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roblem areas and inconsistencies in the WHO
lassification of thymoma
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The morphologic classification of thymoma has undergone numerous revisions in recent years and has
been under continuous debate for the past several decades. With the introduction of the World Health
Organization (WHO) schema for the classification of thymic epithelial neoplasms in 1999, a major step
was taken toward achieving uniformity in the nomenclature of these tumors. A more recent iteration of
the WHO morphologic classification of thymic epithelial neoplasms has now been published. Although
these efforts have certainly contributed to clarifying many issues related to the pathology of thymoma,
several problem areas and inconsistencies still remain surrounding this proposed schema. The purpose
of this review is to address these problem areas, in particular as it relates to terminology, histopathologic
criteria for diagnosis, and the prognostic significance for the various categories of the WHO schema.
© 2005 Elsevier Inc. All rights reserved.
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Thymoma classification has been a source of controversy
or many years. Unlike most other tumor systems, no stan-
ard source for a widely agreed-upon system of histologic
lassification has been available for these tumors for many
ears. The two most respected and widely used references
or the histopathologic classification of human tumors dur-
ng the past four decades have been the atlases produced by
he American Registry of Pathology in Washington DC
popularly known as the “AFIP fascicles”) and the series of
onographs issued by the World Health Organization

WHO) on the histopathologic classification of tumors.
hen the first edition of the WHO monographs was intro-

uced in the early 1960s, tumors of the thymus were not
ncluded as part of the series. For a period of nearly 30
ears, the only widely accepted reference source available
n thymic tumors was the AFIP fascicle on “Tumors of the
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hymus” by Rosai and Levine, published in 1976.1 In this
xtensively quoted reference, the authors made the state-
ent that “a review of 164 cases of thymoma in preparation

or this fascicle strengthened our previous belief that once
he term thymoma is restricted to the tumor of thymic
pithelial cells, with or without a lymphocytic component,
ll further subdivisions are artificial. We have found that all
he morphologic criteria that have been used for this pur-
ose, such as the shape of the nucleus of the epithelial cell,
he relative number of lymphocytes, and the number of
osettes, exhibit such a continuous range within thymomas
s to prevent any rigid separation based on these criteria.
herefore, the authors of this new series can only repeat the
tatement made by Castleman in the first series that ‘no
ttempt is made in this fascicle to give a special name to any
articular variant’” (italics ours).1 Thus, for a considerable
eriod of time, thymic epithelial neoplasms were “or-
haned” and pathologists had to choose among the various
ompeting histologic classifications published by individual
nvestigators over the years.2–9 The most widely used of

hese classifications was the one proposed by Bernatz and
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189Suster and Moran Thymoma Classification Problem Areas
oworkers2 from the Mayo Clinic in 1961, who divided
hese tumors based on the shape of the epithelial cells
round versus spindle) and the relative proportion of lym-
hocytes within the tumor (lymphocyte-predominant versus
pithelial-predominant). This morphologic system of clas-
ification, which was later acknowledged by its authors to
e of limited value for prognostication,10 was widely ac-
epted in the USA and many other countries. This situation
as not improved by the publication of the most recent
FIP fascicle on tumors of the mediastinum in 1997, in
hich the authors also elected to follow in the steps of their
redecessors and did not adopt or sanction any of the
vailable classifications in existence at the time.11

A major step forward was achieved in 1999 with the
ublication of the first WHO book on the histological typing
f tumors of the thymus.12 This monograph was the result of
engthy deliberations over a period of many years by an
nternational panel of experts headed by Dr. Juan Rosai to
evise a unified, standard classification for these tumors
rom the available systems then in existence. Unfortunately,
consensus could not be achieved by the members of the

anel, and after much deliberation, a compromise formula
as adopted that assigned a combination of letters and

igure 1 Two basic cell types of thymomas. (A) WHO type A th
cant rim of amphophilic cytoplasm. (B) WHO type B thymoma c
uclear chromatin, small eosinophilic nucleoli, and ample ampho
umbers to the various existing histologic types of thy- n
oma. The fact that this was a compromise formula in-
ended to satisfy the conflicting views of the various mem-
ers of the panel was openly acknowledged by the authors
f the monograph who stated that “the terminology chosen
ere is a noncommittal one based on a combination of
etters and numbers. It is not proposed as a new classifica-
ion, but mainly to facilitate comparison among the many
erms and classification schemes that have been offered over
he years” (italics ours).12

HO schema for the classification of thymic
pithelial neoplasms

wo major types of thymoma were identified in the WHO
chema, depending on whether the neoplastic epithelial
ells and their nuclei showed a spindle or oval shape (des-
gnated as type A), or a round epithelioid appearance (des-
gnated as type B)12 (Figure 1A and B). Tumors with a
ombination of these two cell types were designated as type
B. Type B thymoma was further subdivided on the basis
f the proportional increase and emergence of atypia of the

a composed of oval to spindle cells with dispersed chromatin and
ed of round epithelial cells with round vesicular nuclei with scant
o lightly eosinophilic cytoplasm.
ymom
ompos
eoplastic epithelial cells into three subtypes, respectively
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esignated as B1, B2, and B3 (Figure 2A–C). Type C
hymoma was regarded as a tumor showing overt cytologic
eatures of malignancy (ie, equivalent to thymic carcinoma)
Figure 3). Thus, in essence, the morphologic premise for
his classification was also based on the same principles as
hat of the traditional classification presented more than 40
ears earlier by Bernatz and coworkers2 (ie, the tumors are
lassified in both systems according to the shape of the
eoplastic epithelial cells and to their relative proportion of
ymphocytes).

Despite the apparent noncommittal nature of this com-
romise formula, the WHO classification represented a ma-
or step forward in the field for several reasons. First, it
rovided, for the first time, a unified schema supported by a
eputable international organization for the histopathologic
lassification of these tumors, something that had been
itherto altogether lacking. It additionally acknowledged
he existence of several “archetypal” morphologic expres-
ions of these tumors, as well as the fact that they all
onstitute part of a single family of tumors representing a
orphologic continuum that ranges from very low-grade

umors (thymoma type A) to high-grade tumors (thymoma
ype C). But the most important contribution of the WHO

lassification was to provide a framework that would allow n
he comparison of the different terms used by the various
xisting classifications of thymoma. This latter feature has
acilitated the successful comparison of results among var-
ous published clinical series of thymoma that utilized dif-

re 2 (A) WHO type B1 thymoma composed primarily of
ts of lymphocytes with only a few scattered round epithelial cells
mbling the functionally active thymic cortex. (B) WHO type B2
oma showing approximately equal admixture of small lympho-

s and thymic epithelial cells. (C) WHO type B3 thymoma show-
sheets of thymic epithelial cells palisading around perivascular
es admixed with scant lymphocytes.

igure 3 Thymic carcinoma, poorly differentiated, nonkera-
inizing squamous cell type, characterized by overt cytologic
typia with large, vesicular nuclei with prominent eosinophilic
Figu
shee
rese
thym
cyte
ing
ucleoli, scant cytoplasm, and frequent mitotic figures.
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191Suster and Moran Thymoma Classification Problem Areas
erent classification systems.13 It has also served to dispel
he misconception that the competing terms employed by
he various classifications made reference to quite different
ntities than those from the other classifications, whereas in
eality all the different terms actually corresponded to iden-
ical tumor types, except under different designations
Table 1).

Several criticisms, however, were directed at the original
chema proposed by the WHO. First, it was pointed out that
he use of a combination of letters and numbers was not an
ptimal way for designating the various histologic types and
hat this usage is in general discouraged by clinicians who
refer more intuitive terms that will more readily reflect the
iologic behavior of the tumors. This criticism, however,
eed not apply if we were to acknowledge the original intent
f the authors of the WHO monograph, who explicitly
tated in their monograph that the combination of letters and
umbers used was not meant as a new classification system
r as a replacement for any of the terms employed over the
ears, but simply as a means for comparing the various
erms among the already existing classifications.12 We, for
xample, utilize the WHO schema in our daily practice by
dding it inside parenthesis after the diagnosis of our cases
f thymoma. In this way, we hope to ensure that if the case
s seen at another institution, the local pathologist or clini-
ian there will be able to understand our interpretation by
eferring to the WHO schema and translating it into their
referred nomenclature.

Another criticism of the WHO schema is that it lacks a
cientific basis and relies instead on an arbitrary assignment
f letters and numbers that do not reflect any physiologic,
istologic, immunologic, molecular, or histogenetic basis
or the classification of these tumors. To the authors’ credit,
n their original monograph a mnemotecnic was offered to
acilitate the use of the schema that equated type A thy-
oma with the word “atrophic” for those tumors composed

f cells that resembled the “effete” spindle cells seen in the
egressed, atrophic thymus of the adult; type B was associ-
ted with “bioactive” for the tumors showing active recruit-
ent of T-lymphocytes; and type C was associated with

carcinoma” for the tumors showing overt cytologic fea-
ures of malignancy. However, this still did not provide a
nifying theme to the system, and the “functional” impli-
ations suggested by the terms “atrophic” and “bioactive”

Table 1 Comparison of WHO schema for the classification of t
systems

WHO12 “Traditional” Be

Type A Spindle cell thym
Type AB (Combined thym
Type B1 Lymphocyte-rich
Type B2 Mixed lymphoep
Type B3 Epithelial-rich
Type C (Thymic carcinoma) -
ere not further elaborated on or explained in their writing. t
The original WHO schema presented in 1999 has now
een superseded by the more recent publication of the new
HO book on “Pathology and Genetics of Tumors of the

ung, Pleura, Thymus and Heart.”14 The most recent ver-
ion of the WHO classification of thymoma has essentially
etained the same terminology as the one applied in the
riginal proposal for types A, AB, and B1–3 tumors. The
nly significant changes were the elimination of the type C
hymoma from the schema, with the latter tumors being
egregated into a separate and distinct category designated
s thymic carcinoma, and the introduction of various spe-
ific subtypes of unusual thymomas, including micronodu-
ar thymoma with lymphoid stroma, “metaplastic” thymoma
nd others, that could not be properly classified into the
ther categories. The group of individuals who devised the
ew version of the WHO classification of thymic tumors
omprises a much more expanded cadre of experts than the
riginal WHO panel, and its leadership has been switched
rom that of Dr. Rosai to Dr. Muller–Hermelink.14 In this
ew version of the WHO classification, the authors reiter-
ted the statement made in the original version that “avail-
ble data do not allow to unequivocally assign thymic
umors to defined functional and anatomical compartments
f the normal thymus,”14 thus essentially reiterating the
urrent lack of support for the histogenetic proposal under-
ying previous classification schemes such as ones that
ivided thymic tumors into those derived from the cortex
nd the medulla.7,8

A number of studies have been published in recent years
hat purport to validate the clinical and biological relevance
f the WHO classification.15–23 What most of these studies
hare is the fact that they have completely ignored the
riginal message of the authors who introduced this classi-
cation in 1999,12 namely, that the WHO schema based on
combination of letters and numbers was never intended as
“new” histologic classification for thymic tumors, but

imply as a means for translating the other existing classi-
cations into a common language. The WHO schema es-
entially identified and selected for inclusion several com-
on morphologic appearances that these tumors can adopt

nd, because multiple conflicting terms were already avail-
ble for the different tumor types, they were given new
esignations based on the combination of letters and num-
ers. It should then come as no surprise that studies utilizing

epithelial neoplasms with other existing classification

t al.2 Kirchner and Muller–Hermelink8

Medullary thymoma
Mixed thymoma
Predominantly cortical
Cortical
Well-differentiated thymic carcinoma
Other types of carcinoma
hymic

rnatz e

oma
oma)

ithelial
his new nomenclature should parallel previous studies in
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he literature and thus “validate” the new terminology, since
he tumors under question are essentially the same as the
nes that existed previously, except now under different
ames (A, AB, B1-3, etc). In either case, despite the appar-
nt strong support for the adoption of this system for clinical
ractice, several problems and inconsistencies continue to
urface with regards to the new WHO classification of
hymic epithelial neoplasms. Herein we will address some
f these problem areas.

roblem areas and inconsistencies in the
HO classification

roblem areas with the current WHO classification of thy-
ic epithelial neoplasms center mainly around the follow-

ng issues: (1) problems associated with the histopathologic
riteria for diagnosis of the various subtypes; (2) the exis-
ence of rare and unusual morphologic types of thymoma
hat cannot be fit into any of the WHO categories; (3)
roblems associated with lack of interobserver reproducibil-
ty; and (4) conflicting claims regarding the clinical signif-
cance and prognostic value of the various WHO diagnostic
ategories.

istopathologic criteria for the WHO
lassification of thymic epithelial neoplasms

Some of the difficulties involved in accurately reproduc-
ng the histopathologic criteria of the current WHO schema
f thymic epithelial neoplasms have been addressed previ-
usly.16,24 A significant problem is posed by the degree of
verlap and imprecision in the histologic criteria, particu-
arly as it relates to the lesions predominantly composed of
ound or polygonal cells. Another problem is posed by the
ack of correlation between the stated rationale for the
ifferent categories and their actual features. An example of
his is the definition of type AB thymoma. In the original

HO monograph it is stated that “there are two major types
f thymoma depending on whether the neoplastic epithelial
ells and their nuclei have a spindle/oval shape (here des-
gnated as type A), or whether these cells have a dendritic or
lump (“epithelioid”) appearance (here designated as type
). Tumors combining these two morphologies are desig-
ated as type AB” (italics ours).12 However, the current
HO classification defines AB thymoma as “a mixture of

ymphocyte-poor type-A thymoma component and a more
ymphocyte-rich type-B component.”14 The lymphocyte-
ich “type-B component” is further described as one in
hich the tumor cells are made up predominantly of “small
olygonal epithelial cells with small round oval or spindle
ale nuclei showing dispersed chromatin and inconspicuous
ucleoli that are paler and smaller than those of B1 or B2
hymoma.” The description provided thus does not corre-
pond to a true type B-thymoma (ie, one made up of round,

pithelioid cells as per the original definition) but rather to t
he morphology of a conventional type A thymoma that
appens to contain an abundance of small lymphocytes.
urthermore, the description of “small polygonal epithelial
ells with small round oval or spindle nuclei” is confusing
ince these cells are not polygonal but oval/spindled, as is
he shape of their nuclei. The “type-B component” in AB
hymoma thus, strictly speaking, does not conform to their
wn definition of a type B thymoma (ie, the cells are small,
pindled and virtually indistinguishable from those seen in
ype A), and indeed, the illustrations provided in both the
riginal monograph as well as the new WHO book clearly
epict a tumor composed of small spindle cells in both the
ymphocyte-rich and the lymphocyte-poor areas. In other
ords, type AB thymoma, defined by the WHO as a tumor

hat is supposed to combine type A (spindle cell) with type
(round, epithelioid cells) areas within the same lesion, is

ssentially composed only of spindle cells (type A), except
hat it contains areas with abundant lymphocytes admixed
ith areas showing paucity of lymphocytes. To our minds,
hat is being described here is essentially a lymphocyte-

ich spindle cell thymoma (ie, a type A thymoma with
bundant lymphocytes). It is no wonder then that the bio-
ogic behavior of these tumors should parallel closely that of
onventional type A thymoma. To equate the lymphocyte-
ich areas in these tumors with type B thymoma (or “cor-
ical,” in accordance with the “histogenetic” classification)
imply based on the presence of abundant lymphocytes is an
versimplification of the matter. “Cortical” tumors (ie, type

tumors composed of round/polygonal cells) may also
ave few lymphocytes (eg, type B2 and B3 thymoma or
pithelial-rich thymoma), and conversely, thymomas made
p of spindle cells may also contain an abundance of lym-
hocytes (eg, micronodular thymoma with lymphoid hyper-
lasia). The fact is that neither “cortical” nor “medullary”
or type A and type B for that matter) are defined in either
lassification by the number of lymphocytes, but by the
hape and size of the epithelial cells. The rationale for the
esignation of this morphologic variant of thymoma as
type AB” is therefore flawed and confusing and does not
onform to the stated criteria in the WHO proposal.

Somewhat conflicting and confusing criteria also exist
or the type B tumors. Type B1 thymoma is defined as a
umor that resembles the normal functional thymus and
ombines large expanses indistinguishable from the normal
hymic cortex with areas resembling the thymic medulla.
he neoplastic epithelial cells are said to be scant and
omposed of oval cells with pale round nuclei and small
ucleoli, although it is also stated that some cells may be
arge and occasionally have conspicuous nucleoli. Perivas-
ular spaces are said to be scarce but pale areas of “med-
llary” differentiation are claimed to be always present. The
umor is regarded as the equivalent of the lymphocyte-rich
hymoma in the Bernatz and coworkers classification2 and
o “organoid” or predominantly cortical thymoma in the
irschner and Muller–Hermelink classification.8 Type B2
hymoma, on the other hand, is defined as a tumor in which
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193Suster and Moran Thymoma Classification Problem Areas
he neoplastic thymic epithelial cells are increased in num-
er and appear as scattered plump cells among a heavy
opulation of lymphocytes. The epithelial cells are de-
cribed as large, polygonal, with large vesicular nuclei and
arge, centrally placed prominent nucleoli. The tumor cells
an show a tendency to palisade around vessels and fibrous
epta. Areas of “medullary” differentiation are claimed not
o be a feature of these tumors; instead, prominent dilated
erivascular spaces are said to be commonly found. These
umors are regarded as the equivalent of “cortical” thymoma
n the Kirschner and Muller–Hermelink classification,8 and
f mixed lymphoepithelial thymoma in the Bernatz and
oworkers2 classification. The main difference between
ypes B1 and B2 appears to be in the size of the epithelial
ells, these being “larger and more numerous,” and with no
reas of “medullary” differentiation in type B2 as opposed
o B1. The problem in real life is that thymomas are char-
cterized by marked cellular heterogeneity, and the features
f the tumor, including the relative size of its epithelial cells
s well as their relative proportion of lymphocytes can vary
onsiderably from field to field within the same lesion, thus
aking exact categorization based on the above criteria a

ifficult exercise.1,25–28 Assigning tumors to either of these
wo categories is only possible when dealing with the ex-
reme ends of the spectrum or with “classical” examples of

igure 4 Example of thymoma showing a gradient of histologic
ymphocytes and a few normal-appearing thymic epithelial cells. (
rominent margination of chromatin and small nucleoli, resemblin
ith enlarged nuclei, marked increase in nuclear chromatin, and s
hese categories. But, in real life, a wide spectrum of over- e
apping features can be observed in these tumors making
igid categorization of these two subtypes quite difficult to
ccomplish, particularly when numerous sections from a
arge resection specimen are available for review (Figure
A–D). The “predominantly cortical” or “organoid” thy-
oma that constitutes the prototype of the WHO type B1 is

n extremely rare neoplasm that probably accounts for less
han 5% of all thymic epithelial neoplasms. The majority of
cortical” (type B) tumors show a broad range of features
hat include variable ratios of lymphoid to epithelial cells
ithin the same lesion, and variable proportions of perivas-

ular spaces and areas of “medullary differentiation,” etc.
he rigid histologic criteria proposed by the WHO, there-

ore, may only be reproducible and easy to apply in small
ore biopsies or when only a limited number of histologic
ections are available for review, but may prove bewildering
nd impractical when carefully examining a properly sam-
led resection specimen in which an appropriate number of
ections has been obtained.28,29

Another problem with the morphologic definitions of the
HO type B thymoma is that they do not actually follow

he proposed rationale for their terminology. When the
HO terminology was introduced, it was stated that “type
thymomas are further subdivided on the basis of the

roportional increase (in relation to the lymphocytes) and

s within the same tumor. (A) Lymphocyte-rich area with abundant
a showing increase in the number of thymic epithelial cells, with

O type B2. (C) Areas showing sheeting of thymic epithelial cells,
defined cell borders reminiscent of WHO type B3.
finding
B) Are
g WH
mergence of atypia of the neoplastic epithelial cells into
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hree subtypes, respectively designated as B1, B2 and
3.”12 Yet, the new WHO book clearly defines type B3

hymoma as a tumor composed of medium-sized, polygonal
pithelial cells in which the nuclei are smaller than those in
ype B2, with less prominent nucleoli.14 This clearly repre-
ents a contradiction, not only in terms of their stated
ationale, but also with the fact that if anything, the neo-
lastic epithelial cells in tumors of the thymus composed
redominantly of round or polygonal cells with scant lym-
hocytes are characteristically much larger and atypical
han in those tumors that contain a higher proportion of
mmature lymphocytes. The reason such tumors adopt a
squamoid” appearance is because of the emergence of very
harply defined and thickened cell membranes, which im-
art them with a pavement-like architecture. The epithelial
ells are not only of similar or larger size than those in Type
2 thymoma, but their nuclei are much larger, irregular,
yperchromatic with clumped chromatin and often large,
rominent nucleoli (Figure 5A and B). The nuclear-to-
ytoplasmic ratio is greatly increased in type B3 as opposed

igure 5 Comparison of nuclear features between thymoma typ
pithelial cells admixed with few lymphocytes. The epithelial cell
argination of nuclear chromatin. The cytoplasm is amphophilic an

f cohesive sheets of thymic epithelial cells. The epithelial cells sh
n nuclear chromatin, small and sometimes multiple nucleoli, and ab
hat result in a polygonal configuration closely resemble pavemen
o B2 thymoma. Bizarre nuclei and multilobated forms are T
requently seen, and mitoses can be often encountered,
ncluding atypical mitoses, in contrast with the bland-ap-
earing vesicular nuclei with small, round, eosinophilic
ucleoli seen in type B2 thymoma (Figure 6 A–C). Obvi-
usly, transitions and subtle gradations in the size and shape
f the cells, as well as in their relative proportions are a
ommon feature of these tumors creating the problem of
here to draw the line in separating B2 from B3. In fact, the
HO book goes on to state that combined thymomas ex-

ibiting B2 and B3 areas can occur in 17% to 29% of
ases.14 This percentage is likely to be much higher if only
roperly sampled lesions are taken into account. In a pre-
ious study, we were able to demonstrate that the identifi-
ation of morphologically heterogeneous areas is nearly
oubled with increased sampling (ie, when more than 5
istologic sections were available for examination in any
iven tumor),28 indicating that the larger the size of the
umor (and therefore, the greater the number of sections
vailable for examination), the higher the likelihood that
orphologically heterogeneous areas will be encountered.

d B3. (A) WHO type B2 thymoma showing increased number of
ound to oval, with vesicular nuclei, small nucleoli and peripheral
ell borders are not visible. (B) WHO type B3 thymoma composed

clear enlargement and nuclear irregularities, with marked increase
t eosinophilic cytoplasm. Notice the sharply delimited cell borders
uamous epithelium.
e B2 an
s are r
d the c
ow nu
undan
he extensive overlap and heterogeneity that these tumors
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195Suster and Moran Thymoma Classification Problem Areas
re able to display thus make it almost meaningless (and
uite difficult) to reliably separate types B2 from B3 in
linical practice when adequately sampled specimens are
eing evaluated.

nusual morphologic variants of thymoma that do
ot fit into the current WHO categories

The new WHO book on tumors of the thymus presents
everal “unusual” types of thymoma, which have been sep-
rated into distinctive categories in the updated classifica-
ion, including micronodular thymoma with lymphoid
troma, “metaplastic” thymoma, and other rare thymomas
uch as microscopic thymoma and sclerosing thymoma.14 A
ationale for why these tumors are regarded as examples of
hymoma yet cannot be successfully assigned to any of the
tandard categories in the current WHO schema is not
ffered. In addition to the above, several other unusual
ariants of thymoma that escape the criteria of the WHO
efinitions for the standard types have been described.30 –33

s more of these unusual variants of thymoma are recog-

igure 6 Spectrum of nuclear irregularities and atypia in WHO t
ronounced nuclear enlargement with prominent, often multiple n
ized, how can they be reconciled with the current his- D
opathologic classification for these tumors? Which criteria
hould be applied for their assessment and prognostication?
he mere acknowledgment of these unusual morphologic
ariants already undermines the value and authority of the
roposed classification by pointing out the existence of a
umber of exceptions to the general schema. Such variants
xpose one of the weaknesses of the WHO schema; the lack
f a valid underlying or unifying principle of classification
or these tumors.

nterobserver reproducibility of the WHO
lassification of thymoma

An important feature of any morphologic classifica-
ions of human neoplasia should be its ability to be easily
eproduced among different observers. The WHO classi-
cation ran into difficulties in this area since its incep-

ion. In fact, problems with reproducibility were already
eing raised for the “histogenetic” classification of
irchner and Muller–Hermelink, whose diagnostic cate-
ories served as “precursors” for the WHO schema.34

thymoma. (A) Bizarre multilobated and multinucleated cells. (B)
i. (C) Occasional abnormal mitotic figures.
ype B3
ifficulties in the reproducibility of the WHO schema
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ave been recently voiced by Rieker and coworkers,24

ho showed in a large multicenter study that interob-
erver agreement for the subgroup of WHO type B (B1,
2, and B3) thymoma was only 0.49 using Kappa statis-

ics (with a value over 0.8 indicating excellent agree-
ent, and a value of 0.4 or less indicating poor agree-
ent). The fact is that interobserver as well as

ntraobserver reproducibility can be quite poor for the
HO system, particularly among pathologists with lim-

ted exposure to these rare tumors. This results in a
ituation that mandates seeking a second opinion with an
expert” simply to accurately classify a given tumor. The
ajority of discrepancies arise within the group of type B

hymomas, but difficulties also exist for types AB, as
reviously mentioned, and for distinguishing type B3
rom well-differentiated squamous cell carcinoma of the
hymus. Such difficulties are inherent to any system of
lassification that involves complex categories with ex-
ensive overlap among the different subtypes, particularly
n tumors such as thymic epithelial neoplasms that are
ften characterized by morphologic heterogeneity and
ariations in morphology from field to field within the
ame tumor. The more complex the classification system,
he less the likelihood that good reproducibility will be
btained. In fact, the study by Rieker and coworkers,24

emonstrated excellent reproducibility (Kappa value of
.97) when the various categories for the tumors in the
tudy were merged into three groups only.

onflicting results on clinical outcome for the
arious WHO categories

The latest version of the WHO classification of thymic
pithelial neoplasms makes it a point of stressing the clin-
cal validity of the various WHO subtypes based on their
orrelation with the outcome of the patients. In fact, the
uthors postulate a linear progression in terms of malig-
ancy for these tumors, with thymoma of types A, AB, B1,
2, B3, and thymic carcinoma representing histologic sub-

ypes showing an increasing order of malignancy. The au-
hors reiterated their belief that type A and AB thymomas
ehave as benign tumors, type B1 as a low-grade malignant
umor, type B2 as a slightly more aggressive tumor, and
ype B3 (in advanced stages) as an aggressive malignant
eoplasm similar to thymic carcinoma.14 This claim is
ased on a single study of 200 cases of thymoma from
hina by Muller–Hermelink and colleagues.15 Unfortu-
ately, this information is at odds with other published
tudies in the literature. For example, in a study by Chala-
reysse and coworkers,16 type A and AB thymomas showed
more aggressive behavior than all type B-tumors, and the
ifferences in survival between type B1 to 3 were found to
e minimal. In a study by Rieker and coworkers,24 thymo-
as of type AB and B1 were the ones that followed the
ost favorable outcome, while types A and B2 behaved

uch worse and essentially showed overlapping survival
urves. These differences could be explained on the basis of
nconsistencies in accurate histologic classification of the
umors among the different groups of investigators, sam-
ling errors, or due to regional differences in treatment and
ehavior for the different patient populations. But the fact
emains that there are still unaccountable differences in
rognosis reported in the literature for the various WHO
ubtypes that cannot be easily ignored. We are, therefore,
ot yet at the point where generalized assumptions can be
ade or where we can accept without question the claims of

he WHO panel.
A further point of contention is the insistence of the

HO panel and their supporters that type A and AB thy-
oma are benign neoplasms without the capability for

ggressive behavior.14,15 This position is contradicted by
ears of published literature demonstrating that spindle cell
hymoma, when matched for stage, can be as aggressive and
s lethal as any other type of thymoma, with recurrences,
istant metastases, and death due to tumor having been
epeatedly and amply documented.2–5,9,10,16,24,35,36

onclusion

here is no question that the current WHO schema is a
tep forward from what existed previously in the field of
hymoma histopathology, and that it has significantly
dvanced our understanding of these lesions. However,
ith continuous progress in our understanding of the
iology of these tumors, and with an honest acknowledg-
ent of the problems and limitations imposed by the

urrent WHO schema, it is perhaps time to heed the
ords of the authors of the original WHO monograph
ho stated in their preface: “It will be appreciated, of

ourse, that this classification reflects the present state of
nowledge and that modifications are almost certain to be
eeded as experience accumulates.”12 We trust that the
ext generation of thymoma classification will take into
ccount these shortcomings and difficulties and move in
he direction of a more reasonable, coherent, and logical
ystem for the histopathologic classification of these fas-
inating and complex neoplasms.
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