coded such that higher scores provided evidence of poor sleep 

quality. Nausea was estimated using a visual analog scale (range 0–100), with higher scores 

indicating more severe nausea.24 Similarly, pain was measured using the Wong-Baker Faces 

Scale (range: 0–10),25 with higher scores reflecting higher levels of pain. Given the 

voluntary nature of the study, participants could elect to skip any questionnaire at any 

particular time point.

Clinical and Demographic Characteristics

Clinical information, including cancer diagnosis, age, post-induction treatment risk group, 

minimal residual disease (MRD) detected at day 29 of treatment, and height and weight at 

the time of diagnosis, was abstracted from participant medical records. Participants self-

reported demographic information, including gender, race, and ethnicity. Diagnostic height 

(m) and weight (kg) were used to estimate body mass index (BMI) age- and sex-specific z-

scores, based on the Centers for Disease Control and Prevention growth charts.26 

Participants were prospectively followed for the incidence of relapse through February 2020. 

For relapse cases, date and site of relapse were abstracted from the patient’s medical records.

Statistical Analysis

Descriptive statistics, including means and standard deviations (SDs) for continuous 

covariates and counts and percent of the total for categorical variables, were estimated for 

the entire study sample. Differences in demographic and clinical factors between individuals 

with and without relapsed ALL were compared using a t-test or Fisher’s exact test. The 

associations between patient-reported symptoms and relapse were evaluated using 

unadjusted and adjusted Cox proportional hazards regression models, with participants 

contributing time from diagnosis until the date of relapse or the point at which they were 

censored (end of study follow-up or last contact). Deaths which occurred prior to relapse or 

progressive disease requiring bone marrow transplant were considered competing events in 

Cox models. Separate regression models were constructed for each symptom at each time 

point. Multivariable Cox proportional hazards models included age, gender, ethnicity, BMI 

z-score at diagnosis, ALL diagnosis (B-lineage or T-lineage ALL), and treatment risk group 

as covariates, which were selected a priori based on their suspected association with relapse 

and/or symptom severity. In order to capture the time-dependent nature of individual 

symptoms across treatment, we conducted latent class growth analysis to define clusters of 

individuals with similar severity reported across each time point. Similarly, to identify 

symptom clusters taking into consideration for the severity of all four symptoms evaluated 

simultaneously, we constructed four models (one for each time point) using latent profile 
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analysis. Based on the distributions of the symptom variables, overall sleep quality and 

fatigue were modeled as continuous, normal variables while nausea and pain were fit with 

Poisson models. Consistent with previous work,17 a three-class solution was selected for 

each latent profile analysis model after consideration of Bayesian information criterion 

(BIC) for different solutions. Hazard ratios (HR) and corresponding 95% confidence 

intervals (CI) were estimated for the association between each latent class and relapse using 

Cox proportional hazards models, adjusting for the same covariates included in the 

individual symptom models. All analyses were conducted in Stata 15.1 (College Station, 

Texas, USA) with statistical significance defined at α < 0.05.

RESULTS

On average, eligible participants (n = 208) were 8.55 years of age at diagnosis, with the 

majority being male (55.8%), Hispanic (59.1%), cases diagnosed with Pre-B ALL (85.5%) 

and treated with high- or very high-risk post-induction therapy (63.0%). In univariate 

associations (Table 1), individuals who experienced relapse were more likely to have 

received high- or very high-risk post-induction therapy (90.9% vs 59.7%) and were older 

(10.54 years vs 8.31 years) with higher BMI z-scores (1.13 vs 0.26) at diagnosis. All the 

participants were followed for an average of 2.6 years (range: 0.1–6.1 years) for the 

incidence of relapse (Figure 1), which approached 20% by five-years post-diagnosis. During 

the observation period, 22 individuals experienced relapse, including eight cases of bone 

marrow relapse, 11 with central nervous system (CNS) relapse, two cases presenting with 

both bone marrow and CNS relapse, and one testicular relapse.

The distribution of symptoms reported across each study time point are presented in 

Supplemental Table 1. The observed associations between individual symptoms at each time 

point and subsequent relapse are presented in Table 2. Of the 208 individuals included in the 

study, at least one symptom assessment was completed by 192 (92.3%) at end of induction, 

196 (94.2%) at start of delayed intensification, 173 (83.2%) at maintenance cycle 1, and 166 

(79.8%) at maintenance cycle 2. Higher levels of fatigue were typically associated with an 

increased likelihood of relapse, with the effect estimates reaching statistical significance in 

adjusted models for fatigue assessed at the start of delayed intensification therapy (HR = 

1.83, 95%CI: 1.23–2.73) and the first cycle of maintenance therapy (HR = 2.14, 95%CI: 

1.62–2.84). Similarly, poorer sleep quality (i.e., higher sleep scores) was consistently 

associated with a statistically significant increased likelihood of relapse at each time point 

except maintenance cycle 2 (p-value = 0.055), independent of known clinical and 

demographic prognostic factors. For example, a one-unit increase in sleep disturbances 

measured at the end of induction was associated with a nearly two-fold increase in 

subsequent relapse (HR = 2.00, 95%CI: 1.11–3.62), after accounting for possible 

confounders. The adjusted associations between sleep and relapse revealed similar effect 

estimates for the other time points: delayed intensification (HR = 1.73, 95%CI: 1.01–2.96), 

maintenance cycle 1 (HR = 2.19, 95%CI: 1.10–4.35), maintenance cycle 2 (HR = 2.13, 

95%CI: 0.98–4.60). Higher levels of pain reported at the start of delayed intensification were 

significantly associated with subsequent relapse in adjusted models (HR = 1.80, 95%CI: 

1.19–2.72); however, the associations between relapse and pain reported at the other time 

points did not reach statistical significance. Finally, nausea was consistently associated with 
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a slight increase in relapse in adjusted models across each time point, reaching statistical 

significance for nausea reported at end of induction (HR = 1.19, 95% CI: 1.01–1.39). 

Adjustment for corticosteroid exposure (prednisone vs. dexamethasone), induction therapy 

intensity (no daunorubicin vs daunorubicin), and day 29 MRD as a covariate in the 

regression models (results not shown) did not materially impact the effect estimates (i.e., 

<5% difference in effect estimates). In additional secondary analyses stratifying on MRD 

status (Supplemental Table 2), we did not find evidence of statistical differences in the 

relationship between symptoms and relapse by MRD status, suggesting that the observed 

associations between symptom distress and relapse occur independent of MRD at end of 

induction. Similarly, we compared the associations between symptoms and relapse 

stratifying on self-report and parent proxy-report (Supplemental Table 3), although sample 

size considerations limited our ability to draw meaningful inferences. With the possible 

exception of stronger associations observed for parent-reported symptoms at end of 

induction, associations for symptoms and relapse were similar between self- and parent-

reported surveys.

Using latent class growth analysis to identify groups of individuals with similar symptom 

trajectories reported across all evaluation time points, we identified a three-cluster solution 

for each symptom (Table 3). In general, the classes captured consistently low symptom 

severity (Class 1), moderate symptom severity (Class 2), and persistently elevated symptom 

severity (Class 3). The incidence of ALL relapse was most frequent among individual 

belonging to classes with a higher overall symptom burden across treatment, with the 

associations reaching statistical significance (p-value for trend <0.05) for sleep disturbances 

and nausea. Adjustment for potential confounding factors did not substantially attenuate the 

observed associations between symptom classes and ALL relapse.

We used latent profile analysis to identify symptom clusters to account for correlation 

between symptoms at each time point (Supplemental Table 4). A description of the symptom 

clusters for each time point are presented in Table 4. In general, individuals in class 1 

reported the least symptom distress, while those in class 3 reported the most. For example, 

individuals in class 3 generally reported higher levels of fatigue, poorer sleep quality, more 

pain, and higher levels of nausea than their counterparts in classes 1 or 2 across each time 

point. Depending on the phase of therapy, approximately half (range: 45.1% - 53.0%) of 

patients were categorized in class 1, a third (range: 29.7% - 38.2%) in class 2, and the 

remaining 16.3% - 24.1% in class 3. The clusters associated with a greater overall symptom 

burden were associated with a higher relative incidence of relapse (Table 5), with the 

associations reaching statistical significance for symptoms assessed during delayed 

intensification therapy (p < 0.05). Compared to individuals in class 1, individuals in class 3 

experienced a three- to four-fold increase in the incidence of relapse for symptoms reported 

at delayed intensification (HR = 3.98, 95%CI: 1.38–11.46).

DISCUSSION

Although much progress has been made in the frontline treatment of pediatric ALL, relapsed 

ALL remains the leading cause of cancer death in children.5 End of induction MRD is the 

most reliable established predictor of ALL relapse.6,7 However, approximately half of 
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relapse cases occur in individuals who were MRD negative at end of induction,6 highlighting 

the need to consider other potential predictors of relapse. This study systematically evaluated 

the association between symptoms commonly reported during childhood cancer therapy and 

ALL relapse. In particular, this study reports significant associations between the individual 

symptoms of fatigue, sleep disturbance, and pain and later relapse. Notably, these 

associations occurred independent of known clinical and demographic risk factors for 

relapse, including MRD. For some of these symptoms (i.e., fatigue, pain, nausea) significant 

associations with relapse were only observed during specific phases of therapy, while the 

associations between impaired sleep and relapse was consistent across most phases assessed. 

The higher incidence of relapse appears to be most pronounced among individuals with 

persistently elevated symptoms across therapy. Additionally, this study identified a higher 

incidence of relapse in symptom clusters characterized by a greater overall symptom burden, 

particularly for symptom profiles evaluated prior to maintenance therapy. Considered 

collectively, these findings underscore the potential prognostic significance of adverse 

symptoms experienced during childhood ALL therapy.

To our knowledge, this is the first study to prospectively evaluate the association between 

patient-reported symptoms during chemotherapy and relapse in pediatric patients with ALL. 

Our major finding that symptoms experienced during treatment are associated with adverse 

clinical outcomes is largely consistent with more than a decade of research in adults with 

cancer. For example, higher levels of fatigue have been linked to increased mortality in 

numerous adult oncology populations, including patients with breast,27 lung,28 esophageal,
29 and colorectal cancers.30 We also observed a trend towards a higher incidence of relapse 

in patients who reported more nausea, consistent with some adult studies.31 Pain has been 

extensively studied in adult populations but not consistently associated with overall survival 

or clinical outcome independent of other prognostic factors.32 In the current study, relapse 

was only significantly associated with pain reported at the start of delayed intensification 

therapy, underscoring the value of prospective symptom assessment to better understand the 

potentially dynamic relationship between symptoms and treatment outcomes.

We observed the most consistent associations between relapse and sleep, with poorer sleep 

quality predicting an increased incidence of relapse at each phase of therapy evaluated. 

There is growing awareness that sleep disturbances pose a considerable problem for children 

with cancer.33 For some patients, it is possible that sleep disturbances or poor sleep hygiene 

predate the pediatric leukemia diagnosis, information which was not available in the current 

study. However, sleep problems are commonly reported by parents for children with ALL 

after induction therapy,34 likely reflecting circadian rhythm disruptions due to 

hospitalization or corticosteroid exposure.35,36 Both objective and subjective measures of 

sleep have been implicated in poor treatment outcomes in adults with cancer.37–39 In the 

general population, research has identified a complex, non-linear correlation between sleep 

duration and all-cause mortality,40 but generally supports a robust association between sleep 

quality and health outcomes.41 Additional research is warranted to better characterize the 

relationship between sleep and ALL relapse to identify patient subgroups most likely to 

benefit from intervention.
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Strengths of the current study include a prospective design with systematically evaluated 

symptoms in a contemporary, ethnically diverse cohort. Notably, research has traditionally 

focused on a single symptom and the study of symptom clusters on survival and treatment 

outcomes has received relatively limited attention.42 Because symptoms rarely occur in 

isolation, we compared relapse between symptom clusters statistically defined by the co-

occurrence of pain, sleep, fatigue, and nausea during childhood ALL therapy. This study 

provides novel insight into the potential detrimental impact of adverse symptom clusters and 

ALL relapse, particular for symptom clusters identified prior to maintenance therapy. Still, 

these results should be considered in light of several limitations. First, although the sample is 

relatively large for a study of a single pediatric malignancy, the current study had limited 

statistical power to fully evaluate associations with relapse. The study sample was also 

comprised of large proportion of Hispanic patients (59%) and patients treated on high or 

very high risk protocols (63%), populations with an elevated risk of relapse.43 Thus, the 

study findings may not be generalizable to all pediatric populations treated for ALL. 

Additionally, although visual analog scales are commonly used in symptom reporting,24 the 

validity of the nausea visual analog scale has not been established in pediatric oncology 

populations. As a result, other scale may be more appropriate for evaluating nausea in this 

population. Finally, this study only provides correlations between symptoms and relapse, 

and does not necessarily support a causal link between the two. It is unclear if patient-

reported symptoms impact treatment outcomes directly or indirectly. Symptom severity may 

be a surrogate for disease aggressiveness, compromised physical health of the patients, 

treatment-related complications, or other factors likely to unfavorably affect outcomes. 

Because the impact of these factors was not characterized in the current study, further 

research is needed to elucidate the mechanisms linking patient-reported symptoms to 

adverse treatment outcomes.

The results of this study add to the growing body of evidence from the adult oncology 

literature suggesting patient-reported symptoms contribute significant prognostic 

information beyond traditional clinical risk factors. In our prospective evaluation of 

symptoms reported at four time points during the first year of pediatric ALL chemotherapy, 

we observed associations between relapse and fatigue, sleep disturbances, nausea, or pain at 

one or more time points. In particular, sleep disruptions were consistently associated with 

subsequent relapse, independent of established clinical risk factors. The mechanisms 

responsible for the observed associations between patient-reported symptoms and relapse as 

well as the potential for patient-reported symptoms to improve risk stratification efforts in 

pediatric patients with ALL remain speculative. However, given the pervasiveness of adverse 

symptoms during pediatric ALL therapy and their inverse relationship with quality of life,
12,13 efforts to better manage symptoms deserve increased attention. Based on the results of 

this study, future interventions intended to ameliorate the burden of symptoms in pediatric 

patients with ALL should consider the possible impact on relapse and other clinical 

endpoints.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Kaplan-Meier curve for time to relapse among pediatric patients with acute lymphoblastic 

leukemia, diagnosed 2012–2017
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Table 1.

Clinical characteristics of childhood ALL patients treated at Texas Children’s Hospital, 2012–2017

Overall (n=208) No Relapse (n=186) Relapse (n=22)

Mean age at diagnosis, year (SD) 8.55 (4.32) 8.31 (4.30) 10.54 (4.00)

Mean BMI z-score at diagnosis, (SD) 0.35 (1.31) 0.26 (1.29) 1.13 (1.23)

Gender, n (%)

 Male 116 (55.8) 103 (55.4) 13 (59.1)

 Female 92 (44.2) 83 (44.6) 9 (40.9)

Race/Ethnicity, n (%)

 Non-Hispanic White 50 (24.0) 47 (25.3) 3 (13.6)

 Hispanic 123 (59.1) 105 (56.5) 18 (81.8)

 Non-Hispanic Black 20 (9.6) 19 (10.2) 1 (4.6)

 Non-Hispanic Other 15 (7.2) 0 (0.0) 15 (8.1)

Diagnosis, n (%)

 B-lineage 180 (86.5) 160 (86.0) 20 (90.9)

 T-lineage 28 (13.5) 26 (14.0) 2 (9.1)

Treatment risk group, n (%)

 Low/Standard 77 (37.0) 75 (40.3) 2 (9.1)

 High/Very High 131 (63.0) 111 (59.7) 20 (90.9)

Induction/Postinduction protocol, n (%)

 AALL0434/0434 8 (3.9) 7 (3.8) 1 (4.6)

 AALL0932/0932 66 (31.7) 65 (35.0) 1 (4.6)

 AALL0932/1131 21 (10.1) 16 (8.6) 5 (22.7)

 AALL1131/1131 85 (40.9) 72 (38.7) 13 (59.1)

 AALL1231/1231 20 (9.6) 19 (10.2) 1 (4.6)

 Other 8 (3.9) 7 (3.8) 1 (4.6)

Induction corticosteroid, n (%)

 Prednisone 67 (32.2) 55 (29.6) 12 (54.6)

 Dexamethasone 141 (67.8) 131 (70.4) 10 (45.5)

Induction intensity, n (%)

 3-drug induction< 110 (52.9) 103 (55.4) 7 (31.8)

 4-drug induction 98 (47.1) 83 (44.6) 15 (68.2)

Day 29 MRD, n (%)

 Negative 151 (72.6) 137 (73.7) 14 (63.6)

 Positive 57 (27.4) 49 (26.3) 8 (36.4)

Acute lymphoblastic leukemia, ALL; standard deviation, SD; minimal residual disease, MRD
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