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Introduction

The World Health Organization (WHO) classification is 
the most widely used histological classification of thymomas 
and thymic carcinomas (TCs). However, the WHO 
classification has been criticized for poor interobserver 
reproducibility or inconsistencies in the routine diagnosis 
(1-3), when encountering some certain cases: (I) thymomas 
with features intermediate between prototypic subtypes 
(borderland cases); (II) tumors with atypia, high mitotic 
activity, and necrosis; (III) tumors showing more than 
one histological pattern. To address these issues at an 
interdisciplinary conference organized by the International 
Thymic Malignancy Interest Group (ITMIG) in New York, 
in March 2011, the participants including 18 pathologists, 
two surgeons, and one oncologist reviewed prototypic 
and difficult-to-classify thymic epithelial tumors (TETs) 
and achieved the consensus to refine histological criteria 

for better management. The article about the consensus 
statement was published on Journal of Thoracic Oncology, in 
May 2014 (4).

The ITMIG panel achieved an agreement to maintain 
the widely accepted WHO framework but to improve 
historic definitions and introduce some new terms with the 
aim to improve interobserver reproducibility:

(I) The WHO classification has been criticized for 
imprecise descriptions of A and AB thymoma and 
for calling them benign (5-7). At the consensus 
workshop there was agreement that A and AB 
thymomas are tumors of low malignant potential. 
The data of Chinese Alliance for Research in 
Thymomas (ChART), 1,930 cases of TETs from 10 
hospitals from 1994 to 2012, showed that 10-year 
overall survival of type A and AB thymomas 
(accounted for 4.4% and 22.8%), were 92.4% 
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and 93.2% respectively (Figure 1);
(II) Taking  into  account  that  thymomas  wi th 

heterogeneous histological features composed of 
different subtypes are very common, there was 
consensus that the term “combined thymoma” 
should be abandoned. Instead, the diagnosis in 
such tumors should follow an approach analogous 
to Gleason scoring listing all subtypes starting with 
the predominant component; minor components 
should be reported with 10% increments. Of note, 
AB thymoma is a distinct entity for which the 10% 
rule does not apply. For scientific and statistical 
purposes, thymoma components of 0% to 10% 
can be neglected, and the given tumor classified 
according to the dominant component. If thymic 
tumors comprising a carcinoma component should 
be different from the reporting of thymomas: 
such tumors should in the first place be labeled 
as carcinomas with listing of the proportion, 
differentiation, and grade, followed by the list of 
the thymoma components;

(III) In the WHO classification the imprecise definition 
of AB thymomas was “organotypic thymic epithelial 
neoplasms composed of a mixture of lymphocyte-poor 
type A thymoma component and a more lymphocyte-
rich type B-like component analogous to B1 or 
B2 thymomas” (8). Now the potentially confusing 
term “B-like area” is replaced by “lymphocyte-rich” 
component in AB thymomas, and the criticized 
statement given in the WHO classification that 
lymphocyte-rich areas in AB thymomas harbor 
polygonal tumor cells is replaced: tumor cells in such 

areas are typically spindly or oval;
(IV) The new concept of atypical type A thymoma 

was posed in the consensus statement. Agreed 
criteria of “atypia” were increased mitotic activity 
(4 or more per 10 high power field) and “true” 
(coagulative) tumor necrosis (in contrast to ischemic 
or biopsy-induced necrosis). Other criteria, such as 
hypercellularity, enlarged hyperchromatic nuclei, 
large nucleoli, increased Ki67 index, and extent of 
atypical areas, were difficult to quantify or could not 
be agreed upon. Actually some of type A thymomas 
indeed showed overt invasiveness and metastasis 
(5,6), there was agreement that the type A thymoma 
family includes a small subset of aggressive tumors. 
Nevertheless, further subdivision of type A thymoma 
into different entities in analogy to the B1, B2, and 
B3 paradigm appears to premature before reliable 
data available (9).

The panel members agreed on the description of 
major (indispensable) and minor (typical) diagnostic 
criteria by tables, instead of the “narrative style” of the 
WHO classification. As supplement, “galleries of figures” 
illustrated different-to-classify tumors at the “borderlands” 
between prototypic cases. On account of the interest in 
borderland cases with differential diagnostic value, 72 cases 
were selected for review at the consensus workshop, only 
58 could finally be fully evaluated due to time restrictions. 
The differential diagnosis on these borderland cases mainly 
focused on type A and AB thymoma, type B1 and B2 
thymoma, type B3 thymoma and TC.

Differential diagnosis on type A thymoma 

Distinguishing type A thymoma from AB thymoma

In the WHO classification the description of type A 
thymoma was that there was no or only few T cells with 
expression of CD3 and CD5. Immature T cells with 
expression of CD1a and CD99 could also present in type 
A thymoma. In the consensus statement the panels agreed 
to quantify the proportion of immature T cells of type A 
thymoma. It should harbor no or only few TdT+ T cells 
(easy to count) (grade 1) or a moderate amount of TdT+ T 
cells (I could count if I had to) (grade 2) in 10% or less of a 
given biopsy (Table 1). Moderate numbers of TdT+ T cells 
above the arbitrary 10% threshold in available biopsies or 
any area with abundant (impossible to count) TdT+ T cells 
(grade 3) would favor a diagnosis of AB thymoma over type 

Survival curve (WHO classification)

Log-rank P<0.001
10-yr OS:
A 92.4%     AB 93.2%
B1 86.3%   B2 80.8%    B3 83%
C 51%  Carcinoid 22.8%
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Figure 1 The 10-year overall survival of 1,930 cases of TETs from 
10 hospitals from 1994 to 2012.
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A thymoma. The role of immunohistochemistry (IHC) was 
emphasized in the consensus statement: epithelial cells of 
AB thymomas express both cortical and medullary markers 
in an intermingled pattern, whereas type A thymomas lack 
cortical markers (Table 2) (10).

Distinguishing type A thymoma from spindle cell B3 
thymoma

In the WHO description Th reticulin fibers was applied 
for differential diagnosis on type A thymoma and spindle 
cell B3 thymoma (8). In type A thymoma reticulin fiber 
often presented around single tumor cell with expression 
of Laminin and collagen IV, whereas B3 thymoma lack 
of reticulin fibers. The consensus statement proposed 
reticulin fiber did not reliably distinguish type A from 
spindle B3 thymomas, while the difference on morphology 
was more valuable. Prominent and abundant perivascular 
spaces (PVSs) would strongly favor a diagnosis of type 
B3 thymoma, whereas uniform nuclei, abundance of 
capillary vessels, rosette formation, cystic spaces, and 
epithelial expression of CD20 would favor type A 
thymoma. Nevertheless, distinction between atypical type 
A thymoma and spindle cell B3 thymoma can be more 

difficult because nuclear atypia is present in both, and 
immunohistochemical studies may be further required.

Differential diagnosis on type B thymomas

Distinguishing B1 thymomas from B2 thymomas

B1 thymomas closely mimic normal thymus (NT) at both 
low and high magnification, with presence of prominent 
“medullary islands” that contain epithelial cells with or 
without Hassall’s corpuscles; a majority of mature, TdT (−) 
T cells; and scattered CD20+ mature B cells. Medullary 
islands can also occur in B2 thymoma. PVS and abundant 
TdT+ T cells occur in both B1 and B2 thymomas, but 
PVSs are often inconspicuous in B1 thymomas. The 
distinguishing features of B2 thymomas are: (I) increased 
number of epithelial cells compared with NT often 
visible at low magnification; and (II) epithelial cell clusters 
(defined as at least three contiguous epithelial cells). On 
immunostaining, the network of epithelial cells in B2 
thymoma is significantly denser. In the WHO description 
there was significant difference on tumor cell size, shape 
and nucleolus between B thymomas, while the consensus 
achieved is that nuclear size and atypia of epithelial cells are 
not helpful and reliable distinguishing features.

Distinguishing B2 thymoma from B3 thymoma

According to the statistical results from ChART, the 
prognosis of B2 thymoma was worse than B3 (10-year 
overall survival: 80.8% vs. 83.0%) (Figure 1). As a “rule of 
thumb” H&E-stained B2 and B3 thymomas give a “blue” 
vs. “pink” impression, respectively, due to the prominent T 
cells in B2 versus B3 thymomas. In the WHO classification 
previously described distinguishing criteria such as nuclear 
size and PVS are not helpful for this distinction. 

Differential diagnosis between thymoma and TC

Distinguishing B3 thymoma from thymic squamous cell 
carcinoma (TSCC)

In general, TCs show the same histological features as 
analogous extra-TCs (Table 3) (11-14). B3 thymomas 
typically show lobular growth, conspicuous PVS, minor/
moderate nuclear atypia, lack of intercellular bridges, 
presence of TdT+ immature T cells, and lack of expression 
of CD5, CD117, GLUT1, and MUC1 in neoplastic 
epithelial cells (15-18). Nevertheless, some following 

Table 1 Major and criteria of “conventional” type A thymomas

Major criteria

Spindle and/or oval-shaped tumor cells lacking nuclear 

atypia

Paucitya or absence of immature, TdT(+) thymocytes 

throughout the tumor

Minor criteria

Occurrence of rosettes and/or subcapsular (to be 

distinguished from PVS)

Presence of focal glandular formations

Paucity or absence of PVS contrasting with presence of 

abundant capillaries

Lack of Hassall’s corpuscles

Complete or major encapsulation

Expression of CD20 in epithelial cells; absence of cortex-

specific markersb

a, Paucity implies no (immature) lymphocyte-rich with dense, 

“impossible-to-count” TdT(+) lymphocytes; or at most 

10% tumor regions with moderate immature lymphocyte;  
b,  Beta5t,  PRSS16, and cathepsin V by IHC. PVS, 

perivascular space; IHC, immunohistochemistry.
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equivocal situations still needed clarification. If tumors that 
lack TdT+ T cells in the available histological material but 
otherwise show features of typical B3 thymomas and CD5/
CD117 negativity should be called B3 thymomas. Despite 

the expression of CD5, CD117, MUC1, or GLUT1 in an 
otherwise typical B3 thymoma, we should not change the 
diagnosis to TC (Table 4). If tumors with absence of two 
features of thymic squamous cell carcinoma (TSCC) (clear-

Table 2 Major and minor histological features encountered in type A and AB thymomas

Features Type A thymoma Type AB thymoma

Major criteria

Biphasic pattern at low magnification due to variable lymphocyte 

content

No Commona

High epithelial cell content Yes Yes

Spindle or oval epithelial cellsb Yes Yes

Paucityc or absence of TdT+ T cells Yes No

Medullary islandsd No Rarely presenta,e

Minor criteria

Small lobular growth pattern No Rare

Large lobular growth pattern Common Common

Perivascular spaces Rarely present Rarely present

CD20 expression in epithelial cells Common Common

Cortical marker expressionf No Yes
a, these feature are minor criteria in type AB thymoma; b, atypia in type AB thymoma has not been addressed so far; c, as defined 

in Table 1; d, detection of medullary islands is usually clear-out on hematoxylin-eosin staining but may require IHC, particularly 

when Hassall’s corpuscles are missing; e, in lymphocyte-rich areas, usually with lack of Hassall’s corpuscles; f, Beta5t, PRSS16, 

and cathepsin V (detectable by IHC in epithelial cells within lymphocyte-rich areas). IHC, immunohistochemistry.

Table 3 Criteria for the histological diagnosis of TC 

Major (indispensible)

Clear-cut atypia of tumor epithelial cells with the severity typical of carcinoma

Exclusion of “thymoma with atypia and/or anaplasia” and of typical or atypical carcinoids

Exclusion of metastasis to the thymus and germ cell and mesenchymal tumors with epithelial features

Minor (typical)

Infiltrative growth pattern

Small tumor cell nests within desmoplastic stroma

Absence of immature, TdT+ T cells (with rare exceptions)

IHC: epithelial expression of CD5, CD117; extensive expression of GLUT1, MUC1a

Features compatibleb with the diagnosis of TC

Invasion with pushing borders

Occurrence of perivascular spaces

Occurrence of “Hassall-like” epidermoid whorls and/or of myoid cells

Occurrence of (usually rare) immature, TdT+ cells
a, CD5, CD117, GLUT1, and MUC1 are expressed by many nonthymic cancers; b, although most of these features are “organotypic,” 

that is, characteristic of thymoma, their presence does not exclude a diagnosis of TC if major diagnostic criteria of TC are fulfilled. 

IHC, immunohistochemistry; TC, thymic carcinoma.
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cut nuclear atypia and intercellular bridges) and lack of an 
important feature of B3 thymomas (TdT+ T cells), they 
were tentatively labeled as “B3/TSCC borderline TETs”.

Distinguishing atypical type A thymoma from 
spindle cell TC

As to this borderland, the panel members thought there 
were no efficient approaches to differential diagnosis. 
Analysis of TdT is not helpful, as absence of TdT+ 
thymocytes does not exclude a diagnosis of atypical type 
A thymoma. Morphologically classical type A thymomas 
should not be reclassified as TC only on the basis of CD117 
and CD5 expression. New “subtype-specific” markers are 
needed to study this unresolved borderland. The statistical 
data of ChART revealed that TC patients had lowest 
prognosis, with 51% 10-year overall survival. As a new 
subtype, whether the prognosis of atypical A thymoma is 
worse or not, need more data to verify that (Figure 1).

Conclusions

The consensus achieved by the panel of ITMIG on 
refined definitions and histological criteria is helpful for 
interobserver reproducibility. The borderland cases often 
occurred in spectrum of type A and AB thymoma, type B 
thymoma, and TC. The tables that list major and minor 
diagnosis criteria and the galleries of figures that illustrate 
different-to-classify TETs make pathologists easy to grasp 
and practice on diagnosis. The proposal of new concepts 
of atypical type A thymoma and B3/TSCC borderline 

TETs further supplement the WHO classification. IHC 
play an important role in differential diagnosis, especially 
on thymomas and TCs, while as an auxiliary approach, the 
panelists still emphasize the morphology features, including 
nuclear atypia, mitotic activity, and tumor necrosis, when 
encountering the borderland cases.
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