Clinical and Translational Radiation Oncology 35 (2022) 56-63

y
Contents lists available at ScienceDirect
Ct R O /

Clinical and Translatiogl
Radiation Oncology/

Clinical and Translational Radiation Oncology

o %

ELSEVIER journal homepage: www.sciencedirect.com/journal/clinical-and-translational-radiation-oncology

Review Article ' :.) ]
Radiotherapy for pediatric adrenocortical carcinoma — Review of e

the literature

a,b,1,* d
)

Verena Wiegering , Maria Riedmeier ', Lester D.R. Thompson ¢, Calogero Virgone
Antje Redlich ¢, Michaela Kuhlen, Melis Gultekin ¢, Bilgehan Yalcin ", Boris Decarolis

Christoph Hirtel ", Paul-Gerhardt Schlegel ”, Martin Fassnacht */, Beate Timmermann “

2 University Childrens Hospital, Department of Pediatric Hematology, Oncology and Stem Cell Transplantation, University of Wuerzburg, Josef-Schneiderstr. 2, 97080
Wuerzburg, Germany

b Comprehensive Cancer Centre Mainfranken, University of Wuerzburg Medical Centre, Josef-Schneiderstr. 2, 97080 Wuergburg, Germany

¢ Head and Neck Pathology Consultations, Woodland Hills, CA, USA

4 Pediatric Surgery, Department of Woman'’s and Child’s Health, University Hospital of Padua, Padua, Italy

€ Pediatric Oncology, Otto-von-Guericke-University, Magdeburg, Germany

f Swabian Children’s Cancer Center, University Children’s Hospital Augsburg, Augsburg, Germany

8 Department of Radiation Oncology, Hacettepe University, Faculty of Medicine, 06100 Ankara, Turkey

" Department of Pediatric Oncology, Hacettepe University, Faculty of Medicine, 06100 Ankara, Turkey

! Department of Pediatric Oncology and Hematology, University Children’s Hospital of Cologne, Medical Faculty, Cologne, Germany

J Department of Medicine, Division of Endocrinology and Diabetes, University Hospital, University of Wuerzburg, Oberduerrbacherstr. 6, 97080 Wuergburg, Germany
k Department of Particle Therapy, West German Proton Therapy Centre Essen (WPE), West German Cancer Center (WTZ), Germany, German Cancer Consortium
(DKTK), University Hospital Essen, Essen, Germany

ARTICLE INFO ABSTRACT
Keywords: Background and purpose: Pediatric adrenocortical carcinoma (pACC) is a rare disease with poor prognosis. Pub-
Pediatric adrenocortical cancer lications on radiotherapy (RT) are scarce. This review summarizes the current data on RT for pACC and possibly
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provides first evidence to justify its use in this setting.

Materials and methods: We searched the PubMed and Embase database for manuscripts regarding RT for pACC.
Results: We included 17 manuscripts reporting on 76 patients treated with RT, after screening 2961 references
and 269 full articles. In addition, we added data of 4 unreported pACC patients treated by co-authors. All reports
based on retrospective data. Median age at first diagnosis was 11.1 years (70% female); 78% of patients pre-
sented with hormonal activity. RT was mostly performed for curative intent (78%). 88% of RT were administered
during primary therapy. The site of RT was predominantly the local tumor bed (76%). Doses of RT ranged from
15 to 62 Gy (median 50 Gy). Information on target volumes or fractionation were lacking. Median follow-up was
6,9 years and 64% of the patients died of disease, with 33% alive without disease. In 16 of 48 patients with
available follow-up data after adjuvant RT (33%) no recurrence was reported and in 3 of 9 patients palliative RT
seemed to induce some benefit for the patient.

Conclusions: Our first systematic review on RT for pACC provides too few data for any general recommendation,
but adjuvant RT in patients with high risk might be considered. International collaborative studies are urgently
needed to establish better evidence on the role of RT in this rare malignancy.

Introduction syndrome (TPS) [1]. Even after complete surgical resection, about a
quarter of all patients may develop local recurrence and/or metastatic

Pediatric adrenocortical carcinoma (pACC) is a rare malignancy with disease. Therefore, adjuvant treatment options besides complete surgi-

a poor prognosis and is highly associated with tumor predisposition cal resection are urgently needed. Adjuvant treatment with mitotane is
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often used, but evidence of its efficacy is still lacking, especially in the
pediatric context [2,3]. Local recurrence is particularly frequent in
PACC, often leading to re-operation [4,5]. Recently, Rodriguez-Galindo,
et al., reported in pediatric patients that stage II patients who underwent
surgery alone had a more adverse prognosis when compared to stage III
patients who received in addition systemic therapy [2]. These findings
underscore the necessity of additional treatment in patients with locally
advanced tumors.

In the past, radiotherapy (RT) has been sometimes considered an
ineffective treatment of ACC [6]. However, several reports with a
limited number of adult patients have described tumor response rates up
to 42% [7,8]. Although methods and response criteria in these studies do
not always fulfill modern standards, these reports show that ACC is not
resistant to RT. Furthermore, adjuvant RT in adult ACC patients comes
clearly with an improved survival without local recurrence, although it
is yet uncertain if overall recurrence-free and overall survival is pro-
longed [8,9].

In the pediatric setting, evidence for adjuvant RT is even more
limited. In a recent systematic review on pACC, we demonstrated that
the rate of local recurrences was higher than expected: 81% of reported
relapses were due to local recurrences or lymph node metastases [10]. In
contrast, local recurrences in the adult setting have been reported only
in around 50-60% of patients [11]. This may suggest the possibility of
improved patient outcome when introducing a more aggressive local
treatment, either with extended surgery and/or consolidating RT. An
improvement of overall and disease-free survival due to local RT is
known for several pediatric tumors already, such as neuroblastoma
patients [12]. Nonetheless, pediatric ACC is highly associated with
heritable TP53-related cancer syndromes (about 50-80%) like Li Frau-
meni syndrome (LFS) caused by a specific inherited germline mutation
at codon 337 in the TP53 suppressor gene [13-16]. The increased life-
time risk of cancer for patients with tumor predisposition syndrome
especially after exposure to radio- and/or chemotherapy treatments has
to be considered with the determination to implement adjuvant therapy
[15].This systematic review is aimed to summarize the role of RT for
PACC and extrapolate possible guidance about its role in this setting.

Methods.

We searched the PubMed and Embase database for manuscripts
published between 1st January 1986 and 15th of February 2021. Search
terms included: adrenocortical tumor, adrenocortical cancer/

PubMed
n=1674
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carcinoma, pediatric, paediatric, childhood; using “and” or “or”. All
studies with available abstracts in German or English were included.
Duplications were automatically removed by the reference manager
program (EndNote) as well as being manually checked. Two indepen-
dent reviewers (MR, VW) performed screening of title and abstracts of
all studies. Potentially relevant articles underwent full-text review to
determine eligibility for inclusion in our analysis. Inclusion criteria were
a minimum of three reported ACC patients younger than 21 years,
reporting of clinical, pathologic, and treatment findings. Any disagree-
ment on manuscript inclusion was resolved by consensus. Excerpted
data was double-reviewed for inclusion (MR, VW). The search strategy
was performed according to Riedmeier et al. [10].

The database search identified 2,961 articles. After removing du-
plicates, 2,075 remained. After screening by title and abstract, 269
manuscripts were suitable for inclusion. Full-text review of these reports
identified 65 manuscripts describing therapy regimes, which were
included in our analysis. Of these 65 studies, 17 reported RT. The se-
lection process is visualized in the PRISMA flowchart in Fig. 1. All au-
thors reporting pACC patients treated with RT were contacted to obtain
more detailed information regarding RT. Of 17 contacted authors, 6
provided further information on 22 patients who received RT [17-22].
On the remaining 50 patients, no additional information was available.
Tumor stages were reported according to the international TNM classi-
fication system or the ENSAT criteria [10,23].

Results

The reported literature covered 76 patients treated with RT out of a
total cohort of 1,181 reported pACC patients. Available information on
RT from the literature is listed in Table 1. None of these were random-
ized controlled trials (RCTs) but retrospective analyses, with 76 patients
managed with RT [10]. Additionally, we included data of 4 previous
unreported patients upon receiving further information from the au-
thors. Of these 80 patients, intention of RT was described for 41 patients.
It was performed for curative intent in 32 (78%) and palliation in 9
(22%). The site of RT was described in 37 patients: tumor bed (76%),
abdominal cavity (16%), and/or metastases (19%) (7 patients: bone = 3;
pulmonary = 2; CNS = 1; axilla = 1), respectively. Reported doses of RT
ranged from 15 Gy to 62 Gy (median 50 Gy). In most of the reported
patients, no information on target volumes or fractionation were
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Fig. 1. Search criteria Flow diagram of the search strategy and evidence acquisition in a systematic review on Radiotherapy in Pediatric Adrenocortical Carcinoma.
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Table 1

Data of radiotherapy of pediatric patients with adrenocortical tumor of selected original publications identified by systematic literature review.

Authors All Patients with RT (n)  Patient  Age Sex Hormone Tested for Tumor Curative/ Tumor Total  RT Frac- Surgery (yes/ Chemo- Mito- Reason of RT  Follow- Patient outcome
patients number  (years) produc- p53muta- stage palliative fields dose technique  tion no) therapy tane up (in
tion tion (Gy) dose (yes/no) (yes/ years)
no)
Bergada I, 1996 20 1 (reported*) 1 11.5 F  Cushing n/a n/a Curative Tumor bed n/a n/a n/a Yes,R1 With  Yes, 6 cycles No  Primary 8,5 Alive
[24] Extracapsular therapy,
Invasion Extracapsular
invasion
Gultekin & 33 4 (3 not reported, 1 (not 17 F  Mixed n/a 2 Curative Tumor bed 50 IMRT 2 Gy Yes; RO No Yes Primary 7,5 Alive, CR
Yalcin, 2021 additional information reported) therapy,
(Hacettepe to all patients received Locally tumor
Series) [22] from the author*) extension
2 (not 13 M Virilization n/a 3 Curative Right 54 IMRT 1.8 Yes; R1 Yes, 6 cycles Yes  Primary 3,8 Alive, CR
reported) surrenal (50.4 + Gy therapy,
bed and PA 3.6) Locally tumor
region extension
3 (not 9 M Mixed n/a 4 Curative Tumor bed 45 IMRT 2 Gy Yes;R1 Yes Yes Relapse 2,7 DOD
reported)
4 14.3 M n/a n/a n/a Curative Tumor bed 45 IMRT 1.8 Yes; R2 Yes Yes  Primary 1,5 DOD
(reported Gy therapy,
in 2011) Locally tumor
extension
Dall’Igna P, 58 3 (1 not reported, 1 1.1 F  Virilization Tested,n/ 1 Curative Tumor bed n/a 60 Co- n/a Yes; RO Yes, No  primary 10 Alive, CR
2014 [18] additional information a teletherapy vincristine therapy
to all patients received (TCT)
from the author *)
2 7.8 M Virilization Positive 2 Curative Lung n/a stereotactic n/a  Yes, surgery on Yes Yes Relapse, 9,8 DOD
tested metastases radiosurgery primary tumor, pulmonary
lung and liver metastasis
metastases
3 8 M Non Tested, 4 Curative Primary n/a 60 Co- n/a  Yes. biopsy Yes Yes  Primary 1,1 DOD
functional Tested, n/ tumor teletherapy only therapy, only
a (TCT) biopsy
Driver CP, 1998 14 12 (all reported*) 1-3 n/a n/ n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a  Primary n/a n/a
[25] a therapy
Gupta N, 2018 41 4 (all reported*) 1 >12 n/ n/a Not tested 4 Palliative n/a n/a n/a n/a No, inoperable Yes n/a  Primary <8 mo DOD
[26] a therapy,
inoperable
tumor
2 >12 n/ n/a Not tested 4 Palliative n/a n/a n/a n/a No, inoperable Yes n/a  Primary <8 mo DOD
a therapy,
inoperable
tumor
3 >12 n/ n/a Not tested n/a n/a n/a n/a n/a n/a n/a n/a n/a  Primary n/a n/a
a therapy
4 >12 n/ n/a Not tested n/a n/a n/a n/a n/a n/a n/a n/a n/a  Primary n/a n/a
a therapy
Hanna AM, 23 2 (all reported*) 1 n/a n/ n/a n/a 4 Palliative Tumor bed n/a n/a n/a No Yes, No  Primary n/a n/a
2008 [27] a neoadjuvant therapy,
inoperable
tumor
2 n/a n/ n/a n/a 4 Curative Tumor bed n/a n/a n/a Yes Yes No  Primary n/a n/a
a therapy
Klein JD, 2011 29 3 (all reported*) 1 n/a n/ n/a Tested, n/ 2? Curative Tumor bed n/a n/a n/a Yes, locally Yes No  Primary n/a relapse, DOD
[28] a a advanced therapy,
stagebloc locally tumor
resection extension
2 n/a n/ n/a Tested, n/ 2? Curative Tumor bed n/a n/a n/a  Yes, locally Yes No Primary n/a relapse, DOD
a a advanced therapy,

(continued on next page)
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Table 1 (continued)

Authors All Patients with RT (n)  Patient Age Sex Hormone Tested for Tumor Curative/ Tumor Total RT Frac- Surgery (yes/ Chemo- Mito- Reason of RT Follow- Patient outcome
patients number  (years) produc- p53muta- stage palliative fields dose technique  tion no) therapy tane up (in
tion tion (Gy) dose (yes/no) (yes/ years)
no)
stagebloc locally tumor
resection extension
3 n/a n/ n/a Tested, n/ n/a Curative Tumor bed n/a n/a n/a Yes, R1 and No No  Primary >12 2nd malignancy,
a a Cava therapy, close death of
infiltration proximity to chondro-
VCI sarcoma
Knopfle G, 2 1 (reported*) 1 11 F  Cushing n/a 2/3 Curative Tumor bed 40.5 n/a n/a Yes, RO Yes No  Primary 2 DOD after 2
1986 [29] therapy, years
locally tumor
extension
150 16 (all reported*) 1-16 n/a n/ n/a n/a 3/4 n/a n/a 15-50 n/a n/a n/a n/a n/a Primary n/a 12 patients
a therapy, DOD, 4 patient
locally tumor alive (all aged at
extension diagnosis < 7
years)
McAteer JP, 85 8 (all reported*) 1-8 5-9 n/ n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a  Primary 37,5% n/a
2013 [30] 1); a therapy: 5 yr OS
10-14 adjuvant or
(2); palliative care
15-19
5)
Michalkiewisz 254 2 (all reported*) 1 n/a n/ n/a n/a 2 Curative Tumor bed n/a n/a n/a n/a n/a n/a  Primary n/a n/a
E, 2004 [1] a therapy,
locally tumor
extension
2 n/a n/ n/a n/a n/a Curative Tumor bed n/a n/a n/a n/a n/a n/a  Primary n/a n/a
a therapy,
locally tumor
extension
Patil KK, 2002 21 1 (reported*®) 1 n/a n/ n/a n/a n/a n/a Tumor bed n/a n/a n/a Yes Yes n/a n/a n/a DOD after 6 m
[31] a
Picard C, 2019 95 1 (reported*) 1 n/a n/ n/a n/a n/a Palliative n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
[32] ** a
Picard C, 2020 95 1(2?) (reported*) 1 n/a n/ n/a n/a n/a Palliative n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
[33]** a
Redlich A, 2012 60 7 (all reported and 1 8.3 F Non n/a 4 Curative CNS 40-56 n/a n/a n/a n/a n/a  Primary 11,2 n/a
[19] additional information functional (mean therapy, brain
received from the 45) metastases
author*)
2 2.2 M Yes n/a 3 Curative Tumor bed 40-56 n/a n/a Yes No Yes Relapse, local 7,0 Alive
(mean and lung
45) metastases
3 17.1 F  Yes n/a 3 Curative Tumor bed 40-56 n/a 5w Yes No No  Primary 8,0 Alive
(mean therapy
45)
4 8.4 F  Yes n/a 2 Palliative Tumor bed, 45 n/a n/a Yes No No  Relapse, local 1,7 DOD
secondary and metastases
abd. Cavity
5 15.5 F Non n/a 4 Curative Tumor bed 40-56 n/a 5w Yes, R1 Yes, Yes  Primary 4,6 Alive
functional (mean cisplatin therapy
45)
6 8.8 F Yes n/a 4 Curative 454,515 n/a n/a Yes No No Primary 2,9 Alive
therapy

(continued on next page)
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Table 1 (continued)

Authors All Patients with RT (n)  Patient Age Sex Hormone Tested for Tumor Curative/ Tumor Total RT Frac- Surgery (yes/ Chemo- Mito- Reason of RT Follow- Patient outcome
patients number  (years) produc- p53muta- stage palliative fields dose technique  tion no) therapy tane up (in
tion tion (Gy) dose (yes/no) (yes/ years)
no)
Left axilla;
tumor bed;
lung
7 11.3 F Yes n/a 2 Curative Tumor bed 40-56 n/a n/a Yes, R1 No No Relapse, local 2,1 DOD
/left (mean
abdomen  45)
Tucci S Jr, 2005 34 3 (all reported, no 1 n/a n/ n/a n/a n/a Palliative Bone 25-40 n/a 2-4w n/a n/a n/a  Pain control n/a DOD, good pain
[21] additional a metastasis control
informationavailable
from the author*)
2 n/a n/ n/a n/a n/a Palliative Bone 25-40 n/a 2-4w n/a n/a n/a  Pain control n/a DOD, good pain
a metastasis control
3 n/a n/ n/a n/a Palliative Bone 25-40 n/a 2-4w n/a n/a n/a  Pain control n/a DOD, good pain
a metastasis control
Wieneke JA, 83 8 (all reported and 1 15 F  Cushing Tested, n/ 2 Curative Tumor bed n/a n/a n/a Yes No No  Primary 28 Alive
2003 [17] additional information a therapy,
received from the locally tumor
author*) extension
2 15 F  Virilization Tested,n/ 2 Curative Tumor bed 62 n/a n/a Yes Yes No  Primary 2,5 DOD, lymph
a therapy node/
Peritoneum
3 5 F Non Tested, n/ 3 Curative Tumor bed 30 n/a n/a Yes Yes No  Primary 1,4 DOD,
functional a therapy, pulmonary
locally tumor metastasis
extension
4 16 M Cushing Tested, n/ 3 Curative Tumor bed 45 n/a n/a Yes Yes No  Primary 1,9 DOD,

a therapy, pulmonary
locally tumor metastasis
extension

5 15 F Non Tested, n/ 3 Curative Abd. 22 to n/a n/a Yes No No  Primary 20 alive
functional a Cavity abd. therapy
cavity
6 10 F  Virilization Tested,n/ 2 Curative Tumor bed 55 n/a n/a Yes Yes No  Primary 8 alive
a therapy
7 1.4 F  Mixed Tested, n/ 2 Curative Abd. 24to  n/a n/a Yes No No  Primary 19 alive
a Cavity abd. therapy
cavity
8 16 F  Virilization Tested,n/ 2 Curative Abd. 41 to n/a n/a Yes Yes No Primary 10 DOD,
a Cavity abd. therapy retroperitoneal
cavity
Zerbini C, 1992 35 1 (reported, no 1 n/a n/ n/a Tested, n/ n/a Curative n/a n/a n/a n/a Yes No No Primary n/a n/a
[20] additional information a a therapy
available from the
author*)
Evanoff J, 2021 49 2 (all reported*) 1-2 n/a n/ n/a n/a 2 Curative Tumor bed n/a n/a n/a Yes n/a n/a n/a n/a n/a
[34] a
total 1181 76 (reported*) + 4 (not

reported*)

Summary of data of radiotherapy of 67 reported patients plus 4 in literature not reported patients out of a collective of 1181 reported and 26 not reported patients.
* not reported patients = previous in literature unreported patients upon receiving further information from the authors.

0 32 SuLadaImM A

** presumable description of the same patient.
Abbreviations: RT = radiotherapy, n/a = not available, CR = complete remission, DOD = date of death, M = male, F = female, IMRT = intensity-modulated radiotherapy, TCT = 60 Co-teletherapy, mo = months, w =
weeks, OS = overall survival, CNS = central nervous system, abd. = abdominal, VCI = vena cava inferior.
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available. Of the patients who received RT, 91% also had surgery (19%
>R0), 55% received chemotherapy, with overall 27% receiving mito-
tane (see Table 1).

In 40 patients, the timing of RT was reported, with 35 patients (88%)
receiving RT during primary therapy. Therefore, the most common
reasons to apply RT were inoperability, incomplete resection and/ or the
control of local tumor recurrence in patient with high risk features. Of
the five patients who received RT for relapse, two patients received
radiation for both the tumor bed and metastasis due to local and distant
recurrence.

With regard to patient characteristics, patients’ median age was 11.1
years, ranging from 1.1 to 17.1 years. The majority (70%) of patients
were female and 78% had hormone-producing tumors with virilization
(46%), Cushing syndrome (31%), and mixed hormone production
(23%). The majority of patients receiving RT as local control of the
disease was stage 2 (45%; 14/31). However, RT was also administered
for patients with stage 4 (32%; 10/31), stage 3 (25%, 8/31), or stage 1
(3%; 1/31) disease, respectively. Follow up data was reported for 48 of
80 patients, ranging from < 8 to > 144 months. Notably, in 16 of 48
patients (33%) no recurrence was reported after adjuvant RT at last
follow up ranging from 2.9 to 28 years. After incomplete resection fol-
lowed by adjuvant RT, one out of 7 patients remained free of disease at
last follow up 3.8 years after primary therapy. 31 patients (64%) had
died of disease, and 2 patients were alive with recurrence and one pa-
tient died of a second malignancy. With regard to palliative care, 3 of the
9 patients benefited from palliative RT in terms of improved pain
control.

We could not identify any information on relevant short-term or
long-term adverse events as a result of RT based on reported data.
Furthermore, there is a lack of reliable information in the literature
about testing or detection of gene mutations as PT53 gene mutation in
PACC that received RT.

Discussion

In the adult setting there is considerable evidence of the efficacy of
RT for local control after radical resection, but also in advanced disease.
Therefore, current guidelines suggest RT for certain subgroups of pa-
tients (e.g. R1 resection) [35,36]. In order to investigate any parallels for
pediatric patients, we conducted a systematic literature review. In light
of the comparatively high rate of recurrence of pACC-in particular local
recurrence-an improvement in local therapy is urgently needed. In the
past, RT has often been considered relatively contraindicated for treat-
ment of pACC due to possible long-term side effects of RT and the known
association of pACC with tumor predisposition syndromes (TPS)-espe-
cially in young childhood where the potential long-term risk from RT
would be significant over the patient’s lifetime.

As with any intervention, the oncological benefit needs to be care-
fully weighed against the potential toxicity of the treatment. In order to
aid patients and clinicians in the medical decision-making, we aimed to
investigate the circumstances and outcomes of reported pACC patients
managed with RT.

The use of adjuvant RT in (adult) ACC has clearly grown particularly
since 2006, as several publications demonstrated high efficacy reporting
local control rates ranging from 56% to 100% [8,9,37,38].

However, within the pediatric setting there are surprisingly few re-
ports. In part, this may be explained by the supposed high incidence of
heritable TP53-related cancer syndromes, as well as by the lack of sys-
tematic international registries and therapy protocols for these patients.
Further, in the pediatric cohort, RT was only given in cases with
particularly high risk for local failure, which suggests a bias of reported
patients. Therefore, in order to gain clear evidence on the efficacy of RT
patients have to be enrolled in randomized controlled trials (RCTs) or at
least in standardized prospective registry trials enabling research. Still,
recently published pediatric data [2,10] showed improvements in local
control and long-term outcomes in pACC patients managed with RT.

61
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Riedmeier et al., showed 81% of relapsed patients presenting with a
local recurrence or lymph node metastases [10]. This rate is consider-
ably higher than previously reported in adult setting (50-60%) [11].
Recent data (in adult cohorts) demonstrated that primary lymphade-
nectomy [39,40], as well as the oncological experience in adrenal
cortical tumors (ACT) [41], had an impact on outcome. In our analysis,
most surgeries in children with ACC have been performed by pediatric
surgeons in centers with limited experience in ACT surgery as indicated
by the low patient numbers in a given time frame [2,42]. A step towards
therapy optimization may be the systematic retrospective and prospec-
tive analysis of the surgical procedures performed regarding lympha-
denectomy, relapse rates, and surgical experience in order to define
subgroups with an increased risk of relapse and to identify the patients
who would benefit from these approaches. The ARAR0332 trial
attempted to address this issue, but found no survival benefit. However,
the number of removed lymph nodes was generally low. Thus, for this
specific pACC patient cohort, we advocate centralization of surgical
procedures, which is beneficial in the vast majority of oncological sur-
gical procedures [43-46], particularly when tumors are rare.

In addition to the surgical approach, the possible impact of RT on
local recurrence has to be evaluated further in pediatric patients. In the
adult setting, adjuvant tumor bed irradiation has been shown to be
effective in reducing the high rate of local recurrence in ACC [9,47].
Effects on improving overall and relapse-free survival have been sug-
gested but are still debated [8,36,38]. In the pediatric setting,
improvement of overall and disease-free survival due to local RT is
known for several tumors, including neuroblastoma, which develops in a
similar location [12]. However, at present, the data regarding RT in
PACC is too limited to give any general recommendation. When RT is
employed, it seems feasible and safe, although we have to acknowledge
that adverse effects were not systematically described. However, there
was no report on the development of a secondary malignancy in this
setting. Interestingly, even in patients with incomplete resection, at least
one patient remained disease free. Given the overall poor survival for
stage II patients, the findings from the ARAR0332 trial and the positive
impact of adjuvant RT on local control in adult patients, suggest
consideration for resection followed by adjuvant RT in pACC patients
with positive margins or high-risk features.

Published literature has demonstrated a high association between
PACC and heritable TP53 related cancer syndromes—like Li Fraumeni
syndrome (LFS). Up to 81% of patients, specifically in Southern Brazil
carry germline TP53 variants, mainly due to the common germline TP53
mutation R337H [10,15,48]. Because patients with tumor predisposi-
tion syndrome carriers have a high lifetime risk of developing multiple
primary malignancies, particularly after exposure to radio- and/or
chemotherapy treatments [49], determination to implement RT must be
weighed critically against risk factors and toxicity [15,50]. One of the
largest retrospective studies by Bougeard, et al., on LFS patients reported
the incidence of secondary tumors in a previous radiation field at 30%
[16]. In the report from Hendrickson, et al., on patients with LFS
receiving RT, there was no statistically significant difference between
the RT and non-RT group with respect to the development of a subse-
quent malignancy despite poorer survival outcomes among the RT group
[51]. However, from other cancer types associated with LFS, negative
effects of RT on survival have been described. From a systematic review,
28 patients with choroid plexus tumors and LFS were identified. Sta-
tistical analysis revealed that the survival of patients receiving radiation
was inferior to patients without radiation [52]. However, as there is a
positive impact of adjuvant RT on local control and survival, TPS may
represent a retained relative but not an absolute contraindication for
ACC patients and may be considered individually, especially for patients
with high-risk features and high tumor stage.

When extrapolating adult data to pediatric treatment strategies, it
must be taken into consideration that the tumors are not equivalent.
Grisanti, et al., recently compared treatment regimens [53]. Histori-
cally, treatment of pACC has been borrowed from adult ACC and with
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significant overlap.

By analyzing age-dependent influence on clinical characteristics and
outcome of pediatric patients, we confirmed that pACC in patients < 4
years have biologically distinct features that distinguish it from older
children and adults [10,54,55]. These differences appear to be more
significant than the differences between pre- and post-pubertal patients.
Presumably, the tumor pathogenesis of older children and adults have
more similarities. The frequency of germline TP53 mutation also de-
creases with age, while this rate is 58% in cases under the age of 12, it
decreases to 25% in cases aged 12-20 years [48]. Ginsburg, et al., sug-
gested that adult patients with high risk for recurrence showed an
improved overall survival when treated with adjuvant RT. Even though
evidence of RT in pediatric ACC is too limited to make general recom-
mendations, these results warrant further evaluation in trying to maxi-
mize survival [38].

In an effort to maximize survival in pediatric patients with high-risk
ACC, adjuvant RT has to be discussed—even in the context of TPSs—at
least for patients with risk factors such as positive surgical margins, high
grade disease, or large tumors (>6 cm). Previous studies have limita-
tions: none were systematic studies; none had standardized indications
for RT; there were no information available about specific RT sites or
dosage. RT seemed to be well tolerated and possibly contributed to
improved survival. Thus, cooperative groups as established within the
European Cooperative Study Group for Pediatric Rare Tumors (EXPeRT)
could be the platform for common randomized trials to further improve
patient outcomes in pediatric patients [56,57]. Furthermore, the ENSAT
consortium [58,59], which mainly covers adult ACT patients, has shown
how centralization and networking can continuously improve patient
outcomes, particularly in rare cancer entities. Therefore, it is advisable
to encourage a collaboration between the existing groups dedicated to
pediatric and adults ACC, aiming for a synergistic action to bring more
evidence in the treatment of pACC patients and to improve prognosis
and treatment, including a systematic international registry and a
common research platform finally leading also to more prospective
clinical trials in adolescents.
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