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ABSTRACT

Introduction: Acute lymphoblastic leukemia (ALL) is the most commonly diagnosed childhood cancer, with 
a peak incidence around 5 years of age. Aim of the study was to assess the incidence, type, and outcome of secon­
dary malignancies in children who were primarily treated for ALL.
Material and methods: We enrolled in the analysis 1868 children uniformly treated for ALL between 2 Octo­
ber 2002 and 22 December 2012 according to the protocol ALL-IC BFM 2002. In this study group, we assessed 
the incidence and type of secondary cancer and outcome.
Results: We identified 12 patients (0.64%) who developed secondary malignancies after the median time 
of 1.72 years from the primary diagnosis of ALL (range: 11.5 months to 18 years). The most frequently diag­
nosed second neoplasms were hematological malignancies (8 out of 12; 66.7%) including acute myeloid leu­
kemia (AML) (n = 4), non-Hodgkin lymphoma (NHL) (n = 2), chronic myeloid leukemia (CML) (n = 1), and 
leukemia of unknown immunophenotype (n = 1). In total, four children developed subsequent solid tumors: 
Ewing sarcoma (n = 1), primitive neuroectodermal tumor (n = 1), myeloid sarcoma (n = 1), and solid tumors 
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INTRODUCTION 

Acute lymphoblastic leukemia (ALL) is characterized 
by clonal proliferation of abnormal and immature cells 
of the lymphoid lineage. ALL is the most commonly dia­
gnosed childhood cancer, with a peak incidence around 
5 years of age. Approximately 220 cases of childhood 
ALL are diagnosed annually in Poland [1]. Treatment 
stratification, which is based on the biological features 
of leukemia and response to therapy, has contributed to 
the excellent 5-year probability of overall survival, ex­
ceeding 90% [2]. However, the development of a second 
cancer remains an important late complication affecting 
the outcome of childhood ALL [3].

The risk of second cancer in pediatric patients and 
young adults who have achieved complete remission in 
the course of ALL is about 3% at 15-year follow-up [4]. 
The earliest emerging second cancers are hematological 
malignancies, most commonly acute myeloid leukemia 
(AML). Brain tumors are the second most common type 
of secondary malignancy after ALL, occurring more than 
7 years after the primary diagnosis [5].

Several factors increasing the risk of developing 
a second malignancy have been identified in pediatric 
patients treated for ALL. They include genetic predis­
position, exposure to radiation, environmental factors, 
and exposure to chemotherapy using genotoxic drugs. 
Li Fraumeni syndrome (LFS) and inherited DNA re­
pair disorders including ataxia-telangiectasia, Nijmegen 
breakage syndrome, Bloom’s syndrome, and constitu­
tional mismatch repair deficiency syndrome are particu­
larly associated with the high risk of developing ALL and 
secondary malignancy [6–12]. The occurrence of secon­
dary central nervous system (CNS) tumors is associated 
with the administration of radiation therapy during the 
ALL treatment [13]. These tumors are distinguished by 
a prolonged latency period following the initial diagnosis 
of ALL compared to secondary hematologic malignan­
cy [14]. The administration of chemotherapeutic treat­
ment may be related to the occurrence of a specific type 
of cancer. Application of alkylating agents or exposure 

to radiotherapy can lead to the development of second­
ary AML, diagnosed more than five years after the time 
of the original diagnosis. The use of topoisomerase II 
inhibitors can lead to the development of secondary 
AML, which is characterized by rearrangements in­
volving the KMT2A gene, with a latency time of 2 years 
[15–17]. The use of methotrexate and 6-mercaptopurine 
during the maintenance phase, as well as increased dos­
es of these drugs, may be associated with a higher risk 
of second cancers. In addition, polymorphisms within 
the thiopurine methyltransferase (TPMT) gene, which 
are associated with decreased activity of this enzyme, 
are also associated with an increased risk of developing 
a second malignancy [18].

The age of primary diagnosis may be a risk factor for 
secondary neoplasm development. The occurrence of 
ALL in patients older than 5 years of age is associated 
with a lower risk of developing a second cancer. Patients 
diagnosed with ALL before the age of five display an in­
creased risk of CNS tumors, although this risk can be 
modified by previous radiotherapy treatment [19].

The purpose of this study was to assess the incidence 
and types of second cancers identified in a cohort of pe­
diatric patients treated with the ALL-IC BFM 2002 pro­
tocol.

MATERIAL AND METHODS

We retrospectively analyzed the clinical course of 
leukemia in children with newly diagnosed B-cell pre­
cursor acute lymphoblastic leukemia (BCP-ALL) with 
an age of 0–18 years treated in the 13 centers of the Polish 
Pediatric Leukemia/Lymphoma Study Group according 
to the ALL-IC BFM 2002. From October 2002 until De­
cember 2012, 1686 children were diagnosed with ALL. 
The clinical data for the study cohort were centrally gath­
ered by the protocol coordinator. All the patients who 
were reported to the protocol coordinator were also in­
cluded in the present study. The study was conducted in 
accordance with the Declaration of Helsinki.

of unknown origin (n = 1). Children diagnosed with second cancer were non-significantly older at primary 
ALL diagnosis in comparison with patients without second cancer (12.083 [3.4–14.0] vs. 5.25 [3.2–10.2];  
p = 0.063). The risk group distribution differed between patients with and without a second cancer: 2 (16.67%) 
vs. 606 (32.65%) children were assigned to the standard risk (SR) group, 5 (41.67%) vs. 894 (48.17%) in 
the intermediate risk (IR) group, and 5 (41.67%) vs. 356 (19.18%) in the high risk (HR) group. Patients with 
secondary malignancies showed a significantly lower probability of 5-year overall survival as compared to 
children without subsequent tumors: 26.5% vs. 85.7%; p < 10–5; HR = 5.9; 95% CI: 2.91–11.96.
Conclusions: Blood cancers are the most frequently observed malignancies in children treated for ALL during 
the first 3 years after treatment completion. Diagnosis of secondary tumor after being treated for ALL is related 
to poor outcome.
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STRATIFICATION INTO RISK GROUPS  
ACCORDING TO ALL IC-BFM 2002

Patients were stratified into risk groups according 
to the following criteria: standard risk group (SR) – age 
greater than 1 year and less than 6 years, white blood cells 
(WBC) < 20,000/μl and blast count/μl < 1,000 on day 8 
of treatment; intermediate risk group (IR) – age greater 
than 1 year and less than 6 years and/or WBC > 20,000/μl 
and blast count/μl < 1000 on day 8 of treatment; high risk 
group (HR) – translocation t(9;22) [BCR/ABL] or t(4;11) 
[MLL/AF4] and blast count/μl > 1,000 on day 8 of treat­
ment, M2 or M3 marrow on day 33 of treatment, M3 
marrow on day 15 of treatment in IR group.

STATISTICAL ANALYSIS

Differences in categorical variables were evaluated us­
ing the c2 test or two-tailed Fisher’s exact test. For continu­
ous variables, the Mann-Whitney U test or Kruskal-Wallis 
nonparametric analysis of variance was used depending 
on the number of compared groups. Post-hoc compari­
sons were performed using Dunn’s test if significance was 
ascertained in the Kruskal-Wallis test. Overall survival 
(OS) time was defined as the time from birth to the last 
follow-up. Patients still alive at the end of the study were 
treated as a censored observation. OS probabilities were 
compared using the log-rank test. Kaplan-Meier survival 
curves were used to represent probabilities of survival over 
time. This analysis was performed using GraphPad Prism 
8 (GraphPad Software, San Diego, CA, USA).

RESULTS

We identified 12 second neoplasms (0.64%) in the 
study cohort after the median time of 1.72 years from 

the primary diagnosis of ALL (range: 12.7 months to 3.4 
years). In a cohort of 1868 patients, 234 (12.5%) died be­
fore the analysis, and 1634 (87.5%) were still alive. Me­
dian follow-up for the group was 4.3 years with a range of  
2.2 to 6.8 years. Among patients with secondary neoplasm, 
8 patients died (66.7%). Secondary malignancies occurred 
predominantly in ALL of B-cell origin (n = 11/12) as 
compared to T-cell leukemia (n = 1/12). The most fre­
quently diagnosed second neoplasms were hematolo­
gical malignancies (8 out of 12; 66.7%) including AML  
(n = 4), non-Hodgkin lymphoma (NHL) (n = 2), chronic 
myeloid leukemia (n = 1), and leukemia of unknown im­
munophenotype (n = 1). In total, 4 children developed 
subsequent solid tumors: Ewing sarcoma (n = 1), periph­
eral primitive neuroectodermal tumor (PNET) (n = 1), 
myeloid sarcoma (n = 1), and unclassified solid tumor 
(n = 1) (Figure 1). The latency period to secondary can­
cer diagnosis was 1.5 (1.2–1.8) years for hematological 
malignancies and 2.6 (2.3–3.0) years for solid tumors. 
The diagnosis of a second cancer was the first event af­
ter successful induction of remission in 10 out of these  
12 patients. In the case of 5 patients, the cause of death was 
the progression of a second cancer. In one case, the pa­
tient died due to treatment-related toxicity. One patient 
received bone marrow transplantation from an unrelated 
donor and died because of graft-versus-host disease. Five 
patients who developed second cancer (granulocytic sar­
coma, AML, B-cell non-Hodgkin’s lymphoma [B-NHL], 
leukemia of unknown immunophenotype, and solid tu­
mors of unknown origin) were primarily stratified into 
the high-risk group.

Patients who developed secondary malignancies 
showed a significantly lower probability of five-year over­
all survival as compared to children without second tu­
mors (26.5% vs. 85.7%, respectively), p < 10–5, HR = 5.91, 
95% CI = 2.91–11.96 (Figure 2). 

FIGURE 1. The incidence of secondary neoplasms among the 1868 patients treated due to acute lymphoblastic leukemia according to  
ALL-IC BFM 2002 protocol.

Ewing sarcoma, n = 1 

Myeloid sarcoma, n = 1 

Leukemia, n = 1 

Chronic myeloid leukemia, n = 11 

Primitive neuroectodermal tumor, n = 1 

Acute myeloid leukemia, n = 4 

Non-Hodgkin lymphoma T-cell, n = 1 

Non-Hodgkin lymphoma B-cell, n = 1
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We analyzed whether patients who developed second 
tumors differed from the remaining cohort with respect 
to WBC at ALL diagnosis, response to prednisone on  
day 8 of treatment, sex, age at diagnosis, and stratification 

into risk groups. Clinical characteristics are presented in 
Table 1. The median age of onset of ALL, although not 
statistically significant, showed a trend toward older age 
at primary diagnosis in the group of patients with sec­
ondary neoplasm. Five patients in whom a second cancer 
was diagnosed were stratified into the high-risk group. 
According to the protocol, assignment to the high-risk 
group or T-cell immunophenotype was associated with 
obligatory cranial radiotherapy of 12 Gy for all patients 
over 1 year of age. In this group, we identified a single 
case of B-NHL, AML, leukemia of unknown phenotype 
and granulocytic sarcoma.

DISCUSSION

In the cohort of patients treated for ALL according to 
the ALL-IC BFM 2002 protocol, hematologic malignan­
cies were the most common second cancers, with AML 
as the main type of tumor. Two patients developed NHL. 
Similar results were found in a group of patients from 
a German cohort treated for ALL between 1980 and 2014, 
where the most common secondary cancer occurring af­
ter ALL was AML. The second group consisted of CNS 
tumors and the third group of second cancers consisted 
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FIGURE 2. Kaplan-Meier curves presenting the comparison of 
overall survival among pediatric patients treated according to the  
ALL-IC BFM 2002 protocol depending on the incidence of secondary 
malignancies 

TABLE 1. Clinical characteristics of the study group depending on the occurrence of secondary malignancies

Factor Clinical data p-value

Secondary neoplasm (n = 12) No secondary neoplasm (n = 1674)

WBC at diagnosis (N/µl) 8145 (3500–47450)* 9500 (3800–33971) 0.934

Prednison response at day 8**, n

Poor 2 58 0.538

Good 10 1616

Data not available 39

Sex, n

Male 7 1050 0.902

Female 5 806

Age, years 12,149 (3,430–14,062)* 5,296 (3,193–10,158)* 0.064

Stratification to risk group, n (%)

SR 2 (17) 606 (33) 0.125

IR 5 (42) 894 (48)

HR 5 (42) 356 (19)

Immunophenotype, B or T cell, n

B 11 1612 0.733

T 1 209

Data not available 35

Follow up, n (%)

Death 8 (67) 226 (12) < 0.05

Live 4 (33) 1630 (88)
*Median (Q1–Q3).
**Calculates as poor when number of blast in perypheral blood was equal or greater then 1000. 
HR – high risk group, IR – intermediate risk group, SR – standard risk group, WBC –  
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of NHL [20]. In four of our patients, we observed the on­
set of AML with a median time of onset of 1.72 years, 
ranging from 1 to 2 years from primary diagnosis, which 
is consistent with previous observations [16]. The occur­
rence of secondary AML with a longer time from primary 
diagnosis may be caused by exposure to alkylating agents 
such as cyclophosphamide. The second group of drugs 
associated with an increased risk of secondary AML 
comprises topoisomerase II inhibitors. Usually this drug- 
induced AML harbors rearrangements at the 11q23 locus 
(involving the KMT2A gene) or monosomy of chromo­
some 5 and/or chromosome 8 in the leukemic karyotype. 
Very frequently there is a short interval between exposure 
to the drug and the development of AML [15, 21]. Two 
AML patients died because of AML progression. The oc­
currence of treatment-induced secondary AML has an 
unfavorable outcome, which can be partly explained by 
the presence of high-risk genetic abnormalities [22, 23]. 
Secondary tumors of CNS tumors are characterized by 
a longer latency period. Patients with second CNS tumors 
who were treated for ALL with radiation therapy show 
a shorter time to the occurrence of subsequent malignan­
cy as compared to individuals who were not irradiated.  
At the same time, 89% of patients who developed brain tu­
mors as a second tumor were treated with radiation thera­
py [14]. CNS cancers emerge as one of the most common 
second cancers in the Germline cohort, but the median 
follow-up of the study is nearly 10 years. Literature data 
indicate that the latency period between the occurrence 
of ALL and the occurrence of a second brain tumor is 
close to 10 years. However, the risk of secondary cancers 
as a result of radiotherapy is also related to the fractio­
nated and cumulative dose [24]. One patient developed 
Ewing’s sarcoma, which occurred during the maintenance 
phase of the protocol. The patient died due to the pro­
gression of the second tumor. The occurrence of Ewing’s 
tumor as a second neoplasm in a cohort of patients treated 
for ALL is rare. Often the latency time from the initial  
diagnosis is longer than 4 years [25]. The incidence of 
PNET as a second cancer in a cohort of pediatric patients 
is extremely uncommon and associated with poor out­
comes [26]. To date, few second PNETs have been identi­
fied in pediatric patients treated for ALL. 

Genetic predisposition is a factor inextricably linked to 
the development of cancer. In one case, a germline patho­
genic variant in the TP53 gene was identified, which in­
dicates a genetic predisposition to cancer as a main cause 
of subsequent tumors [27]. Fifty percent of patients diag­
nosed with the hypodiploid subtype of ALL carry a germ­
line defect of the TP53 gene which leads to the diagnosis 
of LFS [28]. This syndrome is associated with a high pre­
disposition to sarcomas, breast cancer, and leukemia [6]. 
Among pediatric patients diagnosed with LFS and ALL, 
AML is often the second cancer. In our cohort, we identi­
fied 4 patients with second AML, but none of the patients 
presented with a hypodiploid karyotype in leukemic cells. 

However, several other DNA repair disorders including 
ataxia-telangiectasia and Nijmegen breakage syndrome 
are associated with a predisposition to cancer, most com­
monly T-cell leukemia and lymphoma [29, 30]. Germline 
defects involving the ETV6 gene lead to the occurrence 
of thrombocytopenia type 5. It is now known that defects 
in this gene can strongly predispose to the occurrence 
of pediatric ALL, but also in a cohort of patients treated 
for ALL may be associated with a predisposition to second 
cancers such as AML or osteosarcoma [31]. We observed 
(non-significantly) higher median age at ALL diagnosis 
in the group of patients with secondary malignancies as 
compared to those without a subsequent tumor. In con­
trast, Bhatia et al. [32] reported an earlier age at ALL di­
agnosis among patients with a second cancer. However, 
this discrepancy may result from the short follow-up time, 
with a median time of observation of 4.3 years [32]. 

LIMITATION OF THE STUDY

A limitation of the study is the relatively short fol­
low-up time and the fact that patients over 18 years of age 
did not undergo further follow-up in outpatient clinics, 
which results in an underestimated number of second 
cancers. This is a particularly important limitation with 
respect to second brain tumors which develop as late com­
plications (> 10 years from the primary diagnosis). 

A significant percentage of patients who developed 
a second cancer were stratified into high-risk groups. 
This was caused by both rearrangements observed in 
tumor cells and steroid resistance. Patients classified in 
this group obtained more intensive treatment, which in 
combination with genetic factors may increase the risk 
of developing a second cancer [33].

CONCLUSIONS 

Blood cancers are the most frequently observed ma­
lignancies in children treated for ALL during the first  
3 years after treatment completion. Diagnosis of a second­
ary tumor after being treated for ALL is related to a poor 
outcome.
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