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Background: B cell acute lymphoblastic leukemia (B-ALL) is the most common type of ALL. This study aimed to explore risk
factors for relapse of childhood B-ALL.

Material/Methods: Total of 102 pediatric B-ALL patients were included in this study. B-ALL patients were divided into a relapse
group and a non-relapse group. Chemotherapy-induced agranulocytosis time, fusion gene, and minimal resid-
ual disease (MRD) were assessed. White blood cell (WBC) count in peripheral blood and risk stratification were
evaluated in newly-diagnosed patients. Kaplan-Meier plots were used to evaluate the correlation between risk
factors and relapse rates. Multivariate analysis was performed with Cox proportional hazard model to estimate
relative risk (RR), 95% confidence interval (95% Cl), and hazard ratio (HR). Finally, 99 cases of B-ALL were in-
cluded in this study.

Results: There were significant differences between the relapse group and the non-relapse group in age (p=0.004),
chemotherapy-induced agranulocytopenia (p=0.001), WBC count in peripheral blood of newly diagnosed pa-
tients (p=0.016), risk stratification (p=0.000), and MRD at 12" week (p=0.007). Age over 10 years, high-risk
stratification, long period of agranulocytopenia, higher WBC counts, and MRD more than 10™* were correlat-
ed with higher B-ALL relapse rate (p<0.05). Multivariate analysis showed significantly higher relapse rates for
age 210 vyears, high-risk stratification, and MRD at 12" week >10~, with RR (95% Cl) of 4.001 (1.005-15.930),
4.964 (1.050-23.456), and 4.646 (1.383-15.614), respectively.

Conclusions: Agranulocytopenia <7 days, peripheral blood WBC >100x10°/L, and MRD at 33" day >10~* were associated with
B-ALL relapse. Age 210 years, high-risk stratification, and MRD at 12" week >10~* were independent risk fac-
tors for relapse.
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Background

Childhood acute lymphoblastic leukemia (ALL) is the most prev-
alent malignancy of childhood, accounting for more than 80%
of all childhood ALL and 25% of cancers in childhood [1,2]. With
the use of multi-agent chemotherapy strategies, the long-term
clinical outcomes of childhood ALL patients have been signifi-
cantly improved, with an overall survival (OS) rate more than
90% [3]. B cell acute lymphoblastic leukemia (B-ALL) is the most
common type of ALL, accounting more than 70% of cases [4].
However, due to the medical discrepancies among different
regions and hospitals in China, the cure rate of ALL is signifi-
cantly lower than in Europe and the USA [5]. Children with ALL
usually have cardiopulmonary impairment, neuromuscular dys-
function, and skeletal pathologies, all of which impede physical
function [6]. Although, cytotoxic treatment strategies produce
higher cure rates of ALL, they cause higher rates of long-term
and acute complications [7]. Despite the satisfactory overall
prognosis of pediatric ALL patients, there is an urgent need to
discover a more effective and less toxic therapeutic approach.

Better diagnostic strategies (e.g., biopsy, bone marrow aspirate
examination, and peripheral blood count) have improved the
diagnosis of pediatric ALL[8,9]. In the recent years, many risk
factors have been found [10,11], such as osteonecrosis, ado-
lescence, hyperlipidemia, ionizing radiation, genetic diseases,
and Down syndrome, which can predict the occurrence of ALL.
The most common reason for ALL treatment failure is relapse,
especially for patients with B-ALL [12]. However, risk factors
for relapse of pediatric ALL are unclear.

We conducted a B-ALL childhood-based study to discover the
risk factors for pediatric B-ALL, from January 2010 to January
2015. The detailed information for risk factors were collected
from the B-ALL children. This study aimed to explore the risk
factors for relapse of childhood B-ALL, as well as to optimize
disease assessment and therapeutic strategy to enhance the
survival rate of B-ALL children.

Material and Methods

Subjects

We enrolled 102 pediatric B-ALL patients (including 50 males
and 52 females, with mean age of 4.68+2.95 years) at the
Pediatric Hematological Tumor Ward, the Affiliated Huaian
No. 1 People’s Hospital of Nanjing Medical University (Huaian,
China) between January 2010 to January 2015. Inclusion criteria
were age less than 18 years old, and immunophenotypic anal-
ysis, morphological analysis, cytogenetic testing, and molecu-
lar biology examination for diagnosing B-ALL were made us-
ing the CCLG-2008 protocol of Beijing Children’s Hospital [13].
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The exclusion criteria were patients with Down syndrome, death
within 15 days of induced remission chemotherapy, failure to
cooperate with treatment, and patient undergoing irregular
chemotherapy. All of the above patients were followed up to
January 2018, guaranteeing all follow-up periods were more
than 6 months. The B-ALL patients were divided into a relapse
group (n=23) and a non-relapse group (n=76).

This study was approved by the Ethics Committee of Affiliated
Huaian No. 1 People’s Hospital of Nanjing Medical University.
The informed consents were obtained from parents of all B-ALL
children enrolled in this study.

Measurement

All B-ALL patients underwent regular treatment according to
the CCLG-2008 protocol of Beijing Children’s Hospital [13]. All
of the patients received the same treatments in this study.
Data on sex and age were collected. The chemotherapy-induced
agranulocytosis time was recorded according to the method
described in a previous study [14]. The fusion gene expres-
sion was analyzed using the method described in a previous
study [15]. The minimal residual disease (MRD) was measured
using multi-parameter flow cytometry assay in bone marrow
samples, which were collected at day 33 (MRD at 33 day) and
at week 12 (MRD at 12t week) of the remission induction [16].

Definition of risk factors

Subjects were subdivided into 3 age groups: age <1 year, 1 year
< age <10 years, and age 210 years, according to the method de-
scribed in a previous study [17]. Chemotherapy-induced agran-
ulocytopenia time factor was subdivided into 3 groups: time
<7 days, 7 days < time <21 days, and time >21 days. The WBC
count in peripheral blood of newly diagnosed patients was
graded into <100x10%/L and »>100x10°/L [18]. The risk strati-
fication was divided into 3 levels: lower (standard) risk (leu-
kocyte count <25x10°%/L), medium risk (25x10%/L < leukocyte
count <50x10°/L), and high-risk (leukocyte count >50x10°/L)
according to the method described in a previous study [19].

Outcomes of B-ALL children

The outcomes of B-ALL patients were divided into relapse, death,
loss to follow-up and disease-free survival according to the meth-
od described in a previous study [20]. Relapse was defined as
return of leukemia after complete remission based on the mor-
phology determination of bone marrow [21]. Loss to follow-up
was defined as when the patient could not be contacted due to
any reason. Disease-free survival was defined as when the pa-
tient not developing relapse or death from B-ALL diagnosis un-
til the date of last follow-up [22]. Disease-free survival was the
primary endpoint. Chemotherapy-induced agranulocytopenia
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time, WBC count of newly diagnosed patients, risk stratifica-
tion, and fusion gene expression were the secondary endpoints.

Category of B-ALL relapse

In this study, B-ALL relapse was divided into simple bone marrow
relapse, extramedullary relapse, and bone marrow combining
extramedullary relapse [23]. Simple bone marrow relapse was
defined as lymphoblasts more than 25% (>25%). Extramedullary
relapse was defined as recurrence of B-ALL in the central ner-
vous system and/or testis. Bone marrow combined with extra-
medullary relapse was defined as lymphoblasts more than 5%
(>5%) and recurrence in 1 or more extramedullary locations [24].

Statistical analysis

The data were analyzed using professional SPSS statistical soft-
ware (version: 17.0, SPSS, Inc., Chicago, IL, USA). The numeric
variables are presented as mean+standard deviation (SD) and
were analyzed with Tukey’s post hoc test validated by ANOVA
for comparing measurement data between groups. The cate-
gorical variables are presented as “n” or “%” and were analyzed
with the chi-square test. Kaplan-Meier plots were created to
evaluate correlations between associated risk factors, including
age, chemotherapy-induced agranulocytopenia time, WBC count
in newly diagnosed patients, risk stratification, MRD, and the
associated relapse rates. Multivariate analysis was performed
with the Cox proportional hazards model to estimate relative
risk (RR) value, 95% confidence interval (95% Cl), and hazard
ratio (HR). GraphPad Prism software (version: 6.0, GraphPad
Prism Software, Inc., San Diego, CA, USA) was used to draw
the risk factors associated relapse rate curves. A p value less
than 0.05 was regarded as indicating a significant difference.

Results

Demographic characteristics of children with B-ALL

A total of 102 newly-diagnosed B-ALL children were eligible
for the study. We excluded 2 patients with therapy-associ-
ated death and 1 patient who was lost to follow-up (Figure 1).
Therefore, 99 cases of B-ALL, including relapse cases (n=23,
23.23%) and non-relapse cases (n=76, 76.77%) who completed
the baseline testing and follow-up were included in the anal-
ysis. Among the 23 cases of relapse B-ALL, there were 19 cas-
es of simple bone marrow relapse, 3 cases of central nervous
system relapse, and 1 case of testis relapse.

Risk factors for relapse of B-ALL

In this study, the relapses of patients in the relapse group occurred
from 6 months to 48 months after treatment. The results showed
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Newly diagnosed B-ALL
(n=102)
Not eligible (n=2):
2 cases of therapy associated death
Eligible B-ALL
(n=100)

Not eligible (n=1):
1 case of loss follow up

Enrolled B-ALL
(n=99)

Figure 1. Flow diagram for the included childhood B-ALL cases.

that there were significant differences in age (p=0.004), chemo-
therapy-induced agranulocytopenia time (p=0.001), WBC count
in newly diagnosed peripheral blood (p=0.016), risk stratification
(p=0.000), and MRD at 12" week (p=0.007) between the relapse
group and non-relapse group (Table 1). However, there were no
significant differences for sex (p=0.855), bone marrow progen-
itor cells in newly diagnosed patients (p=0.161), fusion gene
(p=0.421), or MRD at 33 day (p=0.054) between the 2 groups
(Table 1). Therefore, age >10 years, chemotherapy-induced agran-
ulocytopenia time, WBC count »>100x10%L in peripheral blood of
newly diagnosed patients, high risk, and MRD >10™ at 12 week
were proven to be risk factors for B-ALL in this study.

Age more than 10 years and high-risk stratification
associated with higher relapse rate of B-ALL

Kaplan-Meier validated univariate analysis indicated that
the relapse rate in the age >10 years group was significantly
higher compared to that in the age <1 year group and the
1 year < age <10 years group (Figure 2A, p<0.05). However,
there were no significant differences for relapse rate between
the age <1 year group and the 1 year < age <10 years group
(Figure 2A, p>0.05). Kaplan-Meier analysis showed that the
relapse rate in the high-risk stratification group was signifi-
cantly higher compared to that in the standard and interme-
diate risk stratification groups (Figure 2B, p<0.05). However,
there were no significant differences for relapse rate between
the standard group and the intermediate risk stratification
group (Figure 2B, p>0.05).

Shorter period of agranulocytopenia and higher WBC
counts were correlated with relapse rate of B-ALL

According to Kaplan-Meier analysis, there were significant dif-
ferences for relapse rates between time of agranulocytopenia
<7 days, and time >21 days (Figure 3A, p<0.05), but there were
no differences between 7 days < time <21 days and >21 days
(Figure 3A, p>0.05), or between 7 days < time <21 days and
time <7 days (Figure 3A, p>0.05). Kaplan-Meier dependent
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Table 1. Characteristics for the relapse and non-relapse groups of B-ALL patients.

Subjects Relapse group  Non-relapse group x2 It p values
Gender %?=0.033 0.855
""" Male 11 (4783%) 38 (5000%)
""" Female 12 (5217%) 38 (5000%)
CAge ©=11277 0004
. Age<lyear  4.(739% 8 (1053%)
""" lyear<age<lOyeas 14 (60.87%) 66 (86.84%)
 s1oyears s (174%) 2 (&%)
 Chemotherapy-induced agranulocytopenia time (days) ~ 9.13¢822 17.00£1081 | t=3721 0001
| WBC count in newly diagnosed peripheral blood (=580 0016
o o<to0x10°0 18 (7826%) 72 (9474%)
""" s100<1090 5 QL% 4 (26%)
" Newly diagnosed bone marrow progenitor cells (%) 7648:1441 80.80+1239 t=1411 0161
CFusiongene (=0648 0421
""" Negatve 14 (6087 39 (L32%)
""" Positive 9 (3913%) 37 @8e8%
Riskstratification =19.403 0000
© Standardrisk 3 (1304%) 35 (4605%)
""" Intermediaterisk 6 (2609%) 29 (3816%)
""" Wighrsk 14 (6087%) 12 (1579%)
CMRDat33¢day ©=3700 0054
<0t 11 (47.83%) 53 (€9.74%)
""" st 12 (5217%) 23 (3o.26%)
CMRDat12"week ©=7249 0007
<0t 10 (4348%) 56 (7368%)
""" s104 13 (5652%) 20 (632%)

univariate analysis also showed that the relapse rate was sig-
nificantly higher in the peripheral blood of newly diagnosed
patients in the WBC count >100x10°/L group compared to that
in the <100x10°%/L group (Figure 3B, p<0.05).

MRD more than 10~ predicted higher relapse rate of B-ALL

Our results indicated that MRD at 33" day in the >10 group
demonstrated significantly higher relapse rate compared to
that in MRD at 33" day in the <10 group (Figure 4A, p<0.05).
Moreover, for the MRD at 12" week, the relapse rate was sig-
nificantly higher in the >10* group compared to that in the
<10 group (Figure 4B, p<0.05). Therefore, MRD is also a risk
factor for higher relapse rate for B-ALL.

Multivariate analysis for estimating B-ALL risk factors with
Cox proportional hazard model

In this study, the Cox proportional hazard model was estab-
lished and used to conduct multivariate analysis for estimating
the risk factors of B-ALL, showing that there were significantly
higher relapse rates for age >10 years, high-risk stratification,
and MRD at 12* week >10™* (Table 2, p<0.05). Meanwhile,
the RR (95% Cl) for age >10 years, high-risk stratification,
and MRD at 12" week >10* were 4.001 (1.005-15.930), 4.964
(1.050-23.456), and 4.646 (1.383-15.614), respectively (Table 2).

Discussion

B-ALL accounts for more than 80% of all childhood ALL [25]. B-ALL
therapeutic strategies such as CAR-T cell immunotherapy have re-
sulted in continuous improvement of B-ALL therapy [26], with many
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Figure 2. Kaplan-Meier analysis for correlation between relapse rates and age (A) or high-risk stratification (B) of B-ALL patients.
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Figure 3. Kaplan-Meier analysis of correlation between relapse rates and time of agranulocytopenia (A) or peripheral blood WBC count
in newly-diagnosed patients (B) of B-ALL patients.
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Figure 4. Kaplan-Meier analysis of correlation between relapse rates and MRD at 33" day (A) or MRD at 12t week (B) in B-ALL patients.

disease-free survival patients, but approximately 15-20% of pa-
tients have B-ALL relapse, with poor outcomes and prognosis [25].

The present study explored the risk factors for childhood B-ALL,
and discovered that independent risk factors for B-ALL include
age >10 years, high-risk stratification, and MRD at 12" week
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>10%, the RR (95% Cl) of which were 4.001 (1.005-15.930),
4.964 (1.050-23.456), and 4.646 (1.383-15.614), respectively.
According to the CCLG-2008 protocol of Beijing Children’s
Hospital [13], age of B-ALL children <1 year or >10 years are
risk factors for poor prognosis of ALL. The China National
Study reported that the survival rate of ALL was 60-64% in
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Table 2. Cox regression analysis was conducted to identify risk prognostic factors of relapse in B-ALL children. Model evaluation:
¥?=51.496, p<0.001.

Wald
x? value

Partial regression Standard

()
coefficient error 95% CI

Variables RR value

WBC in newly

diagnosed peripheral 0.437 0.648 0.533 0.465 1.605 (0.451, 5.715)
Jbleed

Risk stratification
 Stndardrisk - - a99s o082 - -
ntermediaterisk 042 o772 o037 0550 1540 0374, 6.341)
 Highrisk 1602 0792 a0s8 ooa3 4964 (1050,23.456)
MRDat33¢day o1 0618 o098 033 o548 (0163,1839)
MRDat12week 153 0s18 610 o013 ass6 (1383, 15614)

Model evaluation: y?=51.496, p<0.001.

2005-2009 [27]; prognosis and outcome are affected by phys-
iological and psychosocial factors, biological heterogeneity, and
lack of experience and approaches used by medical teams [28].
Our findings showed that B-ALL children age >10 years old are
at higher risk of relapse of B-ALL, which is also a reason for the
poor prognosis. Therefore, the general chemotherapy regimen
might be not be effective for treating B-ALL, and therapeutic
strategies targeting B-ALL children >10 years old should be used
in large treatment centers. The high-risk B-ALL children tend
to have one or more risk factors for poor prognosis, including
infections, difficult to cure, and death. In this study, we found
that the higher-risk B-ALL children were more likely to relapse
compared to those with standard- or intermediate-risk B-ALL,
which is consistent with previous studies [20,29]. The MRD is
the source for relapse of ALL; therefore, it is critical to moni-
tor MRD in the therapeutic process. A previous study [30] also
reported that relapse rates are higher in B-ALL children who
have MRD at 33" day >10, which is consistent with the pres-
ent Kaplan-Meier analysis results. Research outside China in-
dicated that lower levels of MRD can also induce adverse out-
comes. However, due to the different standards for assessment
methods, estimating time, and predicted values inside and out-
side China [31], the significance of lower MRD in ALL has not
been previously assessed. However, it is sufficiently consistent
for monitoring MRD in definition of risk stratification and guid-
ance of clinical therapy worldwide. Therefore, more complete
information about MRD in patients is critical for ALL research.

In addition to the 3 independent risk factors detailed above, we
also analyzed the roles of agranulocytopenia time in estimat-
ing relapse rates using Kaplan-Meier analysis, which is a nov-
elty of our study. According to Kaplan-Meier analysis, there
were significant differences in relapse rates between patients
with time of agranulocytopenia <7 days and those with time
>21 days, but we found no significant differences between pa-
tients with 7 days < time <21 days and >21 days, or between
7 days < time <21 days and time <7 days. We speculate that
a longer time of chemotherapy-induced agranulocytopenia is
associated with longer bone marrow suppression and the more
sensitivity to chemotherapy, with better chemotherapeutic ef-
ficacy. However, long-term agranulocytopenia also increases
the risk of infection [32]. Therefore, it would be a promising re-
search direction to assess the chemotherapy-induced agranulo-
cytopenia time and to accurately predict treatment timing for
ALL. Furthermore, B-ALL is more likely to relapse in newly di-
agnosed children with peripheral blood WBC count more than
100x10%/L compared to those with less than 100x10°/L, which
might be associated with the excessive invasion of tumors in
multiple organs. Because of the limited number of cases in this
study, we only carried out qualitative research on expression of
children’s fusion genes, without further quantitative and clas-
sified research. However, the relationship between the fusion
genes BCR-ABL1, ETV6-RUNX1, TCF3-PBX1, and IKZF1 and chil-
dren’s ALL recurrence has been also previously studied [24].
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Although this study produced some interesting results, there
are also some limitations. First, the sample size in this study
was small, which might have affected the accuracy of results.
Second, this study only qualitatively studied fusion gene ex-
pression and did not perform quantitative and classified anal-
yses. Third, the correlation between the risk factors for B-ALL
and the overall survival rate was not clarified in this study, and
this needs to be explored in future research.

Conclusions

The present 5-year long-term investigation of B-ALL in our cen-
ter showed that many risk factors can predict the relapse of
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B-ALL. We found that age >10 years, time of agranulocytope-
nia <7 days, high-risk stratification, peripheral blood WBC count
>100x10%L, and MRD at 33" day/12% week >10™* predicted
B-ALL relapse, and age >10 years, high-risk stratification, and
MRD at 12* week >10*were the independent risk factors for re-
lapse. Additionally, accurate estimation of the degree of sever-
ity and precise evaluation for risk stratification, together with
effective interventions, would help to enhancement of surviv-
al rate of B-ALL patients.
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