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Background: Rapid reduction of leukemic cells in the bone marrow during remission induction chemotherapy (RIC) can lead to
significant complications such as tumor lysis syndrome (TLS). We investigated whether prephase steroid treatment before RIC could
decrease TLS incidence and improve overall survival in pediatric patients with acute lymphoblastic leukemia (ALL).

Methods: Data were extracted from the Common Data Model databases in two tertiary-care hospitals in Seoul, South Korea. Patients
were classified into the treated or untreated group if they had received RIC with prephase steroid treatment >7 days before RIC in
2012-2021 or not, respectively. Stabilized Inverse Probability of Treatment Weighting (sIPTW) was applied to ensure compatibility
between the treated and untreated groups. The incidence of TLS within 14 days of starting RIC, overall survival (OS), and the
incidence of adverse events of special interest were the primary endpoints. Multiple sensitivity analyses were performed.

Results: Baseline characteristics were effectively balanced between the treated (n=308.4) and untreated (n=246.6) groups after
sIPTW. Prephase steroid treatment was associated with a significant 88% reduction in the risk of TLS (OR 0.12, 95% CI: 0.03-0.41).
OS was numerically greater in the treated group than in the untreated group although the difference was not statistically significant
(HR 0.64, 95% CI 0.25-1.64). The treated group experienced significantly elevated risks for hyperbilirubinemia and hyperglycemia.
The reduction in TLS risk by prephase steroid treatment was maintained in all of the sensitivity analyses.

Conclusion: Prephase steroid treatment for >7 days before RIC in pediatric patients with ALL reduces the risk of TLS, while careful
monitoring for toxicities is necessary. If adequately analyzed, real-world data can provide crucial effectiveness and safety information
for proper management of pediatric patients with ALL, for whom prospective randomized studies may be difficult to perform for

ethical and practical reasons.
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Introduction

Remission induction chemotherapy (RIC) is the primary treatment for pediatric patients with acute lymphoblastic
leukemia (ALL), which aims to quickly reduce the number of leukemic cells in the bone marrow." RIC typically
involves a combination of vincristine, steroid, L-asparaginase, and an anthracycline, and has been shown to be highly
successful in achieving complete remission in >95% of children.'* However, rapid reduction of leukemic cells caused by
RIC may result in several critical complications such as tumor lysis syndrome (TLS), febrile neutropenia, and systemic
infections.! Of them, TLS is a life-threatening condition, with a prevalence of 5% to 26% in pediatric ALL patients who
receive RIC.” TLS can lead to increased morbidity, including acute renal failure, arrhythmia, seizures, and mortality
unless appropriately managed.

Prephase treatment with steroids such as prednisolone or dexamethasone a week before initiating multi-agent RIC is
one way to prevent TLS in pediatric patients with ALL. This strategy was employed by the Berlin-Frankfurt-Miinster
(BFM) group in the 1980s to gradually reduce the initial leukemic burden and lower the risk of toxicity.® The BEM group
also suggested prephase steroid treatment could provide information on risk stratification based on the response to it.’
However, prephase steroid treatment has not been widely accepted as a preferred prognostic indicator due to the
availability of more accurate indicators, including minimal residual disease (MRD) at the end of remission induction.®
Furthermore, with supportive cares improving in recent decades to manage TLS and the use of urate oxidase, such as

%19 the potential benefits of prephase steroid treatment in reducing RIC-related toxicity remain unclear.

rasburicase,

Based on this understanding, we conducted a retrospective observational study using real-world data to evaluate the
effectiveness and safety of prephase steroid treatment before RIC in patients with pediatric ALL. The objective of our
study was to evaluate whether prephase steroid treatment prior to RIC reduces the incidence of TLS and other adverse

events and increases overall survival when compared with RIC without prephase steroid treatment.

Methods
Data Source

This multi-center retrospective observational study utilized the electronic medical record (EMR) databases from two
university-affiliated tertiary-care hospitals in Seoul, South Korea: Seoul National University Hospital (SNUH) and The
Catholic University of Korea College of Medicine, Seoul St. Mary’s Hospital (CUMC). We used the data extracted,
transformed, and loaded into the Common Data Model databases (CDMs) in accordance with the Observational Medical
Outcomes Partnership Common Data Model (OMOP CDM, version 5.3.1) specifications. Patient records from
January 2012 to December 2021 were de-identified and data on demographics, conditions, drug exposures, measure-
ments, and hospital visits were extracted from the CDMs of SNUH and CUMC.

Study Population

Eligible patients were children aged <18 years who had been diagnosed with ALL between January 1, 2012 and December 31,
2021, and received RIC consisting of vincristine, prednisolone, L-asparaginase with or without daunorubicin. The RIC
regimen, lasting 4 to 5 weeks, typically included prednisone at 60 mg/m? daily, orally; vincristine at 1.5 mg/m?, IV, once
a week; L-Asparaginase at 6000 U/m?, 1V, three times per week; and daunorubicin at either 25 mg/m2 weekly or 45 mg/m2 on
Day 1, IV. These patients were divided into two groups based on whether they received prephase steroid treatment before RIC
or not: treated and untreated (Figure 1). The prephase treatment involved prednisone at 60 mg/m?, administered orally daily.
The treated group was defined as patients who received prephase steroid treatment at least 7 days before RIC, whereas the
untreated group comprised those who didn’t receive any prephase steroid treatment or received it within 7 days before the start
of RIC.
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Figure | Study Design: Treatment and Follow-Up Durations for Treated vs. Untreated Groups.

Effectiveness and Safety Assessments

The primary outcome was the incidence of TLS within 14 days of starting RIC in both groups. TLS was defined as
a diagnosis of TLS or the presence of two or more of the following laboratory findings as per the Cairo-Bishop definition
of laboratory TLS:'' 1) hyperuricemia (serum uric acid >8.0 mg/dL), 2) hyperkalemia (serum potassium >6.0 mmol/
L), 3) hyperphosphatemia (serum phosphorous >6.5 mg/dL), 4) hypocalcemia (serum calcium <7 mg/dL). The secondary
outcome was overall survival (OS).

For safety assessment, we compared the risk of adverse events (AEs) between the treated and untreated groups. We
focused on the following AEs of special interest (AESI): hyperbilirubinemia, liver dysfunction, hyperglycemia, hyperli-
pidemia, pancreatitis, and hypertension. These AESIs were chosen due to their common occurrence and significant
clinical implications related to steroids during RIC.

With the exception of hyperglycemia and hypertension, AEs were diagnosed using respective laboratory test results
obtained within a 28-day period from the initiation of RIC, which met or exceeded grade 2 as defined by the Common
Terminology Criteria for Adverse Events (CTCAE) version 5.0. Hyperglycemia was diagnosed using the criteria of
American Diabetes Association.'> Hypertension was defined as a new prescription, i.e., not given in the 30 days prior to
RIC, of amlodipine, carvedilol, or captopril, within 28 days after the initiation of RIC. We chose these three anti-
hypertensive agents because they were commonly given to pediatric patients when they developed hypertension at SNUH
and CUMC. A comprehensive list detailing the laboratory tests and associated definitions for each AE of interest is
provided in Supplementary Table 1.

Statistical Analysis

To ensure the baseline compatibility between the treated and untreated groups in the distributions of covariates that may
affect both the probability of treatment assignment and outcome, stabilized inverse probability of treatment weighting
(sIPTW) based on propensity score (PS) was used.'> We derived PS using a logistic regression model, where the
following baseline characteristics were incorporated as covariates: age at ALL diagnosis, sex, presence of Down
syndrome, risk group, prophylactic use of rasburicase to prevent TLS before RIC, RIC regimen (either consisting of
vincristine, prednisolone, and L-asparaginase, with or without daunorubicin), and baseline laboratory test results. The
laboratory tests included white blood cell count (WBC), hemoglobin, platelet count, absolute neutrophil count (ANC),
uric acid, phosphorus, potassium, calcium, blood urea nitrogen (BUN), creatinine, and lactate dehydrogenase (LDH).
Risk groups were categorized based on the age at diagnosis of ALL and WBC count at the baseline: infants (<1 year old
regardless of baseline WBC), standard risk (1-10 years old and baseline WBC count <50000/uL), and high risk (>10
years old or baseline WBC count >50000/pL).
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Then, we determined a stabilized weight for SIPTW, where inverse probability weights (i.e., 1/PS for treated patients and 1/
(1-PS) for untreated patients) were normalized by the marginal probability of treatment in the entire sample. This aimed to make
the pseudo population maintain a similar sample size to the original population, while avoiding excessively high weights for
certain individuals due to extremely small PS or 1-PS values.'> We evaluated a standardized mean difference (SMD) in each
covariate before and after adjustment using sIPTW to check the balance of the covariate between the treated and untreated
groups. The SMD with a value of <0.1 considered to be balanced.'* The Matchlt package in R was used for PS generation.'”

To investigate the association between prephase steroid treatment and clinical outcomes, we developed a logistic
regression model to estimate the odds ratios (OR) of TLS and AESI between the treated and untreated groups. For the
logistic regression, we adopted a backward elimination approach to iteratively remove covariates that were not
statistically significant, ensuring the retention of only the most relevant predictors in the final model.'®

Additionally, we utilized a Cox’s proportional hazard model, adjusted for age at ALL diagnosis, sex, presence of
Down syndrome, risk group, and premedication with rasburicase, RIC regimen, and baseline laboratory test results using
sIPTW, to estimate a hazard ratio (HR) for the association between the prephase steroid treatment and overall survival
(OS). Kaplan-Meier survival curves, weighted by the sIPTW, were plotted for the two groups, and the differences in the
curves were assessed using the Wald test. All statistical analyses were performed using R (ver 4.1.3; R Foundation,
Vienna, Austria), after patient-level data from both hospitals were combined for analysis.

Sensitivity Analysis

We performed several sensitivity analyses to assess the robustness of the study findings. First, we examined the outcomes
using different PS-based strategies besides sIPTW including PS matching without weights, PS matching with different
model specifications such as caliper and trimming, and IPTW without stabilization.'*"!”

Second, we analyzed the effect of varying the duration of prephase steroid treatment on treatment outcome. In the
main analysis, the duration of prephase steroid treatment was defined as at least 7 days before the initiation of RIC, as
specified by the BFM group.® However, there were patients in both hospitals who received steroids for less than 7 days,
but at least 3 days before the start of the RIC. Therefore, we performed a sensitivity analysis to determine whether
reducing the cut-off duration of prephase steroid treatment to 3 or 5 days would result in similar results. Each of these
variations was scrutinized using the array of PS-based strategies including PS matching without weights, PS matching
applying different model specifications, [IPTW, and sIPTW.

Third, we conducted a sensitivity analysis to assess the confounding effect of a potential, but unmeasured, prognostic
factor for TLS in pediatric ALL, i.e., immunophenotype (B-cell ALL or T-cell ALL), due to the absence of its
information in our study. '® To this end, we employed a rule-out approach, which assumes a hypothetical unmeasured
confounder that is strongly associated with both the exposure (i.e., prephase steroid treatment) and the outcome (i.c.,
TLS). We calculated the strengths of the association between the exposure and potential unmeasured confounders (ORgc)
and between confounders and the outcome (RR¢p) required to explain the observed increased risk of TLS associated
with prephase steroid treatment (apparent relative risk, ARR), assuming there is no true association between prephase
steroid treatment and TLS."® The equations used are given (1) and (2), respectively:

Pci(1—Pc—Pg+Pc)

ORgc= 1
E (Pe—Pc1)(Pe—Par) M
Pci(RRcp—1)+P, 1-P
ARR — c1(RRcp—1)+Pg y E @)
(Pc—Pc1)(RRcp—1)—Pp+1 Pg
ORgc: Association between exposure and potential unmeasured confounder
Pc: Prevalence of confounder
Pc1: Prevalence of confounder in the exposed
Pg: Prevalence of exposure
ARR: Apparent relative risk
RRcp: Association between potential unmeasured confounders and disease outcome
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If the estimated effect of an unmeasured confounder is implausible or unlikely to exist, then it provides evidence that
the observed association is less likely to be explained by unmeasured confounding.

Lastly, we performed a negative control analysis to examine the presence of any unmeasured residual confounding.”® We
selected medicines commonly administered to pediatric patients, regardless of ALL diagnosis, that were neither associated
with prephase steroid treatment nor with the occurrence of TLS. Specifically, we chose acetaminophen (an antipyretic
analgesic) and chlorpheniramine (an antihistamine) given within 7 days prior to the first RIC, as negative controls. We
evaluated whether the use of each drug was associated with an increased risk of TLS. If no association was found statistically
significant in each analysis, the main findings of the present study were not likely affected by residual confounding.

Results

Study Population and Baseline Characteristics

To start, a total of 571 (250 and 321 from SNUH and CUMC, respectively) pediatric patients with ALL were included.
Because of the variations in treatment protocols between the two hospitals, 83.8% (269 of 321) of patients at CUMC
received prephase steroid treatment prior to RIC, whereas only 1.6% (4 of 250) did at SNUH.

Before sIPTW, the treated and untreated groups comprised 273 and 298 patients, respectively. The treated
group exhibited significantly higher baseline levels of platelets (mean + standard deviation: 102.08 + 81.33 vs
86.19 = 71.62, p=0.013), potassium (4.21 + 0.46 vs 3.78 £ 0.64, p<0.001), and LDH (1771.24 + 3164.41 vs
1049.31 + 1649.71, p=0.001) (Table 1). The treated group also had a significantly lower proportion of patients
who received prophylactic rasburicase to prevent TLS before RIC (2.2% vs 8.0%, p=0.003) and a larger proportion
who were administered with a RIC regimen consisting of 4 agents (vincristine, prednisolone, L-asparaginase, and
daunorubicin) (99.6% vs 58.5%, p<0.001) (Table 1).

Table | Baseline Demographic and Clinical Characteristics of Patients Before and After sIPTW

Before sIPTW After sIPTW
Untreated Treated SMD Untreated Treated SMD
(N=298) (N=273) (N=308.4) (N=246.6)
Age at ALL diagnosis, year, mean (SD) 6.95 (4.31) 7.59 (4.61) 0.143 7.33 (4.56) 7.38 (4.52) 0.011
Sex: Male (%) 175 (58.7) 145 (53.1) 0.113 179.1 (58.1) 150.8 (61.1) 0.063
Laboratory test
WBC, 10%/ul, mean (SD) 35.28 (85.70) 34.81 (75.45) 0.006 49.71 (117.68) 42.58 (96.54) 0.066
Hemoglobin, g/dL, mean (SD) 9.11 (1.69) 9.28 (1.57) 0.108 9.28 (1.73) 9.17 (1.47) 0.064
Platelet, 10*/ul, mean (SD) 86.34 (71.70) 101.84 (81.55) 0.202 95.24 (83.32) 90.45 (71.41) 0.062
ANC, %, mean (SD) 15.78 (18.71) 14.71 (14.65) 0.063 14.24 (17.27) 14.42 (14.67) 0.011
Uric acid, mg/dL, mean (SD) 291 (1.71) 2.99 (1.49) 0.052 3.02 (1.90) 3.17 (1.56) 0.086
Phosphorous, mg/dL, mean (SD) 4.84 (1.13) 4.74 (0.96) 0.095 4.71 (1.09) 4.95 (1.17) 0.213
Potassium, mmol/L, mean (SD) 3.78 (0.64) 4.21 (0.46) 0.776 4.14 (0.99) 4.13 (0.47) 0.012
Calcium, mg/dL, mean (SD) 9.01 (0.80) 9.09 (0.71) 0.1 8.99 (0.79) 9.06 (0.71) 0.094
BUN, mg/dL, mean (SD) 7.85 (5.03) 8.35 (3.92) 0.111 8.47 (4.62) 8.88 (4.40) 0.091
Creatinine, mg/dL, mean (SD) 0.47 (0.27) 0.48 (0.23) 0.064 0.48 (0.26) 0.48 (0.23) 0.002
LDH, IU/L, mean (SD) 1048.21 (1652.38) | 1781.88 (3173.55) | 0.29 1351.28 (2155.89) 1525.23 (2489.80) | 0.075
Down syndrome: Present (%) 2 (0.7) | (0.4) 0.042 1.3 (0.4) 0.7 (0.3) 0.023
Risk stratification (%) 0.168 0.045
Infant 4 (1.3) 3 (1.1 44 (1.4) 4.6 (1.9)
Standard risk 200 (67.1) 162 (59.3) 188.1 (61.0) 146.2 (59.3)
High risk 94 (31.5) 108 (39.6) 116.0 (37.6) 95.9 (38.9)
Premedication with rasburicase: Yes (%) 24 (8.1) 6 (2.2) 0.268 18.5 (6.0) 10.2 (4.1) 0.084
RIC regimen: 4 agents (%) 175 (58.7) 272 (99.6) 1.166 243.7 (79.0) 212.0 (86.0) 0.184

Abbreviations: sIPTW, stabilized Inverse Probability Treatment Weighting; SMD, Standardized Mean Difference; WBC, White Blood Cell; ANC, Absolute Neutrophil
Count; BUN, Blood Urea Nitrogen; LDH, Lactate Dehydrogenase; RIC, Remission Induction Chemotherapy.
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After sSIPTW, a pseudo-population was created with 248.7 and 308.9 patients for the treated and untreated groups,
respectively. Patient baseline characteristics became successfully balanced between the treated and untreated groups
maintaining an SMD of at <0.1 except for phosphorous (SMD: 0.179) and proportion who were administered with a RIC
regimen consisting of 4 agents (SMD: 0.216) (Table 1).

Effectiveness of Prephase Steroid Treatment

Prephase steroid treatment was associated with a significant 88% reduction in the risk of TLS (OR 0.12, 95% CI: 0.03-0.41,
p=0.004) (Figure 2). Significant covariates in the final logistic regression model following backward elimination were age at
ALL diagnosis, sex, WBC, hemoglobin, platelet, phosphorus, potassium, BUN, creatinine, risk group, and premedication
with rasburicase. The associations of these covariates with the risk of TLS are provided in Supplementary Table 2.

The median follow-up duration was 53.7 months (interquartile range 23.3-84.9) and the median OS was not
reached in either group. Although statistically not significant, the treated group showed a numerically higher OS
than the untreated group (HR 0.64, 95% CI 0.25-1.64, p=0.352) (Figure 3). The 5-year survival probability was
90.0% and 86.5% for the treated and untreated groups, respectively (p=0.397) (Figure 3). Deaths within 30 days

Sauple Ske Odds ratio
Untreated Treated (95% confidence interval) p-value
Main Analysis
sIPTW 308 247 0.12 (0.03, 0.49) =D 0.004

Sensitivity Analysis

Other PS-Based Strategies with Prephase Steroid Treatment Duration 27 days

Unadjusted 298 273 0.17 (0.05, 0.54) = 0.005
PS matched, nearest 275 275 0.15 (0.04, 0.44) == 0.001
PS matched, trim 0.05 275 275 0.15 (0.04, 0.44) e 0.001
PS matched, caliper 0.2 142 142 0.08 (0.01, 0.30) P 0.001
IPTW 591 516 0.12 (0.03, 0.49) e 0.003
Prephase Steroid Treatment Duration Redefined as 25 days
Unadjusted 274 297 0.17 (0.05, 0.51) - 0.003
PS matched, nearest 275 275 0.26 (0.07, 0.84) - 0.033
PS matched, trim 0.05 275 275 0.26 (0.07, 0.84) > 0.033
PS matched, caliper 0.2 118 118 0.09 (0.01, 0.39) L 0.004
IPTW 760 506 0.15 (0.04, 0.62) B 0.009
sIPTW 365 263 0.15 (0.04, 0.81) T 0.008
Prephase Steroid Treatment Duration Redefined as 23 days
Unadjusted 257 314 0.14 (0.04, 0.43) S 0.001
PS matched, nearest 258 258 0.12 (0.03, 0.39) B 0.001
PS matched, trim 0.05 258 258 0.12 (0.03, 0.39) i 0.001
PS matched, caliper 0.2 97 97 0.20 (0.03, 0.78) e 0.036
IPTW 2506 1800 0.23 (0.06, 0.81) = 0.022
sIPTW 1128 990 0.23 (0.06, 0.82) S 0.023

Figure 2 Odds Ratios for Tumor Lysis Syndrome Associated with Prephase Steroid Treatment Before Remission Induction Chemotherapy.
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following the initiation of RIC were observed in one patient in the treated group and two patients in the untreated
group. Of these, one patient in the untreated group experienced TLS prior to death. However, due to the nature of
the CDM database, the causality between TLS and death could not be determined due to the limited data available.

Safety of Prephase Steroid Treatment

The treated group exhibited a higher incidence of AESI than the untreated group. Hyperbilirubinemia emerged as the
predominant AESI in both the treated (63.2%) and untreated groups (39.9%), with a significantly higher risk in the treated
group than in the untreated group (OR 2.98, 95% CI 1.60-5.54, p-value=0.001) (Figure 4). Additionally, the treated group
showed a statistically significant increase in the risk of hyperglycemia (OR 2.61, 95% CI 1.20-5.69, p-value=0.016) although
the incidence of hyperglycemia was much lower than that of hyperbilirubinemia (13.8% and 6.2% in the treated and untreated
groups, respectively, Figure 4). While the risks for liver dysfunction, pancreatitis, and hyperlipidemia were elevated in the
treated group, these increases were not statistically significant (Figure 4). However, most AESIs were generally manageable

Untreated Treated
(N=308.4) (N=246.6) 0Odds ratio
No. (%) No. (%) (95% confidence interval) p-value
Favor prephase Favor no prephase
steroid treatment steroid treatment
Hyperbilirubinemia 123 (39.9%) 156 (63.2%) 2.98 (1.60, 5.54) — = 0.001
Liver dysfunction 123 (39.9%) 115 (46.6%) 1.30(0.76, 2.21) —_—T 0.343
Hyperglycemia 19 (6.2%) 34 (13.8%) 2.61(1.20, 5.69) 0.016
Pancreatitis 26 (8.4%) 28 (11.4%) 1.40 (0.70, 2.82) 0.342
Hypertension 48 (15.6%) 4 (1.6%) 0.08 (0.02, 0.33) e 0.001
Hyperlipidemia 7 (2.3%) 12 (4.9%) 2.76 (0.68, 11.24) 0.156
0 05 1 15 2 25 3

Figure 4 Odds Ratios for Adverse Events of Special Interest Associated with Prephase Steroid Treatment Before Remission Induction Chemotherapy.
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because the proportion of patients with grade 3 or higher was <10% in the treated group for all events, except for liver
dysfunction (31.1%) (Supplementary Figure 1).

In contrast, the incidence of hypertension was significantly lower in the treated group than in the untreated group (OR
0.08, 95% CI 0.02-0.33, p-value=0.001) (Figure 4).

Sensitivity Analysis
Results from the sensitivity analyses were consistent across various PS-based strategies and different cut-offs for the
duration of prephase steroid treatment. The OR estimates consistently indicated a significant reduction in the TLS risk in
the treated group compared with the untreated group, with ORs ranging from 0.09 to 0.26 (Figure 2).

Furthermore, potential confounding effect by immunophenotype, an unmeasured prognostic factor, was ruled out.

2122 and the prevalence of RIC with

Given that the prevalence of T-cell type in pediatric ALL is approximately 15%,
prephase steroid treatment is assumed to be equal to that of RIC without prephase steroid treatment (50%), ORgc was
negative (<-0.01), an implausible value, when RR¢p >2.1."° In a prior study, the OR of TLS between T-cell and B-cell
ALLs was 4.7 (95% CI 2.6-8.8)."® Using an equation reported previously,?® this OR corresponds to an RR of 3.4, which
exceeds 2.1. Therefore, an OR of 0.12 for TLS in our primary analysis was unlikely to be influenced by an unmeasured
confounder such as immunophenotype.

Our primary results were unaffected by residual confounding either. In the sensitivity analysis using acetaminophen
and chlorpheniramine administered within 7 days prior to the first RIC as negative controls, ORs for TLS were close to
unity and statistically insignificant, i.e., 1.04 (95% CI 0.48-2.24, p-value=0.939) and 1.72 (95% CI 0.45-6.54,
p-value=0.421), respectively. Therefore, the association between TLS risk and prephase steroid treatment was unlikely
to be attributed to residual confounding.

Discussion

This study shows that prephase steroid treatment administered for >7 days prior to RIC in patients with ALL is effective
for reducing the risk of TLS, while careful monitoring for toxicities is necessary. The evidence is that the treated group
exhibited a significantly lower risk of TLS than the untreated group (OR 0.12, 95% CI: 0.03—0.41, p=0.004) (Figure 2)
and numerically increased overall survival, although it failed to reach statistical significance (HR 0.64, 95% CI 0.25—
1.64, p=0.352) (Figure 3). At the same time, it should be also noted that the treated group experienced significantly
elevated risks for a majority of AESIs such as hyperbilirubinemia (OR 2.98, 95% CI 1.60-5.54, p-value=0.001) and
hyperglycemia (OR 2.61, 95% CI 1.20-5.69, p-value=0.016) (Figure 4).

The treatment effect of prephase steroid treatment in reducing the risk of TLS was consistent even when redefining
the cut-off duration to <7 days such as 3 or 5 days (Figure 2). This suggests that a minimum of 3 days of prephase steroid
treatment before RIC might effectively reduce TLS. This observation is in line with the National Comprehensive Cancer
Network (NCCN) guidelines, which recommend 3—7 days of prephase steroid treatment as prophylaxis for pediatric ALL
patients at specific risk for TLS, different from the 7-day duration suggested by the BFM group.”* However, the OR
estimates in our finding increased as the duration of prephase steroid treatment was shortened from 7 days to 5 and 3 days
across similar PS-based strategies (e.g., with sIPTW, 0.12 for >7 days, 0.15 for >5 days, and 0.23 for >3 days). Future
research is needed to ascertain whether shorter prephase steroid treatments offer effects comparable to treatments lasting
at least 7 days.

While prephase steroid treatment significantly lowered the risk of TLS, it didn’t lead to a significant increase in
overall survival (Figure 3). This could be because the hospitals effectively managed TLS, preventing it from becoming
fatal. A single-center study from Pakistan, a developing country, reported that patients receiving one week of prephase
steroid treatment before RIC experienced significantly lower mortality within five weeks after treatment than those who
received upfront RIC without prephase steroid treatment (9% vs 13%, p=0.023).%° On the contrary, in our study, only
three patients died in the first month, with just one of them having TLS. Our mortality data were restricted to deaths
reported within the participating hospitals, potentially omitting fatalities that occurred outside these institutions.
However, given that most ALL patients undergoing RIC remain hospitalized for the majority of the initial month, the
likelihood of overlooking fatalities during this timeframe appears minimal.
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Prephase steroid treatment did not lower the risk of most of toxicities other than TLS and rather increased the risk for
certain AESIs, such as hyperbilirubinemia and hyperglycemia (Figure 4). This discrepancy might arise because the
underlying mechanisms for the AESIs observed in our study differ from those of TLS, which is primarily linked to rapid
and extensive leukemic cell death. For example, hyperbilirubinemia might result from hepatotoxicity or drug interactions
following the administration of cytotoxic chemotherapy agents like vincristine or daunorubicin.?® Furthermore, steroids
themselves can induce adverse events such as hyperglycemia, hypertension, and pancreatitis.>” While it’s challenging to
conclusively attribute the elevated risk of these AESIs to prephase steroid treatment, given a myriad of potential causes
and the inherent complexity of these AESIs compared with TLS, different protocols for managing adverse events and
laboratory test frequencies between SNUH and CUMC might have also played a role. Nevertheless, our findings
emphasize the importance of vigilant monitoring for certain AESIs, particularly hyperbilirubinemia and hyperglycemia,
during prephase steroid treatment followed by RIC.

There has been few studies on the treatment effect of prephase steroid treatment since its introduction by the BFM
group in the 1980s.° This may be due to the diminished significance of the initial benefits associated with prephase
steroid treatment as proposed by the BFM group. One of the primary benefits of prephase steroid treatment was that the
response after one week of prednisone could serve as a prognostic factor for ALL. Patients categorized as having
a prednisone poor response accounted for around 10% of ALL cases and exhibited a significantly higher relapse risk than
those with a prednisone good response.”® Subsequent BFM studies, including BFM-83, 86, and 90, reaffirmed the
prednisone response as a significant prognostic factor in pediatric ALL.***° However, the MRD during and post-
induction has since emerged as the most important predictor of ALL relapse.*® Moreover, a discrepancy arose between
MRD and prednisone response: a subset of prednisone poor response patients with low MRD exhibited favorable
outcomes.>’ Consequently, the prednisone response is no longer universally recognized as a pivotal prognostic indicator.

The more significant benefit of prephase steroid treatment in recent days was its ability to significantly reduce
toxicity, especially TLS, which motivated our study. However, as there have been substantial advances in supportive care
for toxicity management over recent decades such as vigorous hydration and urine alkalinization,'' prephase steroid
treatment has been mostly left to each hospital’s preference.® In particular, rasburicase has been recognized as an
effective prophylactic and therapeutic agent for TLS since the early 2000s. The NCCN recommends both prephase
steroid treatment for 3—7 days and prophylactic rasburicase for pediatric ALL patients with specific risk factors.>* In
South Korea, the utilization of rasburicase has increased after its reimbursement for patients with high risk of TLS by the
national insurance in 2018. However, in our study spanning 2012-2021, only around 5% of the sIPTW-adjusted
population were premedicated with rasburicase, which makes it challenging to conduct subgroup analysis about the
impact of premedication with rasburicase on TLS risk reduction. Future studies comparing the effectiveness of prephase
steroid treatment and that of premedication with rasburicase, or determining the optimal patient profile for each
treatment, would be valuable. Nevertheless, our study holds significance in that it shows the effectiveness in reduction
of the risk of TLS across all TLS risk levels in pediatric ALL patients. Furthermore, in settings with limited access to
rasburicase or other supportive care, our findings may have greater impact.

Our study has several strengths. First, to our knowledge, our study represents the first evidence comparing the
effectiveness and safety of prephase steroid treatment prior to RIC among a large cohort of pediatric ALL patients
across multiple sites in real-world settings. The prephase steroid treatment hasn’t been supported by evidence from
a randomized-controlled trial (RCT) that demonstrates its superiority over no prephase steroid treatment since its
first introduction. Due to the limited patient population and ethical considerations related to pediatric clinical trial,
conducting an RCT on this topic will remain challenging in the future as well. Thus, our results provide critical real-
world evidence on prephase steroid treatment. Second, the large number of patients enrolled in our study is another
strength. SNUH and CUMC are major tertiary hospitals, which manage approximately one-third of all pediatric ALL
patients in South Korea. Third, we adjusted for numerous potential confounders using sIPTW to enhance the validity
of our findings by controlling for confounding effects. Previous studies indicated that age (either >10 or <1), a WBC
count of > 50x10°/L, an LHD level > 2 x upper limit normal and T-cell immunophenotype could significantly
elevate the risk of TLS in pediatric patients with ALL."®? In our research, age, WBC, LDH were incorporated as
covariates in sIPTW (Table 1). Although we couldn’t include immunophenotype as a covariate due to data
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limitations, we successfully showed that our results were not significantly influenced by this factor using the rule-out
approach, a part of our sensitivity analysis. Additionally, we ascertained that our results were unaffected by residual
confounding through the negative control analysis. Our findings also remained consistent across additional sensi-
tivity analyses that examined the effects of varying durations of prephase steroid treatment and employing diverse
PS-based strategies (Figure 2). Lastly, this study also highlights the value of RWD in conducting observational
studies in pediatric patients with ALL. Specifically, the OMOP CDM utilized in this study provides the same
concepts from EMRs in a standardized and structured way irrespective of hospitals.>® This standardization can
significantly diminish the often lengthy and labor-intensive process of data pre-processing and preparation, offering
particular advantages for multi-site studies.

Our study had several limitations. First, our data were sourced from only two sites with heterogeneous treatment
preferences, i.e., one preferring prephase steroid treatment before RIC and the other not. Although we adopted various
strategies to adjust for both known and unknown confounders between the treated and untreated groups, we couldn’t
incorporate site into the covariates due to the imbalance in treatment allocation between the sites. Therefore, biases may
still exist in our findings, as there could be other confounders in treatment practices which we haven’t accounted for.
Additionally, the limited number of sites may restrict the generalizability of our findings. Thus, future studies are
encouraged to assess clinical outcomes across a broader range of sites, ideally with comparable treatment allocation, and
spanning different countries and healthcare systems. Second, we were unable to evaluate several pivotal clinical
outcomes other than TLS due to the intrinsic constraints of retrospective data collection. For example, we couldn’t
assess clinical TLS, which is defined as TLS that requires clinical interventions in addition to meeting the criteria of
laboratory TLS used in this study.'" Such clinical TLS can include severe cases leading to complications like cardiac
arrhythmias, seizures, or renal failure that requires continuous renal replacement therapy. However, the limited data
elements in the CDMs did not allow us to phenotype clinical TLS. Likewise, we couldn’t evaluate certain steroid-induced
toxicities, e.g., osteonecrosis or infections, because these conditions are also challenging to phenotype using the available
data. Lastly, we were unable to address response rates and recurrence-free survival because blast counts in the bone
marrow, essential for determining treatment response and detecting ALL recurrences, were missing in our data. Future
studies, possibly leveraging a more extensive database or incorporating chart reviews by investigators, are crucial to
further evaluate these clinical outcomes.

In conclusion, prephase steroid treatment for >7 days before RIC in pediatric patients with ALL reduces the risk of
TLS, while careful monitoring for toxicities is necessary. If adequately analyzed, real-world data can provide crucial
effectiveness and safety information for proper management of pediatric patients with ALL, for whom prospective

randomized studies may be difficult to perform for ethical and practical reasons.
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