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Introduction

Recent advances in the treatment of childhood acute 
lymphoblastic leukemia (ALL) has significantly improved 
outcomes with long-term survival of greater than 90% in 
high-income countries (Hunger et al., 2012; Jeha et al., 
2019). However, the survival in resource-limited countries 
is significantly lower compared to high-income countries 
with long-term survival of around 70% (Abdelmabood 
et al., 2020; Al-Hadad et al., 2021; Jaime-Pérez et 
al., 2016, 2018; Viana et al., 2015). Various studies 
have reported relapse rates of 10-40% in patients with 
childhood ALL, which remains the most common cause of 
treatment failure, and these patients are more likely to die 
(Abdelmabood et al., 2020; Al-Hadad et al., 2021; Jaime-
Pérez et al., 2016, 2018; Locatelli et al., 2012; Olbara 
et al., 2021; Oskarsson et al., 2016; Tuong et al., 2020; 
Viana et al., 2015; Zapata-Tarrés et al., 2021). Patients 
with relapsed ALL have inferior outcomes with long-term 
survival of 58-72% in high-income countries (Lew et 
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al., 2021; Oskarsson et al., 2016; Parker et al., 2010), 
which is higher than the survival in resource-limited 
countries with long-term survival of only 27-42% (Hu 
et al., 2018; Jaime-Pérez et al., 2016, 2018; Tuong et al., 
2020; Zapata-Tarrés et al., 2021). The factors influencing 
survival in relapsed ALL include immunophenotype, 
site and timing of relapse, and treatment. Early relapse, 
isolated bone marrow relapse, and T-cell phenotype 
are associated with poor prognosis (Hunger and Raetz, 
2020; Locatelli et al., 2012), while patients who have 
low minimal residual disease (MRD) after re-induction 
and who receive hematopoietic stem cell transplantation 
(HSCT) have improved survival (Eckert et al., 2013; Hu et 
al., 2018; Lew et al., 2021; Oskarsson et al., 2016). Another 
important prognostic factor found in resource-limited 
countries which is not so common in high-income 
countries is high rates of chemotherapy refusal (Bhise et 
al., 2021, Chotsampancharoen et al., 2018). There are few 
studies which have evaluated survival among patients with 
relapsed ALL in resource-limited countries, with only one 
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of these evaluating the consequence on survival (Hu et 
al., 2018). Thus, studies including patients with relapsed 
childhood ALL in resource-limited countries are needed 
to further elucidate the poor outcomes and evaluate the 
survival among patients with relapsed ALL who refuse 
chemotherapy. This study aimed to examine the incidence, 
prognostic factors, and survival of relapsed childhood 
ALL in Thailand.

Materials and Methods

Patients 
We retrospectively reviewed the medical records of 

all patients aged 0-15 years diagnosed with ALL between 
January 2000 and December 2019 at Songklanagarind 
Hospital, the major tertiary health care institution and a 
university hospital in Southern Thailand. Ethical approval 
was obtained from the Ethics Committee of the Faculty 
of Medicine, Prince of Songkla University, Songkhla, 
Thailand. 

The clinical characteristics and survival outcomes of 
patients with relapsed ALL were collected including age, 
gender, timing of initial diagnosis, immunophenotype, 
time from initial diagnosis to relapse, site of relapse, 
treatment for relapse, second complete remission (CR2) 
and second relapse if any, and survival status at the last 
follow up or death.

Initial diagnosis of ALL 
The initial diagnoses of ALL were made based on 

pathological and immunochemical evaluations of the 
bone marrow material from bone marrow aspiration 
and/or biopsy, with the criterion of ≥20% lymphoblasts 
for the definitive diagnosis (Brown et al., 2020). 
Immunophenotypic classification was divided into two 
distinct subtypes based on the expression of cell surface 
markers, B-cell and T-cell.

Chemotherapy protocols for newly diagnosed ALL
The chemotherapy protocols used to treat patients 

with newly diagnosed ALL were divided into 3 periods 
as follows. Between 2000 and 2005, the patients treated 
according to the Children’s Cancer Group (CCG)-104, 
CCG-105 and CCG-106 regimens for standard, high 
and very high risks, respectively.(Gaynon, Bleyer, et 
al., 1988; Gaynon, Steinherz, et al., 1988) During the 
period 2006-2013, the patients treated according to the 
CCG-104, CCG-105 and Pediatric Oncology Group 
(POG) 9006 regimens for standard, high and very high 
risks, respectively (Lauer et al., 2001; Tubergen et al., 
1993). From 2014-2019, the patients treated according 
to the Children’s Oncology Group (COG)-AALL00P2 
regimen for standard risk and the COG-AALL0232 
regimen for high and very high risks (Hunger et al., 2012). 
Patients were defined as having achieved a first complete 
remission (CR1) if they had <5% blast cells in the bone 
marrow and no blast cells in the cerebrospinal fluid (CSF) 
at the end of the induction phase. 

Diagnosis of relapsed ALL 
The diagnosis of relapse could be made at any time 

point after achieving CR1. Isolated bone marrow relapse 
was defined as the presence of ≥20% blast cells in the bone 
marrow. Isolated central nervous system (CNS) relapse 
was defined as the presence of ≥5/µL leukocytes with 
detectable blast cells in a cytocentrifuged preparation of 
CSF, or the presence of cranial nerve palsies. An isolated 
testicular relapse was defined as the presence of unilateral 
or bilateral testicular enlargement, with biopsy-proven 
testicular involvement in the absence of bone marrow 
involvement (<5% blast cells). Combined relapse was 
defined as the presence of ≥5% blast cells in the bone 
marrow and extramedullary disease relapse (Locatelli et 
al., 2012).

The timing of relapse was classified according to the 
COG as early (within 36 months after initial diagnosis) 
or late bone marrow relapse (after 36 months from initial 
diagnosis). Isolated extramedullary relapse was defined 
as early (within 18 months after initial diagnosis) or 
late relapse (after 18 months from initial diagnosis) 
(Malempati et al., 2007).  

Chemotherapy protocols for relapsed ALL 
The chemotherapy protocols used to treat patients 

with relapsed ALL were divided into 2 periods as follows. 
Between 2000 and 2013, relapsed patients treated 
according to the ALL-REZ Berlin-Frankfurt-Münster 
(BFM) 87 regimen (Bührer et al., 1994). In the period 
from 2014-2019, they treated according to UKALL R3 
chemotherapy regimen (Parker et al., 2010). Patients were 
defined as having achieved a CR2 if they had <5% blast 
cells in the bone marrow and no blast cells in the CSF at 
the end of the re-induction phase. 

Statistical analysis
Descriptive statistics are presented using mean and 

standard deviation or median and interquartile range (IQR) 
for continuous variables as appropriate, and frequency 
with percentage for categorical variables. The Kaplan–
Meier method was used to depict the overall survival 
(OS) from the time of diagnosis of relapse to various time 
points. The log rank test was used for comparing survival 
between groups. A p-value less than 0.05 was considered 
significant.

Results

A total of 501 patients were diagnosed with ALL in our 
center during the 20-year study period. We excluded 29 
patients who had incomplete data, leaving a total of 472 
patients for analysis. Of these, 155 (32.8%) had relapsed 
ALL at a median age of 7.8 years (IQR 5.2-10.8). The 
percentages of males and females were 60% and 40%, 
respectively. Of the 155 relapsed patients, 131 (84.5%) 
had the B-cell phenotype and 24 (15.5%) had the T-cell 
phenotype. Of these, 113 (72.9%) had early relapse with 
a mean time from initial diagnosis of 1.3 ± 0.8 years 
and 42 (27.1%) had late relapse with a mean time from 
initial diagnosis of 4.9 ± 2.1 years. The most common 
site of relapse was bone marrow in 102 patients (65.8%) 
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followed by combined sites in 28 patients (18.1%), CNS 
in 21 patients (13.5%) and testis/es in 4 patients (2.6%). 
The mean times from initial diagnosis to bone marrow 
and extramedullary relapse were and 2.3 ± 2.2 and 2.0 ± 
2.0 years, respectively. 

Of the 155 relapsed patients, 128 (82.6%) received 
relapse chemotherapy while 27 (17.4%) refused treatment 
and chose alternative medicine. Of the 128 patients who 
received the relapse chemotherapy, 71 (55.5%) achieved 
CR2, 44 (34.3%) did not, and 13 (10.2%) died during re-
induction. Of the 128 patients who received the relapse 
chemotherapy, 47 (36.7%) had a second relapse (Table 1). 

Survival outcomes
Of the 155 relapsed patients, 7 (4.5%) were lost to 

follow-up. The 3-year and 5-year OS of all relapsed 
patients were 19.2% and 11.9%, respectively (Figure 1), 
with a median survival time of 7.4 months (IQR 5.3-13.1). 
As shown in Figure 2, the timing of relapse was associated 
with survival of relapsed ALL. The 5-year OS among 
patients with early relapse was significantly lower than in 
patients with late relapse (5.3% vs. 29.1%, respectively, p 
<0.0001). Site and immunophenotype were not associated 
with survival of relapsed ALL. 

The difference in survival between the relapsed B-cell 
and T-cell ALL groups was not significant (12.6% vs. 8.7%, 
respectively, p = 0.43), nor between isolated bone marrow 
and other site relapses (11.3% vs. 12.8%, respectively, p 
= 0.29). The survival was significantly different between 
subgroups of relapsed patients categorized by combined 
timing of relapse and immunophenotype. The 5-year OS in 
early B- or T-cell and late B- or T-cell relapses were 4.0%, 
10.5%, 32.3% and 25%, respectively (p <0.0001). Among 
the patients who received the relapse chemotherapy, 
the median survival time was 11.8 months. The median 
survival times were 5.0 and 1.8 years for the patients who 
achieved CR2 and who did not, respectively. As shown in 
Figure 3, the 5-year OS among the patients who achieved 

Characteristic Value 
Age (years)
     Median (IQR) 7.8 (5.2-10.8)
Sex, n (%)
     Male 93 (60.0)
     Female 62 (40.0)
Timing of relapse, n (%)
     Early 113 (72.9)
     Late 42 (27.1)
Immunophenotype, n (%)
     B-cell 131 (84.5)
     T-cell 24 (15.5)
Site of relapse, n (%)
     Bone marrow 102 (65.8)
     CNS 21 (13.5)
     Testes 4 (2.6)
     Combined (bone marrow with other site(s)) 28 (18.1)
Treatment of relapse, n (%)
     Chemotherapy 128 (82.6)
     Achieved CR2 71 (55.5)
     Failed CR2 44 (34.3)
     Died during re-induction 13 (10.2)
Alternative medicine 27 (17.4)
Second relapsea, n (%) 47 (36.7)
Current status, n (%)
     Alive 22 (14.2)
     Dead 133 (85.8)

Table 1. Characteristics of Patients with Relapsed ALL

Figure 1. Kaplan-Meier Survival Curve of Total Patients with Relapsed Acute Lymphoblastic Leukemia 

a(**superscript**) Among patients who received chemotherapy only 
(n = 128); ALL, acute lymphoblastic leukemia; CNS, central nervous 
system; CR2, second complete remission; IQR, interquartile range
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CR2 was significantly higher than in the patients who did 
not (49.4% vs. 9.1%, respectively, p <0.0001). Among 
the patients who did not achieve CR2, all died. Of the 27 
patients who refused chemotherapy and chose alternative 
medicine, the median survival time was 3.1 months. 

Discussion

In our study, the relapse rate of ALL was 33%, which 
was higher than some studies from high-income countries 
with reported rates ranging from 15% to 20% (Locatelli 
et al., 2012; Oskarsson et al., 2016). However, the 
relapse rate in our study was similar to some studies from 

Figure 2. Kaplan-Meier Survival Curves Stratified by Timing of Relapse between Patients with Early and Late 
Relapsed Acute Lymphoblastic Leukemia

Figure 3. Kaplan-Meier Survival Curves Stratified by Status of Second Complete Remission (CR2) between Patients 
who Achieved CR2 and who did Not.
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resource-limited countries with reported rates ranging 
from 19% to 40% (Abdelmabood et al., 2020; Jaime-Pérez 
et al., 2016, 2018; Viana et al., 2015). The percentage of 
relapsed patients who refused chemotherapy in our study 
was 14%, which was significantly higher than a study 
from the Nordic countries in which none of the patients 
refused treatment (Oskarsson et al., 2016). However, 
the percentage of patients refusing chemotherapy in our 
study was significantly lower than a study from China in 
which 41% of the patients refused chemotherapy (Hu et 
al., 2018). 

The 5-year OS of patients with relapsed ALL in our 
study was 12%, which was significantly lower than other 
studies from high-income countries with 5-year OS of 
58% and 65% (Lew et al., 2021; Oskarsson et al., 2016). 
The 5-year OS of our study was also significantly lower 
compared to other studies in resource-limited countries 
with rates of 24% and 42% (Hu et al., 2018; Jaime-Pérez et 
al., 2018). The inferior survival outcome in our study was 
likely due to a lower rate of CR2, and limited availability 
of risk-adapted, minimal residual disease (MRD)-
directed therapy, HSCT and immunotherapy, which can 
have a significant influence on survival where available. 
However, the survival outcomes of patients with relapsed 
ALL in our study were similar to the study of Tuong 
(2020), which also had limited access to risk-adapted, 
MRD-directed therapy, HSCT and immunotherapy. The 
median survival times of our cohort and the study of 
Tuong (2020) were 7.4 and 7.5 months, respectively, and 
the 3-year OS were 19% and 27%, respectively. 

Our finding regarding the timing of relapse was 
concordant with other studies which found that early 
relapse was an adverse prognostic factor of survival (Hu et 
al., 2018; Hunger and Raetz, 2020; Locatelli et al., 2012; 
Oskarsson et al., 2016). Although immunophenotypes 
have been reported in the literature, the findings have been 
inconsistent, with other studies reporting that relapsed 
B-cell ALL was associated with better survival (Hunger 
and Raetz, 2020; Locatelli et al., 2012). More recent 
studies by Oskarsson (2016) and Hu (2018) reported no 
significant differences in survival between patients with 
relapsed B-cell and T-cell ALL, as in our study in which 
we also found that immunophenotype was not associated 
with survival. Site of relapse has also been reported to 
be associated with survival in the literature, with several 
studies reporting that isolated bone marrow relapse was 
associated with the worst prognosis (Hu et al., 2018; 
Locatelli et al., 2012; Oskarsson et al., 2016). However, 
our study did not find any survival differences between 
isolated bone marrow and other relapse site. We found 
that patients who did not achieve CR2 after re-induction 
had very poor survival, which was consistent with other 
studies (Eckert et al., 2013; Hu et al., 2018; Parker et al., 
2010). Hu (2018) reported that refusal of chemotherapy 
was associated with very poor survival with a 5-year OS 
of only 5%, a rate similar to our study where refusal of 
chemotherapy was associated with a 5-year OS of 9%. 

  Our study demonstrated that the survival of 
patients with relapsed ALL was poor in the context of 
lacking risk-adapted, MRD-directed therapy, HSCT, 
and immunotherapy. Therefore, we suggest that these 

treatments would be of benefit for patients with relapsed 
ALL, particularly those who suffer early relapse and 
have poor prognoses. MRD-directed therapy, HSCT, and 
immunotherapy should all be included in the treatment 
plan. Our study also found poorer survival among patients 
who refused chemotherapy. Thus, another strategy to 
improve overall survival among patients with relapsed 
ALL in resource-limited countries would be devising 
programs to assist healthcare providers convince these 
patients to accept this life-lengthening treatment. 

Our study had some limitations. First, there is the 
potential bias inherent in all retrospective studies. Second, 
our study covered a 20-year period in which advances in 
diagnosis, chemotherapy regimens and supportive care 
had been made. Therefore, our data may be considered to 
be heterogenous in this respect. Third, molecular studies 
and MRD, which are important for determining ALL risk 
and treatment, were not done in our study. Finally, since 
our setting was a major tertiary health care institution 
and university hospital, which receives mostly high-risk 
and complicated cases with ALL, there is a possibility of 
referral bias.
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