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Université de Toulouse, France

*Correspondence:
Annamaria Mascolo

annamaria.mascolo@unicampania.it

†These authors have contributed
equally to this work and share

first authorship

Specialty section:
This article was submitted to

Pharmaceutical Medicine
and Outcomes Research,

a section of the journal
Frontiers in Pharmacology

Received: 12 March 2020
Accepted: 20 April 2020
Published: 07 May 2020

Citation:
Mascolo A, Scavone C, Bertini M,

Brusco S, Punzo F, Pota E,
Di Martino M, Di Pinto D and Rossi F
(2020) Safety of Anticancer Agents

Used in Children: A Focus on Their Off-
Label Use Through Data From the
Spontaneous Reporting System.

Front. Pharmacol. 11:621.
doi: 10.3389/fphar.2020.00621

ORIGINAL RESEARCH
published: 07 May 2020

doi: 10.3389/fphar.2020.00621
Safety of Anticancer Agents Used in
Children: A Focus on Their Off-Label
Use Through Data From the
Spontaneous Reporting System
Annamaria Mascolo1*†, Cristina Scavone1†, Michele Bertini 1, Simona Brusco1,
Francesca Punzo2, Elvira Pota2, Martina Di Martino2, Daniela Di Pinto2

and Francesca Rossi2

1 Department of Experimental Medicine–Section of Pharmacology “L. Donatelli”, University of Campania “Luigi Vanvitelli”,
Naples, Italy, 2 Department of Woman, Child and General and Specialist Surgery, University of Campania “Luigi Vanvitelli”,
Naples, Italy

Background: Among factors influencing the higher risk of developing unknown or rare
adverse drug reactions (ADRs) among children and adolescents, there is the frequent off-
label use of drugs that seems to be very common in pediatric oncological patients. Our
study aim to collect and evaluate data on the safety profile of antineoplastic drugs and their
off-label use in the pediatrics population using real life data.

Methods: We retrieved Individual Case Safety Reports (ICSRs) with an anticancer agent
as suspected drug among those reported through the Campania spontaneous reporting
system from 1 January 2013 to 30 September 2019. We classified ICSRs into four off-
label categories: “age,” “route of administration,” “weight,” and “therapeutic indication.”
We defined an ICSR as an off-label case if it met at least one of the aforementioned
categories for at least one of the reported suspected antineoplastic drugs.

Results: A total of 18 ICSRs (7.6%) out of 236 were classified as off-label cases. The
median age of patients was 13 years (interquartile range, IQR: 6–16), with 94.4% of cases
occurring in male patients. In the classification of the off-label category, 16 ICSRs were
categorized according to the “therapeutic indication” and two for the “age.” No case was
categorized for the off-label categories “route of administration” and “weight.” The two off-
label cases categorized as “age” were both related to the use of brentuximab vedotin for
Hodgkin’s lymphoma in patients aged 16 years. Twenty-nine ADRs (1.6 suspected
adverse drug reactions per ICSR) were identified among off-label cases. Among ADRs,
those reported more than one were diarrhea (N = 3), neutropenia (N = 3), nausea (N = 2),
pyrexia (N = 2), and vomit (N = 2).

Conclusions: Our findings showed a low number of ICSRs classified as off-label. The
majority of off-label ICSRs were categorized for the “therapeutic indication.” This low
number of off-label ICSRs might be largely due to the underreporting phenomenon, which
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https://www.frontiersin.org/articles/10.3389/fphar.2020.00621/full
https://www.frontiersin.org/articles/10.3389/fphar.2020.00621/full
https://www.frontiersin.org/articles/10.3389/fphar.2020.00621/full
https://www.frontiersin.org/articles/10.3389/fphar.2020.00621/full
https://loop.frontiersin.org/people/667844
https://loop.frontiersin.org/people/460124
https://loop.frontiersin.org/people/966018
https://loop.frontiersin.org/people/966021
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:annamaria.mascolo@unicampania.it
https://doi.org/10.3389/fphar.2020.00621
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://doi.org/10.3389/fphar.2020.00621
https://www.frontiersin.org/journals/pharmacology
http://crossmark.crossref.org/dialog/?doi=10.3389/fphar.2020.00621&domain=pdf&date_stamp=2020-05-07


Mascolo et al. Safety of Anticancer Agents in Children

Frontiers in Pharmacology | www.frontiers
is a major limit in pharmacovigilance. Therefore, we believe that spreading
pharmacovigilance knowledge and awareness might improve this aspect.
Keywords: safety, pharmacovigilance, spontaneous reporting system, adverse drug reaction, anticancer agent,
pediatric, off-label use
INTRODUCTION

Children and adolescents present an higher risk of developing
unknown or rare adverse drug reactions (ADRs) compared to the
adult population (Pellegrino et al., 2013). This is due to a different
and immature pharmacokinetic and pharmacodynamics profile
(i.e. different volumes of distribution and activities of drug‐
metabolizing enzymes/transporters), uncertainties on the long-
term drug risk-benefit profile, and frequent off-label use of drugs
(Lerose et al., 2012; Shebley et al., 2019; Sultana et al., 2019).
Indeed, medicines authorized for the use in pediatric age are still
very few, due to major barriers existing in testing and licensing
medications for children such as small market size and fewer
chronic illnesses and the resulting difficulty in enrolling a
sufficient number of pediatric patients (Milne and Bruss, 2008).
Consequently, many drugs are used in the pediatric population
on an off-label basis, erroneously assuming and translating the
efficacy and safety of a compound, from adults to pediatric age
(Napoleone, 2010). A pediatric study from a national ADR
database examined the contribution of off-label prescribing by
age to the occurrence of ADRs. This study showed that off-label
prescribing is associated with a large number of serious ADRs,
including fatal cases (Aagaard and Hansen, 2011). In the
literature, among drugs most frequently prescribed off-label
there are anticonvulsants, antibiotics, rhinologics, antitussives,
and gastrointestinal medicines (Gill et al., 1995; Turner et al.,
1999; Clarkson et al., 2001; Horen et al., 2002; Schirm et al., 2004;
Ufer et al., 2004). In Italy, a study found that paracetamol and
beclomethasone were the substances most often used off-label in
children (Pandolfini et al., 2002). However, the off-label use of
oncological drugs also seems to be very common in the pediatric
age (Conroy et al., 2003). This specific clinical area was recently
revolutionized by the development of targeted new agents that
represent a more effective and safe treatment for children with
malignancies. Nevertheless, even though the safety profile of any
kind of anticancer treatments (chemotherapeutic and targeted
agents) in children is similar to that observed in adults, the
severity, frequency, nature, and presentation of adverse drug
reactions (ADRs) can differ (Adamson, 2015). Studies have
assessed the quota of the off-label use of anticancer drugs in
children (Conroy et al., 2003; Cuzzolin et al., 2006; Shah et al.,
2007), but data on their safety are scarce. Therefore, considering
the growing use of off-label drugs in pediatric clinical practice,
including the oncology setting, and safety concerns related to this
kind of use as well as the different safety profile of medicines in
children and adolescents compared to that observed in adult
patients, we have examined the individual case safety reports
(ICSRs) of suspected ADRs concerning antineoplastic drugs used
in pediatric patients (aged less than 18 years) sent to the Italian
pharmacovigilance Spontaneous Reporting System in Campania
in.org 2
Region. The aim of this study was to collect and evaluate data on
the safety profile of antineoplastic drugs used in pediatrics in a
real life setting and to evaluate the amount of off-label use among
ICSRs reporting cancer drugs-induced ADRs.
METHODS

Data Source
Individual Case Safety Reports (ICSRs) were retrieved among
those recorded in the spontaneous reporting system from 1
January 2013 to 30 September 2019 . The I ta l i an
pharmacovigilance spontaneous reporting database (Rete
Nazionale di Farmacovigilanza–RNF) has been established in
2001 by the Italian Medicines Agency (AIFA). The RNF collects
all ICSRs spontaneously reported or deriving from active
pharmacovigilance projects or observational studies. ICSRs are
sent to the RNF by a Responsible Person for pharmacovigilance,
nominated in each national healthcare institution. As
Pharmacovigilance Regional Center we have full access only to
ICSRs sent to the RNF by Campania Region, South of Italy.
Therefore, only regional ICSRs were evaluated.

ICSRs Selection
ICSRs with at least one antineoplastic drug were identified from
the 2nd level of the Anatomical Therapeutic Chemical (ATC)
Classification System (L01—antineoplastic agents). We selected
only cases emerged in patients aged less than 18 years old. ICSRs
not reporting the patient’s age were excluded from the analysis.
Moreover, we excluded ICSRs in which the antineoplastic drug
was not used for oncologic therapeutic indication or in which
there were inconsistencies. All ICSRs were checked for duplicate
by crossing information such as gender, age, date of birth,
suspected drugs, date of onset, and type of ADRs among
ICSRs. Whether it was found that two or more reports were
related to the same patient and the ADRs were developed in the
same time frame, we combined the information in just one ICSR.

Descriptive Analysis of ICSRs
ICSRs were described according to gender, median age,
seriousness and outcome of the ADR, type of reporter,
causality assessment, and number of reported suspected drugs.
These data were provided for all ICSRs included in the study,
whether they were reporting an off-label use or not. We also
described the number and percentage of missing data (e.g.
gender, outcome, reporter). To identify the off-label use, ICSRs
were individually screened, case-by-case, by a team composed of
clinicians and pharmacists experienced in pharmacovigilance
and clinical research. Off-label ICSRs were classified into four
May 2020 | Volume 11 | Article 621
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categories: “age” defined as the administration of a prescription
drug outside the age range for which the product was licensed;
“route of administration” defined as the use of an alternative
route of administration other than that licensed; “weight”
administration of drugs for weights for which the product was
not licensed; “indication” defined as the prescription of a drug
for therapeutic indications that were not licensed. An ICSR was
defined as an off-label case if it met at least one of the
aforementioned categories for at least one of the reported
suspected antineoplastic drugs.

To identify off-label ICSRs, we used as a reference of licensing
information, the Summary of Product Characteristics (SmPC)
published by the AIFA, and the pediatrics list of antineoplastic
products allowed to be used off-label by the Italian law 648/96.
This Law, which was approved on December 23rd 1996, regulated
the off-label prescription of medicines at the charge of the
National Health System (NHS). The inclusion of medicines in
the official list of the Italian law 648/96 is subject to the approval
by the AIFA Technical Scientific Advisory Commission (CTS)
and it is reserved for innovative drugs authorized abroad, but not
in Italy, drugs which have not yet received an authorization but
have undergone clinical trials, and drugs to be used for a
therapeutic indication different from the authorized one. In
this list are also contained drugs that can be used for rare
oncological diseases (Italian Medicine Agency, 2018).
Moreover, to evaluate the preventable quota of ADRs we
screened off-label ICSRs to identify risk factors that could have
contributed to the onset of ADRs (e.g. drug-drug interactions,
drug-disease interaction, drug-herbs interactions, non-
compliance, documented hypersensitivity). To check for drug
interactions we used a large independent medicine information
website (Drugs.com, 2020) (Drugs.com). Finally, to evaluate the
performance of our pharmacovigilance system in the off-label
setting, which requires the codification of the term “off-label use”
with the codification of the ADR, we have also checked how
many ICSRs identified as off-label had the “off-label use” codified
in the RNF. The characteristics of the off-label cases were
summed up in a Table.

The seriousness of ADRs was codified following the
International Council on Harmonization E2D guidelines (ICH
E2D Post-approval safety data management | European
Medicines Agency, 2018), whereas the outcome was
categorized into six categories (recovered, improvement,
resolution with sequelae, unchanged clinical condition, death,
and not available) based on the national law. To establish the
strength of a correlation between the suspected drug and the
ADR, the Naranjo algorithm was used (Naranjo et al., 1981). All
scores that ranged between possible and certain were considered
for causality.

Non-off-label ICSRs were classified for the suspected
antineoplastic protocol and for the general therapeutic
indication which was divided into three categories
(hematological tumor, solid tumor, and bone marrow
transplant). Moreover, a specification of therapeutic indications
among non-off-label ICSRs was performed.
Frontiers in Pharmacology | www.frontiersin.org 3
Adverse events were tabled according to the four most
reported preferred terms (PTs) and the corresponding System
Organ Class (SOC) for non-off-label ICSRs. The time to event
defined as the difference in days between the onset date of the
adverse event and the date of the administration of the last drug
of a specific antineoplastic protocol was independently computed
for ICSRs classified as off-label and those classified as non-off-
label. A boxplot of time to events was generated.

Compliance With Ethical Standards
Safety data deriving from the Italian spontaneous reporting
system are anonymous and in compliance with the ethical
standard. Therefore, no further ethical measure was required.
RESULTS

General Characteristics of ICSRs
Between January 2013 to September 2019, 7,610 ICSRs with an
antineoplastic drug as suspected drug were sent to the RNF from
the Campania Region, of which 253 (3.3%) occurred in pediatric
patients. Campania Region contributed for the 44.3% of national
ICSRs on anticancer agents used in children (N = 571). Among
regional pediatric ICSRs, we screened for the evaluation of the
off-label use a total of 236 ICSRs (92.9%), of which 47 ICSRs
(19.9%) were from non-interventional studies. Twelve ICSRs
were excluded due to the use of the suspected antineoplastic drug
in a non-oncology setting and five due to inconsistencies. The
non-oncological therapeutic indications were bone marrow
transplant due to aplastic anemia, osteopetrosis, or not
specified for fludarabine, methotrexate, cyclophosphamide,
busulfan, and anti-thymocyte globulins (N = 9), nephrotic
syndrome for rituximab (N = 2), and ulcerative colitis for
methotrexate (N = 1). A total of 218 (92.4%) ICSRs out of 236
were classified as non-off-label cases. The median age of patients
was 9 years (interquartile range, IQR: 6–12), with 64.7% of cases
occurring in male patients. Most ICSRs were reported as not
serious (112; 51.4%). Among ICSRs classified as serious, 25.2%
was related to clinically significant conditions and 23.4% to
hospitalizations. Most ICSRs reported a positive outcome
classified as recovered (60.5%) or improvement (29.8%). The
main reporter was the physician with 211 (96.8%) out of 218
ICSRs. The causality assessment was possible for 211 (96.8%)
and probable for 6 (2.7%) ICSRs. Characteristics of cases were
presented in Table 1. Most ICSRs (85.3%) reported more than
one antineoplastic drug as suspected drug (Table 1). The main
general therapeutic indication for the administration of
antineoplastic protocols suspected to be responsible for the
ADRs were hematological tumors (160; 78.4%), followed by
bone marrow transplant (53; 26.1%), and solid tumors (5;
3.7%) (Table 2). A specification of the suspected antineoplastic
protocol for the main general therapeutic indication is shown in
Table 2. Among hematological tumors, the most reported was
acute lymphocytic leukemia (105; 65.6%), followed by Burkitt
lymphoma (19; 11.9%) and acute myeloid leukemia (9; 5.6%)
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(Table 3). Among solid tumors, there was a case of glioblastoma
multiforme, osteosarcoma, embryonal rhabdomyosarcoma,
metastatic kidney cancer, and breast cancer.

Safety of Antineoplastic Drugs in
Non-Off-Label ICSRs
We observed a total of 420 ADRs (1.9 suspected adverse drug
reactions per ICSR) since more than one ADR could be reported
in each ICSR. A total of 130 (31.0%) out of 420 ADRs belongs to
the SOC “Gastrointestinal disorders,” followed by the SOC
“Blood and lymphatic system disorders” (64; 15.2%), the SOC
“General disorders and administration site conditions” (52;
12.4%), the SOC “Respiratory, thoracic, and mediastinal
disorders” (28; 6.7%), and the SOC “Hepatobiliary disorders”
(26; 6.2%). Accordingly, the most reported adverse events were:
vomit (29/130; 22.3%), neutropenia (19/64; 29.7%), pyrexia (18/
52 ; 34 .6%) , e levated transaminases (19/26 ; 73 .1) ,
thrombocytopenia (16/64; 25.0%), diarrhea (14/130; 10.8%),
abdominal pain (14/130; 10.8%), nausea (13/130; 10.0%),
anemia (13/64; 20.3%), mucositis (12/52; 23.1), and
oropharyngeal pain (8/28; 28.6%). The four most reported
adverse events classified per SOC are listed in Supplementary
Table 1. The median time to event was 9 days (interquartile
range [IQR]: 4–15) for the ICSRs classified as non-off-label.

Off-Label ICSRs
A total of 18 ICSRs (7.6%) out of 236 were classified as off-label
cases, none of these ICSRs was from non-interventional studies.
Frontiers in Pharmacology | www.frontiersin.org 4
The median age of patients was 13 years (interquartile range,
IQR: 6–16), with 94.4% of cases occurring in male patients. Most
ICSRs were reported as not serious (11; 61.1%). Among ICSRs
classified as serious, the most reported criterion for seriousness
was “serious–other clinically significant condition” (3; 16.7%),
followed by “serious–hospitalizations” (2; 11.1%) and “serious–
life-threatening” (2; 11.1%). All ICSRs reported a positive
outcome classified as recovered (7; 38.9%) or improvement
(11; 61.1%). The main reporter was the physician with 17
(94.4%) out of 18 ICSRs. Causality assessment was possible for
all ICSRs. The characteristics of off-label cases were presented in
Table 1.

In the classification of the off-label category, 16 ICSRs were
categorized according to the “therapeutic indication” and two for
the “age.” No case was categorized into the off-label categories
“route of administration” and “weight” (Table 4). For off-label
cases due to the indication, four (2.2%) reported the use of
fotemustine for bone marrow transplant, three (1.7%) the use of
ifosfamide for acute lymphocytic leukemia, three (1.7%) the use
of bortezomib for acute lymphocytic leukemia, two (1.1%) the
use of cyclophosphamide for the acute myeloid leukemia, two
(1.1%) the use of melfalan for the Wilms’ tumor, one (0.6%) the
use of docetaxel for relapsed osteosarcoma, and one (0.6%) the
use of gemcitabine and vinorelbine for Hodgkin’s lymphoma.
The two off-label cases categorized as “age” were both related to
the use of brentuximab vedotin for Hodgkin’s lymphoma in
patients aged 16 years. These ICSRs on brentuximab vedotin
were not considered duplicates as they are related to different
TABLE 1 | Demographic characteristics and distribution for the type of reporter, seriousness and outcome of adverse drug reactions, causality assessment, and
number of the reported suspected drugs of all pediatric ICSRs and those reporting or not reporting an off-label use that involve antineoplastic drugs as suspected drugs
among those recognized in the Campania spontaneous reporting system from January 2013 to September 2019.

Variable Level ICSRs reporting
an off-label use

(N = 18)

ICSRs not reporting the
off-label use
(N = 218)

All ICSRs
(N = 236)

Gender Female 1 (5.6) 73 (33.5) 74 (31.3)
Male 17 (94.4) 141 (64.7) 158 (66.9)
Not available – 4 (1.8) 4 (1.8)

Age Median (IQR) 13 (6–16) 9 (6–12) 9 (6–13)
Seriousness Serious–other clinically

significant condition
3 (16.7) 55 (25.2) 58 (24.6)

Serious–hospitalization 2 (11.1) 51 (23.4) 53 (22.4)
Serious–life threatening 2 (11.1) – 2 (0.9)
Not serious 11 (61.1) 112 (51.4) 123 (52.1)

Outcome Improvement 11 (61.1) 65 (29.8) 76 (32.2)
Unchanged clinical condition – 9 (4.1) 9 (3.8)
Not available – 10 (4.7) 10 (4.2)
Recovered 7 (38.9) 132 (60.5) 139 (58.9)
Resolution with sequelae – 2 (0.9) 2 (0.9)

Time to event Median (IQR) 11 (3.25–14.5) 9 (4–15) 9 (4–15)
Reporter Physicians 17 (94.4) 211 (96.8) 228 (96.6)

Pharmacist – 1 (0.5) 1 (0.4)
Other health care professional – 5 (2.3) 5 (2.1)
Patient/Citizen or other non-
healthcare professional figure

1 (5.6) 1 (0.5) 2 (0.9)

Causality Possible 18 (100.0) 211 (96.8) 229 (97.0)
Probable – 6 (2.7) 6 (2.5)
Doubt – 1 (0.5) 1 (0.5)

Number of reported
suspected drugs

>1 13 (72.2) 186 (85.3) 199 (84.3)
1 5 (27.8) 32 (14.7) 37 (15.7)
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ADRs reported in different time frames. A total of 29 ADRs (1.6
suspected adverse drug reactions per ICSR) were identified
among cases. Among ADRs, those reported more than one
were diarrhea (N = 3), neutropenia (N = 3), nausea (N = 2),
pyrexia (N = 2), and vomit (N = 2) (Table 4). The median time to
event was 11 days (IQR: 3.25–14.5) for the ICSRs classified as
off-label.

In 11 (61.1%) out of 18 ICSRs there were drug-drug
interactions. In four ICSRs more than one interaction was
reported. In the majority of cases (N = 9), we identified an
interaction among chemotherapy drugs and the development of
events like nausea, abdominal pain, vomit, pyrexia, constipation,
cough, pneumonia, neutropenia, fever, septic shock, and
mucositis. In one ICSR, the interaction was between
bortezomib and vincristine and the onset of neurotoxicity. In
five ICSRs the interaction was between an anticancer agent and
another drug. Specifically, four ICSRs reported an interaction
between etoposide and fluconazole with the development of
gastrointestinal events (vomit, constipation, mucositis,
diarrhea, and abdominal pain), pyrexia, and septic shock, and
one ICSR reported an interaction between sulfamethoxazole/
trimethoprim and methotrexate with the development of
stomatitis (data not shown).

One out of 18 ICSRs had the term “off-label use” codified
among ADRs in the RNF. This ICSR reported the onset of
neurotoxicity after the administration of bortezomib for acute
lymphocytic leukemia in a 6-year-old female patient (the other
reported suspected antineoplastic drug was vincristine).
TABLE 2 | Number of non-off-label ICSRs distributed for the suspected
antineoplastic protocols and the general therapeutic indication in the setting of
the Campania spontaneous reporting system—January 2013 to September
2019.

Cancer and suspected antineoplastic protocols Number of
ICSRs

Percentage
(%)

Hematological tumor 160 78.4
Daunorubicin 2 1.3
Daunorubicin + vincristine 13 8.1
Daunorubicin + vincristine + pegaspargase 5 3.1
Daunorubicin + vincristine + methotrexate 6 3.8
Daunorubicin + vincristine + crisantaspase 1 0.6
Daunorubicin + vincristine + methotrexate +
pegaspargase

15 9.4

Daunorubicin + cyclophosphamide + vincristine 1 0.6
Daunorubicin + vindesine + pegaspargase +
methotrexate + ifosfamide

1 0.6

Doxorubicin + vincristine 2 1.3
Doxorubicin + vincristine + pegaspargase 1 0.6
Doxorubicin + vincristine + L-asparaginase 1 0.6
Arsenic trioxide 4 2.5
Cyclophosphamide 3 1.9
Cyclophosphamide + methotrexate 1 0.6
Cyclophosphamide + methotrexate + citarabine 1 0.6
Cyclophosphamide + methotrexate + vincristine 3 1.9
Cyclophosphamide + citarabine 3 1.9
Cyclophosphamide + citarabine + vincristine 2 1.3
Cyclophosphamide + vincristine 4 2.5
Cyclophosphamide + vincristine + rituximab +
methotrexate

3 1.9

Cyclophosphamide + doxorubicin + methotrexate +
vincristine

1 0.6

Cyclophosphamide + etoposide + citarabine 1 0.6
Cyclophosphamide + 6-mercaptopurine + citarabine 3 1.9
Citarabine 6 3.8
Citarabine + idarubicin 2 1.3
Citarabine + clofarabine 1 0.6
Citarabine + 6-mercaptopurine 5 3.1
Citarabine + 6-mercaptopurine + methotrexate 2 1.3
Citarabine + pegaspargase 1 0.6
Etoposide + cyclophosphamide + clofarabine 1 0.6
Etoposide + citarabine 1 0.6
Etoposide + citarabine + ifosfamide + vincristine 2 1.3
Etoposide + citarabine + vindesine 1 0.6
Idarubicin + etoposide + citarabine 5 3.1
Idarubicin + pegaspargase + vincristine 2 1.3
Idarubicin + vincristine 1 0.6
Imatinib 1 0.6
Imatinib + doxorubicin + vincristine + L-
asparaginase

11 6.9

Imatinib + methotrexate + vindesine 2 1.3
6-mercaptopurine 8 5.0
6-mercaptopurine + methotrexate 8 5.0
Mitoxantrone 1 0.6
Pegaspargase 3 1.9
Pegaspargase + cyclophosphamide + citarabine +
vincristine + metotrexate

1 0.6

Pegaspargase + cyclophosphamide + vincristine +
methotrexate

3 1.9

Pegaspargase + citarabine + vincristine + 6-
mercaptopurine + methotrexate

2 1.3

Pegaspargase + vindesine + ifosfamide +
methotrexate

1 0.6

Pegaspargase + vindesine + methotrexate 1 0.6
Rituximab + cyclophosphamide + doxorubicin 1 0.6

(Continued)
TABLE 2 | Continued

Cancer and suspected antineoplastic protocols Number of
ICSRs

Percentage
(%)

Rituximab + daunorubicin + methotrexate +
citarabine

1 0.6

Rituximab + daunorubicin + cyclophosphamide +
vincristine + methotrexate + citarabine

1 0.6

Rituximab + ifosfamide + vincristine + methotrexate
+ citarabina + etoposide

2 1.3

Rituximab + ifosfamide + vincristine + methotrexate
+ citarabine + cyclophosphamide

4 2.5

Rituximab + vincristine + methotrexate + citarabine
+ cyclophosphamide

2 1.3

Solid tumor 5 3.7
Cyclophosphamide + epirubicin + 5-fluorouracil 1 20.0
Dactinomycin + vincristine + ifosfamide 1 20.0
Dactinomycin + vincristine + doxorubicin 1 20.0
Methotrexate 1 20.0
Temozolomide 1 20.0
Bone marrow transplant 53 26.1
Busulfan 2 3.8
Busulfan + melphalan + cyclophosphamide +
methotrexate

4 7.5

Busulfan + melphalan + cyclophosphamide 2 3.8
Busulfan + melphalan 27 50.9
Busulfan + fludarabine + thiotepa 7 13.2
Cyclophosphamide + thiotepa 1 1.9
Cyclophosphamide + thiotepa + methotrexate 5 9.4
Melphalan + fotemustine + citarabine + etoposide 5 9.4
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DISCUSSION

This is the first study in our Region that aims to describe the
safety profile of antineoplastic drugs and their off-label use in the
pediatric population by extracting data from the Campania
region (Italy) spontaneous reporting system. In Italy, the
cancer incidence rates in children and adolescents are slightly
higher in comparison to other developed Countries, but
relatively consistent among different Italian areas. Moreover,
the efficacy of antineoplastic protocols has improved constantly
since the Seventies, and recent findings have confirmed this trend
in all age groups, and also for rare types of cancer with a very
poor prognosis (Pisani et al., 2013). In our study, we provided for
the first time “real-world evidence” on off-label ICSRs in the
setting of pediatric oncology, which is characterized by the
absence of standard pediatric prescribing information and
safety-efficacy data on drug use. Moreover, we were able to
provide pharmacovigilance data that are nowadays more
needed on this topic, considering that the off-label drug use is
TABLE 3 | Number of non-off-label ICSRs with an antineoplastic protocols as
suspected drugs distributed for the specific therapeutic indication in the setting of
the Campania spontaneous reporting system—January 2013 to September
2019.

Therapeutic indications Total %

Hematological tumors 160 73.4
Acute lymphocytic leukemia 105 65.6
Burkitt lymphoma 19 11.9
Acute myeloid leukemia 9 5.6
Relapsed leukemia 9 5.6
Relapsed acute lymphocytic leukemia 8 5.0
T-cell acute lymphoblastic leukemia 6 3.7
Relapsed acute myeloid leukemia 3 1.9
Non-Hodgkin’s lymphoma 1 0.6
Solid tumors 5 2.3
Glioblastoma multiforme 1 20.0
Osteosarcoma 1 20.0
Embryonal rhabdomyosarcoma 1 20.0
Metastatic kidney cancer 1 20.0
Breast cancer 1 20.0
Bone marrow transplant 53 24.3
TABLE 4 | Characteristics of off-label ICSRs reporting an antineoplastic drug as suspected drug among those reported in the Campania spontaneous reporting system
from January 2013 to September 2019.

Number
of ICSRs

Antineoplastic
drug used
off-label

Approved indication* Off-label use
in the ICSR

Other suspected
antineoplastic

drugs

Category Number
of ADRs

Type of ADR
(Preferred term)

2 Cyclophosphamide Cytostatic treatment, acute lymphocytic
leukemia, non-Hodgkin’s lymphoma, Hodgkin’s
lymphoma, neuroblastoma, rhabdomyosarcoma,
low-grade glioma, Ewing’s sarcoma,
medulloblastoma osteosarcoma, hepatoblastoma

Acute myeloid
leukemia

6-mercaptopurine
and citarabine
Methotrexate

Indication 2 Nausea, stomatitis

2 Melfalan Sarcoma, multiple myeloma, malignant
melanoma, advanced ovarian cancer,
neuroblastoma, Ewing’s sarcoma

Wilms’ tumor Carboplatin and
etoposide

Indication 4 Diarrhea, abdominal
pain, mucositis,
pyrexia

4 Fotemustine Malignant melanoma, primitive cerebral tumour Bone marrow
transplant

Citarabine and
etoposide

Indication 8 Constipation, vomit,
pyrexia, septic shock,
diarrhea, increased
creatinine, fluid
retention, pneumonia

3 Ifosfamide Bronchial cancer, ovarian cancer, breast cancer,
testicular tumor, sarcoma, pancreatic cancer,
endometrial cancer, malignant lymphoma,
hypernephroma, Wilms’ tumor, hepatoblastoma,
neuroblastoma, rhabdomyosarcoma, Ewing’s
sarcoma, osteosarcoma

Acute
lymphocytic
leukemia

Daunorubicin and
vindesine (2)

Indication 4 Neutropenia (2), rash,
productive cough,

1 Docetaxel Breast cancer, prostatic cancer, gastric
adenocarcinoma, non-small cell lung cancer,
head and neck cancer

Relapsed
osteosarcoma

None Indication 3 Generalized edema,
antithrombin III
decreased,
hypoalbuminemia

3 Bortezomib Multiple myeloma, mantle cell lymphoma Acute
lymphocytic
leukemia

Vincristine (1)

Vincristine and
pegaspargase (1)

Indication 4 Neurotoxicity, anemia,
hypercholesterolemia,
hypertriglyceridemia

2 Brentuximab
vedotin

Hodgkin’s lymphoma, systemic anaplastic large
cell lymphoma, cutaneous T cell lymphoma

Hodgkin’s
lymphoma

None Age 3 Nausea, vomit,
diarrhea

1 Gemcitabine Bladder cancer, pancreatic adenocarcinoma,
ovarian cancer, non-small cell lung cancer,
breast cancer

Hodgkin’s
lymphoma

Ifosfamide Indication 1 Neutropenia

Vinorelbine Non-small cell lung cancer, metastatic breast
cancer, aggressive fibromatosis,
rhabdomyosarcoma
Ma
y 2020 | V
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a patient safety-issue highly associated with an increased risk of
ADRs, especially in children treated with anticancer drugs (Gore
et al., 2017). Approximately 3% of our ICSRs reporting at least
one antineoplastic drug as a suspected drug was related to
pediatric patients. This low percentage is in accordance with
data derived from Italian prescription registries that show a low
consumption of drugs belonging to the ATC “L–Antineoplastic
and immunomodulating agents” (0.6%) among children
(OsMed, 2018). Moreover, cancer is a rare event in children,
representing only 2% of all cancer cases in the world
(Davidoff, 2010).

In our study, the 2.9% of the ICSRs was excluded due to
inconsistencies, which are a limiting factor for case evaluation
and for the detection of safety signals in a spontaneous reporting
system. In fact, a good report quality is fundamental for the risk
management of marketed drugs and is the basis of an effective
drug safety monitoring and data utilization in pharmacovigilance
(Niu et al., 2019). Most of our pediatric cases were classified as
non-off-label with a mean age of 9 years (IQR: 6–12) in
accordance with data that showed a higher distribution of
pediatric oncology patients ranged between 2 and 12 years
(van den Berg and Tak, 2011). In spite of the higher use of
antineoplastic agents (as ATC L) in female children (about 60%)
(OsMed, 2018), we found that more than 50% of ICSRs were
related to male patients. Even though generally female patients
(both children and adults) are more likely to experience ADRs
than males (Scavone et al., 2017; Scavone et al., 2018), as also
confirmed by a study that analyzed data collected within
VigiBase, the WHO global database of ICSRs (Watson et al.,
2019), other pharmacovigilance studies, involving both adult and
pediatric population and different therapeutic class of drugs,
reported a higher incidence of ADRs in males compared to
females (Montastruc et al., 2002; Ferrajolo et al., 2014; Cliff-Eribo
et al., 2016; Lombardi et al., 2019). Furthermore, a recent
observational study reported no difference in ADRs between
male and female (Singh et al., 2017).

Forty-nine percent of our cases were classified as serious.
Accordingly, it has been estimated that 40% of cancer patients
suffer life-threatening or permanently disabling severe ADRs,
which tend to be even more frequent and severe in children (Ross
et al., 2011). However, in most of our ICSRs (90%), there was a
positive clinical outcome such as recovered or improvement in
accordance with another Italian retrospective analysis based on
reports of suspected ADRs, which found that most ADRs
occurred in pediatric patients have a positive outcome
(Lombardi et al., 2018).

The main reporter was the physician in accordance with the
highly specialized environment in which these drugs are used
and the particular attention that the medical team has for this
subpopulation. Moreover, based on our experience, the
physicians is the reporter most sensitive to pharmacovigilance
in our region (Sessa et al., 2017; Sessa et al., 2018b; Mascolo
et al., 2019).

As reported in the literature, we found that the most reported
were hematological tumors (Davidoff, 2010). Specifically, the
most reported was the acute lymphocytic leukemia (105; 65.6%),
Frontiers in Pharmacology | www.frontiersin.org 7
which is described as the most common cancer diagnosed in
children (Cooper and Brown, 2015). Accordingly, a registry-
based study conducted by the Association Italian Pediatric
Hematology-Oncology (AIEOP) on data of Campania Region
showed that cancers diagnosed in children were prevalently
onco-hematological tumors and among them the acute
lymphocytic leukemia was the most reported. Moreover,
among solid tumors the most reported were those related to
the central nervous system (Indolfi et al., 2016). In the evaluation
of antineoplastic protocols, in accordance with a review of
medicines for the treatment of common tumors in children
published by the World Health Organization (WHO) and the
ESMO clinical practice guidelines on hematological
malignancies, we observed that anticancer agents like
cyclophosphamide, daunorubicin, doxorubicin, pegaspargase,
vincristine, etoposide, and imatinib were reported for the
treatment of hematological tumors, while dactinomycin,
ifosfamide, vincristine, cyclophosphamide, temozolamide, and
methotrexate for the treatment of solid tumors (ESMO, 2020;
WHO, 2011). A published report on the drug use showed that
the most prescribed anticancer agents, in Campania region,
belong to the class of monoclonal antibodies, followed by
tyrosine kinase inhibitors, and cytostatic antineoplastic agents
(OsMed, 2017).

In our study, we found a low number of ICSRs classified as
off-label (7.6%). This may be related to the underreporting
phenomena, which is a major limitation in pharmacovigilance
(Biagi et al., 2013), mainly associated with the fear of
repercussions for the reporting of medical errors especially if
we are in the field of the off-label use (Castel et al., 2015). Global
reporting levels are estimated to be no more than 5–10% of the
real incidence in spite of efforts and initiatives to institute a
regulatory framework for ADR reporting (Hazell and Shakir,
2006; González-Rubio et al., 2011). In fact, underreporting still is
a huge problem in pharmacovigilance that impairs the
generation of fast and dynamic safety alerts and the possibility
to drawn real conclusions about drug safety, resulting in a
reduced quality of patient’s care (González-Rubio et al., 2011).
Based on our results, age and gender in off-label cases were
consistent with those observed with non-off-label cases. Some
studies reported a higher occurrence of ADRs in children
exposed to cancer chemotherapy (Posthumus et al., 2012; Bellis
et al., 2014). Mitchell et al. estimated 22% of ADRs occurring in
pediatric oncology patients compared to the 2% in non-oncology
patients (Mitchell et al., 1988). Moreover, a study based on
prescription data showed that the risk of developing ADRs is
higher when drugs are used off-label compared to their
authorized use. This result was largely driven by the
occurrence of ADRs in the oncological practice, where the risk
of ADRs was found higher than in non-oncological areas (Bellis
et al., 2014).

In our off-label cases, most ICSRs were categorized off-label
due to the therapeutic indication. Specifically, four ICSRs
reported the use of fotemustine for bone marrow transplants.
The combination of fotemustine plus etoposide, cytarabine, and
melphalan has been evaluated in the literature as a feasible and
May 2020 | Volume 11 | Article 621

https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Mascolo et al. Safety of Anticancer Agents in Children
safe therapeutic alternative in adult patients with relapsed/
refractory lymphoma undergoing autologous stem-cell
transplantation (auto-SCT) (Musso et al., 2010). Three ICSRs
reported the use of ifosfamide for acute lymphocytic leukemia. In
the literature, data on the efficacy and safety of ifosfamide for
acute lymphocytic leukemia in children dated back to ‘90s (Reiter
et al., 1992; Crooks and Sato, 1995). Similarly, we found that
bortezomib, approved for the treatment of multiple myeloma
and mantle cell lymphoma, was used off-label to treat acute
lymphocytic leukemia. This use has been encouraged by studies
that showed how the combination of bortezomib with
chemotherapy is an effective option for the treatment of
childhood relapsed/refractory acute lymphocytic leukemia
(Bertaina et al., 2017; August et al., 2020). Finally, evidence on
the off-label use of cyclophosphamide in the acute myeloid
leukemia, melphalan in Wilms’ tumor, docetaxel in relapsed
osteosarcoma, gemcitabine and vinorelbine in Hodgkin’s
lymphoma have been found (Pein et al., 1998; Navid et al.,
2008; Cole et al., 2009; Kobos et al., 2014; Song et al., 2014). Two
ICSRs were categorized as off-label due to the use of brentuximab
vedotin in a 16 years old patient affected by Hodgkin’s
lymphoma. However, in the literature, it has been
demonstrated that its pediatric use in relapsed or refractory
Hodgkin’s lymphoma is well tolerated and associated with a
positive clinical response (Locatelli et al., 2018). These findings
are interesting because some drugs identified in the off-label
ICSRs also have an orphan designation, which is evaluated by the
Committee for Orphan Medicinal Products (COMP) of
European Medicines Agency (EMA) and granted by the
European commission for those medicines that are developed
and authorized for a rare disease (European Medicine Agency,
2020). Is this the case for example of brentuximab vedotin that
has the orphan designation for different onco-hematological
diseases (European Medicine Agency, 2015; Orphanet, 2020).
In Italy, orphan drugs are a topic of great importance and highly
considered from regulators. In fact, since 2001, the Italian
National Institute of Health (ISS, Istituto Superiore di Sanità)
instituted the national registry on rare diseases (RNMR) with the
aim of increasing the surveillance on rare disease, supporting
national or regional planning in favor of patients with rare
disease, improving the management of rare diseases, and
favoring the debate among healthcare professionals for the
definition of diagnostic criteria (Istituto Superiore di Sanità,
2001; Ministero della Sanità, 2001).

In our study, the majority of ADRs observed in off-label cases
belong to the gastrointestinal and hematological systems. In the
majority of these cases, it was also identified a drug-drug
interaction among chemotherapy drugs that could explain the
onset of gastrointestinal and hematological toxicities. One ICSR
was related to the neurotoxicity induced by bortezomib. In the
literature, this drug has been associated with the onset of
peripheral neuropathy that often requires drug discontinuation
(Meregalli, 2015). Moreover, in this ICSR was also identified an
interaction between bortezomib and vincristine: both of them
might increase the risk of nerve damage (Kassem et al., 2011).
Finally, pharmacokinetics interactions between etoposide and
Frontiers in Pharmacology | www.frontiersin.org 8
fluconazole (N = 4), and sulfamethoxazole/trimethoprim and
methotrexate (N = 1) were identified. It is known that
fluconazole might increase the blood levels of etoposide, and
sulfamethoxazole might increase the circulating levels of
methotrexate. Hence, the increase of circulating active
compounds might as well increase the frequency and severity
of ADRs (Drugs.com).

We found that only one ICSR reported the term “off-label
use” codified among ADRs. This is not surprising considering
that a previous analysis conducted in our region has shown a low
quality in ICSRs in terms of misclassified or unclassified cases for
the non-normal use of drugs (like abuse or overdose) (Sessa
et al., 2018a).

Finally, our study highlights the need for more researches on
the off-label use of anticancer agents in children. We may say
that there is little information on the efficacy/safety profile of
these drugs and that often data are limited or confined to a
specific age group, leading clinicians to the prescription of
medicines at a dosage or for an indication that has not been
approved in children.

Strengths and Limitations
An important strength of our study is that ICSRs have been
validated through a case-by-case approach by a team composed
of cl inic ians and pharmacis ts wel l experienced in
pharmacovigilance and clinical research. This guarantees good
quality in a pharmacovigilance system and simplifies the
recognition of off-label cases. Furthermore, we focused our
analysis on ADRs occurred in children and adolescents
receiving antineoplastic drugs. Considering that children with
malignancies represent a frail population who is treated with
very toxic medications and are at high risk for the occurrence of
many ADRs, and given that the off-label use of medicines in the
pediatric population is associated with high risk of developing
ADRs too, we believe that the collection and analysis of data
from the real life clinical practice, such as those deriving from the
spontaneous reporting system, become essential for a better
characterization of medicines especially in frail population,
which was the main aim of our study. However, an important
limitation is the lack of generalizability due to the small number
of ICSRs of only one Italian region. Finally, our study has all the
limitations of the spontaneous reporting system, such as
underreporting, differential reporting, irregular information
quality, and lack of denominator data such as the user
population and drug-exposure patterns.
CONCLUSION

This is the first study that aims to identify off-label ICSRs in
oncology practice. However, we were able to identify only 18
ICSRs in which the anticancer agents were used off-label. The
majority of ICSRs were categorized off-label for the “therapeutic
indication.” Only two ICSRs were classified off-label due to the
use of a drug for an unauthorized age. We believe that the low
number of ICSRs classified as off-label is largely due to
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underreporting. However, spreading pharmacovigilance
knowledge and awareness might improve this aspect.
Therefore, we will start, in Campania region, several initiatives
including pharmacovigilance active projects or specific
pharmacovigilance courses for pediatric oncologists to
stimulate and encourage the reporting of ADRs associated with
the off-label use of anticancer drugs in children as
pharmacovigilance data on this topic may fill in an important
gap in knowledge. In order to improve a proper use of medicines
in the pediatric population, collaborations between pediatricians,
oncologists, and pharmacologists will be started.
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C., López-Cabañas, A., and Prados-Torres, A. (2011). Underreporting of
recognized adverse drug reactions by primary care physicians: An
exploratory study. Pharmacoepidemiol. Drug Saf. 20, 1287–1294.
doi: 10.1002/pds.2172

Gore, R., Chugh, P. K., Tripathi, C. D., Lhamo, Y., and Gautam, S. (2017). Pediatric
Off-Label and Unlicensed Drug Use and Its Implications. Curr. Clin.
Pharmacol. 12, 18–25. doi: 10.2174/1574884712666170317161935

Hazell, L., and Shakir, S. A. W. (2006). Under-reporting of adverse drug reactions:
A systematic review. Drug Saf. 29, 385–396. doi: 10.2165/00002018-
200629050-00003

Horen, B., Montastruc, J. L., and Lapeyre-Mestre, M. (2002). Adverse drug
reactions and off-label drug use in paediatric outpatients. Br. J. Clin.
Pharmacol. 54, 665–670. doi: 10.1046/j.1365-2125.2002.t01-3-01689.x

ICH E2D Post-approval safety data management | European Medicines Agency.
Available at: https://www.ema.europa.eu/en/ich-e2d-post-approval-safety-
data-management [Accessed December 13, 2018].

Indolfi, P., Picazio, S., Perrotta, S., Rossi, F., Pession, A., Di Martino, M., et al.
(2016). Time trends of cancer incidence in childhood in Campania region: 25
years of observation. Ital. J. Pediatr. 42, 82. doi: 10.1186/s13052-016-0287-y

Istituto Superiore di Sanità (2001). Registro Nazionale Malattie Rare (RNMR).
Available at: http://old.iss.it/cnmr/index.php?lang=1&id=2528&tipo=14
[Accessed April 9, 2020].

Italian Medicine Agency (2018). Farmaci con uso consolidato nel trattamento dei
tumori pediatrici per indicazioni anche differenti da quelle previste dal
provvedimento di autorizzazione all’immissione in commercio. Available at:
http://www.agenziafarmaco.gov.it/sites/default/files/All-2_ONCOLOGIA-
PEDIATRICA_23.01.2018.pdf [Accessed April 10, 2020].

Kassem, L., Gamal El-Din, M., and Yassin, N. (2011). Mechanisms of vincristine-
induced neurotoxicity: Possible reversal by erythropoietin. Drug Discovery
Ther. 5, 136–143. doi: 10.5582/ddt.2011.v5.3.136

Kobos, R., Shukla, N., Renaud, T., Prockop, S. E., Boulad, F., and Steinherz, P. G.
(2014). High-dose cyclophosphamide for the treatment of refractory T-cell
acute lymphoblastic leukemia in children. J. Pediatr. Hematol. Oncol. 36, e265–
e270. doi: 10.1097/MPH.0000000000000080

Lerose, R., Musto, P., Aieta, M., Papa, C., and Tartarone, A. (2012). Off-label use of
anti-cancer drugs between clinical practice and research: the Italian experience.
Eur. J. Clin. Pharmacol. 68, 505–512. doi: 10.1007/s00228-011-1173-6

Locatelli, F., Mauz-Koerholz, C., Neville, K., Llort, A., Beishuizen, A., Daw, S., et al.
(2018). Brentuximab vedotin for paediatric relapsed or refractory Hodgkin’s
lymphoma and anaplastic large-cell lymphoma: a multicentre, open-label,
phase 1/2 study. Lancet Haematol. 5, e450–e461. doi: 10.1016/S2352-3026
(18)30153-4

Lombardi, N., Crescioli, G., Bettiol, A., Marconi, E., Vitiello, A., Bonaiuti, R., et al.
(2018). Characterization of serious adverse drug reactions as cause of
emergency department visit in children: A 5-years active pharmacovigilance
study. BMC Pharmacol. Toxicol. 19, 16. doi: 10.1186/s40360-018-0207-4

Lombardi, N., Crescioli, G., Bettiol, A., Tuccori, M., Rossi, M., Bonaiuti, R., et al.
(2019). Vaccines safety in children and in general population: A
pharmacovigilance study on adverse events following anti-infective
vaccination in Italy. Front. Pharmacol. 10, 948. doi: 10.3389/fphar.2019.00948

Mascolo, A., Ruggiero, R., Sessa, M., Scavone, C., Sportiello, L., Rafaniello, C., et al.
(2019). Preventable Cases of Oral Anticoagulant-Induced Bleeding: Data From
the Spontaneous Reporting System. Front. Pharmacol. 10, 425. doi: 10.3389/
fphar.2019.00425

Meregalli, C. (2015). An overview of bortezomib-induced neurotoxicity. Toxics 3,
294–303. doi: 10.3390/toxics3030294

Milne, C.-P., and Bruss, J. B. (2008). The economics of pediatric formulation
development for off-patent drugs. Clin. Ther. 30, 2133–2145. doi: 10.1016/
j.clinthera.2008.11.019
Frontiers in Pharmacology | www.frontiersin.org 10
Ministero della Sanità (2001). DECRETO 18 maggio 2001, n. 279 Regolamento di
istituzione della rete nazionale delle malattie rare e di esenzione dalla
partecipazione al costo delle relative prestazioni sanitarie, ai sensi
dell’articolo 5, comma 1, lettera b), del decreto legislativo 29. Available at:
https://www.gazzettaufficiale.it/atto/serie_generale/caricaDettaglioAtto/
or i g ina r io ?a t to .da t aPubb l i caz ioneGazze t t a=2001-07-12&at to .
codiceRedazionale=001G0334&elenco30giorni=false [Accessed April 9, 2020].

Mitchell, A. A., Lacouture, P. G., Sheehan, J. E., Kauffman, R. E., and Shapiro, S.
(1988). Adverse drug reactions in children leading to hospital admission.
Pediatrics 82, 24–29.

Montastruc, J.-L., Lapeyre-Mestre, M., Bagheri, H., and Fooladi, A. (2002). Gender
differences in adverse drug reactions: analysis of spontaneous reports to a
Regional Pharmacovigilance Centre in France. Fundam. Clin. Pharmacol. 16,
343–346. doi: 10.1046/j.1472-8206.2002.00100.x

Musso, M., Scalone, R., Marcacci, G., Lanza, F., Di Renzo, N., Cascavilla, N., et al.
(2010). Fotemustine plus etoposide, cytarabine and melphalan (FEAM) as a
new conditioning regimen for lymphoma patients undergoing auto-SCT: A
multicenter feasibility study. Bone Marrow Transplant. 45, 1147–1153.
doi: 10.1038/bmt.2009.318

Napoleone, E. (2010). Children and ADRs (Adverse Drug Reactions). Ital. J.
Pediatr. 36, 4. doi: 10.1186/1824-7288-36-4

Naranjo, C. A., Busto, U., Sellers, E. M., Sandor, P., Ruiz, I., Roberts, E. A., et al.
(1981). A method for estimating the probability of adverse drug reactions. Clin.
Pharmacol. Ther. 30, 239–245. doi: 10.1038/clpt.1981.154

Navid, F., Willert, J. R., McCarville, M. B., Furman, W., Watkins, A., Roberts, W.,
et al. (2008). Combination of gemcitabine and docetaxel in the treatment of
children and young adults with refractory bone sarcoma. Cancer 113, 419–425.
doi: 10.1002/cncr.23586

Niu, R., Xiang, Y., Wu, T., Zhang, Z., Chen, Y., and Feng, B. (2019). The quality of
spontaneous adverse drug reaction reports from the pharmacovigilance centre
in western China. Expert Opin. Drug Saf. 18, 51–58. doi: 10.1080/
14740338.2019.1559812

Orphanet (2020). The portal for rare diseases and orphan drugs Orphanet:
Brentuximab vedotin. Available at: https://www.orpha.net/consor/cgi-bin/
OC_Exp.php?lng=EN&Expert=168058 [Accessed April 9, 2020].

OsMed (2017). L’uso dei Farmaci in Italia - Rapporto Nazionale 2017 - Regione
Campania. Available at: http://www.agenziafarmaco.gov.it/sites/default/files/
Campania-Uso_dei_farmaci_nel_2017.pdf [Accessed December 20, 2019].

OsMed (2018). L’uso dei farmaci in Italia - Rapporto Nazionale 2018. Available at:
https://www.aifa.gov.it/documents/20142/0/Rapporto_OsMed_2018.pdf/
c9eb79f9-b791-2759-4a9e-e56e1348a976 [Accessed January 16, 2020].

Pandolfini, C., Impicciatore, P., Provasi, D., Rocchi, F., Campi, R., Bonati, M., et al.
(2002). Off-label use of drugs in Italy: A prospective, observational and
multicentre study. Acta Paediatr. Int. J. Paediatr. 91, 339–347. doi: 10.1080/
08035250252834030

Pein, F., Michon, J., Valteau-Couanet, D., Quintana, E., Frappaz, D., Vannier, J. P.,
et al. (1998). High-dose melphalan, etoposide, and carboplatin followed by
autologous stem-cell rescue in pediatric high-risk recurrent Wilms’ tumor: A
French Society of Pediatric Oncology Study. J. Clin. Oncol. 16, 3295–3301.
doi: 10.1200/JCO.1998.16.10.3295

Pellegrino, P., Carnovale, C., Cattaneo, D., Perrone, V., Antoniazzi, S., Pozzi, M.,
et al. (2013). Pharmacovigilance knowledge in family paediatricians. A survey
study in Italy. Health Policy 113, 216–220. doi: 10.1016/j.healthpol.2013.08.006

Pisani, P., Buzzoni, C., Crocetti, E., Maso, L. D., Rondelli, R., Alessi, D., et al.
(2013). Italian Cancer Figures - Report 2012: Cancer in children and
adolescents. Epidemiol. Prev. 37, 1–296.

Posthumus, A. A. G., Alingh, C. C. W., Zwaan, C. C. M., Van Grootheest, K. K.,
Hanff, L. L. M., Witjes, B. B. C. M., et al. (2012). Adverse drug reaction-related
admissions in paediatrics, a prospective single-centre study. BMJ Open 2,
e000934. doi: 10.1136/bmjopen-2012-000934

Reiter, A., Schrappe, M., Ludwig, W. D., Lampert, F., Harbott, J., Henze, G., et al.
(1992). Favorable outcome of B-cell acute lymphoblastic leukemia in
childhood: A report of three consecutive studies of the BFM group. Blood
80, 2471–2478. doi: 10.1182/blood.v80.10.2471.bloodjournal80102471

Ross, C. J. D., Visscher, H., Rod Rassekh, S., Castro-Pastrana, L. I., Shereck, E.,
Carleton, B., et al. (2011). Pharmacogenomics of serious adverse drug reactions
in pediatric oncology. J. Popul. Ther. Clin. Pharmacol. 18, e134–e151.
May 2020 | Volume 11 | Article 621

https://doi.org/10.1517/14740338.2014.939581
https://doi.org/10.1111/j.1651-2227.1995.tb13667.x
https://doi.org/10.1002/pds.2172
https://doi.org/10.2174/1574884712666170317161935
https://doi.org/10.2165/00002018-200629050-00003
https://doi.org/10.2165/00002018-200629050-00003
https://doi.org/10.1046/j.1365-2125.2002.t01-3-01689.x
https://www.ema.europa.eu/en/ich-e2d-post-approval-safety-data-management
https://www.ema.europa.eu/en/ich-e2d-post-approval-safety-data-management
https://doi.org/10.1186/s13052-016-0287-y
http://old.iss.it/cnmr/index.php?lang=1&amp;id=2528&amp;tipo=14
http://www.agenziafarmaco.gov.it/sites/default/files/All-2_ONCOLOGIA-PEDIATRICA_23.01.2018.pdf
http://www.agenziafarmaco.gov.it/sites/default/files/All-2_ONCOLOGIA-PEDIATRICA_23.01.2018.pdf
https://doi.org/10.5582/ddt.2011.v5.3.136
https://doi.org/10.1097/MPH.0000000000000080
https://doi.org/10.1007/s00228-011-1173-6
https://doi.org/10.1016/S2352-3026(18)30153-4
https://doi.org/10.1016/S2352-3026(18)30153-4
https://doi.org/10.1186/s40360-018-0207-4
https://doi.org/10.3389/fphar.2019.00948
https://doi.org/10.3389/fphar.2019.00425
https://doi.org/10.3389/fphar.2019.00425
https://doi.org/10.3390/toxics3030294
https://doi.org/10.1016/j.clinthera.2008.11.019
https://doi.org/10.1016/j.clinthera.2008.11.019
https://www.gazzettaufficiale.it/atto/serie_generale/caricaDettaglioAtto/originario?atto.dataPubblicazioneGazzetta=2001-07-12&amp;atto.codiceRedazionale=001G0334&amp;elenco30giorni=false
https://www.gazzettaufficiale.it/atto/serie_generale/caricaDettaglioAtto/originario?atto.dataPubblicazioneGazzetta=2001-07-12&amp;atto.codiceRedazionale=001G0334&amp;elenco30giorni=false
https://www.gazzettaufficiale.it/atto/serie_generale/caricaDettaglioAtto/originario?atto.dataPubblicazioneGazzetta=2001-07-12&amp;atto.codiceRedazionale=001G0334&amp;elenco30giorni=false
https://doi.org/10.1046/j.1472-8206.2002.00100.x
https://doi.org/10.1038/bmt.2009.318
https://doi.org/10.1186/1824-7288-36-4
https://doi.org/10.1038/clpt.1981.154
https://doi.org/10.1002/cncr.23586
https://doi.org/10.1080/14740338.2019.1559812
https://doi.org/10.1080/14740338.2019.1559812
https://www.orpha.net/consor/cgi-bin/OC_Exp.php?lng=EN&amp;Expert=168058
https://www.orpha.net/consor/cgi-bin/OC_Exp.php?lng=EN&amp;Expert=168058
http://www.agenziafarmaco.gov.it/sites/default/files/Campania-Uso_dei_farmaci_nel_2017.pdf
http://www.agenziafarmaco.gov.it/sites/default/files/Campania-Uso_dei_farmaci_nel_2017.pdf
https://www.aifa.gov.it/documents/20142/0/Rapporto_OsMed_2018.pdf/c9eb79f9-b791-2759-4a9e-e56e1348a976
https://www.aifa.gov.it/documents/20142/0/Rapporto_OsMed_2018.pdf/c9eb79f9-b791-2759-4a9e-e56e1348a976
https://doi.org/10.1080/08035250252834030
https://doi.org/10.1080/08035250252834030
https://doi.org/10.1200/JCO.1998.16.10.3295
https://doi.org/10.1016/j.healthpol.2013.08.006
https://doi.org/10.1136/bmjopen-2012-000934
https://doi.org/10.1182/blood.v80.10.2471.bloodjournal80102471
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Mascolo et al. Safety of Anticancer Agents in Children
Scavone, C., Sportiello, L., Sullo, M. G., Ferrajolo, C., Ruggiero, R., Sessa, M., et al.
(2017). Safety Profile of Anticancer and Immune-Modulating Biotech Drugs
Used in a Real World Setting in Campania Region (Italy): BIO-Cam
Observational Study. Front. Pharmacol. 8, 607. doi: 10.3389/fphar.2017.00607

Scavone, C., Rafaniello, C., Brusco, S., Bertini, M., Menditto, E., Orlando, V., et al.
(2018). Did the new Italian law on mandatory vaccines affect adverse event
Following immunization’s reporting? A pharmacovigilance study in Southern
Italy. Front. Pharmacol. 9, 1003. doi: 10.3389/fphar.2018.01003

Schirm, E., Tobi, H., van Puijenbroek, E. P., Monster-Simons, M. H., and de Jong-
van den Berg, L. T. W. (2004). Reported adverse drug reactions and their
determinants in Dutch children outside the hospital. Pharmacoepidemiol. Drug
Saf. 13, 159–165. doi: 10.1002/pds.843

Sessa, M., Sportiello, L., Mascolo, A., Scavone, C., Gallipoli, S., di Mauro, G., et al.
(2017). Campania Preventability Assessment Committee (Italy): A Focus on
the Preventability of Non-steroidal Anti-inflammatory Drugs’ Adverse Drug
Reactions. Front. Pharmacol. 8, 305. doi: 10.3389/fphar.2017.00305

Sessa, M., di Mauro, G., Mascolo, A., Rafaniello, C., Sportiello, L., Scavone, C., et al.
(2018a). Pillars and Pitfalls of the New Pharmacovigilance Legislation:
Consequences for the Identification of Adverse Drug Reactions Deriving
From Abuse, Misuse, Overdose, Occupational Exposure, and Medication
Errors. Front. Pharmacol. 9, 611. doi: 10.3389/fphar.2018.00611

Sessa, M., Rafaniello, C., Scavone, C., Mascolo, A., di Mauro, G., Fucile, A., et al.
(2018b). Preventable statin adverse reactions and therapy discontinuation.
What can we learn from the spontaneous reporting system? Expert Opin. Drug
Saf. 17, 457–465. doi: 10.1080/14740338.2018.1458837

Shah, S. S., Hall, M., Goodman, D. M., Feuer, P., Sharma, V., Fargason, C., et al.
(2007). Off-label drug use in hospitalized children. Arch. Pediatr. Adolesc. Med.
161, 282–290. doi: 10.1001/archpedi.161.3.282

Shebley, M., Menon, R. M., Gibbs, J. P., Dave, N., Kim, S. Y., and Marroum, P. J.
(2019). Accelerating Drug Development in Pediatric Oncology With the
Clinical Pharmacology Storehouse. J. Clin. Pharmacol. 59, 625–637.
doi: 10.1002/jcph.1359

Singh, S., Dhasmana, D. C., Bisht, M., and Singh, P. K. (2017). Pattern of adverse
drug reactions to anticancer drugs: A quantitative and qualitative analysis.
Indian J. Med. Paediatr. Oncol. 38, 140–145. doi: 10.4103/ijmpo.ijmpo_18_16

Song, B. S., Seo, J., Kim, D. H., Lim, J. S., Yoo, J. Y., and Lee, J. A. (2014).
Gemcitabine and docetaxel for the treatment of children and adolescents with
Frontiers in Pharmacology | www.frontiersin.org 11
recurrent or refractory osteosarcoma: Korea Cancer Center Hospital
experience. Pediatr. Blood Cancer 61, 1376–1381. doi: 10.1002/pbc.25035

Sultana, J., Zaccaria, C., de Lisa, R., Rossi, F., Capuano, A., and Ferrajolo, C. (2019).
Good Pharmacovigilance Practice in Paediatrics: An Overview of the Updated
European Medicines Agency Guidelines. Paediatr. Drugs 21, 317–321.
doi: 10.1007/s40272-019-00350-w

Turner, S., Nunn, A. J., Fielding, K., and Choonara, I. (1999). Adverse drug
reactions to unlicensed and off-label drugs on paediatric wards: A prospective
study. Acta Paediatr. Int. J. Paediatr. 88, 965–968. doi: 10.1080/
08035259950168469

Ufer, M., Kimland, E., and Bergman, U. (2004). Adverse drug reactions and off-label
prescribing for paediatric outpatients: A one-year survey of spontaneous reports
in Sweden. Pharmacoepidemiol. Drug Saf. 13, 147–152. doi: 10.1002/pds.858

van den Berg, H., and Tak, N. (2011). Licensing and labelling of drugs in a
paediatric oncology ward. Br. J. Clin. Pharmacol. 72, 474–481. doi: 10.1111/
j.1365-2125.2011.03977.x

Watson, S., Caster, O., Rochon, P. A., and den Ruijter, H. (2019). Reported adverse
drug reactions in women and men: Aggregated evidence from globally
collected individual case reports during half a century. EClinicalMedicine 17,
100188. doi: 10.1016/j.eclinm.2019.10.001

WHO (2011). 18th Expert Committee on the Selection and Use of Essential
Medicines Review of medicines for the treatment of common tumours in
children. Available at: https://www.who.int/selection_medicines/committees/
expert/18/applications/Binder1.pdf%0AAccessed:2020-01-16 [Accessed
January 16, 2020].

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Mascolo, Scavone, Bertini, Brusco, Punzo, Pota, Di Martino, Di Pinto
and Rossi. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which does
not comply with these terms.
May 2020 | Volume 11 | Article 621

https://doi.org/10.3389/fphar.2017.00607
https://doi.org/10.3389/fphar.2018.01003
https://doi.org/10.1002/pds.843
https://doi.org/10.3389/fphar.2017.00305
https://doi.org/10.3389/fphar.2018.00611
https://doi.org/10.1080/14740338.2018.1458837
https://doi.org/10.1001/archpedi.161.3.282
https://doi.org/10.1002/jcph.1359
https://doi.org/10.4103/ijmpo.ijmpo_18_16
https://doi.org/10.1002/pbc.25035
https://doi.org/10.1007/s40272-019-00350-w
https://doi.org/10.1080/08035259950168469
https://doi.org/10.1080/08035259950168469
https://doi.org/10.1002/pds.858
https://doi.org/10.1111/j.1365-2125.2011.03977.x
https://doi.org/10.1111/j.1365-2125.2011.03977.x
https://doi.org/10.1016/j.eclinm.2019.10.001
https://www.who.int/selection_medicines/committees/expert/18/applications/Binder1.pdf%0AAccessed:2020-01-16
https://www.who.int/selection_medicines/committees/expert/18/applications/Binder1.pdf%0AAccessed:2020-01-16
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

	Safety of Anticancer Agents Used in Children: A Focus on Their Off-Label Use Through Data From the Spontaneous Reporting System
	Introduction
	Methods
	Data Source
	ICSRs Selection
	Descriptive Analysis of ICSRs
	Compliance With Ethical Standards

	Results
	General Characteristics of ICSRs
	Safety of Antineoplastic Drugs in Non-Off-Label ICSRs
	Off-Label ICSRs

	Discussion
	Strengths and Limitations

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


