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A report on second neo-plasms in seven children with solid tumors
OBJECTIVE: This study aims to investigate the characteristics and related high risk factors of second neoplasms after
chemotherapy and radiotherapy in children with solid tumors. 
METHODS: The detailed clinical data of seven children with malignant solid tumors, who were treated in our depart-
ment, were retrospectively analyzed, in order to summarize the clinical characteristics of the secondary onset of second
neoplasms, and determined the risk factors related to the occurrence of second neoplasms. RESULTS: (1) Clinical char-
acteristics: Among the seven children with malignant solid tumors, three children had rhabdomyosarcoma (3/132, 2.27%),
two children had hepatoblastoma (2/313, 0.64%), one child had neuroblastoma (1/305, 0.33%), and one child had
inflammatory myofibroblastoma (1/3, 33.33%). Furthermore, among these children, four children were boys and three
children were girls, and their onset age ranged within 5-34 months, with a median onset age of 27 months. Moreover,
among these children, three children were ≤1 year old. All second neoplasms exhibited symptoms, and the diagnosis was
made after the complete remission of the first primary tumor. The time interval between these two tumors was within
17-78 months, and the median time was 38 months. Three of seven children with rhabdomyosarcoma were treated with
chemotherapy in combination with radiotherapy, while four children only received the chemotherapy. The chemotherapy
cycles were 6-39 times, and the median chemotherapy cycles were 10 times. Among these children, one child with relapsed
stage IV rhabdomyosarcoma and one child with stage IV retroperitoneal neuroblastoma had 39 cycles and 33 cycles of
chemotherapy respectively. (2) Characteristics of the accumulated doses of high-risk chemotherapy drugs: The accumulat-
ed dose of cyclophosphamide in six patients was within 2.47-44.45 g/m2, with a median of 6.14 g/m2. The accumu-
lated dose of ifosfamide in five patients was within 13.63-96.41 mg/m2, with a median of 31.23g/m2. The accumu-
lated dose of etoposide in six patients was within 1,237.35-3,754.95 mg/m2, with a median of 1,548.67 mg/m2. The
accumulated dose of anthracyclines in seven patients was within 150.68-843.78 mg/m2, with a median of 329.73 mg/m2.
The accumulated dose of vincristine in seven patients was within 3.11-18.89 mg/m2, with a median of 15.92 mg/m2.
The accumulated dose of cisplatin in seven patients was within 271.23-1,681.59 mg/m2, with a median of 733.07
mg/m2. Children with abdominal inflammatory myofibroblastic tumors did not apply cyclophosphamide, ifosfamide and
etoposide regimens. The main chemotherapy drugs consisted of methotrexate, pirarubicin, cisplatin and vincristine. (3)
Radiotherapy doses. (4) Characteristics of second neoplasms: Among the seven children with second neoplasms, five chil-
dren had leukemia, 3 patients with rhabdomyosarcoma were combined with radiotherapy. The doses of radiation were
40 and 45GY" after "(3) Radiotherapy doses (four children had acute myeloid leukemia and one children had acute
B-lymphoblastic leukemia), one child had myelodysplastic syndrome, and one child had myeloid sarcoma. Furthermore,
among these seven children, four children (4/7) had abnormal chromosomes, two children were normal, and one child
gave up the treatment and underwent the chromosome test after the diagnosis of second neoplasms. 
CONCLUSION: The incidence of secondary onset of second neoplasms in children with malignant solid tumors is not high,
considering that this is correlated to the use of alkylating agents, topoisomerase II inhibitors, platinum-based chemother-
apy drugs and radiotherapy, and associated with the chromosomal abnormalities of children. 
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Introduction

In recent years, the prognosis of childhood tumors has
significantly improved, and the number of long-term sur-
vivors has increased, which was mainly due to the
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improvement of multidisciplinary treatment, including
advances in neoadjuvant chemotherapy, radiotherapy and
surgery. As the number of long-term disease-free survival
children increased, the occurrence of potential treatment-
related side effects (e.g. second malignant neoplasms) has
brought about new problems. Second malignant neo-
plasms refer to malignancies with different histological
origins that occur at least two months after the end of
the primary cancer treatment. The occurrence of second
malignant neoplasms is mainly due to genetic factors,
and caused by the chemotherapy and/or radiotherapy for
the first primary tumor 1. 
With the gradual increase in children undergoing
chemotherapy-radiotherapy and the prolonged long-term
disease-free survival time, the adverse reactions of
chemotherapy-radiotherapy have gradually emerged. One
of the long-term adverse reactions is that it can induce
second neoplasms, and the more common second neo-
plasm is acute non-lymphoblastic leukemia. It has been
reported that 8%-12% of patients would have second
primary neoplasms within 20 years from the initial diag-
nosis of the malignant tumor 2. Furthermore, studies
have found that second malignant neoplasms (SMNs)
are the most serious tumor complications in childhood
cancer survivors 3-6.
The major tumor studies on second neoplasms have
mainly focused on hematological tumors and brain
tumors, while studies have rarely reported on the risk of
second neoplasms for rare childhood tumors 7,8. The
study results for second neoplasms with a large sample
in 13 registration centers revealed that among the 10,988
enrolled children, 175 children had second neoplasms,
and the standardized incidence ratio (SIRS) of second
neoplasms was 4.6, with a 95% confidence interval (CI:
3.9-5.3). Furthermore, the incidence of second neoplasms
in liver tumors was 0.27% (1/367), the incidence of sec-
ond neoplasms in soft tissue sarcoma was 1.40%
(30/2143), and the incidence of second neoplasms in
retinoblastoma was 3.41% (45/1321). The proportion of
second neoplasms that occur within one year after the
diagnosis of the primary tumor was 0.45% (10/2210)
and 1.05 % (24/2276) within 1-4 years. The cumula-
tive incidence rate of second malignant neoplasms at 10
years after the onset of the first neoplasm in non-cen-
tral nervous system tumor survivors is eight times high-
er than that of the general population. Furthermore,
among children who have survived, the risk of new
malignant neoplasms would significantly increase, even
in the early years of the diagnosis of primary tumors 9.
For chemotherapy, alkylating agents, etoposide and
anthracyclines have been well-documented for increased
risk of acute myeloid leukemia within 10 years after the
treatment of childhood cancer 10. 
The role of chemotherapy in the etiology of solid tumors
remains unknown, but alkylating agents and anthracy-
clines are associated with increased risk of subsequent
sarcoma 10. A recent study on survivors with unirradi-

ated childhood cancer revealed their drug-dose depen-
dence, especially after the treatment of childhood sarco-
ma and leukemia. These two types of drugs have result-
ed in an increase in risk of breast cancer 11. In addition,
radiotherapy is also a risk factor for increased risk of
occurrence of second neoplasms 12. Due to the low inci-
dence of non-central nervous system tumors in children,
the characteristics in occurrence of second neoplasms
have rarely been reported. Three cases of soft tissue sar-
coma, two cases of hepatoblastoma, one case of neu-
roblastoma and one case of inflammatory myofibroblas-
toma were reported among seven children with the pri-
mary tumors in the present study, and these were main-
ly uncommon children non-central nervous system sol-
id tumors. In addition, the onset of these children was
young, but they were all confirmed with second neo-
plasms. The characteristics of the disease and the risk
factors of second neoplasms are presently reported to
provide guidance for pediatric oncologists in clinical
treatment. 

Methods 

The clinical data of seven children with malignant sol-
id tumors were collected. These children were confirmed
with second neoplasms after receiving treatment in the
department of our hospital from June 1, 2006 to
December 2017, and achieving complete remission. The
treatment of primary tumors and the diagnosis of sec-
ond neoplasms of these children were retrospectively ana-
lyzed. 
The relatives were informed with all clinical treatments
and examinations for these children, and provided signed
informed consent. The present study was approved by
the Ethics Committee of Beijing Tongren Hospital,
Capital Medical University. The ethics number is 2014-
1102 in Beijing Tongren Hospital. The immunotype of
the bone marrow and chromosome karyotype of the
peripheral blood were sent to Beijing Hightrust
Diagnostics for testing. 
The primary tumors of seven children were all malig-
nant solid tumors, and all of these were clearly diag-
nosed by operation and pathology. Chemotherapy and
radiotherapy were given to these children, according to
international solutions, after completing the whole body
examination and clearing the stages. For recurrent cas-
es, a combined therapy with targeted drugs was given,
and the primary tumors achieved complete remission.
The complete remission time was more than two months. 
The study for all second neoplasms reported in this group
of patients were carried out in accordance with the diag-
nostic criteria and grouping in the third edition of the
International Classification of Childhood Cancer 13. All
seven patients were diagnosed with second neoplasms. 
The SPSS 21.0 software was used for the data analysis,
and P<0.05 was considered statistically significant. 
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Results 

For the clinical characteristics: three children had rhab-
domyosarcoma (3/132, 2.27%), two children had hepa-
toblastoma (2/313, 0.64%), one child had neuroblastoma
(1/305, 0.33%), and one child had inflammatory myofi-
broblastoma (1/3, 33.33%). Among these children, four
children were boys and three children were girls, and
their onset age for first neoplasms ranged within 5-34
months, with a median onset age of 27 months.
Furthermore, among these children, three children were
≤1 years old. All second neoplasms exhibited symptoms,
and the diagnosis was made after the complete remis-
sion of the first primary tumor. The time interval
between these two tumors was within 17-78 months,
and the median time was 38 months. Among these sev-
en children, three children with rhabdomyosarcoma were
treated with chemotherapy in combination with radio-
therapy, while four children only received chemothera-
py. The chemotherapy cycles were 6-39 times, and the
median chemotherapy cycles were 10 times. Among these
children, one child had relapsed stage IV rhab-
domyosarcoma, while one child had stage IV retroperi-
toneal neuroblastoma, and these children received 39 and
33 cycles of chemotherapy, respectively. The primary
tumors and second neoplasms of these seven children are
presented in Table I. 
The characteristics of the accumulated dose of high-risk
chemotherapy drugs The accumulated dose of ifosfamide
in five patients was within 13.63-96.41 mg/m2, with a
median of 31.23 g/m2. The accumulated dose of etopo-

side in six patients was within 1,237.35-3,754.95 mg/m2,
with a median of 1,548.67 mg/m2. The accumulated
dose of anthracyclines in seven patients was within
150.68-843.78 mg/m2, with a median of 329.73 mg/m2.
The accumulated dose of vincristine in seven patients
was within 3.11-18.89 mg/m2, with a median of
15.92mg/m2. The accumulated dose of cisplatin was
within 271.23-1,681.59 mg/m2, with a median of 733.07
mg/m2. Children with abdominal inflammatory myofi-
broblastic tumors did not receive the cyclophosphamide,
ifosfamide and etoposide regimens. The main chemother-
apy drugs consisted of methotrexate, pirarubicin, cisplatin
and vincristine. 
Radiotherapy dose: One patient received external medi-
astinal radiotherapy (the prophylactic radiotherapy in the
whole lung for the first time, with a dose of 12 GY, and
28 GY for the total pulmonary and mediastinal radio-
therapy after recurrence), with a total dose of 40 GY. 
Characteristics of the second neoplasms: For the types
of these seven second primary tumors, four children had
acute myeloid leukemia, one children had acute B-lym-
phoblastic leukemia, one child had myelodysplastic syn-
drome, and one child had myeloid sarcoma.
Furthermore, among these seven children, four children
who underwent a routine chromosome test had abnor-
mal chromosomes, two children were normal, and one
child was diagnosed with leukemia, who gave up the
treatment and did not undergo the test for chromo-
somes. The details of the dose for the high-risk
chemotherapy drugs, radiotherapy and chromosome test
of these seven children are presented in Table II.
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TABLE I - Clinical characteristics of second neoplasms in children with solid tumor

Case Age of Type of Primary tumor Primary stage CR Type of Second tumor The time
onset duration interval between

(months) (months) the two tumors
(months)

1 12 Left orbital Stage III 24 Acute Myeloblastic Leukemia
rhabdomyosarcoma Partially Differentiated-M2 73

2 27 Right orbital rhabdomyosarcoma StageIII 29 Myeloid sarcoma 38

3 5 Left dorsal rhabdomyosarcoma StageIV (Lung and lymph
node metastasis) 15 Acute unicellular leukemia 78

4 34 Retroperitoneal neuroblastoma StageIV 
(Bone marrow metastasis) 3 B-cell acute lymphoblastic leukemia 48

5 8 Abdominal inflammatory Stage III 6 Acute promyelocytic 18
myofibroblastoma Acute Myeloblastic Leukemia 

Partially Differentiated-M2

6 31 Hepatoblastoma Stage III 9 Acute myelomonocytic leukemia 17

7 27 Hepatoblastoma Stage IV 36 Myelodysplastic syndrome 13

CR: complete response.
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CASE N. 1

The results of the bone marrow flow cytometry for sec-
ond neoplasms with a diagnosis of leukemia are shown
in Fig. 1, and the test results for abnormal chromosomes
are presented in Fig. 2. 

CASE N. 2

The primary tumor was rhabdomyosarcoma, and the sec-
ond neoplasm was myeloid sarcoma after healing. The
pathological features of the primary tumor and second
neoplasm are presented in Fig. 3. 

Discussion 

In pediatric patients, modern radiotherapy in combina-
tion with new chemotherapy can significantly improve
the survival of children with hematological diseases and
solid tumors. However, approximately 40%-70% of can-
cer patients may have disease-associated or treatment-
associated diseases 14. Furthermore, the risk of second
neoplasms is significantly higher than that of the gener-
al population, which range within 3-10 times of that of
the general population 15,16. A total of 13,107 children
with childhood tumors, who were under 15 years old
and has a long-term survival, were investigated in North
America and Canada, and the study findings for second
neoplasms revealed that 190 (0.1%) children with non-
central nervous system tumors (including neuroblastoma,
nephroblastoma, rhabdomyosarcoma, retinoblastoma and
hepatoblastoma) developed second neoplasms. The sec-
ond most common neoplasms are osteoarticular cancer
(n=36), followed by leukemia (n=31), soft tissue sarco-
ma (including the heart, n=18) and thyroid cancer
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TABLE II - The characteristics of high risk chemotherapy drug dose, radiotherapy and chromosome karyotype in 7 children

Case Number Cumulative Accumulated Cumulative Cumulative Cisplatin Radiotherapy Chromosome 
of chemotherapy cyclophosphamide dose of dose of etoposide cumulative abnormalities
cycles per tumor dose(g/m2) Ifosfamide anthracycline dose dose

(g/m2) (mg/m2) (mg/m2) (mg/m2)

1 6 2.72 13.63 154.55 1500 272.75 45Gy Yes
(orbit)

2 6 2.47 21.23 150.68 1565 271.23 45Gy No
(orbit)

3 39 8.29 96.41 225.41 2867.4 1485.18 40GY Yes
(whole lung 

and mediastinal 
radiotherapy)

4 33 44.45 /3.42 329.73 3754.95 980.18 No Yes

5 10 - - 592.77 - 731.33 No Unidentified

6 10 3.99 - 571.98 1237.35 733.07 No No

7 24 9.53 14.23 843.78 1532.34 1681.59 No Yes

Fig. 1: Characteristics of the acute myeloid leukemia type M2 in Case
1: Abnormal cells accounted for 90.1%, and all expressed CD13, and
partially expressed HLA-DR, CD19, CD33, CD34, MPO. However,
the relative specific antigen CD10, CD19, CD20, CD2, CD3 of acu-
te lymphoblastic leukemia were not significantly expressed. 
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(n=16). The standardized incidence of second neoplasms
in different tumors was the highest 12 in rhab-
domyosarcoma, followed by hepatoblastoma (5.6), while
nephroblastoma was on third place (3.1). The standard-
ized incidence of second neoplasms at different diag-
nostic ages of first neoplasms is as follows: <1 year old
is 7, 1-4 years old is 5.8, 5-9 years old is 7.0, and 10-
14 years old is 7.1. The standardized incidence of sec-
ond neoplasms after the first neoplasm was the lowest
in children within 1-4 years old. The standardized inci-
dence of second neoplasms at different follow-up peri-
ods was as follows: <1 year old is 53, 1-5 years old is
25, and 5-10 years old is 17. As the follow-up time is
extended, the standardized incidence decreases. The risk
of second neoplasms that result from the first neoplasm
was the highest in children <1 year old 17. Among the
seven children in the present study, three children (3/7,
42.86%) had an onset age of ≤1 years old and three
children’s had rhabdomyosarcoma (3/7, 42.86%), which
is in line with the literature reports. However, the fol-

low-up time was >1 year in this group of children, which
is not consistent with the highest risk of second neo-
plasms within one year. In addition, the characteristics
of two tumors revealed that leukemia is the most com-
mon (5/7, 71.43%), while myelodysplastic syndrome and
myeloid sarcoma were each identified in one child. 
With respect to the risk factors for second neoplasms in
children with tumors, it is clear that chemotherapy and
radiotherapy should be considered. The analysis of risk
factors associated with the occurrence of second neo-
plasms after an average follow-up period of 20.7 years
for a total of 6,165 children with long-term cancer, who
survived for over five years, revealed that the use of
anthracycline is the main risk factor for breast cancer,
and is associated with an accumulated dose (>250
mg/m2. Although no chemotherapy was given, the stan-
dardized tumor incidence was 3.6). Systemic radiother-
apy and pulmonary and mediastinal radiotherapy are
high risk factors for breast cancer in women.
Cyclophosphamide is a main risk factor for sarcoma,
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Fig. 2: Chromosome images 
A represents the abnormal chromosome images of Case 1 (46, XY, t (9;22) (q34,q11)[20]):
B represents the normal chromosomal image of Case 2; 
C represents the abnormal chromosome karyotype image of Case 3 (41-45,XX,der(5;17)(p10; q10), del(7)(q22)[cp13]/43, idem,
add(11)(q23), add(18)(q23).-19,-21[1]/46,XX[1]); 
D represents the abnormal chromosome karyotype image of Case 7 (43,XX,add(1)(p22),del(3)(p21),-5,-7,der(17;21)(q10;q10),
19,+mar[13]/45,XX,-5,add(17)(p11)[2]/46,XX[5]). 
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which is associated with an accumulated dose. Both
cyclophosphamide and ifosfamide are the main risk fac-
tors of osteosarcoma, but these not associated with the
accumulated dose 16. In addition, a study suggested that
etoposide of >4,000 mg/m2 would increase the risk of
tumorigenesis by four times 18. For adult ovarian can-
cers, studies on platinum-based chemotherapy regimens
and the risk of leukemia suggest that the standardized
incidence of platinum-induced second neoplasms is 6.5
for carboplatin and 3.3 for cisplatin 19. All seven patients
reported in the present study were given chemotherapy.
Among the seven patients treated with anthracyclines,
four patients had an accumulated dose of >250 mg/m2.
Furthermore, six patients received etoposide, and
cyclophosphamide and/or ifosfamide. The combination
of three drugs that commonly induced second neoplasm
was the most important factor for the occurrence of sec-
ond neoplasms. One child with inflammatory myofi-
broblastoma only received anthracyclines, but the accu-
mulated dose was >500 mg/m2, and the onset age was
<1 years old, which increased the risk of second neo-
plasms. 
A nested case-control study revealed that any exposure
to ionizing radiation is a risk factor for the secondary
onset of second neoplasms, especially sarcoma. When the

irradiation dose increases to more than 50 Gy from 10.0-
29.9 Gy, the risk coefficient would increase to 114.1
from 15.6 11. Therefore, radiotherapy is a well-defined
risk factor for the occurrence of second neoplasms.
However, a change in radiotherapy is needed to reduce
the occurrence of second neoplasms 1,12,20. Three patients
with rhabdomyosarcoma were treated with radiotherapy,
which increased the risk of second neoplasms. 
The third clear reasons for the occurrence of second neo-
plasms are genetic factors and cancer tendency syn-
drome. RB1, RCA1/2, NF1, TP53 and other genes are
high risk factors for the occurrence of second neo-
plasms. Some of these are treatment-related gene abnor-
malities, while most of these occur within 2-3 years
after etoposide treatment and 5-7 years after alkylation
agent treatment 20. In the present study, seven children
with solid tumors developed second neoplasms within
an average of 38 months after 17-78 months of cure.
Four of these chidren had abnormal chromosomes, who
could not be excluded completely from the treatment-
related chromosomal abnormalities. Therefore, it is rec-
ommended that children with tumors should routine-
ly carry out a chromosome test and related tumor gene
detection modalities. 
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Fig. 3: A-C presents the pathological results for the rhabdomyosarcoma (primary tumor) in Case 2: 
A represents Desmin+ (×100); B represents MyoD1+ (×100); C represents Myognen+ (×100); D represents the pathological results for the
secondary neoplasms in Case 2, MPO+ (×100).
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Conclusion

In summary, children with solid tumors should avoid
using high-risk chemotherapy drugs and an unsafe cumu-
lative dose during treatment, because these drugs may
lead to second neoplasms. Furthermore, routine dynam-
ic follow-ups should be carried out to early detect these
second neoplasms, and allow these patients to be treat-
ed in a timely manner, even after complete remission of
the primary tumors. 
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Riassunto

Questo studio ha lo scopo di studiare le caratteristiche
e i relativi fattori ad alto rischio delle seconde neoplasie
dopo chemioterapia e radioterapia nei bambini con
tumori solidi.
Sono stati analizzati retrospettivamente e dettagliatamente
i dati clinici di sette bambini con tumori solidi malig-
ni, che sono stati trattati nel nostro reparto, al fine di
riassumere le caratteristiche cliniche all’inizio dell’insor-
genza delle seconde neoplasie e determinare i fattori di
rischio correlati al verificarsi di questa insorgenza.
CARATTERISTICHE CLINICHE: tra i sette bambini con tumori
solidi maligni, tre bambini avevano rabdomiosarcoma
(3/132, 2,27%), due bambini avevano epatoblastoma
(2/313, 0,64%), un bambino aveva neuroblastoma 
(1/305, 0,33%) e un bambino presentava miofibroblas-
toma infiammatorio (1/3, 33,33%). Inoltre si trattava di
quattro bambini e tre bambine, e la loro epoca di insor-
genza era compresa tra 5-34 mesi, con una mediana di
27 mesi; tre bambini avevano età non superiore ad 1
anno.
Tutte le seconde neoplasie erano sintomatiche e la diag-
nosi era stata fatta dopo la completa remissione del pri-
mo tumore primario. L’intervallo di tempo tra questi
due tumori era compreso tra 17 e 78 mesi e il tempo
mediano era di 38 mesi. Tre su sette bambini con rab-
domiosarcoma sono stati trattati con chemioterapia in
combinazione con radioterapia, mentre quattro bambini
hanno ricevuto solo la chemioterapia. I cicli di
chemioterapia erano ripetuti da 6 a 39 volte e i cicli di
chemioterapia in media 10 volte. Un bambino con rab-
domiosarcoma in stadio IV recidivo e un bambino con
neuroblastoma retroperitoneale in stadio IV hanno avu-
to rispettivamente 39 cicli e 33 cicli di chemioterapia. 
Caratteristiche delle dosi accumulate di farmaci
chemioterapici ad alto rischio: la dose accumulata di
ciclofosfamide in sei pazienti era compresa tra 2,47 e
44,45 g/m2, con una mediana di 6,14 g/m2. La dose

accumulata di ifosfamide in cinque pazienti era compresa
tra 13,63 e 96,41 mg/m2, con una mediana di 31,23
g/m2. La dose accumulata di etoposide in sei pazienti
era compresa tra 1.237,35-3.754,95 mg/m2, con una
mediana di 1.548,67 mg/m2. La dose accumulata di
antracicline in sette pazienti era compresa tra 150,68-
843,78 mg/m2, con una mediana di 329,73 mg/m2. La
dose accumulata di leurocristina in sette pazienti era
compresa tra 3,11 e 18,89 mg/m2, con una mediana di
15,92 mg/m2. La dose accumulata di cisplatino in sette
pazienti era compresa tra 271,23-1,681,59 mg/m2, con
una mediana di 733,07 mg/m2. 
I bambini con tumori miofibroblastici infiammatori
addominali non hanno ricevuto regimi di ciclofosfamide,
ifosfamide ed etoposide. I principali farmaci chemioter-
apici sono stati il metotrexato, la pirarubicina, il cis-
platino e la vincristina. Dosi di radioterapia.
CARATTERISTICHE DELLE SECONDE NEOPLASIE: tra i sette
bambini con seconde neoplasie, cinque bambini avevano
la leucemia (quattro leucemia mieloide acuta e un bam-
bino la leucemia linfoblastica B acuta), un bambino ave-
va la sindrome mielodisplastica e un bambino aveva sar-
coma mieloide. Inoltre, tra questi sette bambini, quat-
tro (4/7) avevano cromosomi anomali, due bambini era-
no normali e un bambino ha rinunciato al trattamento
e ha subito il test cromosomico dopo la diagnosi di sec-
onde neoplasie.
CONCLUSIONE: L’incidenza dell’insorgenza secondaria di
seconde neoplasie nei bambini con tumori solidi malig-
ni non è elevata, considerando che ciò è correlato all’u-
so di agenti alchilanti, inibitori della topoisomerasi II,
farmaci chemioterapici a base di platino e radioterapia e
associati alle anomalie cromosomiche.
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