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Background: This study was an epidemiological analysis of all primary mediastinal neoplasms (PMNs)
diagnosed between 2000 and 2016 at the National Tuberculosis and Lung Diseases Research Institute,
Poland.

Methods: All patients with any mediastinal abnormality were included in the analysis. The patients’ age
and gender were obtained from the institutional database.

Results: From a cohort of 5,108 patients, 3,691 primary mediastinal lesions were found, including 1,005
(19%) PMNs: lymphomas (533, 53% of PMNs), thymomas (215, 21%), neurogenic tumors (N'Ts) (100,
10%), germ cell tumors (GCTs) (62, 6%), soft tissue tumors (STTs) (47, 5%) and thymic carcinomas/
thymic neuroendocrine tumors (T'Cs/TNETs) (37 in total, 4%). The most frequent lymphomas were
classical Hodgkin lymphomas [256] and primary mediastinal large B-cell lymphomas [163]. Type AB [73]
predominated in thymomas and squamous cell carcinomas [9] and carcinoids [10] in TCs/TNETs. NTs
encompassed mainly schwannomas [49], ganglioneuromas [21] and neurofibromas [10]. The most frequent
STTs were hemangiomas [13] and lymphangiomas [11]. Lymphomas, thymomas and N'T were more often
in women, TCs/TNETs in men (P<0.001). Lymphomas predominated between the 2™ and 4" decade of
life, N'Ts under the 3™ decade and thymic epithelial tumors between the 6™ and 8" decade (P<0.001). There
was no correlation between the subtypes of thymomas and the patients’ gender (P=0.389) but it was found
between histology and patients’ age: in patients <30 years of age type B2 and B3 thymomas and >70 years
of age AB type and micronodular thymomas with lymphoid stroma (P<0.001) predominated. In the group
of GCTs half of them were malignant and these were noted exclusively in men. No correlation between
subtypes of N'Ts or TCs/TNETs and patients’ age and gender was found (P>0.05).

Conclusions: PMNs are rare conditions thus awareness of basic epidemiology may be very helpful for

final diagnosis.
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Introduction

Mediastinal diseases represent a wide spectrum of lesions
benign (neoplastic or non-neoplastic) and malignant,
primary and secondary. Primary mediastinal neoplastic
diseases are rare but the occurrence of their main types
varies in reports depending on the method of analysis
and the criteria of inclusion employed by a study. The
authors usually concentrate on malignant neoplasms of
mediastinum or its certain compartments (anterior, middle
or posterior). Sometimes the term “mediastinal tumor” is
used interchangeably with “thymic tumor” or “mediastinal
neoplasm” but that seems to be an oversimplification (1).

The current one-institutional study was conducted at
the National Tuberculosis and Lung Diseases Research
Institute (NTLDRI) in Warsaw, a reference center in
Poland for lung, pleural and mediastinal diseases. The aim
of the study was an epidemiological analysis of primary
mediastinal neoplasms (PMNs), benign or malignant
(excluding heart and great vessels diseases) diagnosed at
NTLDRI in correlation to age and gender of patients and
dominant radiological findings. To our knowledge, this is
the first such analysis conducted in Poland.

Methods

This was a retrospective study of mediastinal lesions that
were analyzed microscopically from 2000 to the end of
2016 at the Department of Pathology of the NTLDRI.
The Institute is dedicated to adult patients thus the cohort
includes only few pediatric cases that were hospitalized
at the NTLDRI. Prior to any surgical intervention
mediastinal lesions were evaluated by imaging procedures
including computed tomography (CT) and sometimes
magnetic resonance imaging (MRI). Resectable tumors were
surgically totally removed viz sternotomy, thoracotomy
or minimally invasive procedure [videothoracoscopic
(VATS)]. Samples for histologic examination of inoperative,
advanced masses were obtained during mediastinoscopy or
ultrasound-guided fine needle aspiration [endobronchial
ultrasound-guided transbronchial needle aspiration
(EBUS-TBNA); endoscopic ultrasound-guided fine needle
aspiration (EUS-FNA)]. Mediastinoscopy with surgical
biopsy was also performed in cases when lymphoma was
suspected radiologically or in cases of enlarged mediastinal
lymph nodes but in the latter indication the procedure
has been replaced since 2008 by ultrasound-guided needle
aspiration.

© Journal of Thoracic Disease. All rights reserved.

2499

In the first part of the study the cases were grouped
according to radiological findings that dominated in CT
scans of the chest as: mediastinal tumors, lymphadenopathy,
cysts and others. Patients operated on due to myasthenia
gravis but without evident mediastinal abnormality in
radiological examination constituted the last, fifth group
in the analysis. However, if the tumor was found on CT
scans, the case was included into the group of tumors but
the history of myasthenic symptoms was noted. The clinical
information about the precise localization of the lesion in
the mediastinal compartments and about symptoms other
than myasthenic was not available at the time of microscopic
examination in most cases.

In the second, main part of the study all results were
grouped according to microscopic diagnoses irrespective
of radiological images and the epidemiology of PMNs was
analyzed statistically. If more than one clinically important
histopathological entity was diagnosed in one biopsy
sample, all of them were noted, e.g. a case of thymoma with
concurrent follicular thymic hyperplasia and reactive lymph
nodes was coded as “thymoma” and “hyperplasia”, while
reactive lymph nodes were ignored. Reactive lymph nodes
were noted if they constituted the only finding in a sample.

The lesions were regarded as “primary” if they originated
from the thymus, mediastinal lymph nodes or mediastinal
soft tissues. Metastatic lesions or the diseases of the pleura,
esophagus, trachea and retrosternal thyroid gland were
grouped as “secondary”. Secondary malignancies as well as
lesions of uncertain origin (mediastinal or extra-mediastinal)
were excluded from further epidemiological study.

The final diagnosis was based on microscopic analysis
of the histological or cytological slides routinely fixed,
processed and stained with hematoxylin and eosin.
Additional histochemical and immunohistochemical tests
were performed in all cases where needed. The neoplastic
tumors were classified according to the 4th edition of World
Health Organization (WHO) classification of tumors of
the lung, pleura, thymus and heart [2015]. The diagnoses
of older cases that were based on previous histological
classifications were updated to the current classification.
Thymic carcinomas (T'Cs) and thymic neuroendocrine
tumors (TNETs) were included in one group (T'C/TNETs)
to simplify the calculations.

The age and gender of the patients were obtained from
the institutional database. Each patient was counted once
even if they underwent multiple biopsies to establish the
final diagnosis unless in this 16-year period of time they
were admitted to the hospital several times due to the
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distinct diseases.

Statistical analysis

A comparison of qualitative variables was done with the chi-
squared test (with Yates correction) or with Fisher’s exact if
the expected numbers in table were low. To allow for any
type of a trend, a correlation between quantitative variable
and time was assessed with Spearman rank correlation
coefficient. Strength of a relationship was interpreted as
follows: Irl >0.9 = very strong; 0.7< Irl <0.9 = strong; 0.5<
Irl <0.7 = moderate; 0.3< Irl <0.5 = weak; Irl <0.3 = very
week (2). The significance level (P) was set at 0.05. All the
calculations were done in R package, version 3.4.3.

Results

There were 6,263 patients with mediastinal abnormalities
registered in the database of the Pathology Department
between 2000 and 2016. In 1,155 cases the diagnosis could
not be established due to the unrepresentative sample.
In the remaining cohort of 5,108 patients, 1,228 had
secondary lesions, in 290 patients the diagnosis of neoplasm
was established but the organ of origin was uncertain and
in 3,590 patients microscopic analysis revealed one or
more primary mediastinal lesions (3,691 in total). There
were 1,005 neoplasms identified in this cohort and they
constituted 19% of all mediastinal disorders.

Histopathology vs. radiological findings
(Table 1, Figure 1A4)

In the cohort of 5,108 cases with established histopathological
diagnosis there were 1,535 (30%) cases described radiologically
as ‘tumors’. Much more common were lesions described
as ‘mediastinal lymphadenopathy’ that amounted to
61% [3,117] of the cases. The groups ‘cysts’ and ‘others’
constituted 3% [170] and less than 1% [17] of all cases,
respectively. Two hundred sixty nine (5%) patients
were operated on due to myasthenic symptoms without
radiological evidence of significant mediastinal pathology.
Significant majority (1,347, 88%) of mediastinal
tumors were of neoplastic origin. Lymphomas (402, 25%)
were the most common and were found twice as often
than thymomas (206, 13%). Much rare were metastatic
carcinomas (usually from the lung and breast) and sarcomas
and subsequently tumors of neuronal origin, germ cell

tumors (GCTs), soft tissue tumors (STTS) and TC/TNETs.
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All lesions originated from trachea and the most neoplasms
of the retrosternal thyroid gland and esophagus were
carcinomas. Pleural lesions that radiologically had the form
of a mediastinal tumor microscopically were represented
mainly by malignant mesotheliomas and solitary fibrous
tumors (both conventional and malignant variants).

The precise localization of the tumors in the mediastinum
was only given in 16% [284] of cases—there were 175
and 109 tumors of anterior and posterior compartment,
respectively. The most common neoplasms of anterior
mediastinum were lymphomas (72, 41%) followed by
thymomas (29, 17%), while neurogenic tumors (N'Is) (41,
38%) were the most frequent in posterior mediastinum.

In 280 cases of mediastinal tumors microscopic
examination revealed non-neoplastic lesions usually
thymic hyperplasia, retrosternal goiter or non-neoplastic
cysts (usually thymic). Non-neoplastic disorders often
accompanied neoplasms but in 12% of all mediastinal
lesions described radiologically as ‘tumors’ they constituted
the only finding.

Mediastinal lymphadenopathy was usually caused by
reactive or granulomatous enlargement of lymph nodes
(2,027, 65%). In 924 cases (30%) metastatic carcinomas
predominantly from the lung, kidney or breast were found
and in 131 cases (4%) the lymphadenopathy was caused by
a lymphoma.

Cystic lesions were usually non-neoplastic cysts (136,
80%: thymic, bronchogenic and mesothelial in almost equal
numbers) but there were also GCT5s (predominantly mature
teratomas), STTs (lymphangiomas and hemangiomas),
thymomas and N'Ts (schwannomas).

There was also a small group of 17 cases with non-
specific radiological findings, usually inflammatory or
posttraumatic, that was named in our study as ‘other lesions’
and was not analyzed in detail.

In the cohort of patients operated on due to myasthenic
symptoms without radiologically detected mediastinal
tumor [269] microscopic examination revealed non-
neoplastic thymic hyperplasia (230, 86%; predominantly
follicular), involuted thymus (36, 13%) and in three cases
(1%) a thymoma (of type A, B1 and B2B3).

Histopathology vs. epidemiology

In the analyzed cohort there were 3,590 patients with
primary mediastinal lesions. A microscopic analysis revealed
in this cohort 3,691 distinct histopathological entities
including 1,005 neoplasms.
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Radiological (CT) findings, n [%]

Myasthenia

Variable Total, n [%] (without evident
Tumor Lymphadenopathy Cyst Other tumon), n [%]
All patients 5,108 [100]  1,535[100] 3,117 [100] 170 [100] 17 [100] 269 [100]
Histopathological findings
All diagnoses 5,209 [100] 1,627 [100] 3,117 [100] 179 [100] 17 [100] 269 [100]
All primary lesions 3,691 [71] 1,055 [65] 2,171 [70] 179 [100] 17 [100] 269 [100]
Primary neoplasms 1,005 [19] 838 [52] 136 [4] 28 [16] 0[0] 3[1]
Lymphomas 533 [10] 402 [25] 131 [4] 0[0] 0[0] 01[0]
Thymomas 215 [4] 206 [13] 1[0] 53] 0[0] 3]
Neurogenic tumors 100 [2] 97 [6] 11[0] 2[1] 0[0] 0[0]
Germ cell tumors 62 [1] 51 [3] 0[0] 11 [6] 0[0] 0[0]
Soft tissue tumors 47 1] 36 [2] 1[0] 10 [6] 0[0] 01[0]
Thymic carcinomas 37 [1] 37 2] 0[0] 0[0] 0[0] 0 [0]
Thymolipomas 31[0] 31[0] 0[0] 0[0] 0[0] 0[0]
Other neoplasms 8 [0] 6 [0] 2 [0] 0[0] 0[0] 0 [0]
Primary non-neoplastic lesions 2,686 [52] 217 [13] 2,035 [65] 151 [84] 17 [100] 266 [99]
Thymic hyperplasia 345[7] 108 [7] 0[0] 714] 0[0] 230 [86]
Thymic involution 44 1] 8 [0] 0[0] 0[0] 0[0] 36 [13]
Cysts 188 [4] 52 [3] 0 [0] 136 [76] 0[0] 01[0]
Reactive or granulomatous 2,065 [40] 34 2] 2,027 [65] 3[2] 1[6] 0[0]
Inflammatory or posttraumatic 44 1] 15 [1] 8 [0] 53] 16 [94] 0[0]
All secondary lesions 1,228 [24] 301 [19] 927 [30] 0[0] 0[0] 0[0]
Secondary neoplasms 1,164 [22] 238 [15] 926 [30] 0[0] 0[0] 0[0]
Metastatic carcinomas or 1,087 [21] 163 [10] 924 [30] 0[0] 0[0] 0[0]
sarcomas
Thyroid 14 [0] 14 1] 0[0] 0[0] 0[0] 01[0]
Tracheal 31[1] 31[2] 0 [0] 0[0] 0[0] 01[0]
Pleural 22 [0] 20 [1] 2 [0] 0[0] 0[0] 01[0]
Esophageal 10 [0] 10 [1] 0[0] 0[0] 0[0] 0[0]
Secondary non-neoplastic 64 [1] 63 [4] 11[0] 0[0] 0[0] 0[0]
lesions-thyroid (retrosternal goiter)
Neoplasms of uncertain origin 290 [6] 271 [17] 19 [1] 0[0] 0[0] 0[0]
CT, computed tomography.
The most common neoplasms were lymphomas with neoplasms and their histological subtypes in men and
these representing over half of all PMNs that were identified. women are presented in Table 2.
They were followed by thymomas then neurogenic, germ Statistical analysis revealed a significant correlation

cell and STTs and TC/TNETs (Figure 1B). All mediastinal between the main groups of neoplasms and the gender or
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Figure 1 A contribution of primary neoplasms as a percentage of
all mediastinal lesions (A) and main groups of primary mediastinal
neoplasms identified in the study (B). TCs, thymic carcinomas;

TNETSs, thymic neuroendocrine tumors.

age of patients (7able 3). For 10 patients a date of birth was
unknown so their age at the moment of diagnosis could
not be precisely established. Lymphomas, thymomas and
NTs were more prevalent in women whereas TCs/TNETs
were far more common in men (P<0.001). Lymphomas
were identified most frequently in younger patients, in the
2™, 3 and 4" decade of life while thymic epithelial tumors
(thymomas and TC/TNETs) were most prevalent between
the 6" and 8" decade of life. N'Ts were found in different age
groups with a mean age of 41 years. The highest contribution
of these neoplasms (7.98%) was observed in young patients
of less than 20 years of age (P<0.001) (Figure 2A4).

The most frequent subtypes of lymphomas (7zble 4,
Figure 2B), i.e., classical Hodgkin lymphomas (cHL) and
primary mediastinal large B-cell lymphomas (PML), were
more common in women and in patients between the 2™
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and 4" decade of life. The second peak of occurrence of
PML was noted in the population of patients over 80-years
of age. Lymphoblastic T-cell lymphomas (T-LBL) were
more prevalent in men. Their contribution in the whole
group of lymphomas was highest in the 2™, 6" and 8"
decade of life. Due to the small number of nodal and
extranodal (thymic) marginal zone lymphomas identified,
these cases were grouped together. These lymphomas
showed no gender predilection and were most common in
the 6" decade of life.

There was no significant correlation between the
histological subtypes of thymomas and the gender of
patients (P=0.389) whereas a correlation was found between
the histology and the age of patients (7able 5). For young
patients of less than 30 years of age types B2 and B3 or their
combination were prevalent, while type AB was the most
common in the 4™ and from the 6 to 8" decade of life.
Type A was most frequently diagnosed in patients in the 7"
decade of life while B1 in the 5™ and 6" decade of life. The
incidence of micronodular type of thymoma was the highest
in the oldest cohort, i.e., over 70-years of age (Figure 2C).

Thirty percent of patients [64] with thymomas of
all histological subtypes except metaplastic thymoma
presented myasthenic symptoms. On the other hand, in
the whole group of patients with myasthenia gravis, [336]
19% developed thymoma. Neither TC nor TNET was
diagnosed in patients with myasthenia. The most common
pathology found in this cohort was a non-neoplastic thymic
hyperplasia (69%) and in 11% of patients with myasthenia
no significant thymic abnormality was diagnosed. In
seven hyperplastic or involuted thymuses focal nodular
hyperplasia of the thymic epithelium was seen.

In the group of GCTs (62, 6% of PMNs and 1% of
all lesions) half of them were malignant and these were
noted exclusively in men. Malignant tumors included non-
seminomatous GCTs (55, 5% of PMNs) or seminomas (7,
1% of PMN). In non-seminomatous GCTs yolk sac tumor
component was the most often seen (17 cases). GCT5s in a
form of mature teratomas were diagnosed in almost equal
numbers in both genders. Some of these tumors in males
were a residual tumor after neoadjuvant chemotherapy
of malignant GCTs. In two men a mature teratoma was
accompanied by a carcinoid.

The correlation between the histological subtypes of
NTs or TC/TNETs and the age and gender of the patients
was not statistically significant (P>0.05). N'Is were usually
benign and they encompassed mainly schwannomas [49],
ganglioneuromas [21] and neurofibromas [10]. The most
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Table 2 Primary mediastinal neoplasms identified in the study by gender, the mean age and the median of age of patients

Histopathological diagnosis No. [%] Females [%] Males [%] Mean age Median of age

All primary neoplasms 1,005 [100] 523 [52] 482 [48]

Lymphomas 533 [53] 278 [52] 255 [48] 38 33
Hodgkin 256 [25] 145 [57] 111 [43] 33 29
Primary mediastinal large B-cell 163 [16] 94 [58] 69 [42] 39 34
T-cell lymphoblastic 19 2] 421] 15 [79] 34 29
MALT 12 [1] 6 [50] 6 [50] 60 63
Anaplastic large T-cell 2 [0] 1 [50] 1 [50] 38 38
SLL/CLL 5[0] 1[20] 4[80] 68 67
B-cell, NOS 49 [5] 15 [31] 34 [69] 57 62
T-cell, NOS 51[0] 3 [60] 2 [40] 43 51
Lymphoma, NOS 22 [2] 9 [41] 13 [59] 45 34

Thymomas 215 [21] 124 [58] 91 [42] 56 58
A 10 [1] 5 [50] 5[50] 59 63
AB 73 7] 45 [62] 28 [38] 58 59
B1 34 [3] 20 [59] 14 [41] 53 56
B2 22 [2] 15 [68] 7[32] 51 53
B3 5[0] 3 [60] 2 [40] 44 47
B2B3 29 [3] 11 [38] 18 [62] 49 51
Micronodular 8 [1] 6 [75] 2 [25] 74 74
Metaplastic 3 [0] 2 [67] 1[33] 57 62
Combined, other than B2B3 19 2] 8[42] 11 [58] 60 58
Thymoma, NOS 12 [1] 9 [75] 3 [25] 57 60

Neurogenic tumors 100 [10] 65 [65] 35 [35] 41 41
Schwannomas 49 [5] 30 [61] 19 [39] 47 49
Ganglioneuromas 21[2] 12 [57] 9 [43] 33 25
Neurofibromas 10 [1] 8 [80] 2 [20] 40 40
EFT 8[1] 6[75] 2 [25] 25 25
Paraganglioma 6 [1] 4 [67] 2 [33] 44 46
MPNST 5[0] 4[80] 1[20] 45 48
Chordoma 11[0] 1[100] 01[0] 58 58

Germ cell tumors 62 [6] 17 [27] 45 [73] 32 28
Mature teratomas 32 [3] 17 [53] 15 [47] 36 34
Malignant germ cell tumors 30 [3] 0[0] 30 [100] 28 27

Table 2 (continued)
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Table 2 (continued)
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Histopathological diagnosis No. [%] Females [%] Males [%] Mean age Median of age
Soft tissue tumors 47 [5] 27 [56] 21 [44] 51 53
Hemangiomas 13 [1] 6 [46] 7 [54] 45 48
Lymphangiomas 11 [1] 4[36] 7[64] 48 51
Liposarcoma 91[0.90] 5 [56] 4 [44] 58 64
Chondrosarcoma 5[0] 4 [80] 1[20] 59 60
Hemangioendothelioma 2 [0] 2 [100] 0[0] 66 66
Lipoma 21[0] 1[50] 1[50] 52 52
Leiomyosarcoma 11[0] 1[100] 0[0] 27 27
Fetal rhabdomyoma 11[0] 1[100] 0[0] 24 24
Synovial sarcoma 11[0] 1[100] 0[0] 55 55
Angiomyolipoma 11[0] 1[100] 0[0] 38 38
Sarcoma, NOS 11[0] 01[0] 1[100] 69 69
TCs and TNETs 37 [4] 11 [30] 26 [70] 54 57
Thymic carcinomas 18 [2] 5 [28] 13 [72] 50 49
Squamous cell 9 [1] 4 [44] 5 [56] 55 57
Mucoepidermoid 21[0] 1[50] 1[50] 49 49
Lymphoepithelioma-like 2 [0] 0[0] 2 [100] 39 39
Adenocarcinoma 11[0] 0[0] 1[100] 47 47
Basaloid 11[0] 0[0] 1[0] 72 72
Carcinoma, NOS 3[0] 01[0] 3[100] 36 37
Thymic neuroendocrine tumors 19 2] 6 [32] 13 [68] 58 59
Carcinoids 10 [1] 5 [50] 5 [50] 62 72
LCNEC 9[1] 1[11] 8[89] 54 57
Thymolipomas 3 [0] 0[0] 3[100] 43 35
Other neoplasms 8[1]

MALT, extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue + nodal marginal zone lymphoma; SLL/CLL, small
lymphocytic lymphoma/chronic lymphocytic leukemia; NOS, not otherwise specified; AML, acute myeloid leukaemia; EFT, Ewing family of
tumors; MPNST, malignant peripheral nerve sheath tumor; TCs, thymic carcinomas; TNETs, thymic neuroendocrine tumors; LCNEC, large

cell neuroendocrine carcinoma.

common histological subtype of TCs (18, 2% of PMNs)
was squamous cell carcinoma. TNETs (19, 2%) that for
statistical purposes were included in one group with the
TCs comprised atypical [7] or typical [3] carcinoids and
large cell neuroendocrine carcinomas [9].

The group of STTs covered 12 diverse histological
types of neoplasms, both benign and malignant. The
most frequent ones were histologically benign vascular

© Journal of Thoracic Disease. All rights reserved.

tumors, hemangiomas (13, 1%) or lymphangiomas
(11, 1%). Solitary fibrous tumors (9 cases, 5 conventional
and 4 malignant) were rated as pleural tumors and were
excluded from further analysis.

In five cases there were two concurrent neoplasms found
in the samples obtained from mediastinal lesion: B1B2
thymoma and small lymphocytic lymphoma (SLL), B2B3
thymoma and MALT lymphoma [extranodal marginal
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Table 3 Contribution of main groups of neoplasms as a percentage of all primary mediastinal lesions in both genders and in different age groups

of patients. A patient’s age was unknown in 10 cases

De(I:ades nur-:wot::tl’ o Lymphomas  Thymomas TCs and TNETs Cii?;:” Niﬂ;:gf:ic Otr:ee;iz:rsrlary o
orlite diagnoses % n % n % n % n % n %
Al
Females 1,827 278 1522 124 679 11 060 17 093 65 356 1,332 72.91 <0.001, Chi-
Males 1864 255 1368 91 48 26 139 45 241 35 188 1412 7575 Souaredtest
Females
2[11-20] 101 18 1765 2 196 1 098 2 19 7 686 71 70.30 <0.001, Fishers
3[21-30] 294 102 3481 6 205 0 000 3 102 12 410 171 581 acttest
4[31-40] 300 77 2575 8 268 1 033 6 201 10 333 198 66.22
5[41-50] 259 26 10.04 14 541 0 000 5 193 13 502 201 77.61
6[51-60] 358 21 585 34 947 4 111 0 000 13 362 286 79.89
76170 301 21 693 29 957 2 066 0 000 7 231 242 80.40
8[71-80] 181 8 440 26 1429 3 165 1 055 3 165 140 77.35
9[81-90] 28 4 1429 5 1786 0 000 O 000 O 000 19 67.86
Males
2[11-20] 61 21 3443 2 328 0 000 7 1148 6 984 25 4098 <0.001, Fishers
3[21-30] 285 80 2807 8 281 1 035 23 807 8 281 165 57.89 Oxacttest
4[31-40] 332 55 1662 7 211 6 18 7 211 6 181 251 7560
5[41-50] 269 25 933 16 597 5 18 4 149 5 187 214 7955
6[51-60] 370 25 678 30 813 5 136 3 081 4 108 303 81.89
7[61-70] 326 27 833 19 58 4 123 1 031 3 093 272 83.44
g[71-80] 182 16 884 7 38 5 276 0 000 1 055 153 84.07
9[81-90] 28 5 1786 1 357 0 000 O 000 O 000 22 7857

The cases of the first decade of life (2 females and 4 males) were removed from the further analysis. *, both neoplastic and non-neoplastic.

TCs, thymic carcinomas; TNETs, thymic neuroendocrine tumors.

zone lymphoma of mucosa-associated lymphoid tissue
(MALT)], micronodular thymoma and metastatic large cell
neuroendocrine lung carcinoma (a patient presented both
mediastinal and lung tumor), B1 thymoma and small cell
carcinoma probably of pulmonary origin and neurofibroma
with concomitant malignant peripheral nerve sheath tumor.

Discussion

In the Polish National Cancer Registry that is based on
the 10" Revision of the International Classification of
Diseases (ICD-10) an incidence of malignant neoplasms of

© Journal of Thoracic Disease. All rights reserved.

intrathoracic organs other than lungs and airways is less than
1 case/100 000/year and they constitute approximately 0.2%
of all neoplasms in Poland (3). Even if these numbers are
underestimated due to the insufficient completeness of tumors
registration in Poland, primary mediastinal cancers are very
rare. The Register excludes lymphomas and sarcomas from
the neoplasms of mediastinum because they are classified
separately independently of the organ of origin (3).

For practical use the current study like others in the
literature selected the cases based on their anatomical
location rather than ICD-10 codes. A cohort of patients
consisted of adults with mediastinal abnormalities found
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Figure 2 A number of cases in the main groups of primary mediastinal neoplasms (A) and main histological types of lymphomas (B) and
thymomas (C) in consecutive decades of life. TCs, thymic carcinomas; TNETS, thymic neuroendocrine tumors; PML, primary mediastinal
large B-cell lymphomas.

radiologically and diagnosed microscopically in our neoplasms that on CT scans could have a form of cysts or
Institution between 2000 and 2016. We decided not to limit enlarged lymph nodes.
the analysis only to mediastinal “tumors” to avoid omitting In a cohort of 5,108 analyzed patients almost half of them
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Table 4 Contribution of the most common subtypes of lymphomas by the age of patients

Primary mediastinal

T-cell lymphoblastic Other lymphomas

Decades Total Hodgkin lymphomas large B-cell lymphomas b
of life number lymphomas (PML)
n % n % n % n %

2 [11-20] 39 22 56.41 9 23.08 5 12.82 3 7.69 <0.001, Fisher’s
3 [21-30] 182 122 67.03 45 2473 5 2.75 10 5.49 exact test
4 [31-40] 132 58 43.94 61 46.21 3 2.27 10 7.58
5 [41-50] 51 27 52.94 13 25.49 1 1.96 10 19.61
6 [51-60] 46 10 21.74 13 28.26 3 6.52 20 43.48
7 [61-70] 48 12 25.00 12 25.00 1 2.08 23 47.92
8 [71-80] 24 3 12.50 4 16.67 1 417 16 66.67
9 [81-90] 9 0 0.00 6 66.67 0 0.00 3 33.33
Table 5 Contribution of the main subtypes of thymomas by the age of patients
Decades  Total A AB B1 B2 B3 B2B3  Micronod" SUC;;Z;S )
of life No.

n % n % n % n % n % n % n % n %
2 [11-20] 4 0 0.00 0 0.00 2 50.00 0 0.00 0 0.00 1 25.00 0 0.00 1 25.00 <0.001,
3 [21-30] 14 1 714 1 7.14 1 714 5 35.71 2 14.29 2 1429 0 0.00 2 1429 F‘Lsxr;i’t,s
4 [31-40] 15 0 0.00 8 53.33 1 6.67 1 6.67 0 0.00 4 26.67 0 0.00 1 6.67 test
5 [41-50] 30 0O 000 9 3000 6 2000 3 10.00 2 667 7 2333 0 0.00 3 10.00
6 [51-60] 64 2 3.12 22 3438 14 21.88 6 9.38 0 0.00 8 12,50 1 156 11 17.19
7 [61-70] 48 6 1250 17 3542 7 14.58 4 8.33 0 0.00 5 1042 1 2.08 8 16.67
8 [71-80] 33 1 3.03 15 45.45 3 9.09 2 6.06 1 3.03 1 3.03 3 9.09 7 21.21
9 [81-90] 6 0 0.00 1 16.67 0 0.00 1 16.67 0 0.00 0 0.00 3 50.00 1 16.67

*Micronod: micronodular thymoma with lymphoid stroma.

developed neoplastic diseases more often secondary, i.e.,
metastatic or infiltrating the mediastinum from neighboring
organs. PMNs constituted 19% of all the lesions identified
and the most frequent were lymphomas usually cHLs or
PMLs and this is consistent with the observations of some
other authors (4-6). Both types dominated in young women
but for PML the second highest incidence in patients in
the 9" decade of life was noted. T-LBLs, the third type
of lymphomas in number were far less numerous than
the previous two. T-LBLs are regarded as lymphomas of
young men and in our study a clear prevalence in the male
gender was also confirmed (7,8). They were most common
in the 2™ and 3™ decade of life but occurred in patients

© Journal of Thoracic Disease. All rights reserved.

of up to 80-years of age. The number of T-LBLs in our
study is certainly underestimated because they are frequent
mediastinal neoplasm of adolescents who are not a large
group of patients in our institution. Other lymphomas were
rare, some of them occurred to be a disseminated disease
but with the first mediastinal representation. Regardless of
histology and the organ of origin (a thymus or lymph nodes)
most of lymphomas had radiologically a form of a ‘tumor’.
On microscopic examination a definitive organ of origin
could rarely be established due to the diffuse neoplastic
infiltration destroying mediastinal tissues.

Thymic epithelial tumors, i.e., thymomas, TCs and
TNETs accounted in our study for one-quarter of all
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PMNs and were twice less common than lymphomas. We
analyzed thymomas and TC/TNETs separately to compare
their epidemiology. Thymomas were most prevalent in
women in the 6"-8" decades of life, while TCs were six
times rarer and were usually seen in men of similar age.
The prevalence of thymomas in females is remarkable since
no gender predilection is usually reported in the literature
(9,10). Low-grade histological subtypes of thymomas, i.e.,
A and AB occurred more often in the 6"-7" decades of
life. The more aggressive subtypes, B2, B3 and B2B3 were
more common in younger patients and the mean patients’
age for these tumors ranged between 44 and 51 years.
Moreover, these subtypes were more prevalent in patients
under 30 years of age. Our results correspond with the
literature (11,12). Micronodular thymomas with lymphoid
stroma (MNI5) in our study were not infrequently a minor
component of conventional thymomas, usually A or AB and
in these combined tumors micronodular component was
ignored in further analysis. Of interest, MN'Ts in a pure or
distinctly predominant form were found in the oldest group
of patients (8"-9" decade of life) as well as they represented
prevalent thymoma subtype in patients over 80 years of age.
Other authors reported MN'Ts in younger patients with a
mean age of around 60 but some researchers jointed both
pure and combined MN'Ts in one group (13,14). MN'T is
not unequivocally regarded as malignant neoplasm due to
the lack of documented cases of metastases, recurrences or
disease-related deaths (9,15,16). Considering our results we
assume that MNTs may be true malignant tumors but they
may have long clinical course and a progression may not be
disclosed before the death of the patient by another cause.
Of note, five cases of two simultaneous neoplasms were
found in the cohort and four of them concerned thymomas.
Two cases were resected tumors composed of thymomas
with admixed lymphomas (SLL and MALT lymphoma)
that involved not only thymus but also other resected
structures as lymph nodes or lung. In both cases clinicians
did not expect lymphomas before surgery. One of these
cases was published previously as a case report (17). The
next two cases revealed the coexistence of thymomas and
lung carcinomas. In both cases patients had established or
suspected advance lung tumors and biopsies were performed
to confirm the metastases of carcinomas and the thymomas
were found accidentally. Thymoma patients have an
increased risk of developing second malignancies especially
non-Hodgkin lymphomas (10,18). The results of our
study are promising but cannot confirm this opinion since
our data is limited only to the mediastinal malignancies
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found simultaneously in samples obtained during the same
procedure.

TCs [18] and neuroendocrine tumors [19] were six times
rarer than thymomas and represented concomitantly
only 37 cases (4% of PMNs). To differentiate between
primary TC/TNETs and metastatic cancers from other
organs mainly from the lung in small samples obtained by
mediastinoscopy or FNA was the most severe difficulty
in current study and it is a constant problem in a routine
microscopic diagnostics of mediastinal lesions. Although
an immunohistochemical tests were performed in all cases
where needed and the amount of tissue was sufficient,
in 290 cases determining the exact organ of origin of a
carcinoma was impossible. These cases were excluded from
the epidemiological analysis and thus the total number of
TCs and TNETs may be underestimated. In our study TCs
and TNETS consisted of 7% and 8% of all thymic epithelial
tumors, respectively and for 2% of PMNs each. In the
database of the International Thymic Malignancy Interest
Group (ITMIG) a contribution of TCs in all thymic
tumors were twice higher (19). In our study TCs were
more common in men with a mean age of 50 years and a
squamous cell carcinoma was the most frequent histological
subtype and this is in concordance with the observations
of other authors (19). The TNETS in our analysis showed
greater contribution in thymic tumors (8%) than reported
in the literature (~5%) (20,21). Large cell neuroendocrine
carcinomas showed strong male predominance while
carcinoids occurred in equal numbers in both genders.
This contrasts with previous studies that presented reverse
results (16,22). One hundred sixty five small cell carcinomas
were found in the current study (data not shown), but in no
cases a thymic origin could not be definitely confirmed. In
the literature small cell carcinomas constitute approximately
10% of all TNETs (16).

In the current study 30% of thymomas and none of T'C/
TNETs were accompanied by myasthenia gravis. Padda
et al. in the analysis of a database for thymic tumors of
the ITMIG found myasthenia in 2% of TCs and 0.2%
of TNETs (23). In three patients operated on due to the
myasthenia without significant radiological abnormalities of
the mediastinum microscopic evaluation revealed thymomas
of types A, B1 and B2B3. Sometimes authors report in
such cases so called “microscopic thymomas”—focal or
multifocal proliferation of thymic epithelial cells of less than
0.1 cm in diameter with unknown clinical significance and
unproven relationship with conventional thymomas (16,24).
In our routine practice we avoid using this misleading term
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not to burden a patient with the diagnosis of malignant
neoplasm. The WHO classification [2015] proposes a
synonym ‘nodular hyperplasia of the thymic epithelium’
that we prefer to use (16). In the current study seven such
cases were found in macroscopically unchanged myasthenic
thymuses.

Mediastinal germ cells tumors were infrequent in the
current study and only 62 cases (6% of PMNs and 1%
of all lesions) were found. Mature teratomas occurred in
approximately equal number in patients of both genders
with an average age of 36. There were 17 women with GCT
and all the tumors found in females were benign mature
teratomas. Moran et 4/. in their analysis of 322 primary
mediastinal tumors noted GCTs only in two women and
both tumors were teratomas with malignant component (25).
Takeda et 4l. found one female patient with seminoma and
one with embryonal carcinoma in a cohort of 129 patients
with GCTs; Coskun et a/. described a case of mediastinal yolk
sac tumor in a 66-year-old woman (26,27). In our cohort
malignant forms of GCT5, usually non-seminomatous GCTs
were noted exclusively in men of a mean age 28 years and the
patients often underwent chemotherapy prior to surgery
of residual tumor. Of note, the most common component
of non-seminomatous GCTs was yolk sac tumor (as a pure
form or as a component of mixed GCT) that we found in
nearly 31% of these tumors and this incidence was much
higher than the occurrence observed by Takeda az al. (10%)
but not as high as the number mentioned by Moran ez al.
(73%) (25,26). Other histological subtypes were rarely
detected in our study this is possibly because they occurred
to be more sensitive to neoadjuvant chemotherapy and
necrotized before surgical removal of a residual tumor.

Another group of mediastinal neoplasms in this study
comprised of NTs, usually benign, i.e., schwannomas,
ganglioneuromas and neurofibromas. These predominated
in women with an average age of 41. The largest contribution
of these tumors in PMNs was observed in patients in the 2™
decade of life. N'Is are one of the most important neoplasms
in infants and children and in this cohort they are often
malignant (16,28). In our study based on an adults’ population
malignant N'Ts were from the Ewing family of tumors and
malignant peripheral nerve sheath tumors and we found only
8 and 5 cases of these sarcomas, respectively. N'Ts were the
third PMNs after thymic and mesenchymal lesions among
adults in a study of Liu er 4/ and the commonest lesion in
pediatric population (29). A Chinese study found that N'Ts
accounted for 7.7% of all mediastinal lesions in adults (29).
In our analysis they constituted 6% of mediastinal tumors
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and only 2% if all mediastinal lesions including cysts and
lymphadenopathy were considered.

The majority of STTs in the current study (47, 5% of
PMNs) were histologically benign vascular neoplasms,
i.e., hemangiomas (13, 1%) and lymphangiomas (11, 1%).
Vascular tumors had a form of uni- or multifocal proliferations
radiologically often described as cysts. They showed slight
male predominance and mean age of patients reached
45-48 years. In other studies benign vascular tumors
usually appeared in younger patients with an average age
approximately 35 years. Mediastinal lymphangiomas showed
female prevalence, while hemangiomas were slightly more
frequent in men (30,31). Liposarcomas were the most
common mediastinal sarcomas in our analysis (9, 0.9%).
They occurred mostly around 60 years of age and showed
no gender predilection and this is in concordance with the
literature (5,29).

The limitation of current study was a lack of clinical
information about the detailed location of lesions in
mediastinal compartments (anterior, middle or posterior)
in most cases. Awareness of topographic site of a lesion
and anatomy of mediastinum enables a pathologist to
narrow a differential diagnosis to the most probable one.
Thymus, fat tissue and lymph nodes are major content
of an anterior (prevascular) compartment; trachea,
esophagus, lymph nodes, heart and great vessels occupy
middle (visceral) part whereas posterior (paravertebral)
space contains paravertebral soft tissues (32). The most
common neoplasms of anterior mediastinum are usually
thymomas whereas N'Ts are more prevalent in posterior
compartment (4,8). Information about the specific location
in the mediastinum was only given in 16% of cases in our
study and we found that the anterior mediastinum was the
most frequent location for lymphomas (41%) followed by
thymomas (17%), while N'Ts (38%) were the most frequent
in the posterior mediastinum. However, our results may be
burdened by error due to the unrepresentative sample.

Other limitations such as the cohort being limited
practically only to adult patients and the exclusion of heart
and great vessel diseases were dependent on the specificity
of our institution.

One thousand five PMNs were found in the current
study and they represented 27% of primary mediastinal
disorders and 19% of all mediastinal lesions. Most of the
PMNs (841/1,005) were radiologically defined as a ‘tumor’
but 14% cases, usually lymphomas had a form of enlarged
lymph nodes and 3% (GCTs, ST'Ts, thymomas and NTs)
of cysts. Limiting the study inclusion criteria to ‘tumors’
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we would have omitted such cases. It is obvious that a
term ‘mediastinal tumor’ cannot be used interchangeably
with ‘mediastinal neoplasm’—our analysis showed that
12% of tumors occurred ultimately to be non-neoplastic
disorders, e.g., hyperplastic thymus, cyst filled with fluid,
retrosternal goiter or a conglomerate of reactive lymph
nodes. A comparative analysis of the occurrences of
individual mediastinal lesions with the literature is very
difficult due to the different study inclusion criteria used
by researchers. Some authors analyzed both neoplastic and
non-neoplastic lesions as we did while others concentrated
only on malignant neoplasms. Sometimes all lesions were
included in a study independently of the surgical procedure
of obtaining the sample similarly to our analysis but there
are studies based only on resected tumors. There are
even studies that selected the cases without microscopic
verification (4-6,29,33). Mediastinal lymphadenopathy was
usually not analyzed, however we decided to include it to
have the whole spectrum of mediastinal diseases due to the
reasons mentioned earlier.

In conclusion, the most relevant results of our study
were: (I) lymphomas were the most frequent primary
mediastinal tumors; (II) thymomas were most prevalent
in women in the 6"-8" decades of life, while TCs were
usually seen in men of similar age; (III) micronodular
thymomas with lymphoid stroma predominated in the
oldest group of all thymoma patients (>70 years of age);
(IV) malignant GCTs were found exclusively in males; (V)
N5 predominated in women of middle age. PMNs are rare
conditions thus they may pose a problem in microscopic
diagnostics that always must include in differentiation other
more often lesions both malignant and benign. Awareness
of basic epidemiology, incidence and radiological findings
may be very helpful for pathologist to conduct the diagnosis
in the proper direction.
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