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Abstract
Long-term survival for acute

lymphoblastic leukemia (ALL) in children
improved over the last three decades up to
80-90% of affected patients. Consequently,
the quality of life of survivors has become
increasingly important. This study analyses
the clinical features and outcome of 119
children with ALL, focusing on the quality
of long-term survival in a subset of 22
patients over 18 years of age. Among this
group, the 10-year event-free survival and
overall survival were 83.1% (C.I. 74.0-89.2)
and 88.4% (C.I. 80.9-93.1), respectively.
Treatment related long-term medical
complications were reported only in 2
patients (9.1%). Secondary school was
completed successfully in 20 of 22 patients
(89.9%). The remaining 2 patients were still
attending at the time of the analysis. In
conclusion, current treatment for ALL is well
tolerated and does not compromise
significantly the quality of life of survivors.

Introduction
Acute lymphoblastic leukemia (ALL) is

the most common childhood neoplastic
disease. The prognosis has progressively
improved over the years achieving
approximately an 80% 10-year disease-free-
survival probability and a 90% 10-year
overall survival (OS) probability.1,2 The
decrease in the use of prophylactic cranial
irradiation according to the more recent
treatment protocols reduced the long-term
neuropsychological and endocrinological
complications and improved the patients’
quality of life (QOL). QOL is an important
multidimensional concept, which includes
physical, psychic and social well-being. The
aim of this study was to analyze the clinical

features and outcome of a sample of children
diagnosed with ALL who were treated at our
center over the last 23-year period, with
special focus on the quality of survival in a
subgroup of patients aged 18 or over at the
time of the analysis.

Materials and Methods
This retrospective cohort study was

conducted at Pediatric Hematology Oncology
of the Azienda Ospedaliera Universitaria
Integrata in Verona, Italy. We enrolled 119
patients aged between 0 and 18 years who
were diagnosed with ALL and treated at our
center from 1995 to 2018. Chemotherapy and,
eventually, radiotherapy were delivered
according to the following nationally
approved protocols: AIEOP LLA 95, AIEOP
LLA 2000, AIEOP LLA 2006, EsPhALL,
Interfant 06, AIEOP LLA.3-5 Clinical and
follow-up data were assessed retrospectively
in 2019. Informed consent was obtained from
parents, legal guardians or, where applicable,
directly from the patient. Data collection was
carried out in accordance with the Italian rules
on personal data protection.  The data were
analyzed using descriptive statistics.
Continuous variables were expressed as
median and range values while categorical or
dichotomous variables were expressed as
absolute frequency and percentages values.
Event-free survival (EFS) and OS were
calculated from the date of diagnosis to the
date of event, which, for EFS, was both
relapse or death, and, for OS was death from
any cause. The observational period was
censored at the date of the last follow-up if no
event occurred. EFS and OS curves were
estimated with the Kaplan-Meier method. The
cumulative incidence method was used to
calculate the incidence of relapse (IR),
considering only disease recurrence as an
event of interest while death from other
causes as a competing event. The median
follow-up was estimated according to reverse
Kaplan-Meier method. A P value of <0.05
was considered statistically significant. The
analysis was conducted using the statistical
software SAS, 9.4 version (Statistical
Analysis Software, SAS Institute Inc.). QOL
was investigated in the subgroup of patients
older than 18 years as of April 30th 2019.
These patients were asked to fill in a
questionnaire via telephonic interview,
between April 30th and June 15th 2019. The
questionnaire concerned health status,
educational achievements, employment,
marital and/or parental status and fertility.
Among 41 eligible patients, 22 patients (14
males and 8 females) gave the informed
consent for the interview. 

Results
The main demographic and clinical-

biological characteristics of patients at
diagnosis are shown in Table 1. The therapy
protocol adopted and the stratification of
patients into risk groups are summarized in
Table 2. 6 out of 119 (5%) patients
underwent total body irradiation before
hematopoietic stem cell transplantation and
6 patients (5%) received cranial irradiation.
Table 3 shows EFS, OS, IR in the different
risk groups. The 10-year EFS and OS for the
entire study group were 83.1% (C.I. 74.0-
89.2) and 88.4% (C.I. 80.9-93.1),
respectively; 14 patients (11.8%) died. The
causes of death were: treatment-related
complications (infection or multiple organ
dysfunction syndrome) in 4 patients (29%),
relapse of the underlying disease in 9
patients (64%), and the development of a
second malignant neoplasm in 1 patient
(7%). The median time to death for each of
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these events was 12.0 months (7.9-18.3),
17.5 months (5.2-163.7) and 7.3 months,
respectively. 

Among the 22 interviewed patients, 2
(9.1%) experienced treatment related long-
term complications. One patient developed
bilateral osteonecrosis (ON) of the knee,
treated with hyperbaric oxygen therapy,
vitamin D and alendronic acid. The second
patient, affected by Down’s syndrome,
experienced a worsening of the per-existing
mitral valve insufficiency (from mild to
moderate degree). 4 out of 22 patients (18%)
reported some comorbidities, that however
were not clearly related to the treatment: one
developed a pituitary prolactinoma in
therapy with cabergoline, one suffered from
a growth hormone (GH) deficiency and was
treated with recombinant human GH for two
years, one was affected by chronic
hypothyroidism and mental depression
requiring antidepressant drugs along with
psychological therapy, and lastly, one patient
developed a borderline personality disorder
requiring psychological therapy.
Interestingly, both patients who reported
permanent psychological disorders had
developed seizures during the treatment due
to acute methotrexate-induced neurotoxicity
with a complete resolution of symptoms
after 2 years of antiepileptic treatment.
Importantly, none of these patients received
cranial irradiation. 

From an educational point of view, 20
out of 22 (91%) patients graduated from high
school. The remaining 2 were still attending
it at the time of the analysis. A Down’s
syndrome patient with learning difficulties
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Table 1. Demographic and clinical data. Analysis on 109 patients.

                                                                   Patients (%)                       Median (range)

Gender: male/female                                             72(60.5)/47(39.5)                                              
Age at diagnosis (years)                                                     (-)                                               4.6 (0.2-16.8)
White blood cells count                                                                                                 10,930 (1410-1,312,000)
       ≥100.000                                                                     16 (14.7)                                                     
       ≤100.000 ≥ 50.000                                                    13 (11.9)                                                     
       ≤ 50.000 ≥ 10.000                                                      28(25.7)                                                      
       ≤10.000                                                                       52 (47.7)                                                     
Immuno-phenotype                                                                                                                             
       B-cell ALL                                                                  98 (89.9)                                                  (-)
       T-cell ALL                                                                    9 (8.3)                                                    (-)
       Acute undifferentiated leukemia                          1 (0.9)                                                    (-)
       Biphenotypic acute leukemia                                 1 (0.9)                                                    (-)
Mediastinal involvement                                                 6 (5.5)                                                    (-)
Testicular involvement                                                      0 (0)                                                      (-)
Central nervous system involvement                           2 (1.8)                                                    (-)
Lymphadenopathy                                                           30 (27.5)                                                  (-)
Fever                                                                                   73 (67)                                                    (-)
Bone pain                                                                          30 (27.5)                                                  (-)
Hepatomegaly, tot 87 (79.8%)                                                                                                            
       ≤ 2 cm                                                                        40 (36.7)                                                  (-)
       >2 cm ≤5 cm                                                            37 (33.9)                                                  (-)
       >5 cm                                                                          10 (9.2)                                                   (-)
Splenomegaly, tot 72 (66.1%)                                                                                                            
       ≤ 2 cm                                                                        26 (23.9)                                                  (-)
       ≤2 cm ≥ 5 cm                                                           30 (27.5)                                                  (-)
       ≥5 cm                                                                         16 (14.7)                                                  (-)
Bleeding, tot 41 (37.6)                                                                                                                         
       Petechiae                                                                    4 (3.7)                                                    (-)
       Ecchymosis                                                                 2 (1.8)                                                    (-)
       Hematomas                                                               10 (9.2)                                                   (-)
       Epistaxis                                                                      5 (4.6)                                                    (-)
       Petechiae and hematomas                                    15 (13.8)                                                  (-)
       Petechiae and Epistaxis                                           3 (2.8)                                                    (-)
       Hematomas and epistaxis                                       1 (0.9)                                                    (-)
       Petechiae, hematomas and epistaxis                   1 (0.9)                                                    (-)
ALL, acute lymphoblastic leukemia.

Table 2. Therapeutic protocols and risk groups.

Therapeutic protocols             Total (%)                         Standard risk (%)                  Intermediate risk (%)            High risk (%)

AIEOP ALL 95                                          26 (21.8)                                                3 (11.5)                                                    22 (84.6)                                         1 (3.8)
AIEOP-BFM ALL 2000                            20 (16.8)                                                7 (35.0)                                                    11 (55.0)                                        2 (10.0)
AIEOP-BFM ALL 2006                            24 (20.2)                                               11 (45.8)                                                    9 (37.5)                                         4 (16.7)
INTERFANT 2006                                       3 (2.5)                                                      (-)                                                              (-)                                                  (-)
EsPhALL                                                     2 (1.7)                                                      (-)                                                              (-)                                                  (-)
AIEOP-BFM ALL 2009                            44 (37.0)                                               12 (27.3)                                                   19 (43.2)                                       13 (29.5)
Total                                                                119                                                    33 (29.0)                                                   61 (53.5)                                       20 (17.5)
AIEOP, Associazione Italiana di Ematologia e Oncologia Pediatrica; BFM, Berlin-Frankfurt-Münster; ALL, acute lymphoblastic leukemia.

Table 3. EFS, OS, IR in risk groups. Median follow-up of 6.0 years.

                                                    Total, %                             Standard risk, %                     Intermediate risk, %             High risk, %

10 years-EFS (CI)                              83.1 (74.0-89.2)                                    84.1 (66.0-93.1)                                        91.3 (77.9-96.7)                         62.8 (40.3-78.8)
10 years-OS (CI)                                88.4 (80.9-93.1)                                    87.4 (69.8-95.1)                                        97.8 (85.3-99.7)                         67.5 (45.3-82.3)
10 years-IR (CI)                                  12.7 (6.9-20.3)                                       9.6 (2.4-23.1)                                            8.7 (2.6-19.4)                            25.2 (9.8-44.2)
CI, confidence interval; EFF, event-free survival; OS, overall survival; IR, incidence of relapse.
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lost a school year during treatment and
needed a support teacher. A patient with
mental disorder lost two years of school and
changed two schools after treatment. No
cases of poor school performance, during or
after treatment, occurred in the remaining 20
patients but one child needed tutoring when
he returned to school after treatment. Of the
20 patients with high school diploma, 8 were
attending university at the time of the study
and 3 were already graduated. Moreover,
only 2 of 12 patients who had finished high
school or university were unemployed
whereas 10 patients had a regular job. 

Six of 8 female patients were diagnosed
of ALL during the pre-puberty age and all 6
had menarche and normal menstrual periods
after the end of chemotherapy. One of them
was taking dydrogesterone for menstrual
irregularities. 2 patients had already had
menarche at diagnosis of ALL and then took
gonadotropin releasing hormone analogues
to inhibit ovulation during chemotherapy.
After the end of the treatment, both patients
resumed regular menstrual periods. None of
the 22 patients had a child at the time of the
interview. In the 14 male patients’ fertility
was not analyzed with a semen analysis.

Discussion and Conclusions
In this study, the outcome of children

diagnosed with ALL and treated during the
period 1995-2018 at our center is in line with
those reported in the literature on larger
cohorts with a 10-year EFS probability of
83.1% (CI 74.0-89.2) and a 10-year-OS of
88.4% (CI 80.9-93.1). Apart from survival
data, the main aim of this study was to assess
the burden of post-treatment complications
on survivors, especially on those who
became young adults. 

ON is a well-known complication of
chemotherapy and glucocorticoid treatment.
In this study, bilateral ON of the knee was
observed in a 15-year old male patient
during glucocorticoid treatment for ALL.
ON had an important impact on his quality
of life with frequent pain and limitation of
motion. Early diagnosis of ON can prevent
serious complications, such as bone
deformations, articular surface collapse and
the need of joint replacement. The most
significant risk factor for ON is age older
than 10 years old.6 Female sex, high body
mass index, lower albumin, higher lipid
levels, higher dexamethasone dose exposure
and several genomic variations are other
described risk factors.7,8 To reduce ON-
associated morbidity, a systematic screening
by serial magnetic resonance images in
patients at high-risk has been proposed to
plan an early therapeutic intervention.6,9

ALL childhood survivors are at
increased risk of developing late cardio-
toxicity due to anthracycline therapy. In this
study, only one patient affected by Down’s
syndrome developed a worsening of the per-
existing mitral valve insufficiency after
treatments with moderate cumulative dose of
anthracylines (240 mg/m2). This type of
patients can benefit from a cardioprotection
with dexrazoxane or liposomal
anthracyclines,10,11 and from the use of
newer technologies, such as three-
dimensional echocardiography for an earlier
intervention12,13

Endocrine disorders are the most
common late effects of treatment in
survivors of childhood cancer. A higher risk
of thyroid dysfunction was found, with the
greatest risk in patients who underwent head
or neck irradiation.14 In addition, GH
deficiency has been described in many
children treated for ALL, mostly in those
who had received cranial radiotherapy, and
seemed to have a good response to GH
replacement therapy without increasing the
risk of ALL relapse.15 In this study, one
patient developed chronic hypothyroidism
15 years after ALL treatment and another
patient developed GH deficiency. Finally,
one patient reported a late onset pituitary
prolactinoma. No specific correlation is
described between ALL treatments and
prolactinoma, even if a case of prolactinoma
in a patient treated for ALL is reported in a
previous study.16 The aforementioned three
patients who developed endocrine disorders
in our population did not undergo
radiotherapy so, the relationship between
radio-treatment for ALL and endocrine
dysfunction was not confirmed. However,
we cannot draw any conclusion about this
aspect because of the very small size of the
sample. 

Children and adolescent with ALL have
to face intensive treatments that force them
to stay in hospital for long periods and to
interrupt their normal school attendance. In
addition, they had to deal with the social and
emotional effects of the disease and its
treatment in relation to their peers. As a
result, children may experience difficulties
in returning to school or have to repeat one
or more school years. To face the problem a
hospital school program is recommended to
provide an educational support during
periods of hospitalization. Hospital school
programs allow patients to attend individual
and group lessons, thus compensating for
school absences. In this study, almost all
long-term survivors demonstrated excellent
academic achievement. The use of treatment
protocols that spare cranial irradiation
contributed certainly to these results. In fact,
cognitive dysfunctions, declines in IQ and

impaired educational skills have been
previously described as late effects of central
nervous system radiation.17

Although treatment for childhood ALL
seems to be less gonadotoxic than other
anticancer therapies, impaired fertility could
be a late effect of treatment in leukemia
survivors. In males, testicular irradiation and
treatment with high-dose of alkylating agent
such as cyclophosphamide (CY) are
considered risk factors for gonadal damage
and decreased fertility.18 The dose-
dependent toxicity of CY is related to
ovarian insufficiency in female.19 Fertility
can also be impaired as a result of cranial
irradiation which may be involved in the
disruption of the hypothalamic-pituitary-
gonadal axis. In this regard, evidence from
previous literature is conflicting. Fertility
problems have been reported in patients
receiving high doses (22-24 Gy) of cranial
radiation therapy while no negative effects
have been observed for lower doses (12 -18
Gy).19 In contrast, Byrne et al. reported
decreased fertility rate in women treated for
ALL during childhood with any dose of
cranial radiation.20 In our study, none of the
22 patients older than 18 years underwent
cranial irradiation and all female patients had
menarche and subsequent menses after
treatment. Considering patients of both
sexes, none of them had children. However,
this result could be attributed to the young
age of the subjects and the Italian tendency
to have children late for social and economic
reasons.

In conclusion, this study confirmed a
good survival for children affected by ALL
and, also, a good quality of survival. On the
medium and long-term period, the side
effects requiring a continuation of medical
interventions were limited to patients with
genetic predisposition (Down syndrome) or
adolescent with ON developed after the
exposure to high doses of steroids. Overall,
these data show that the current treatment for
ALL is well tolerated and does not constitute
an obstacle to return to a normal life whereas
providing an educational support in hospital
during the period of treatment may have a
crucial role to preserve the scholastic skills. 
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