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Abstract: Pediatric thymomas are extremely rare and slow-growing malignant tumors. The recent
publication of the first Union for International Cancer Control (UICC)/American Joint Committee on
Cancer (AJCC) Tumor-Node-Metastasis (TNM) stage classification and updated treatment guidelines
for thymomas has prompted us to perform a review of the literature on pediatric thymomas. A
search of English-language articles in the PubMed, Cochrane, Web of Science, and Embase databases
was conducted. Additional articles were identified through reference lists of retrieved publications.
Thirty-two articles involving 82 pediatric thymomas were included. Males comprised 60% of patients,
and 13% manifested myasthenia gravis (MG). Histotype B1 (45%) and stage I (52% Masaoka-Koga
and 71% UICC/AJCC TNM) were the most frequent. Of note is the possibility that the lack of cases
with mixed histologies in the reviewed publications might be related to a sampling issue, as it is
well known that the more sections are available for review, the more likely it is that the majority of
these neoplasms will show mixed histologies. Both staging systems showed a gradual increase in
the percentage of cases, with more advanced stages of disease moving from type A to B3 thymomas.
Complete surgical resection (R0) was the main therapeutic approach in Masaoka-Koga stage I (89%)
and UICC/AJCC TNM stage I (70%) thymomas. Advanced stages of disease and incomplete surgical
resection were most often associated with recurrence and death. An association between stage and
outcome, and completeness of resection and outcome, was found. Interestingly, though an association
between histotype and staging was found, this does not take into account the possibility of mixed
histologies which would reduce the clinical impact of histologic subtyping over staging.

Keywords: thymoma; pediatric thymoma; mediastinal tumor

1. Introduction

Thymomas are malignant thymic epithelial tumors (TETs) arising primarily in the
prevascular (anterior) mediastinum [1,2]. Thymomas are rare neoplasms, but they are
the most common TETs. Although thymomas can develop at any age, they are more
common in adults, among whom they are the most frequent mediastinal lesion, while
they are extremely rare and a less common cause of mediastinal masses in the pedi-
atric population [2-8]. Thymomas are slow-growing tumors, asymptomatic in nearly
one-third of patients in whom the neoplasm is discovered incidentally during imaging
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studies. A further one-third of patients, approximately, present with signs and symptoms
of compression related to a mediastinal mass, many of which are non-specific, overlapping
with other pathologies. As a consequence, the diagnosis of pediatric thymomas may be
very challenging. Multiple autoimmune and paraneoplastic (AI/PN) disorders have been
associated with thymomas [9], the most common being myasthenia gravis (MG), whose
association with thymomas is more frequently reported in adults (38%) [10] than in the
pediatric population (15%) [11].

Controversy had long surrounded the histopathological classification of TETs [12]
until 1999, when the World Health Organization (WHO) proposed a classification schema
which represents a sort of “translator” between the different schemas of Bernatz and
Muller-Hermelink [13].

The subsequent editions of the WHO classification, including the most recent, have
largely maintained the original approach, which identifies five different histotypes (A, AB,
B1, B2, and B3) [2]. The first Union for International Cancer Control (UICC)/American Joint
Committee on Cancer (AJCC) Tumor-Node-Metastasis (TNM) stage classification for TETs
was published in 2017 [14,15] after a forty-year debate and fifteen different staging systems
were developed by various authors [16]. Among them, the Masaoka staging system [17]
and its revision, the Masaoka—Koga staging system [18], have been the most widely used
and accepted for more than thirty-five years [19,20].

Surgery is considered the mainstay of treatment for all resectable thymomas. Radical
thymectomy is recommended for most resectable tumors, while thymomectomy should be
an option in selected cases. Lymphadenectomy is routinely recommended according to the
guidance of the International Thymic Malignancy Interest Group (ITMIG)/International
Association for the Study of Lung Cancer (IASLC). Although the median sternotomy is the
standard approach, minimally invasive procedures (transcervical, extended transcervical,
video-assisted thoracoscopy, and robotic surgery) may be performed in specialized centers
by expert thoracic surgeons. Adjuvant radiotherapy may be considered or recommended
on the basis of the stage and completeness of resection, while adjuvant chemotherapy is not
recommended for resectable thymomas. Advanced thymomas should be managed with
primary chemotherapy if complete surgical resection (R0) is deemed achievable, or with
definitive radio- and/or chemotherapy [21,22].

Our aim is to provide a comprehensive clinicopathological review of all pediatric
thymomas reported over the last thirty-five years in the English literature.

2. Materials and Methods

A search of English-language articles in the PubMed, Cochrane, Web of Science,
and Embase databases from 1 January 1985 to 31 December 2020 was conducted using
the following subject headings and keywords: “thymoma”, “thymic epithelial tumors”,
“pediatric”, “childhood”, “child”, “children”, “juvenile”, and “adolescent”. The selection
criteria included: diagnosis of thymoma and patients under the age of eighteen. Cases with
a diagnosis of thymic carcinoma, thymic neuroendocrine tumors, and combined thymic
carcinomas were excluded. Additional articles were identified and included through the
reference lists of retrieved case reports and series. We created a retrospective database
which comprised age, sex, clinical presentation, thymoma subtype, Masaoka—Koga stage,
UICC/AJCC TNM classification and stage, local invasion into adjacent structures, regional
lymph node involvement, distant metastasis, treatment, outcome, and follow-up.

We acknowledge, however, that the retrospective database has some limitations:
probable redundant reports, possible incompleteness of available data, different follow-up
periods, diverse interpretations of the same data by different authors, and changeable
classifications and definitions over time. Specifically, we recorded the WHO histotype [2]
when reported by the referenced article, whereas we retained the original description of
the thymoma type when a WHO histotype was not assigned. Regarding staging, none
of the articles unequivocally reported the Masaoka—Koga [18] or the UICC/AJCC TNM
stage [14,15]. When the original data allowed it, we assigned both the Masaoka-Koga stage,
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in light of clarifications provided by the ITMIG [19], and the UICC/AJCC TNM stage. In
cases of interpretative doubt concerning two or more Masaoka-Koga and UICC/AJCC
TNM stages, we reported the various possible alternatives, whereas, when the original
articles provided confusing and contradictory data, or no data regarding staging, we did
not assign any Masaoka—-Koga or UICC/AJCC TNM stage.

3. Results

Thirty-two articles, twenty-three case reports [23-45], seven small retrospective case
series [46-52], and two reviews of the literature [11,53] were identified, for a total of eighty-
two pediatric thymomas (Table S1). Patients ranged in age from 0.9 to 17 years, with a mean
age of 10.5 years. Of the 77 patients whose gender was available, 46 (60%) were male and 31
(40%) were female. Clinically, 16 of the 82 patients (20%) had Al/PN associated disorders:
11 (13%) manifested MG, 2 (2%) aplastic anemia, 2 (2%) hypogammaglobulinemia, and 1
(1%) systemic lupus erythematosus.

Of the 44 cases with WHO histopathological classification, 3 (7%) were WHO type A
thymomas, 6 (14%) type AB, 20 (45%) type B1, 12 (27%) type B2, and 3 (7%) type B3. Type
B1 thymoma was the most frequent. No cases with mixed histological types were found
in the revised articles; neither did we find any mention of the number of tumor sections
examined. The WHO histopathological classification, reported in 7 of 11 patients with MG,
was as follows: 3 (3/20 = 15%) type B1, 3 (3/12 = 25%) type B2, and 1 (1/3 = 33%) type B3.

Of the 67 cases in which the Masaoka—Koga stage could be assigned, 35 (52%) had
stage I, 1 (1%) had stage Ila, 8 (12%) had stage IIb, 9 (13%) had stage III, 1 (1%) had stage
IVa, 8 (12%) had stage IVb, and 5 (7%) gave rise to interpretive doubts between two or
more stages. Of the 66 cases in which the UICC/AJCC TNM stage could be assigned, 47
(71%) were stage I, 1 (2%) was stage 11, 4 (6%) were stage Illa, 2 (3%) were stage IlIb, 1 (2%)
was stage IVa, 8 (12%) were stage IVb, and 3 (5%) gave rise to interpretive doubts between
two or more stages.

It was possible to assign the Masaoka—Koga stage to 43 of the 44 thymomas with the
WHO histotype. All type A (100%) thymomas and most type AB (4/6 = 67%) and type Bl
(13/20 = 65%) thymomas had Masaoka—Koga stage 1. In 11 of 12 type B2 thymomas, the
Masaoka—Koga stage was available, and these were as follows: 3 cases (27%) were stage I, 3
(27%) were stage IIb, 2 (18%) were stage 111, 1 (9%) was equivocal stage (Case 49), 1 (9%)
was stage IVa, and 1 (9%) was stage IVb. Of the three type B3 thymomas, two (67%) had
equivocal Masaoka—-Koga stage (Cases 1 and 30) and the third case had Masaoka-Koga
stage IVb (Figure 1).

It was possible to assign the UICC/AJCC TNM stage to 42 of the 44 thymomas with
the WHO histotype. All type A (100%) and type AB (100%) thymomas, and most type Bl
(17/20 = 85%) thymomas had UICC/AJCC TNM stage 1. Ten of twelve type B2 thymomas
had the UICC/AJCC TNM stage available, and these were as follows: six cases (60%) stage
I, two (20%) equivocal stage (Cases 49 and 52), one (10%) stage IVa, and one (10%) stage IVb.
Of the three type B3 thymomas, the first (33%) had UICC/AJCC TNM stage I, the second
(33%) had equivocal UICC/AJCC TNM stage (Case 1), and the third case had UICC/AJCC
TNM stage IVb (Figure 2).
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Figure 1. Stage distribution in thymoma histotypes according to the Masaoka—Koga staging system.
WHO, World Health Organization.
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Figure 2. Stage distribution in thymoma histotypes according to the UICC/AJCC TNM stage
classification. UICC/AJCC TNM, Union for International Cancer Control/ American Joint Committee
on Cancer Tumor-Node-Metastasis; WHO, World Health Organization.

Regarding the therapeutic approach according to the Masaoka—Koga staging system,
of the 35 stage I patients, 32 (91%) were treated exclusively with surgery, in 31 cases (89%)
with RO surgery and only in 1 case with microscopically incomplete resection (R1) followed
by further RO surgery (Case 55). Three stage I patients received neoadjuvant and/or
adjuvant therapies and RO surgery (Cases 13, 22, and 71). The only patient (100%) with
stage Ila was treated with R1 surgery (Case 21). Of the eight stage IIb patients, six (75%)
underwent surgery, RO in five cases (63%) and R1 in one case followed by further R0 surgical
resection (Case 18), and two patients received neoadjuvant and/or adjuvant therapies in
addition to RO or R1 surgery (Cases 8 and 9). Two of the nine patients with Masaoka-Koga
stage IIl were treated exclusively with surgery with macroscopically incomplete resection
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(R2) (Cases 52 and 76); two patients were treated with R2 surgery followed by adjuvant
therapies (Cases 62 and 81); one patient with unresectable thymoma underwent biopsy and
then neoadjuvant chemotherapy followed by R1 surgery and adjuvant chemoradiotherapy
(Case 26); two patients (22%) with unresectable thymoma underwent biopsy and then
definitive chemoradiotherapy (Cases 63 and 79); and two patients were treated with steroids
and radiotherapy, were then deemed unresectable, and underwent biopsy or R2 surgery
followed by adjuvant chemoradiotherapy (Cases 77 and 78). The only patient (100%)
in Masaoka-Koga stage IVa, with unresectable thymoma, underwent biopsy and then
neoadjuvant chemotherapy followed by R2 surgery and adjuvant radiotherapy (Case 56).
Of the eight stage IVb patients, one (13%) was treated exclusively with surgery (Case 32);
two patients (25%) with unresectable thymoma underwent biopsy and then neoadjuvant
chemotherapy followed by R1 or R2 surgery (Cases 20 and 51); one patient (13%) was
treated with neoadjuvant chemoradiotherapy followed by surgery (Case 42); two patients
underwent R2 surgery followed by adjuvant therapies (Cases 74 and 75); and in two cases
(25%) the diagnosis was made on autopsy (Figure 3).

10{]%) | Surgery
90% — Surgery + Adjuvant RT
80% Surgery + Adjuvant CTX
70% . W Surgery + Adjuvant CTX and RT
600;'13 Neoadjuvant CTX + Surgery
50% Neoadjuvant CTX + Surgery + Adjuvant RT
40% . B Neoadjuvant CTX + Surgery + Adjuvant CTX
!
: Neoadjuvant CTX + Surgery + Adjuvant CTX and RT
30% )
B Neoadjuvant CTX and RT + Surgery
20%
m Definitive CTX and RT
10%
W Steroids and RT + Biopsy or Surgery + Adjuvant CTX and RT
0%
Autopsy
I IIa ITb III IVa IVDb

Masaoka-Koga Stage

Figure 3. Treatment according to Masaoka—-Koga stage. CTX, chemotherapy; RT, radiotherapy.

Regarding the therapeutic approach according to the UICC/AJCC TNM stage clas-
sification, of the 47 stage I patients, all T1aNOMO, 42 (89%) were treated exclusively with
surgery: RO in 39 cases, 33 (70%) of which did not have macroscopic infiltration into the
thymic capsule or surrounding fatty tissue; R1 in three cases (Cases 18, 21, and 55), two
of which went for further RO surgery. Five stage I patients received neoadjuvant and/or
adjuvant therapies and RO or R1 surgery (Cases 8, 9, 13, 22, and 71). The only patient (100%)
in UICC/AJCC TNM stage II, with unresectable thymoma, underwent biopsy and then
definitive chemoradiotherapy (Case 79). Of the four stage Illa patients, two (50%) were
treated with steroids and radiotherapy, then deemed unresectable and underwent biopsy
or R2 surgery followed by adjuvant chemoradiotherapy (Cases 77 and 78), while the other
two patients underwent R2 surgery followed by adjuvant therapies (Cases 62 and 81). One
of the two patients (50%) with stage IIIb was treated exclusively with R2 surgery (Case 76),
while the other (50%), with unresectable thymoma, underwent biopsy and then definitive
chemoradiotherapy (Case 63). The therapeutic approach according to the UICC/AJCC
TNM IVa and IVb stages coincided with that observed in patients with Masaoka-Koga
stages IVa and IVD (Figure 4).
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Figure 4. Treatment according to UICC/AJCC TNM stage. CTX, chemotherapy; RT, radiotherapy;
UICC/AJCC TNM, Union for International Cancer Control/ American Joint Committee on Cancer
Tumor-Node-Metastasis.
Outcome and follow-up data according to stage and therapy, with particular reference
to the completeness of resection, were available for 74 of the 82 patients and are reported in
Tables 1 and 2, respectively.
Table 1. Outcome by stage.
Patients with Outcome and Follow-Up (n = 74)
Alive (n = 63) Died (n =11)
Staging System Stage No Recurrence Recurrence Total (%) No Recurrence Recurrence Total (%)
28 12 1€
I range FU: 1-108 mos FU: 12 mos 29 (46) FU: 4 mos 0 10
1
Ila FU: 48 mos 0 1(2) 0 0 0(0)
8
b range FU: 12-132 mos 0 813 0 0 00
8
il FLI-42 ” 0 4(6) L 3 ; mn;e FUu: 5 (45)
Masaoka-Koga range b coeaUmos Fv-emos 6-30 mos
1b
IVa 0 FU: 22 mos 1(2) 0 0 0(0)
Vb 4 1 5(8) 3h 0 3(27)
range FU: 6-209 mos FU: 15 mos range FU: 0-13 mos
equivocal 4 1 5(8) 0 0 0(0)
range FU: 0.27-84 mos FU: 56 mos
10 11 1
none range FU: 24-357 mos 0 10(16) FU: 0.8 mos FU: 8 mos 2(18)
Total 59 4 63 (100) 6 5 11 (100)
40 12 1€
I range FU: 1-132 mos FU: 12 mos 41 (65) FU: 4 mos 0 10
18
UICC/AJCC TNM I 0 0 00 0 FU: 7 mos 16)
1 3%
IMa FU: 10 mos 0 1(2) 0 range FU: 3(27)

6-30 mos
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Table 1. Cont.

Patients with Outcome and Follow-Up (n = 74)
Alive (n = 63) Died (n =11)

Staging System Stage No Recurrence Recurrence Total (%) No Recurrence Recurrence Total (%)
il 1 0 1) 1! 0 1(9)
FU: 84 mos FU: 0.8 mos
1 b
IVa 0 FU: 22 mos 1(2) 0 0 0(0)
h
UICC/AJCC TNM 4 1e 3
Ivb range FU: 6-209 mos FU: 15 mos @) range FU: 0-13 mos 0 3@7)
equivocal 2 1d 3(5) 0 0 0(0)
q range FU: 0.27-2 mos FU: 56 mos
11 1i 1
none range FU: 24-367 mos 0 11a7) FUL 0.8 mos FUL 8 mos 2(18)
Total 59 4 63 (100) 6 5 11 (100)
FU, Follow-Up; mos, months; UICC/AJCC TNM, Union for International Cancer Control/American Joint
Committee on Cancer Tumor-Node-Metastasis. # Case 50: recurrent thymoma. ® Case 56: recurrent pleural
disease 1 month after diagnosis and recurrent pleural e peritoneal disease 22 months after diagnosis. ¢ Case 75:
local recurrence. 9 Case 49: recurrent thymoma. ¢ Case 80: death from disseminated varicella infection in patient
with thymoma and hypogammaglobulinemia and lymphopenia. f Case 76: died of disease. 8 Cases 62, 77, 78, and
79: died (_)f disease (distant metastasis). h Cases 16, 20, and 46 died of disease; Cases 16 and 46 were diagnosed on
autopsy. ' Case 43: died of disease. ) Case 39: died of disease (cervical lymph node metastasis).
Table 2. Outcome by completeness of resection.
Patients with Outcome and Follow-Up (n = 74)
Alive (n = 63) Died (n = 11)
Resection Status Treatment No Recurrence Recurrence Total (%) No Recurrence Recurrence Total (%)
367 1b 1¢ 0
surgery range FU: 1-132 mos FU: 12 mos FU: 4 mos
RO surgery 40 (63) 1(9)
N 3 0 0 0
neoadjuvant and/or range FU: 3060 mos
adjuvant therapies
surger 2 0 19 0
8ery range FU: 2-48 mos FU: 0.8 mos
R+ surgery 3e 11 (17) 28 4(36)
* 6 FU: 15-56 N range FU:
neoadjuvant and/or range FU: 6-240 mos range T4 FU: 13 mos 3 :
. . mos 6-18 mos
adjuvant therapies
8
surgery range FU: 0.27-367 mos 0 0 0
R; surgery 10 (1 1
NA ° ’ . 0(16) . 1h ©
neoadjuvant and/or range FU: 209-217 mos FU: 8 mos
adjuvant therapies
2 2!
none chemoradiotherapy range FU: 40-84 mos 0 2(3) 0 range FU: 2(18)
7-30 mos
3
none none 0 0 0 (0) range FU: 0-0.8 0 3(27)
mos
Total 59 4 63 (100) 6 5 11 (100)

FU, Follow-Up; mos, months; R0, complete resection; R+, R1 (microscopically incomplete resection) or R2 (macro-
scopically incomplete resection); RNA, resection status not available. ® Thirty-four patients underwent RO surgery;
two patients (Cases 18 and 55) underwent R1 surgery followed by further RO surgery. ® Case 50: recurrent thymoma.
¢ Case 80: death from disseminated varicella infection in patient with thymoma and hypogammaglobulinemia
and lymphopenia. ¢ Case 76: died of disease. ¢ Case 49: recurrent thymoma; Case 56: recurrent pleural disease
1 month after diagnosis and recurrent pleural e peritoneal disease 22 months after diagnosis; and Case 75: local
recurrence. f Case 20: died of disease. 8 Cases 62 and 78: died of disease (distant metastasis). " Case 39: died of
disease (cervical lymph node metastasis). 1 Cases 77 and 79: died of disease (distant metastasis).
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4. Discussion

Thymoma is exceedingly rare in patients under the age of eighteen.

From 1985 to 2020, we found 82 cases of pediatric thymomas in the English literature.
Two previous reviews of the literature included thirty-two [53] and forty-eight [11] cases of
pediatric thymomas, respectively. In a large series of more than 1400 cases of thymomas
reported in 2018, pediatric thymomas have been estimated to make up around 1% [54].

In adults, no gender predilection is reported [10], as in the review of pediatric thy-
momas by Liang et al. [53]. However, our data highlighted a slightly higher incidence in
males (60%), confirming the finding already observed by Fonseca et al. [11]. Our review
of the literature showed an incidence of MG in pediatric patients with thymoma of 13%,
which is in line with the incidence reported by the two previous literature reviews [11,53]
and confirms the lower incidence of MG in the pediatric population compared with adults,
in which the incidence of MG is 38% [10]. Furthermore, according to our data, MG is the
most common thymoma-associated AI/PN disorder in the pediatric population, as it is in
adults [10].

Even considering the limit that the WHO histopathological classification was available
in only slightly more than half of the cases in our review, Bl thymoma appeared as the
most frequent type (45%), while in the adult population the most common type is B2 [10].

However, it is worth emphasizing that no cases with mixed histological types appear
to have been encountered in our review of pediatric thymomas. As stated by Moran et al.,
sampling is an important issue in the proper subtyping of these neoplasms [55]. As we did
not find any mention to the number of sections examined, it is likely that the lack of cases
with mixed histologies might be strictly related to the fact that a limited number of sections
was evaluated. It is well known that the more sections that are available for review, the
more likely it is that the majority of these neoplasms will show mixed histologies, which
reduces the clinical impact of histologic subtyping over staging [55].

In adults, MG is more frequent in types B1-3 than in type A and AB thymomas [56].
Taking into consideration the limit that the histological type was available in only seven
of the eleven patients with MG, our data showed that MG was associated only with
type B thymomas.

In 2017, the UICC/AJCC TNM stage classification was introduced [14,15], along with
the staging, the nodal map, and the indications for removal and/or sampling of lymph
nodes, proposed by the ITMIG/IASLC [10,20,57-61].

It is worth mentioning that the TNM staging system borrowed the majority of the
information it used from other well-formulated staging systems which had been tested on
large series of cases over the years [62,63].

As highlighted by a recent survey from the IASLC Staging and Prognostic Factors
Committee-Thymic Domain (SPFC-TD) [64] analyzing the impact of the UICC/AJCC TNM
stage classification in clinical practice, even though TNM classification has received positive
recognition by the scientific community, the Masaoka—-Koga staging system remains the
most used staging system. In addition, although compliance with the nodal map may be
considered acceptable, only 48% of those responding stated that they routinely employ
the nodal map in clinical practice. Therefore, it is not surprising that the first three cases
(Cases 1-3) in our literature review, published after the introduction of the UICC/AJCC
TNM stage classification, do not use such staging or the nodal map. The application of the
Masaoka-Koga [18] and UICC/AJCC TNM stage classifications [14,15], wherever possible,
has enabled us to show how, according to both staging systems, stage I is the most frequent.
Furthermore, with the UICC/AJCC TNM stage classification [14,15], compared with the
Masaoka—Koga staging system [18], we have observed an increase in stage I thymomas
(71% versus 52%, respectively) and the replacement of the Masaoka—-Koga stage III with
the UICC/AJCC TNM stage IVb as the second most frequent stage. This was an expected
finding considering that UICC/AJCC TNM stage I incorporates Masaoka-Koga stages
I, IIa, IIb, and a part of stage III, and that Masaoka—-Koga stage Il is subdivided into
UICC/AJCC TNM stages I, 11, IIIA, and IIIB [21,65]. The evaluation of the distribution of
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the stages, by both Masaoka—Koga and UICC/AJCC TN}, in the five thymoma histotypes,
has revealed a gradual decrease in the percentage of stage I cases and a progressive increase
in the percentage of cases with more advanced stages of disease, while proceeding from
type A/AB thymomas to type Bl, B2, and especially B3 thymomas. Stages III and IV
could be found only in type B thymomas. What we have observed is in contrast with the
absence of type A thymomas in stages I and II, as described by Fonseca et al. [11] and as is
consistent with the strong association between histotype and stage reported in the adult
population [56].

Due to the extreme rarity of thymomas in pediatric patients, no specific guidelines
have been established for the management of TETs in the pediatric population, and there-
fore it is reasonable to refer to the position paper by the Italian collaborative group for
ThYmic MalignanciEs (TYME) [66], the European Society for Medical Oncology (ESMO)
clinical practice guidelines for TETs [21], and the National Comprehensive Cancer Network
(NCCN) clinical practice guidelines for thymomas and thymic carcinomas [22]. Although
these guidelines differ in part from each other, all agree that surgery is the mainstay of
therapy if RO resection is achievable. Radical thymectomy is recommended for all resectable
thymomas, as in the case of Masaoka—Koga stage I and II thymomas and some stage III
thymomas; after RO resection of Masaoka—Koga stage I thymomas, adjuvant treatments are
not recommended, whereas after R1 resection of Masaoka—Koga stage I thymomas, adju-
vant radiotherapy is recommended. Finally, adjuvant chemotherapy is not recommended
for RO and R1 resected thymomas. Furthermore, regarding locally advanced thymomas,
there is unanimous agreement that the standard of care in these cases is primary/induction
chemotherapy, preferably with cisplatin-based combination regimens, followed by a re-
assessment of the patient with imaging, and, if complete resection is deemed feasible,
surgery should be performed followed by adjuvant radiotherapy. Finally, the current
guidelines agree in recommending that recurrences be managed with the same approach
as newly diagnosed thymomas [21,22,66]. As we have seen, the principles of treatment for
TETs are predominantly based on the Masaoka—Koga staging system, with the single excep-
tion being, to the best of our knowledge, the Italian position paper [66], which was the first
to propose specific recommendations based on the UICC/AJCC TNM stage classification.
With both staging systems, stage I was the most frequent, and therefore it is not surprising
that the main therapeutic approach in our literature review was RO surgery. Specifically,
stage I is the stage in which concordance with the therapeutic approach recommended by
the guidelines was most often observed; indeed, 89% of Masaoka—Koga stage I patients
and 70% of UICC/A]JCC TNM stage I patients were treated exclusively with RO surgery
in accordance with the TYME [66], ESMO [21], and NCCN guidelines [22], and the TYME
guidelines [66], respectively. Furthermore, concordance with the therapeutic approach
recommended by the TYME [66], ESMO [21], and NCCN guidelines [22] was observed in
63% of Masaoka—Koga stage IIb patients, who were treated exclusively with RO surgery,
and in 22% of Masaoka-Koga stage III thymomas, which were deemed unresectable and
therefore underwent biopsy and then definitive chemoradiotherapy. Agreement with the
TYME guidelines [66] based on the UICC/AJCC TNM stage classification, in addition to
stage I, was observed in one of two patients (50%) with unresectable stage IIIb thymoma un-
dergoing biopsy and then definitive chemoradiotherapy. Finally, the only stage IVa patient
with both staging systems was treated for the primary tumor and for the two recurrences,
with adherence to guidelines based both on the Masaoka-Koga and UICC/AJCC TNM
stage classifications [21,22,66].

Stage and completeness of resection are the most important and consistent inde-
pendent prognostic factors in terms of recurrence, disease-free survival, and overall sur-
vival [56,67-69]. Our data, although based on a limited number of patients, show a tendency
in line with what has been established by the literature. Indeed, regarding stages, of the
nine cases with disease recurrence, seven (78%) with Masaoka—Koga stage classification
and six (67%) with UICC/AJCC TNM stage classification showed stage III or higher. In
addition, the majority of living patients had Masaoka—Koga stage I (46%) and UICC/AJCC
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TNM stage I (65%), while the majority of deceased patients had stage III or higher according
to the Masaoka-Koga (73%) and UICC/AJCC TNM (64%) stage classifications. Regarding
the completeness of resection, of the nine patients with disease recurrence, five (56%) were
R1 or R2 (R+) and only one (11%) was R0, and the majority of living patients were R0 (63%)
whereas the majority of deceased patients were R+ (36%). The only deceased patient in
Masaoka—Koga and UICC/A]JCC TNM stage I after treatment with RO surgery did not die
as a direct result of thymoma, but rather from a disseminated varicella infection (Case 80).

5. Conclusions

Our review of the literature confirms that thymomas in the pediatric population,
compared with that of adults, are much more rare, slightly more frequent in males, and
have a lower incidence of MG. In addition, although performing statistical analyses has not
been possible, our data show an association between stage and outcome, and completeness
of resection and outcome, in line with the findings of the literature for the adult population.
We did not find in the reviewed literature any cases of mixed histologies, which might
be due to a sampling issue. Therefore, it needs to be highlighted that the association
between histotype and staging, which was found in the reviewed cases, does not take into
consideration the possible presence of mixed histologies which would diminish the clinical
impact of histologic subtyping over staging.

An increasing use of the new UICC/AJCC TNM stage classification and further studies
based on multi-institutional databases are necessary to understand whether significant
differences exist in terms of prognostic factors and outcomes among adults and the pediatric
population which may lead to defining specific therapeutic protocols for pediatric patients
with thymoma.
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