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Classification of ThymicTumors

ÅA. Thymomas
Å Type A Thymoma
Å Type AB Thymoma
Å Type B1 Thymoma
Å Type B2 Thymoma
Å Type B3 Thymoma
ÅMicronodularThymoma
ÅMetaplasticThymoma
ÅMicroscopicThymoma

ÅB. ThymicCarcinomas
ÅSquamouscellcarcinoma
ÅBasaloidcarcinoma
Å Lymphoepithelialcarcinoma
ÅNUT carcinoma
ÅClear cellcarcinoma
Å Low grade papillaryadenocarcinoma
ÅMucoepidermoidcarcinoma
ÅCarcinomawith adenoid-cysticcarcinomafeatures
ÅEnterictype adenocarcinoma
ÅAdenocarcinomaNOS
ÅAdenosquamouscarcinoma
ÅSarcomatoidcarcinoma
ÅUndifferentiatedcarcinoma
ÅCarcinomaNOS
ÅCarcinoid
ÅSmall cellcarcinoma
Å Large cellneuroendocrinecarcinoma



Epidemiologyof Thymomasςthe most
commonsyndromes
ÅMyasteniagravis

ÅLimbicencephalopathy

ÅRedcellanaplasia

ÅHypogammaglobulinaemia

ÅLichen planus

ÅMany morehavebeenreported, but arerare



Genetic findingsin Thymomas
Type A Loss 6p21, 6p25, 6q25.2-q25.3 MutationsGTF2/p.L424H

ActivatingHRAS

Type AB 2, 4, 5q21-q22, 6q25.2-q25, 7p15.3, 13q14.3 MutationsGTF2/p.L424H
HRAS, NRAS mutations, ringchromosome6, 
others

Type B1 Gain, 9q; loss1p, 2q, 3q, 6q, others MutationsGTF2/p.L424H

Type B2 1p, 3p, 6p25, 6q25.2-q25.3 MutationsGTF2/p.L424H, activatingKRAS, TP53, 
NRAS rare

Type B3 Gain1q, 5, 7, 8, 9q, 17q, loss3p, 6p25, 
6q25.2-q25.3, 9p, 11q42-qter, 13q, 16q, 17p

MutationsGTF2/p.L424H, BCL2 copynumber
gains, TP53 rare, CDKN2A/B copynumberloss, 
KMT2A-MAML2 fusion

ThymicSCC Gain1q, 4, 5, 7, 8, 9q, 12, 15, 17q, 18, 20, loss
3p, 6, 6q25, 6q25.2-q25.3, 9p, 13q, 16q, 17p

MutationsGTF2/p.L424H, KIT mutation, KRAS, 
TP53, mutationsin BAP1, ASXL1, SETD2, 
SMARCA4, TET2, DNMT3A, WT1, BCL2 copy
nmbergain, CDKN2A/B copynumberloss



Classification of Thymomas

ÅThymomasin general: indolent tumourswith tendencytoward
localrecurrencerather than metastasis
ÅMay or maynot beextensivelyinfiltrated by nonneoplastic

immature lymphocytes
ÅType C thymomas(thymiccarcinomas): invasive, high riscof

relapseand death(0.06 % of all thymicneoplasms)
ÅAnnual incidence: 1 ς5 / million population
ÅPatientsage: peakincidence40 ς60 y (range7-89)
ÅEtiology: unknown
ÅIn 50% detectionby chance(chestradiography)
ÅLocalization: 90% in anterior mediastinum



Tumors of the mediastinum- topography
ÅUpper compartment: thymomas, thyroid neoplasms, lymphomas, germ

cell tumors

ÅAnterior compartment: thymomas, thyroid neoplasms, lymphomas, 
lymphnodemetastasis, germcell tumors, paragangliomas, cystsof pleura
and pericardium

ÅMedian compartment: lymphomas, lymphnodemetastasis, 
paragangliomas, bronchogeniccysts, oesophagealdiverticulae

ÅPosteriorcompartment: neurogenictumors, schwannomas, 
neurofibromas, ganglioneuromas, neuroblastomas, paragangliomas, 
gastroentericcysts

ÅMost commontumors in mediastinum: thymomas(~30%), lymphomas
(~40%), germcell tumors, mesenchymal tumours(~20%)



Antibodiesusefulfor thymomadiagnosis

ÅKeratin antibodies
ÅK19 cortical, medullary
ÅK10: maturemedullary, Hassallcorpuscle

ÅP40: cortical, medullary

ÅCD markers
ÅCD5: Tcells, epithelial cellsin SCC
ÅCD20: Bcells, epithelial cellsin A and AB thymomas

ÅKIT:In SCC

ÅTdT: immature Tcells, also CD99



Stagingof thymomas

The Masaokastagingsystem:

most widely usedstagingsystem,  basedon the extent
of invasion.

Goodcorrelation with the 5- and 10-year survivalrates, 
basedon WHO  schema(Kim, 2005). 

ÅStage I - Macroscopicallycompletelyencapsulatedwith
no microscopiccapsularinvasion

ÅStage II 
ÅIia Microscopicinvasioninto the capsule
ÅIib Macroscopicinvasioninto the surroundingfatty

tissue, mediastinal pleura, or both

ÅStage III - Macroscopicinvasioninto neighboringorgans
(eg, pericardium, greatvessels, lung) 

ÅStage IVa- Pleural or pericardialdissemination

ÅStage IVb - Lymphogenousor hematogenous
metastases

ÅTNM ςwill be updatedsoon
9thTNM

Å1a encapsulated

Å1a microscopicinvasion

Å1a Macroscopicinvasion
into the surroundingfatty
tissue

Å1b mediastinal pleura

Å2 pericardium

Å3 lung, etc

Å4 aorta



Stagingof Thymomas- Masaoka

I II III



Thymichyperplasia Note Hasallscorpucles, regularzonal structure



Classification of Thymomas
Type A Thymoma(spindle cell th, medullaryth):

Å4 ς19 % of all thymomas, >20 %  myastheniagravis, 

rarelypure red cellaplasia

ÅHistology: neoplasticthymicepithelialcells, spindle / oval shape, no
nuclearatypia, few nonneoplasticlymphocytes(cysts, rosettes, glandular
features, meningioma-likewhorls, glomeruloidbodies)

ÅMostlyMasaokastageI, anteriormediastinum

ÅDD: mesenchymalneoplasms

ÅRarelychromosomeabnormalities: chromosome6 (loss shortarm-
Wagner K 2003) - ? Aggressive clinicalcourse; t(15;22)(p11;q11)

ÅPrognosis: long-term survival(15 yearsor more): 100 %



Recentadvancesin Thymomaclassification-
ITMIG

ÅTherearerare casesof Type A Thymomas, which
do not behaveindolent; they insteadset
metastasis

ÅThereforea newclassificationisunderdiscussion
possiblyseparatingA1 and A3 (metastasis)

Åand in additionthere arepossibilitiesof switching
from A into B



Type A Thymoma



A CK AE1/3 CD20

Type A Thymoma



Metastasis of an A thymomaςA3?



Classification of Thymomas

Type AB thymoma(mixedthymoma)

ÅMost or secondmost commontype

ÅMean age55y (range29 ς82 y)

Å15 - 43 % of all thymomas, 16 % associationwith
myastheniagravis



Classification of Thymomas

ÅHistology: foci with featuresof Type A and foci
rich in nonneoplasticlymphocytes: segregation
of theseareasindistinct or sharp, amount of
two componentsvariable

Å> 70 % MasaokastageI, anterior mediastinum
(stageII 20%, stageIII 6%, stageIV 1%)

ÅPrognosis: long term survival(15 yearsor
more): 90 %

ÅDeletion of chromosome6 common

Type AB thymoma(mixedthymoma)



TYPE AB Thymoma



Type AB 
Thymoma



Classification of Thymomas

Type B1 thymoma(lymphocyte-rich
thymoma, predominantlycortical, 
organoid)

ÅRelativelyrare: 9 ς20 % of all thymomas

ÅMean age: 41 ς47 y

Å> 50% associatedwith myastheniagravis



Classification of Thymomas

Type B1 thymoma

Histology: resemblanceto normal functional thymusς
large amount of cellswith appearancealmost
indistinguishablefrom normal thymic cortexand foci
similar to thymic medulla. Occasionallydistinction
between this tumour type and normal thymusnot 
possible on microscopicexamination.

Å55 % MasaokastageI, 25 % invasionof mediastinal fat
(II), rarely III and IV

ÅLong-term survivalrate (20 yearsand more): 90 %



Classification of Thymomas

Type B1 thymoma
DD normal thymus:

ÅExcessof corticalareas

ÅLesser degreeof lobulation

ÅMedullary areasin immediate proximity to septa
and a fibrous capsule

ÅThese thymomasare lymphocyte-rich (immature)



B1 Thymoma (frozen section)



B1 Thymoma



B1 
Thymoma

CD20

CD1a TdT

CD3



B1 
Thymoma

K5/6 K7

K14 K18
K19



B1 
Thymoma

MIB1

EMA

S-100



Classification of Thymomas

Type B2 thymoma(cortical thymoma, 
polygonal cell thymoma)

Å20 ς42 % of all thymomas

Å> 70 % associatedwith myastheniagravis

ÅMean age: 47 ς50 y, range: 13 - 80



Classification of Thymomas

Type B2 thymoma
Histology: heavy population of nonneoplasticlymphocytes, 

scatteredneoplasticepithelial cells: plump cellswith
vesicularnucleiand distinct nucleoli. Often perivascular
(prominent) spacesresultingin  palisadingeffect. 
Resemblanceto Type B1 thymoma(predominanceof
lymphocytes) but lessconspicuousor absent medullary
differentiation.

Å10-50% stageI, 13 ς53 II or III, metastaticIV 9%, distant
metastases(IVB) 3%

ÅLong-term survival(20 yearsςfreedomfrom tumour
death): 60 %



B2 
Thymoma



B2 Thymoma



B2 Thymoma (necrotic)



B2 (necrotic)

K19
CD20K19



Thymus: key diagnostic point

ÅThe elaboratecytokeratin-positive 
meshworkof thymicepithelial cellsis
found in thymoma, but not in areas
with thymichyperplasiaor lymphoma!



Classification of Thymomas

Type B3 thymoma(epithelial thymoma, 
atypicalthymoma, squamoid
thymoma, well - differentiated
carcinoma)

Å10 ς25 % of all thymomas

ÅMean age: 45 ς50y, range14 ς78y

Å45 ς70 % associatedwith myastheniagravis



Classification of Thymomas

Type B3 thymoma

ÅHistology: epithelial cellswith round or polygonal shape, mild or no
atypia, minor componentof nonneoplasticlymphocytes(sheet-like 
growth of neoplasticepthelial cells). Often calcifiedςparadoxically
small(< 3 cm)

ÅUsuallynot encapsulated, vaguelyinfiltrative (mediastinal fat, adjacent
organs). Anterior mediastinum, MasaokastageII or III 15 ς38%, stage
IVA (pleural spread), IVB (distant metastases: lung, liver, bonesoft 
tissue) 15%

ÅLong-term survival: 40 %

ÅFrequent geneticimbalances: Recurrentgeneticgainson chromosome
1q, recurrent losseson chromosome6 and 13



Type B3 Thymoma



B3 
Thymoma



B3 
Thymoma



Classification of Thymomas
Rare entities

Micronodular thymomawith lymphoid stroma

Å1-5% of all thymomas, anterior mediastinum, usually
no myastheniagravis, encapsulated(>90%)

ÅHistology: multiple epithelial nodules(spindle cells) 
separatedby lymphocyticstroma

ÅExcellentprognosis

ÅMean age: 58y



Micronodular, K19



Metaplasticthymoma(thymomawith pseudosarcomatous
stroma, low grade metaplasticcarcinoma)
ÅHistology: well circumscribedtumour with anastomosingislandsof

epithelial cellsintermingledwith bland lookingspindle cells. No
lobulatedgrowth pattern



Metaplastic
thymoma



Microscopicthymoma: Multifocal epithelial 
proliferations <1mm in diameter

ω15% myastheniagravis
Histology: markedheterogeneity, usuallywithout
immature T cells

Classification of Thymomas
Rare entities



Classification of Thymomas
Rare entities

Sclerosingthymoma: rare (<1%), 
featuresof conventionalthymomaswith
collagen-richstroma

Lipofibroadenoma: similarto
fibroadenomaof breast, sharesfeatures
with thymolipoma. Unknown, whether
fibrolipomatous, epithelial component
or both areneoplasticor hamartoma



Classification of Thymomas

Combinedthymic epithelial tumours (composite
thymomas, compositethymoma- thymic
carcinoma, mixedneuroendocrinecarcinoma-
thymoma)

Åat least two distinctareaseachcorrespondingto histologic
typesof thymomasand thymiccarcinomas(including
neuroendocrinethymomas)
ÅPercentageof eachcomponentshouldbe specifiedin diagnosis

(Type AB thymomaisseparate entity and doesNOT fall under
this category)
ÅRare: mostcommomareB2/B3 thymomas(10%)
ÅMost aggressive componentdeterminessurvivaltime



Combined B2 / B3 Thymoma



Classification of Thymomas

Type C thymoma(thymic carcinoma)

ÅEvolution from pre-existingthymoma?
Å5-year and 10-year overall survivalrates38 % and 28 %
ÅRare associationwith autoimmune disease
ÅDefinite cytologicatypia, histologicfeaturessimilar to carcinomas

of other organs
ÅIn contrastto type A and B thymomano immature lymphocytes
ÅSubtypes: squamouscell (epidermoid), lymphoepithelioma-like, 

sarcomatoid(carcinosarcoma), clearcell, mucoepidermoid, 
papillary thymic, undifferentiated thymic carcinoma



Thymic carcinomas (type C)

ÅSquamous cell carcinoma

ÅBasaloid, 

ÅMucoepidermoid

Ålymphoepithelioma-like

ÅSarcomatoid

Åclear cell

ÅAdenocarcinoma
ÅPapillary
ÅNon-specified

ÅUndifferentiated carcinoma

ÅCarcinoma with t(15;19) translocation



Squamous cell carcinoma

ÅLook similarto other SQC

ÅMost often do not keratinize

ÅNecrosisiscommon

ÅExpress veryoften markersand CD5, CD70, CD117 (KIT)

ÅLymphocyteswithin SQC arematureand thusnegative for TdTand 
CD99 (this helpsin differentiatingit from B3 Thymoma



SCC, 
cKIT
relevant



Combined
B2 and 
squamous
ca



CombinedB2 and squamousca



Basaloid Carcinoma

ÅSimilarto basaloidcarcinomaof the lungthis isa high grade tumor, 
with typicalpalisadingof tumor cellsand lobulargrowth pattern

ÅMitosisfrequent

ÅSometimesproteinsfrom basal laminabetweencells

ÅPositive for keratins, EMA, CD5



basaloid



Mucoepidermoid carcinoma

ÅAs pulmonaryMEC it ischaracterizedby a dual differentiation toward
glandularand squamousepithelia

ÅConcomitantdifferentiationcanbe found in singlecells

ÅLow-grade and high-grade

ÅExpression of myoepithelialmarkercanoccur



Lympoepithelioma-like Carcinoma

ÅLike pulmonary LELC this is an undifferentiated large cell carcinoma 
with predominant lymphocytic stroma

ÅIn contrast EBV+/- cases are neither related to ethnicity nor prognosis

ÅForm syncytial sheets

ÅPositive for LMW-cytokeratins, CD5, bcl2

ÅLymphocytes are positive for CD3, CD5, CD20, negative for CD99 and 
TdT (mature!)



LELC



Lympoepithelioma-like Carcinoma



Clear cell carcinoma

ÅBland lookingtumor cellswith clearcytoplasm(similarto lungand renal 
CCC)

ÅGlycogenstainswith PAS

ÅNoprominent vascularnetwork in contrastto renal CCC

ÅPositivityfor CD5 helpsin Diff.Diagnosis

ÅDiff.Diagnosis
ÅThymomawith clearcells: dispersedwithin thymoma; lymphocytic

stroma
ÅRenal CCC: vascularnetwork, if positive for vimentin(coexpression)
ÅPulmonaryCCC: morphologicallynot possible



Sarcomatoid carcinoma

ÅSC isan undifferentiatedcarcinomawith sarcomatoid
features: spindle cells, epithelial cells(mostoften squamoid)

ÅIf heterologouselementsarepresent: carcinosarcoma
(osteosarcoma, rhabdomyosarcoma)



Sarcomatoidcarcinoma



sarcomatoid



SarcomatoidCarcinomadifferential diagnosis

ÅBiphasicMesothelioma
ÅExpression of K5/6, podoplanin, calretinin

ÅMetaplasticThymoma
ÅBland spindle cells, well-differentiatedsquamoidislands

resemblingcorpusclesof Hasall

ÅSynovialSarcoma
ÅTranslocation t(X;18) with SSX1/SYT-SSX2 fusiontranscripts



Adenocarcinoma

ÅPapillaryadenocarcinoma
ÅPapillaryand tubular pattern, psammomabodies±

ÅLow mitotic counts

ÅPronounceddesmoplasticstroma

ÅOftencombinedwith thymoma

ÅNon-papillaryadenocarcinoma
ÅWith tubular or salivarygland-like morphology



Papillary Adenocarcinoma

ÅDifferential diagnosis: positivity for BerEP4, CEA, CD5
ÅPapillarythyroid carcinoma

ÅThyroidbindingprotein

ÅEpitheloidmesothelioma
ÅCalretinin

ÅPapillarypulmonarycarcinoma
ÅTTF1, Surfactant ApoA



Carcinoma with t(15;19)

ÅRare, aggressive lethalcarcinomaof childrenand youngadults(age
range5 ς34 y)
ÅHistology: Undifferentiatedcarcinomawith large cells
ÅHigh grade atypia
ÅHigh mitotic counts
ÅSometimessquamoidor glandularislands
ÅSheets and syncytiawith few scatteredlymphocytes
ÅTranslocation t(15;19), fusiongeneBRD4NUT
ÅDD: malignantlymphoma, germcell tumour, t(15;19) negative 

carcinomas
ÅAverage survival: 18 weeks



Carcinoma with t(15;19)



Differential Diagnosis

ÅLarge cell undifferentiated  carcinoma
ÅNegative for translocation

ÅLarge B-cell lymphoma
ÅNegative for cytokeratins, positive for lymphoma markers

ÅEmbryonic carcinoma
ÅNo translocation

ÅMetastasis of malignant melanoma
ÅS100 positivity



Undifferentiated carcinoma

ÅSheets and nests of large undifferentiated highly malignant tumor 
cells

ÅLarge round vesicular nuclei

ÅDiagnosis of exclusion: large cell with t(15;19), large Bcell lymphoma



Undifferentiatedlarge cellcarcinoma


