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ABSTRACT
Aim To elucidate the clinicopathological and 
immunohistochemical characteristics of micronodular 
thymomas (MNTs) and micronodular thymic carcinomas 
(MNCs) with lymphoid stroma.
Methods We examined four cases of MNTs 
and three cases of MNCs pathologically and 
immunohistochemically.
Results There were prominent cystic changes infive 
of the seven cases. The neoplasms contained epithelial 
tumour cells arranged in a micronodular growth 
pattern lined by cystic walls and separated by abundant 
lymphoid stroma. Only the tumour cell component 
of MNCs showed signs of malignancy characterised 
by cytological atypia and increased mitotic activity. 
Neoplastic MNC epithelial cells showed strong positivity 
for CD5 and CD117. However, no immature lymphocytes 
(TdT- positive and CD99- positive) were present in and 
around the tumour nodules. None of the patients died or 
suffered from disease due to MNTs or MNCs.
Conclusion MNTs and MNCs are rare and less 
aggressive forms of thymic tumours and can be 
differentially diagnosed by immunohistochemistry.

INTRODUCTION
The thymus is a unique lymphoepithelial organ that 
plays a central role in T lymphocyte development 
and adaptive immunity. Thymoma is a neoplasm 
derived from thymic epithelial cells and is associated 
with variable numbers of non- neoplastic immature 
T lymphocytes; however, prominent infiltration 
of B lymphocytes rarely occurs in any type of 
thymoma. Micronodular thymomas (MNTs) with 
lymphoid stroma, originally described by Suster and 
Moran,1 are characterised by multiple small nodules 
consisting of spindle cells separated by abundant B 
lymphocytes. They may contain lymphoid follicles 
with prominent germinal centres. MNTs are an 
unusual variant of thymoma, accounting for less 
than 5% of all thymomas. Micronodular thymic 
carcinomas (MNCs) with lymphoid hyperplasia, 
reported by Weissferdt and Moran,2 represent the 
malignant counterparts of MNTs and are rarely 
encountered. Herein, we report micronodular 
thymic neoplasms (MNNs) with lymphoid hyper-
plasia containing both MNTs and MNCs. The aim 
of this study was to elucidate the clinicopathological 
and immunohistochemical characteristics of MNTs 

and MNCs because it is challenging to differentially 
diagnose these neoplasms.

MATERIALS AND METHODS
Patients and tissue samples
Surgical pathology files at our institution were 
searched for MNTs and MNCs over the past 10 
years (2010–2020), including inpatient and outpa-
tient cases received as consults. Clinical character-
istics, including each patient’s presentation, clinical 
history, radiological findings, modality of treatment 
were obtained from the electronic medical records, 
and follow- up details by calling the patients or their 
families. H&E- stained sections, sections stained for 
immunohistochemical (IHC) analysis and in situ 
hybridisation (ISH) for Epstein- Barr virus- encoded 
RNA (EBER) in each case were reviewed by two 
pathologists independently. Tumour dimensions 
were obtained from the gross description. The 
following features were assessed: tumour size, 
extent of solid and cystic components, presence and 
extent of invasion, presence or absence of necrosis, 
morphology of tumour cells (cell shape, nuclear 
stain, nucleolus size), number of mitoses per 10 
high- power fields (HPF) in the highest prolifer-
ative areas, the presence or absence of adjacent 
conventional thymoma components, the presence 
or absence of adjacent carcinoma components and 
the presence and appearance of identifiable adja-
cent residual non- tumoral thymic tissue. Due to the 
retrospective nature of the study and the data are 
anonymous, informed consent was waived.

IHC staining and EBER-ISH
IHC staining was performed using an auto-
mated slide preparation system (BenchMark 
ULTRA，Tucson, AZ, USA), a biotin–streptavidin- 
enhanced DAB detection kit and commercially 
available prediluted monoclonal antibodies (CD3, 
CD5, CD117, CD20, CD21, CD99, CK19, TdT, 
epithelial membrane antigen (EMA), CK (AE1/
AE3) and Ki67 (MIB- 1)) (all from Ventana Medical 
Systems, Tucson, Arizona, USA).

EBER- ISH was performed using a BenchMark 
ULTRA automated immunostainer and ISH iView 
blue detection kit following the manufacturer’s 
recommendations (Ventana Medical Systems). 
Protein removal and nucleic acid exposure were 
performed using ISH protease 3.
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RESULTS
Clinical findings
We identified seven cases of MNNs (five male patients and 
two female patients, aged late 40s to late 70s). The clinical and 
pathological characteristics of the patients are summarised in 
table 1. Four of our cases were of MNTs, comprising two male 
patients and two female patients. Three patients complained 
of cough, anaemia and myasthenia gravis, prompting further 
investigation. One patient was asymptomatic, and the tumour 
was found incidentally on chest radiographs performed during 
a routine physical examination. The tumour dimensions ranged 
from 40 to 100 mm.

The other three patients were men aged late 40s to late 50s, 
and had MNCs. Two patients complained of dizziness and chest 
pain, prompting further investigation. One patient was asymp-
tomatic, and the tumour was found incidentally on chest radio-
graphs performed during a routine physical examination. The 
largest dimensions of the tumours measured 11–38 mm.

Thymectomy was performed in all cases. The lesions appeared 
to be well- circumscribed and encapsulated and were grossly 
described as cystic masses or solid cystic masses (figures 1A and 
2A). According to the American Joint Committee on Cancer 
staging system (2017), all tumours were at stage Ia. Infiltration 
of the adjacent pleura or lung parenchyma was not observed.

Histological and IHC findings
All MNNs showed similar histological features. Prominent cystic 
changes were identified in most cases (5/7). The cyst contents 
were either clear liquid, or old haemorrhages or cholesterol crys-
tals. The tumours contained multiple, discrete, small solid nests 
or cords of epithelial cells lined by cystic walls, separated by 
abundant lymphoid stroma (figures 1B and 2B). The surrounding 
lymphoid stroma in all cases was composed of densely populated 
small lymphocytes and contained numerous lymphoid follicles 
with germinal centres (figure 2B). Lymphocytes were sparsely 
distributed with MNNs (figures 1C and 2C). Adjacent residual 
non- tumoral thymic tissue was atrophic but exhibited some 
lymphoid follicles.

MNT nodules were composed of short and spindle- shaped 
cells with scant cytoplasm and oval to elongated uniform nuclei. 
The nuclei contained dispersed chromatin and relatively indis-
tinct nucleoli (figure 1C). None of the MNTs showed necrosis. 
Mitoses varied between 0 and 1 per 10 HPFs. In one of the 
MNTs, the micronodules coalesced to form elongated and irreg-
ular areas without the presence of thick fibrous septa (figure 1D). 
Microcystic lesions were found in most areas of the tumour. The 
cystic portion was lined with cuboidal epithelium transitioned 
with spindle tumour cells.

Table 1 Clinicopathological findings of MNNs

Case no.
Age range
(years)/sex Clinical findings Tumour size (mm) Gross

Mitotic
count/10HPF

Fibrous 
bands

Tumour cell 
atypia Diagnosis

Follow- up 
(months)/ 
outcome

1 Late 70s/
female

Incidental finding during work- 
up for anaemia

55×45×30 C 0–1 No No MNT 4/D

2 Late 60s/
female

Incidental finding during work- 
up for cough

40×40×25 C 1 No No MNT 51/NED

3 Late 50s/
male

Incidental finding on CT 40×25×15 C 0–1 No No MNT 16/NED

4 Late 40s/
male

Myasthenia gravis 100×78×50 S, rare 
micro- C

1 No No MNT 18/NED

5 Early 50s/
male

Incidental finding on CT 35×35×10 C 2 Focal Obvious MNC 52/NED

6 Late 40s/
male

Incidental finding during work- 
up for dizziness

11×10×5 C 5 Yes Obvious MNC 48/NED

7 Late 50s/
male

Chest pain 38×30×20 S, rare 
micro- C

7 Focal Obvious MNC 1/NED

All tumours were stage I.
C, cystic; D, death; HPF, high- power field; MNC, micronodular thymic carcinoma; MNN, micro nodularthymic neoplasm; MNT, micronodular thymoma; NED, no evidence of disease; 
S, solid cystic.

Figure 1 Characteristic features of micronodular thymoma with 
lymphoid stroma.

Figure 2 Characteristic features of micronodular thymic carcinoma 
with lymphoid stroma.
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Contrary to MNTs, the MNC nodules were composed of large 
and round to oval- shaped cells with vesicular nuclei, conspic-
uous eosinophilic nucleoli and abundant eosinophilic cytoplasm 
(figure 2C). Comedonecrosis was observed (figure 2D), and the 
mitotic activity ranged from 2 to 7 mitoses per 10 HPF. Some 
areas of the tumour nodules coalesced to form more sheet- like, 
elongated or solid areas and were separated by thick hyalin-
ised fibrous bands. In some areas of MNCs, there was a lack 
of lymphoid stroma, similar to that in thymic carcinoma. The 
cystic portion was lined with large round to oval- shaped tumour 
cells. No invasion or transformation from MNTs to MNCs was 
observed in either case.

IHC studies revealed that all MNN epithelial cells had strong 
positivity for CK19 (figure 1E) and broad- spectrum keratin 
antibodies (panCK). The surrounding lymphoid cells were 
composed of large CD20+  B cells and CD3+  T cells. The cystic 
lining cells showed strong positive staining for EMA and CK19 
(figure 1E). Spindle- shaped MNT cells were negative for CD5 
and CD117, with lymphoid stroma in and around the tumour 
nodules showing scattered positivity for markers of immature 
lymphocytes (ie, TdT (figure 1F) and CD99). However, MNC 
epithelial cells showed strong positivity for CD5 (figure 2E) and 
CD117 (figure 2F). No immature lymphocytes were seen in and 
around the tumour nodules. Neoplastic epithelial cells of all 
MNTs and MNCs were CD20 negative. The average number of 
tumour cells positive for Ki67 (MIB- 1) in the MNT and MNC 
groups were 2% and 15%, respectively. All MNTs and MNCs 
tested for the presence of Epstein- Barr virus by EBER- ISH were 
negative.

Clinical follow-up
While treatment mainly involved surgical resection, one patient 
with MNCs received radiation therapy. Clinical follow- up infor-
mation was available for all patients; one patient with an MNT 
died for reasons other than thymoma at 4 months, while the 
remaining patients survived, showing no signs of disease during 
follow- up periods ranging from 1 to 52 months after complete 
surgical resection of the lesion.

DISCUSSION
All MNTs and MNCs in our study were cystic or solid cystic 
masses. Haemorrhagic changes and areas of infarction and 
necrosis with cholesterol crystal deposition were observed in the 
cyst wall.

In 2001, Tateyama et al introduced the concept of a morpho-
logical spectrum of micronodular thymic proliferations, varying 
from benign MNT with lymphoid B cell hyperplasia to MNC 
with lymphoid hyperplasia.3 Since the first description of 
MNCs,2 only a few case reports on MNCs have been published.4

However, other studies reported that the cystic characteristics 
of MNCs were not obvious.2 Thymic cysts may reduce the iden-
tifiable tumour tissue; therefore, extensive microscopic sampling 
is important.

MNT nodules were composed of bland spindle- shaped cells, 
while MNC epithelial cells showed overt cytological atypia and 
increased mitotic activity. Thick hyalinised fibrous bands in 
MNCs were also prominent. Mneimneh et al reported transi-
tional morphology between the low- grade micronodular and 
carcinomatous component in cases of MNC and indicated the 
possibility of dedifferentiation or transformation rather than de 
novo development of thymic carcinomas.4 However, MNCs in 
our study did not show transitional morphologies, highlighting 
the possibility of de novo development of thymic carcinomas.

Thymic carcinomas are CD5 and CD117 positive and TdT 
negative.5 6 CD117 positivity is a helpful IHC feature to differ-
entiate thymic carcinomas from mediastinal metastases of carci-
nomas located elsewhere. We also found the neoplastic epithelial 
cells of MNCs to be strongly positive for CD5 and CD117, 
while the spindle- shaped cells of MNTs did not express these 
markers. CD99 and TdT were expressed at higher levels in the 
lymphoid stroma of MNTs than in MNCs. Recently, Thomas 
de Montpreville et al reported that a small panel of antibodies, 
including those against CD5, CD117 and TdT, were sufficient to 
confirm the correct diagnosis of MNC and avoid a misdiagnosis 
of MNT.7

MNTs are characterised by multiple small nodules containing 
type A thymoma- like cells. Previous studies suggested that type 
A thymomas and MNTs share a common histogenesis with 
suspected medullary origin.8 Immunohistochemically, epithe-
lial cells in up to 70% of type A thymomas and 90% of type 
AB thymomas were CD20+ .9 Previous reports suggested that 
neoplastic epithelial cells in all MNTs and MNCs were CD20 
negative, and we also found the same expression pattern of 
CD20. Mixed thymomas composed of type A and type B and 
MNTs have been adequately described previously.1 4 10 11 There 
were no components of conventional thymomas within our 
MNTs and MNCs. Careful examination should be performed 
to exclude combined thymomas, though their occurrence is 
unusual.

One of the four patients with MNT had myasthenia gravis, 
which was not found in patients with MNCs. It was hypothesised 
that lymphoid hyperplasia in MNTs is either a host response to 
tumour antigens or a tissue response to unrelated intrathymic 
antigens. Strobel et al reported that the neoplastic epithelium 
of patients with MNTs expressed high levels of chemokines that 
can attract dendritic cells, T lymphocytes and B lymphocytes. 
They concluded that abnormal chemokine expression in tumour 
cells could promote lymphocyte recruitment to the stroma of 
MNTs.12 However, a high frequency of monoclonal B cell popu-
lations (6/18; 33%) was observed in MNTs.13 In our cases, T and 
B lymphocytes were mixed proliferation, and no overwhelming 
proliferation of B lymphocytes was observed. The possibility 
of these tumours harbouring low- grade lymphomas should be 
considered.

The differential diagnosis of MNNs is one of the most chal-
lenging issues. Particular attention should be paid to the cytolog-
ical features of epithelial tumour cells when dealing with MNTs 
and MNCs. In contrast to MNTs, the tumour cell component of 
MNCs showed significant signs of malignancy characterised by 
cytological atypia and increased mitotic activity. Although the 
malignant epithelial tumour cells demonstrated some morpho-
logical features of a lymphoepithelioma- like carcinoma, such 
as large vesicular nuclei with open chromatin and prominent 
nucleoli, the lymphoid component was distinctly separated from 
the tumour nodules. In contrast with the densely populated 
lymphoid within carcinoma cells in typical lymphoepithelioma- 
like carcinoma, lymphocytes within tumour nodules were very 
sparse in MNC. Moreover, the MNNs were not associated with 
Epstein- Barr virus, while carcinoma cells in lymphoepithelioma- 
like carcinoma are usually EBER positive. Epithelioid cell 
granulomatous diseases, such as sarcoidosis may also be iden-
tified using KP- 1 and panCK as positive and negative markers, 
respectively.

Consistent with previous reports,4 patients with MNNs have 
a good overall prognosis and rarely die from the disease. Kami-
numa et al reported a case of MNT with lymphoid stroma that 
had local recurrence 10 years after incomplete resection.14 This 
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finding indicates that complete thoracoscopic resection of the 
tumour is a necessary and effective treatment.

Our findings conclusively indicate that MNTs and MNCs are 
rare and less aggressive forms of thymic tumours and are gross 
cystic masses or solid cystic masses. However, our results need 
validation with larger cohorts and longer follow- ups in future 
studies. Alike conventional thymic carcinomas, overt cytological 
atypia is a characteristic feature of the neoplastic epithelial cells 
of MNCs. Moreover, neoplastic epithelial cells of MNCs show 
the same IHC expression patterns of CD5, CD117, CD99 and 
TdT as in traditional thymic carcinomas.
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