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Summary

Background—Vincristine plus dexamethasone pulses are generally used throughout
continuation treatment for childhood acute lymphoblastic leukemia (ALL). We sought to
determine if this therapy can be safely omitted beyond 1 year of treatment.

Methods—We conducted a randomized, open-label, non-inferiority study in children between

0 and 18 years old with newly diagnosed ALL. Patients in continuous remission for 1 year

were stratified and randomized to receive or not receive seven pulses of vincristine (1.5 mg/m?)
plus dexamethasone (6 mg/m? per day for 7 days) during the second year of treatment.
Randomization and analyses were performed in low-risk and intermediate-/high-risk cohorts
separately. Stratification factors included participating center, sex, and age at diagnosis; the low-
risk group was additionally stratified for £7V6-RUNXI status, and the intermediate-/high-risk
cohort for cell lineage. Randomizations were performed centrally at the leading institution with
assignment sequences generated by the protocol biostatistician. The primary endpoint was 5-year
event-free survival, with the non-inferiority margin preset at 0.05 (5%). The analysis was done
by intention to treat. We herein report the findings after completion of enrollment and completion
of protocol-specified follow-up. The trial is registered with the Chinese Clinical Trial Registry
(ChiCTR-IPR-14005706).

Findings—From January 1, 2015 to February 20, 2019, 6108 evaluable patients were enrolled.
The median follow-up time for the randomized patients who were alive at the time of analysis was
3.7 years (IQR, 2.8-4.7). Among patients with low-risk ALL, there was no difference in 5-year
event-free survival between the 1442 patients treated with and the 1481 treated without additional
pulse therapy (90.3% [95% Cl, 88.4%-92.2%] vs. 90.2% [95% ClI, 88.2%-92.2%], P=0.90). The
one-sided 95% upper confidence bound for the difference in 5-year event-free survival probability
was 0.024, establishing non-inferiority based on the preset criterion of 0.05. Among patients with
intermediate-/high-risk ALL, the 5-year event-free survival was 82.8% [95% CI, 80.0%—85.6%]
for the 1071 patients treated with and 80.8% [95% CI, 77.7%-83.90%] for the 1060 patients
treated without additional pulse therapy (P=0.90). The one-sided 95% upper confidence bound

for the difference in probability of 5-year event-free survival was 0.055, a borderline inferior
result for those treated without additional pulse therapy. Patients with intermediate-/high-risk ALL
receiving additional pulse therapy were significantly more likely to develop grade 3/4 pneumonia
and peripheral neuropathy. Fatal infection occurred in 7 patients with low-risk ALL and in 11 with
intermediate-/high-risk ALL with no significant difference in the rate between randomized groups.

Interpretation—Vincristine plus dexamethasone pulses can be omitted beyond 1 year of
treatment for children with low-risk ALL. Additional studies are needed for intermediate-/high-
risk ALL.

Funding—VIVA China Children’s Cancer Foundation, the National Natural Science Foundation
of China, the China fourth round of Three-Year Public Health Action Plan (2015-2017), Chinese
Academy of Medical Sciences Innovation Fund for Medical Sciences, U.S. National Cancer
Institute, St. Baldrick’s Foundation, and the American Lebanese Syrian Associated Charities.

Lancet Oncol. Author manuscript; available in PMC 2022 September 01.

Page 4



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Yang et al.

Page 5

Introduction

Methods

Adding vincristine plus prednisone (or prednisolone) pulses during continuation treatment
of childhood acute lymphoblastic leukemia (ALL) improved 5-year event-free survival
from approximately 60% to 70% in multiple clinical trials conducted between the

1970s and mid-1980s.1 Two clinical trials conducted in the 1990s randomized patients

to receive dexamethasone or prednisone (or prednisolone) during remission induction

and consolidation and throughout continuation treatment, as monthly pulse therapy with
vincristine.23 In the Children’s Cancer Group study of patients with standard-risk ALL,
dexamethasone-treated patients had significantly better 6-year event-free survival (85% vs.
77%) and a lower CNS relapse rate (3.7% vs. 7.1%) than prednisone-treated patients.? In the
UK MRC 97 study of patients in all risk groups, dexamethasone-treated patients also had
superior 5-year event-free survival (84.2% vs. 75.6%) and lower CNS relapse rate (2.5% vs.
5%) than did prednisolone-treated patients.3

Several study groups conducted randomized studies between 1995 and 2002 to determine
the efficacy of six additional pulses of vincristine plus dexamethasone during continuation
treatment in patients with intermediate-risk ALL.14> Meta-analyses of eight randomized
trials based mainly on the Berlin-Frankfurt-Minster regimen yielded similar 5-year event-
free survival of approximately 80% between patients treated with or without the six
additional pulses of vincristine plus dexamethasone during the first 60 weeks of continuation
treatment.! The improved overall event-free survivals seen in these clinical trials, compared
to those of historical studies, led the investigators to attribute the lack of benefit of the six
additional pulses of vincristine plus dexamethasone to their use of more intensive backbone
therapy, including early intensification of treatment.! However, the European Organisation
for Research and Treatment of Cancer trial 58951 conducted between 1999 and 2002
showed that six additional pulses with vincristine plus prednisolone or dexamethasone
given every 10 weeks throughout continuation treatment yielded significantly better 6-year
disease-free survival for patients with intermediate-risk ALL (90.6% vs. 82.8%).6 The
authors of this trial explained the discrepancies of the results to their longer follow-up

as compared to the other eight randomized trials (median, 6 years vs. 3.3 years). Despite
these inconclusive results and the lack of randomized studies in patients with low- or
high-risk disease, virtually all major study groups have incorporated pulses of vincristine
plus steroid (generally dexamethasone) during continuation treatment of various risk groups
and for various durations since the 2000s.”-17 Therefore, we conducted this large open-label,
randomized non-inferiority study to determine if removing the additional vincristine plus
dexamethasone pulses would not lead to an inferior outcome in any subgroup of childhood
ALL.

Study design and participants

Chinese Children’s Cancer Group study ALL-2015 (CCCG-ALL-2015)18 is a prospective,
multi-institutional clinical trial conducted by 20 major medical centers across China.
Eligible patients were children aged 0-18 years with newly diagnosed ALL. Patients

with secondary malignancy or primary immunodeficiency were not eligible for the study.

Lancet Oncol. Author manuscript; available in PMC 2022 September 01.
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Only prior steroid treatment for less than 1 week was allowed. All patients received
minimal residual disease (MRD)-directed, risk-stratified treatment modified from the St.
Jude Children’s Research Hospital Total Therapy 15 and 16 studies®16 and the Shanghai
Children’s Medical Center ALL-2005 trial.1?

CCCG-ALL-2015 consists of two open-label, randomized studies: one compared the
efficacy and toxicity of dasatinib vs. imatinib in patients with Philadelphia chromosome—
positive ALL; the results of this study have been published recently.29 The other randomized
trial, the subject of this report, determined whether vincristine plus dexamethasone pulses
can be omitted from the last half of continuation therapy without compromising the event-
free survival of all other patients. The 260 patients with Philadelphia chromosome—positive
ALL were not eligible for this study. Patients, guardians, clinicians, and the research staff
were not aware of the results at any phase of the trial. The study was approved by the
institutional review board of each participating center, and informed consent was obtained
from the parents, guardians, or patients, as appropriate, in accordance with the Declaration
of Helsinki.

The diagnosis of ALL was based on morphology and immunophenotypic and genetic
features of leukemic cells. Patients with B-cell ALL (B-ALL) aged between 1 year and
<10 years, and leukocyte count <50 x 109/L, hyperdiploidy >50 chromosomes, or £7V6-
RUNX1 oncogene fusion and without CNS3 status, testicular leukemia, MRD <1% on
Day 19 of induction, and MRD <0.01% on Day 46 of induction were classified as having
low-risk disease. Patients with MRD =>1% (or =5% blasts morphologically without suitable
markers for MRD) in bone marrow on Day 46 of induction and infants younger than 6
months with KMT2A rearrangement and leukocyte count =300 x 10%/L were considered to
have high-risk ALL. The remaining cases were classified as intermediate-risk ALL.

Randomization and masking

Approximately 1 year after diagnosis, following remission induction, consolidation,

and early continuation therapy (figure 1 and appendix p 8), patients remaining in
continuous complete remission were randomized to receive or not receive seven additional
vincristine plus dexamethasone pulses, given every 8 weeks, over the following 56
weeks. Randomization was performed in low- and intermediate-/high-risk patient cohorts
separately. Stratified block randomization?! was done centrally using an interactive
randomization system. The block size was set to six, and the randomization ratio was

1:1. Stratification factors for both risk cohorts included participating center, sex, and age
at diagnosis (<1 year, 1 to <10 years, or =10 years); the low-risk group was additionally
stratified for ETV6-RUNXI status, and the intermediate-/high-risk cohort for cell lineage
(B- vs T-ALL). All therapy was administered as open label without masking. Each
participating hospital enrolled patients locally and reported the enrollment, along with

the required stratification factors, to the central randomization site at Shanghai Children’s
Medical Center. Randomization allocations were generated by the study biostatistician.
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All patients received dexamethasone for 4-5 days as upfront window therapy, followed by
remission induction with prednisone, vincristine, daunorubicin, and pegaspargase from Day
5 to Day 28, and cyclophosphamide, mercaptopurine, and cytarabine from Day 29 to Day 35
(appendix p 2). Patients with B-ALL who had MRD =1% on Day 19 of remission induction
and those with T-cell ALL (T-ALL) received additional early intensification therapy with
cyclophosphamide, cytarabine, mercaptopurine, vincristine, and pegaspargase between Days
50 and 57 (appendix p 3).

Upon completion of induction between Days 46 and 49, consolidation treatment was begun
with high-dose methotrexate and triple intrathecal therapy every other week and daily
mercaptopurine for four courses (appendix, pp 3-4). Continuation treatment in the first

39 weeks for patients with low-risk ALL consisted of daily mercaptopurine and weekly
methotrexate interrupted by pulses of vincristine plus dexamethasone every 3 to 4 weeks
and two reinduction treatments (appendix pp 4-6). During the same period, patients with
intermediate-/high-risk ALL received intensive multiagent chemotherapy, which was also
interrupted by pulses of vincristine plus dexamethasone every 3 to 4 weeks and a reinduction
(appendix pp 4-6). The low-risk group received 11 pulses, and the intermediate-/high-risk
group received 12 pulses during this period. Complete blood counts were checked twice
weekly initially and then every 1 to 2 weeks after the treatment doses were titrated; liver
and renal function blood tests were checked monthly. Dosages of mercaptopurine and
methotrexate were titrated to keep the white blood cell count between 1.8 and 3.0 x 109/L,
absolute neutrophil count between 0.5 and 1.2 x 10%/L, and platelet count =50 x 109/L.
Additionally, dosages of mercaptopurine and methotrexate were decreased if white blood
cell count and neutrophil count did not increase by at least 2 fold a week after the start date
of vincristine and dexamethasone pulse therapy.

Subsequent continuation therapy (approximately 54 weeks from diagnosis) began with
randomized treatment for both cohorts consisting of seven cycles of 8-week treatment. The
patients with low-risk ALL received weekly methotrexate and daily mercaptopurine with
(Group A, control arm) or without (Group B, experiment arm) pulse therapy with vincristine
(1.5 mg/m?) plus dexamethasone (6 mg/m? per day for 7 days) on Week 8 (appendix p

7). The patients with intermediate-/high-risk ALL received 6 weeks of mercaptopurine and
methotrexate, followed by 1 week of treatment with cyclophosphamide and cytarabine with
(Group A) or without (Group B) the pulse therapy (same as low-risk ALL, appendix p

7). The entire treatment concluded with daily mercaptopurine and weekly methotrexate
until Week 125 from the initial induction treatment. None of the patients were given
prophylactic cranial irradiation. Allogeneic hematopoietic cell transplantation or chimeric
antigen receptor T-cell therapy was a treatment option for patients with high-risk ALL who
had MRD =1% at the end of remission induction. The conduct of the protocol included

a central review of MRD, major adverse events and toxicities every 6 months; periodic
internal and on-site monitoring; and external auditing to ensure protocol compliance and
appropriate data management.
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The primary endpoint of the trial was event-free survival. The secondary endpoints were any
relapse and overall survival. Event-free survival was calculated from the date of diagnosis

to the first major adverse event, including induction failure, relapse, death from any cause,
development of a second malignant neoplasm, and off-protocol by the decision of the
treating physician because of severe toxicity. Overall survival was calculated from the time
of diagnosis to death from any cause. Time was censored at the date of last patient contact if
no event occurred.

Statistical analysis

The goal of the study was to establish the non-inferiority (<0.05 absolute difference) in

the 5-year event-free survival probability of the patients in the experimental arm (Group B,
without the additional pulses), as compared to that of patients in the control arm (Group A,
with the additional pulses). The randomization and analyses were conducted separately for
the low-risk and intermediate-/high-risk groups.

According to the a priori statistical design, the one-sided 95% upper confidence bound of
the difference in the probability of 5-year event-free survival (control minus experiment)
was computed; the experimental treatment would be considered non-inferior if the upper
confidence bound of difference was less than 0.05 (5%). This non-inferiority criterion
was so constructed that by randomizing 1500 patients there will be an 80% probability

of declaring non-inferiority if the probabilities of 5-year event-free survival in the control
and experimental groups are, in fact, equal. A range of possible 5-year event-free survival
probabilities (0.6, 0.7, 0.8, 0.9) was considered in assessing sample size and power. The final
sample size was determined to assure 80% power for all the postulated 5-year event-free
survival probabilities. The non-inferiority margin was determined by clinical relevance;
that is, we regard omitting the late vincristine plus dexamethasone pulses as clinically
non-inferior if the resulting 5-year event-free probability decreases by no more than 0.05.

Event-free survival and overall survival functions were estimated using the Kaplan-Meier
method and compared using the log-rank test. The cumulative incidence functions of any
relapse or toxic death were estimated by the method of Kalbfleisch and Prentice?2 and
compared using Gray’s test to account for competing events.23 Competing events included
any relapse, death during remission, second malignancy, and off-protocol treatment by
decision of the treating physician. Treatment abandonment and parental refusal of protocol
treatment were censored. In all the analyses, confidence intervals (Cls) were calculated
using a large-sample normal approximation.

All eligible children with newly diagnosed ALL enrolled on the study, randomized, and
evaluable for the primary objective were included in the analyses of the primary, secondary,
and safety outcomes. Patients with incorrectly determined risk category or unrandomized
were considered as unevaluable and excluded from analyses (figure 1). By protocol design,
the results for the primary analysis were performed, according to intention to treat, on

all evaluable patients. Secondary post hoc analysis was performed also according to

actual vincristine—dexamethasone pulses received (as-treated) on all evaluable patients. Per
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protocol design, randomization, analysis, and results were obtained and reported in low-risk
and intermediate/high-risk patients separately.

A post hoc subgroup analysis in intermediate-risk patients was also performed because
most reported studies were conducted in this risk group. Additional post hoc subgroup
analyses included assessing the relative effects of treatment, with or without vincristine
plus dexamethasone pulses, on event-free survival for the entire cohort and various patient
subgroups by Peto’s hazard ratio (HR) and 95% CI. Heterogeneity between subgroups was
analyzed by the Cochrane Q test.24 Fisher’s exact test was used to post hoc analyze safety
data by determining if patients treated in Group B without the additional pulse therapy had
less grade 3-5 toxicities than those treated in Group A.

An interim monitoring analysis after 3.5 years of overall enrollment was planned to monitor
possible early strong indication of inferiority in event-free survival in the experimental arm,
using the log-rank test at the 0.005 significance level. No significant difference was detected
by this interim analysis performed on February 17, 2020 (appendix p 1). This paper reports
the results after the enrollment and the required follow-up were completed, according to the
study design. All statistical analyses were conducted with R statistical software version 3.4.4
(The R Foundation for Statistical Computing, Vienna, Austria; https://www.r-project.org/).
This trial is registered with Chinese Clinical Trial Registry (ChiCTR-IPR-14005706).

Role of the funding source

Results

The funders of the study had no role in the study design; data collection, analysis, or
interpretation; patient recruitment; or writing of the report. The corresponding author had
full access to all data in the study and had final responsibility for the decision to submit for
publication. All authors had full access to the full data in the study and accept responsibility
to submit for publication.

Between January 1, 2015 and February 20, 2020, we enrolled 6141 consecutive pediatric
patients with newly diagnosed ALL in this randomized study. The median number of patient
enrollment per institution was 228 (range, 66 to 717). Because of the lack of difference
between the experimental and control arms at the interim analyses and the COVID-19
pandemic, enrollment was terminated on February 20, 2020, so that patients who had not yet
been randomized would not have to make clinic visits to receive vincristine beyond 1 year of
treatment.

Thirty-three registered patients were not evaluable because of an incorrect risk group
assignment. Of the 6108 evaluable patients, 5993 (98.12%) experienced complete
morphologic remission. Based on their MRD levels on Days 19 and 46 of remission
induction, 3177 patients were classified as having low-risk ALL, 2805 had intermediate-risk
ALL, and 126 had high-risk ALL (figure 1). Among the 126 patients with high-risk ALL,
hematopoietic cell transplantation was performed in 26 patients, of whom 18 were alive

in remission for 0.4 to 4.6 years (median, 2.3 years), and four each died of relapse or
transplant-related toxicities. Chimeric antigen receptor T-cell therapy was administered to
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two patients; one was alive in remission for 1.6 years and the other died of relapse. The
5-year event-free survival was 79.9% (95% ClI, 78.7%-81.2%), and the 5-year overall
survival was 90.3% (95% Cl, 89.4%-91.2%) for all patients.

Approximately 1 year after diagnosis, 2923 patients with low-risk ALL and 2131 with
intermediate-/high-risk ALL remaining in continuous remission were randomized for the
study; 1442 and 1481 low-risk patients and 1071 and 1060 intermediate-/high-risk patients
were randomized to Group A (control arm) and Group B (experimental arm), respectively
(figure 1). There were no differences in the demographic and disease characteristics or the
levels of MRD at Day 19 or Day 46 of remission induction between patients treated in the
control arm (Group A) and those in the experimental arm (Group B) for both risk cohorts
(table 1). The only exception was a higher percentage of patients whose leukemic cells were
KMTZ2A rearranged in Group B than in Group A (7.08% vs. 4.48%, P=0.01) among the
intermediate-/high-risk cohort (table 1).

Outcome data reported herein were based on intention to treat and were updated on January
31, 2021. The median follow-up time for the 4890 randomized patients who were alive at
the time of analysis was 3.7 years (IQR, 2.8-4.7; range, 1.0-6.1 years); 833 patients had
been followed for 5 years or more. The follow-up time of the 1500t randomized patient was
3.9 years in the low-risk group and 3.0 years in the intermediate-/high-risk group. Among
patients with low-risk ALL, two patients each in Group A and Group B were taken off
protocol by the treating physicians. Among patients with intermediate-/high-risk ALL, six
patients in Group A and one in Group B were taken off protocol by the treating physicians.

Among patients with low-risk ALL, we have established non-inferiority. The one-sided
95% upper-confidence bound for the difference in the probability of 5-year event-free
survival was 0.024, and that for 5-year overall survival was 0.018, both below the preset
non-inferiority criterion of 0.05. Secondarily, we found no significant difference between
Groups A and B in the 5-year event-free survival (90.3% [95% CI, 88.4%—92.2%] vs.
90.2% [95% ClI, 88.2%-92.2%], P=0.90; figure 2A) or overall survival (97.8% [95% ClI,
96.9%-98.8%] vs. 97.3% [95% CI, 96.1%-98.5%], P=0.70; figure 2B). There were also
no significant differences between Group A and Group B in the 5-year cumulative risk of
isolated CNS relapse (1.1% [95% Cl, 0.5%-1.7%] vs. 1.0% [95% Cl, 0.4%-1.6%], P=0.65),
any CNS relapse (1.7% [95% Cl, 1.0%-2.4%] vs. 1.6% [95% CI, 0.9%-2.3%], P=0.81),
any relapse (9.2% [95% Cl, 7.4%-11.0%] vs. 9.1% [95% CI, 7.2%-11.0%], P=0.92), and
death during remission (0.2% [95% CI, 0%—0.4%] vs. 0.3% [95% CI, 0%—0.6%], P=0.27)
(appendix p 9).

Among the patients with intermediate-/high-risk ALL, the one-sided 95% upper confidence
bound for the difference in the probability of 5-year event-free survival was 0.055, which
slightly exceeded the pre-set non-inferiority margin by 0.005, a borderline inferior result
for Group B. The non-inferiority analysis for 5-year overall survival showed a non-inferior
result of 0.013. Secondary analysis showed no significant differences between Group A and
Group B in the probability of 5-year event-free survival (82.8% [(95% CI, 80.0%—-85.7%]
vs. 80.8% [95% ClI, 77.7%—-84.0%], P=0.90; figure 3A) or overall survival (92.3% [95%
Cl, 90.3%-94.4%] and 93.4% [95% Cl, 91.4%-95.4%)], P=0.40; figure 3B). There were
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no significant differences between Group A and Group B in the 5-year cumulative risk of
isolated CNS relapse (1.7% [95% Cl, 0.9%-2.5%] vs. 1.2% [95% CI, 0.5%-1.9%], P=0.36),
any CNS relapse (2.4% [1.2%-3.6%] vs. 2.4% [95% ClI, 1.3%-3.5%], P=0.89), any relapse
(15.6% [95% CI, 12.9%-18.3%] vs. 17.8% [95% Cl, 14.8%-20.8%], P=0.68), and death
during remission (0.6% [95% Cl, 0.1%-1.1%] vs. 0.5% [95% CI, 0.1%-0.9%], P=0.78;
appendix p 10).

Similarly, when the analyses were limited to the patients with intermediate-risk ALL, the
95% upper confidence bound for the difference in 5-year event-free survival probability was
0.056, which slightly exceeded the pre-set non-inferiority margin, a borderline inferior result
for Group B; and that for overall survival probability was 0.016, a non-inferior result. There
were also no significant differences between Group A and Group B in the 5-year event-free
survival (82.7% [(95% CI, 79.9%-85.7%] vs. 80.7% [95% ClI, 77.6%—-83.9%], P=0.90) or
5-year overall survival (92.5% [95% Cl, 90.6%-94.6%] vs. 93.3% [95% CI, 91.3%—-95.3%],
P=0.50 (appendix p 11).

Among the patients with low-risk ALL, adverse events occurred in 104 of 1442 (7.2%)
Group A patients and in 108 of 1481 (7.3%) Group B patients (P=0.45). There was no
significant heterogeneity of treatment effect on the event-free survival among subgroups by
age, sex, CNS status, presenting leukocyte count, leukemia subtypes, or MRD levels during
induction in the low-risk group (appendix p 12). Among the patients with intermediate-/
high-risk ALL, adverse events occurred in 146 of 1071 (13.6%) Group A patients and

in 148 of 1060 (14%) Group B patients (P=0.80). There was no significant heterogeneity

of treatment effect on the event-free survival among various subgroups (appendix p 13).
Among patients with intermediate-risk ALL, adverse events occurred in 144 of 1056
(13.6%) Group A patients and in 148 of 1051 (14.1%) Group B patients (P=0.62). There was
also no significant heterogeneity of treatment effect on the event-free survival among various
subgroups (appendix p 14).

Analyses were also performed by classifying patients based on the actual treatment that they
received (i.e., with or without the additional pulse therapy). Among patients with low-risk
ALL, there were no significant differences in the 5-year event-free survival (P=0.20) or

the 5-year overall survival (P=0.40) between the 1660 patients treated in Group A and the
1263 in Group B; the one-sided 95% upper confidence bound of the difference showed non-
inferior results for both (0.043 and 0.023, respectively) (appendix p 15). Among patients
with intermediate-/high-risk ALL, there were also no differences in the 5-year event-free
survival (P=0.50) or the 5-year overall survival (P=0.90) between the 1242 patients treated
in Group A and the 889 in Group B; the one-sided 95% upper confidence bound of the
difference in the 5-year event-free probability was 0.051, a very borderline result (exceeding
the preset margin by 0.001), and that for overall survival was 0.023, a non-inferior result.
Similar results were obtained when the analyses were limited to patients with intermediate-
risk ALL alone (appendix p 15).

In the low-risk group, we found no significant differences in the rates of infections,
symptomatic osteonecrosis, or other complications during the second year of continuation
treatment between the patients treated with or without the additional pulses (table 2). In
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the intermediate-/high-risk group, we found that grade 3/4 pneumonia (P=0.01) and grade
3/4 vincristine-related peripheral neuropathy (P=0.03) were higher in Group A than in
Group B. Similarly, in the intermediate-risk group alone, grade 3/4 severe pneumonia and
vincristine-related peripheral neuropathy were higher in Group A than in Group B. Grade

5 fatal infection occurred in seven patients with low-risk ALL and in 11 with intermediate-/
high-risk ALL, but the rate did not differ significantly between the randomized groups.

Discussion

The omission of seven pulses of vincristine plus dexamethasone therapy during the second

year of continuation therapy did not adversely affect treatment outcome of childhood ALL,
as measured by event-free survival, overall survival, and the cumulative risk of any relapse,
in the largest cohort of patients studied to date. All clinical or biological subgroups for both
low-risk and intermediate-/high-risk disease, except for Philadelphia chromosome—positive
ALL, were included.

With contemporary treatment regimens, the rate of relapse after completion of treatment is
less than 10%; 60% of relapsed ALL cases occur within the first 2 years,2® and the rate is
even lower among those with low-risk disease.2® Hence, the lack of inferiority of eliminating
pulse therapy in the second year for our low-risk group should not change with longer
follow-up. The finding for patients in this group is not surprising. In the Tokyo Children’s
Cancer Study Group’s L92-13 study, in which continuation therapy was terminated after

1 year of treatment, patients with 7CF3-PBX1 or ETV6-RUNXI fusion oncogenes had
excellent 10-year disease-free survival of 90.9% or 93.8%, respectively.2” For the vast
majority of patients with these favorable genetic subtypes of ALL, especially those who
experience negative MRD after remission induction,28 additional therapy, including the
pulse therapy beyond 1 year of treatment, is most likely superfluous. To this end, an
additional course of delayed intensification, including 3 weeks of treatment with vincristine
plus dexamethasone during the first year of treatment, also failed to improve the outcome
of patients with B- or T-ALL with good early treatment response in the Children’s Cancer
Group 1961 protocol,” and for those with low-risk ALL, as defined by MRD at the end of
induction in the UKALL 2003 study.?

For patients with intermediate-/high-risk ALL, there were also no significant differences

in the event-free survival and overall survival between patients treated with or without
additional pulse therapy. However, in the intent-to-treat and as-treated analyses, we did

not obtain sufficient statistical evidence to support non-inferiority for patients who did not
receive the additional pulse therapy beyond | year of treatment, by the preset statistical
design, though the criterion statistic exceeded the preset non-inferiority margin (0.05) only
by 0.005 and 0.001, respectively. Although more patients with a KMTZA rearrangement
were treated in Group B without additional pulse therapy, patients with this genotype had
comparable event-free survival in both treatment groups (appendix p13). The non-inferiority
result for the analysis of overall survival may reflect more salvageable relapses in patients
who did not receive pulse therapy than in those who did, an observation also made by

Eden et al.> The recent Children’s Oncology Group AALL0932 study showed that decreased
frequency of vincristine plus dexamethasone pulses from every 4 weeks to every 12 weeks
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during continuation treatment yielded the same outstanding event-free survival and overall
survival results for their patients with average-risk B-ALL.28 However, the AALL0932 study
was not designed as a non-inferiority trial. Therefore, additional studies are needed for
patients with average-risk or intermediate-/high-risk ALL.

As expected, infectious complications were observed more often among patients with
intermediate-/high-risk disease who received the pulses during the second year of
continuation treatment, when they also received cyclophosphamide and cytarabine. The lack
of difference in the incidence of osteonecrosis is not surprising because this complication
generally occurs early in therapy (i.e., before the time of randomization in this protocol).2
The very low incidence in both groups is consistent with the result of a recent study in
Japan, suggesting that East Asians may have a lower risk of this complication.2 It also
could be due to the fact that surveillance diagnostic imaging was not performed in this study,
leading to the underestimate of this complication because some cases were asymptomatic,
and other mild cases of osteonecrosis in children younger than 10 years old might have
healed spontaneously.2®

There are several limitations in this study. First, because of the limited resources, there was
an inadequate number of clinical research associates to capture data on grade 1-2 toxicities.
Second, for the same reason, we were not able to collect data on actual treatment doses
received by the patients to analyze the effect of dose intensity on outcome. Third, the
COVID-19 pandemic further compromised our ability to collect data and enroll additional
patients to increase the statistical confidence of our data.

Although we may not have captured all treatment-induced toxicity data, patients who
were randomized to not receive additional pulse therapy would most likely have a

better quality of life during treatment due to less steroid-induced neuropsychological

side effects or vincristine-induced peripheral neuropathy. Future studies of long-term
survivors of childhood ALL are needed to determine if the omission of the seven pulses
of vincristine plus dexamethasone would significantly decrease the long-term sequelae
associated with vincristine and glucocorticoid treatment, such as peripheral neuropathy,
metabolic syndrome, muscle weakness, growth retardation, and decreased energy balance.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

We searched PubMed for reports published in English up to January 2020, using the
terms “vincristine,” “dexamethasone,” and “pediatric acute lymphaoblastic leukemia.”
Of the 385 articles identified, 10 were randomized trials that included vincristine plus
dexamethasone pulses, and all involved children with newly diagnosed intermediate- or
average-risk ALL. Except for one trial that enrolled patients between 2010 and 2018, the
other trials treated patients between 1995 and 2002. Only one trial conducted between
1999 and 2002 showed improved disease-free survival; the other nine showed a lack

of benefit of six or more additional pulses, a finding attributed to the use of intensive
backbone therapy or early intensification treatment with other drugs. Despite the lack of
randomized trials in patients with low- or high-risk ALL and the inconclusive results in
the studies of patients with intermediate-risk disease, most contemporary clinical trials
incorporated pulses of vincristine plus dexamethasone throughout continuation therapy.
We, therefore, conducted a large randomized trial to determine if removing the pulses
of vincristine plus dexamethasone in late continuation treatment for any risk groups of
childhood ALL would not lead to inferior outcome.

Added value of this study

To our knowledge, this is the first study evaluating vincristine plus dexamethasone pulses
in all consecutive pediatric patients with newly diagnosed ALL treated in a contemporary
risk-directed protocol. Our study showed that the omission of seven pulses during the
second year of continuation therapy did not adversely affect treatment outcome, as
measured by the event-free survival, the overall survival, and the cumulative risk of any
relapse in all patients. However, the data about intermediate-/high-risk population need to
be confirmed by additional studies.

Implications of all the available evidence

Omission of vincristine and dexamethasone pulses beyond 1 year of treatment does not
compromise leukemia control and should decrease the acute toxicities and late sequelae
in patients, as well as the burden on their families.
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Fig 1.
CONSORT diagram.
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LR-B 1481 (0) 1481 (0) 1453 (18) 1046 (419) 659 (799) 278 (1177) 8 (1446)
Fig 2.
Kaplan-Meier analyses of event-free survival (A) and overall survival (B) of patients with
low-risk ALL who were randomized to receive (Group A) or not receive (Group B) seven
pulses of vincristine plus dexamethasone after Week 54 of continuation treatment.
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Fig 3.
Kaplan-Meier analyses of event-free survival (A) and overall survival (B) of patients with
intermediate-/high-risk ALL who were randomized to receive (Group A) or not receive
(Group B) seven pulses of vincristine plus dexamethasone after Week 54 of continuation
treatment.
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Table 1.

Baseline demographic and disease characteristics of patients

Low-Risk ALL Intermediate-/High-Risk ALL
Variable Group A Group B Group A Group B
n (%) n (%) n (%) n (%)

Age, years

<1 0(0) 0(0) 31 (2.90) 37 (3.49)

1-10 1421 (98.54) 1458 (98.45) 777 (72.55) 758 (71.51)

>10 21 (1.46) 23 (1.55) 263 (24.56) 265 (25.00)
Sex

Male 817 (56.66) 848 (57.26) 643 (60.04) 652 (61.51)

Female 625 (43.34) 633 (42.74) 428 (39.96) 408 (38.49)
WBC, x10%/L

<100 1427 (98.96) 1462 (98.72) 863 (80.58) 857 (80.85)

2100 15 (1.04) 19 (1.28) 208 (19.42) 203 (19.15)
CNS status

CNS1 1360 (94.31) 1382 (93.32) 967 (90.29) 974 (91.89)

CNS2 17 (1.18) 15 (1.01) 25(2.33) 17 (1.60)

Traumatic LP 65 (4.51) 84 (5.67) 61 (5.70) 46 (4.34)

CNS3 0(0) 0(0) 18 (1.68) 23 (2.17)
Immunophenotype

B / / 857 (80.02) 852 (80.38)

T / / 214 (19.98) 208 (19.62)
Ploidy

Hyperdiploidy >50 285 (19.76) 276 (18.64) 104 (9.71) 111 (10.47)

Others 1157 (80.24) 1205 (81.36) 967 (90.29) 949 (89.53)
KMT2A
rearrangement

Present / / 48 (4.48) 75 (7.08)

Absent / / 1023 (95.52) 985 (92.92)
TCF3-PBX1

Present / / 133 (12.42) 130 (12.26)

Absent / / 938 (87.58) 930 (87.74)
ETV6-RUNX1

Present 479 (33.22) 491 (33.15) 60 (5.60) 61 (5.75)

Absent 963 (66.78) 990 (66.85) 1011 (94.40) 999 (94.25)
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Variable

Low-Risk ALL

Intermediate-/High-Risk ALL

Group A Group B
n (%) n (%)

Group A Group B
n (%) n (%)

MRD D19
<0.01%
0.01-0.09%
0.1-0.99%
21%

847 (59.77) 879 (60.33)
287(20.25) 277 (19.01)
283(19.97) 301 (20.66)
0 (0) 0 (0)

359 (34.75) 365 (35.33)
99 (9.58) 89 (8.75)

170 (16.46) 180 (17.70)
405 (39.21) 383 (37.66)

MRD D46
<0.01%
0.01-0.09%
0.1-0.99%
21%

1325 (96.79) 1389 (97.13)
32 (2.34) 31(2.17)

12 (0.88) 10 (0.70)

0 (0) 0 (0)

785 (77.19) 782 (78.20)
139 (13.67) 144 (14.40)
78 (7.67) 65 (6.50)
15 (1.47) 9(0.90)

Page 21

Abbreviations: CNS, central nervous system; D, day of induction therapy; MRD, minimal residual disease; WBC, white blood cell; LP, lumbar

puncture.
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