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Summary

Obijective. Thymic carcinomas (TC) are rare and understudied tumors. Pitfalls exist with
TC diagnosis, and biomarkers are needed to support the pathologist. Here, we tested a
series of biomarkers to differentiate TC from type B3 thymoma.

Methods. A consecutive series of 48 patients, 26 with TC and 22 with type B3 thymoma
entered the study. Immunohistochemical expression of CD5, CD117, BAP1, MTAP, Ki-67
was evaluated. CDKN2A status was assessed by FISH.

Results. CD5 and CD117 were expressed in TC only (n = 19 and n = 20 respectively). Five
TC did not show CD5 or CD117 expression. BAP1 expression was lost in 3 TC, while MTAP
staining was absent in 3 TC and 1 type B3 thymoma. CDKN2A deletion was observed in
4 TC and 1 type B3 thymoma. CD5 and CD117 showed a perfect specificity for TC and
a good sensitivity, especially when combined (0.81). The addition of the other markers
improved the sensitivity (0.85) with a slight decrease in specificity (0.95). Indeed, one type
B3 thymoma harboured CDKN2A deletion with MTAP loss of expression.

Conclusions. CD5 and CD117 are the best markers for TC. While the addition of other
markers (i.e., BAP1 loss, MTAP loss and CDKN2A deletion) might be useful in cases neg-
ative for CD5 and CD117, rare cases of type B3 thymoma might harbor these alterations.
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Introduction

Thymic carcinomas (TC) are rare malignancies that typically occur in
the anterior mediastinum . Owing to its rarity, clinical studies are often
limited to case reports and small case series. Consequently, the stand-
ardization of diagnostic criteria and treatment approaches is difficult 2.

The most important classifying attempt has been introduced by Juan Ro-
sai and adopted by the WHO classification in 1999, according to which,
thymomas are subdivided in type A, AB, B1, B2, B3 and C; the latter
is also known as TC 2. This classification has persisted throughout the
modifications in the subsequent WHO classifications of thymic tumors.
However, some characteristics are shared by different lesions and the
differential diagnosis between tumors such as type A and AB thymo-
ma, but also between type B3 thymoma and TC can be challenging *.
The distinction between thymic entities takes into account the so-called
organotypic characteristics, evaluating the growth and histological archi-
tecture of the neoplasm in relation to normal parenchyma 5. Although the
diagnostic boundaries between the different thymic malignancies are
not always clear and have required continuous improvement over the
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years, this classification approach maintains its use-
fulness in the prognostic assessment .

In the last years, new efforts to understand the biol-
ogy and to classify thymic lesions have been made.
The Cancer Genome Atlas (TCGA) project on thymic
epithelial tumors has shed light on the molecular al-
terations harboured by these lesions 7. On the other
hand, the American Joint Committee on Cancer TNM
staging has been developed also for thymic malignan-
cies and should replace the Masaoka-Koga staging 2.
Despite these progresses, there are still open chal-
lenges, such as the differential diagnosis between
type B3 thymoma and thymic carcinomas. Given the
prognostic value of this stratification and the lack of
pathognomonic markers for thymic carcinoma, the
use of immunohistochemical and ancillary molecular
tests is needed 8.

Due to their predominant expression in thymic carci-
noma, CD5 and CD117 have represented the classic
tool to differentiate it from type B3 thymoma °'°. How-
ever, the sensitivity of these markers is limited ', and
the research of new biomarkers is needed. BAP1 and
MTAP loss of expressions have been recently pro-
posed as new markers of thymic carcinomas ™. Also,
homozygous deletions of CDKN2A (p16) have been
observed almost exclusively in thymic carcinoma 3,
and loss of p16 expression has been proposed as
poor prognostic marker ™.

Here, we evaluated a panel of immunohistochemical
biomarkers, including CD5, CD117, BAP1 and MTAP
and deletions of CDKN2A in a consecutive cohort of
type B3 thymomas and TC to assess the role of these
biomarkers in thymic tumors.

Materials and methods

STUDY POPULATION

Consecutive patients affected by TC or B3 thymoma
between 2018 and 2024 were included in the study.
All cases underwent surgery and were followed at the
University Hospital of Pisa, Italy. Patients records were
also evaluated for clinical history of neoplasia, myas-
thenia gravis (MG) and other immune disorders. Dis-
ease-free survival (DFS) was considered as the time
interval in months between the date of resection and
the date of instrumentally-proven tumor relapse. In the
absence of recurrence, patients were right-censored
to the last follow-up visit. The study has been ap-
proved by the local Ethics Committee (Comitato Etico
Regione Toscana, Area Vasta Nord-Ovest, CEAVNO,
protocol number 27521); it was conducted retrospec-
tively and conforming to the principles of the Helsinki
Declaration of 1975. All hematoxylin and eosin slides

were independently reviewed by two pathologists
(G.A and A.C.) and tumors were classified according
to the WHO 2021 criteria ™®.

IMMUNOHISTOCHEMISTRY

Four pm-thick formalin-fixed paraffin-embedded un-
stained tissue sections were deparaffinized in xylene
and rehydrated in graded series of ethanol solutions.
Staining was performed using the following antibod-
ies: mouse monoclonal primary anti-BAP1 antibody
(clone C-4, Santa Cruz Biotechnology, Dallas, TX,
United States; 1:100 dilution); mouse monoclonal pri-
mary anti-MTAP antibody (clone 2G4, Abnova, Taipei
City, Taiwan; 1:100 dilution); rabbit monoclonal prima-
ry anti-CD117 antibody (clone YR145, Cell Marque
Corporation, Rocklin, CA, USA; 1:100 dilution); rabbit
monoclonal primary anti-CD5 antibody (clone SP19,
Ventana Medical Systems, Tucson, AZ, USA; ready to
use); rabbit monoclonal primary Ki-67 antibody (clone
30-9, Ventana Medical Systems; ready to use). Immu-
nohistochemistry was conducted with the OptiView
DAB IHC Detection Kit and OptiView Amplification Kit
(Ventana Medical Systems), according to the manu-
facturer’s protocol. Immunostaining was carried out
on a BenchMark XT automated slide stainer (Ventana
Medical Systems).

A case was considered with loss of BAP1 when ab-
sence of BAP1 nuclear staining was observed in neo-
plastic cells in the presence of a positive internal con-
trol in inflammatory and stromal cells .

The absence of MTAP cytoplasmic staining in neo-
plastic cells in the presence of a positive internal con-
trol (i.e., stromal or inflammatory cells) defined a case
as positive for MTAP loss ©.

Regarding Ki-67, only distinct nuclear staining of ne-
oplastic cells was used for scoring. The entire tumor
slide was assessed, and the average score was de-
termined semi-quantitatively as a percentage of posi-
tively stained tumor cell nuclei at 100x magnification.

CDKN2A (p16) FLuorescenT IN Situ HyBripizaTion (FISH)

FISH for p16 was performed following the manufac-
turer’s protocol and using the commercially available
probe SPEC CDKN2A/CEN 9 Dual Colour Probe (Zy-
toLight, Milan, Italy). At least 60 cells were analyzed in
each case. A case was considered positive (i.e., with
CDKN2A deletion) if CDKN2A (p16) homozygous de-
letion pattern was observed in > 10% of neoplastic
thymic cells V7.

STATISTICS

Numeric variables are presented as median and in-
terquartile range (IQR); differences were tested by
the Mann-Whitney U test. Categorical variables were
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tested by either the Chi-square or the Fisher exact
tests. The diagnostic performance of the biomarkers
was evaluated by Receiver Operating Characteristics
(ROC) analysis; 95% confidence intervals were esti-
mated by 2000 bootstrap resampling. The best cut-
off was selected according to the Youden’s J statistics.
Time-to-event data were used to build Kaplan-Meier
curves, and differences were tested by the Log-rank
test. A P-value of 0.05 was deemed significant. All
analyses and graphics were performed and produced
in R environment (https://www.r-project.org/, v.4.3.3,
last accessed August 5, 2025).

Results

PATIENTS

A total of 48 patients were included in the study: 26
were diagnosed with TC and 22 with type B3 thymo-
ma. One patient with TC had a concomitant minor
type B3 component (about 10%); however, ancillary
biomarkers were tested in the TC component and, for
this reason, the patient was considered with TC here-
in. Patients with TC were older, more frequently male
and had a more advanced stage at diagnosis. No dif-
ferences in terms of maximum diameter of the primary
lesion were observed. Coexisting myasthenia gravis
was present almost exclusively in patients with type
B3 thymoma; the only exception was the patient with
coexisting TC and type B3 thymoma. Detailed clini-
cal-pathological features of the study population are
reported in Table I.

Among TC, 18 were squamous, 5 basaloid, 1 aden-
osquamous, 1 lymphoepithelioma-like and 1 not oth-
erwise specified (NOS). Squamous TC included 11
nonkeratinizing and 6 keratinizing tumors. Among the

squamous TC, 2 were well differentiated, 4 moderately
differentiated and 11 poorly differentiated. In one case,
the biopsy obtained through video-assisted thoraco-
scopic surgery (VATS) provided only limited tissue,
preventing a reliable assessment of both the degree
of differentiation and keratinization.

BIOMARKER TESTING

BAP1 expression was lost only in TC (n = 3, 11.5%),
while MTAP loss of expression was observed in 3 TC
(15.4%) and 1 (4.5%) B3 thymoma. Only one TC lost
both MTAP and BAP1 expression. Ki-67 levels were
higher in TC than in B3 thymoma (45%, IQR 31.25-
63.75% vs 10%, IQR 5-15%, P < 0.0001). The best
Ki-67 cut-off was 22.5%, resulting in a sensitivity of
0.81 and a specificity of 0.91, with on overall accuracy
of 0.85. CD5 and CD117 were expressed in TC on-
ly (Fig. 1). However, 7 (26.9%) and 6 (23.1%) TC did
not express CD5 and CD117 respectively; 5 of them
(19.2%) were negative for both CD5 and CD117. One
case negative for both CD5 and CD117 showed loss
of BAP1 expression (Fig. 2). CDKN2A deletion was
observed in 4 TC (15.4%); 3 of them showed loss of
MTAP expression. One B3 thymoma (4.5%) showed
CDKN2A deletion with MTAP loss (Fig. 3). Detailed re-
sults of biomarker testing are reported in Table Il. The
combination of CD5 and CD117 allowed to identify 21
TC (80.8%). The addition of the other biomarkers (i.e.,
BAP1, MTAP and CDKN2A) was useful in identifying
one more TC (n =22, 84.6%) while losing some spec-
ificity. The diagnostic performance of the biomarkers
and their combination is reported in Table lIl.

Interestingly, all non-squamous carcinomas (n = 8)
expressed CD5 and CD117, with the only exception
being the NOS TC, which lacked CD117 expression.
Conversely, CD5 and CD117 staining was negative in
7 (41%) and 5 (29%) of squamous carcinomas, re-

Table I. Clinical-pathological features of the study population according to histological diagnosis.

Thymic carcinoma

Type B3 thymoma

Clinical-pathological feature (n = 26) (n =22) P-value
Age, years median (IQR) 65.5 (59-72.75) 54.5 (41.75-59) 0.0001
Sex, male n (%) 16 (61.5) 8 (36.4) 0.15
Diameter, cm median (IQR) 4.6 (3-6.3) 5(3.4-8) 0.34
TNM stage lorll 5(29.4) 13 (72.2) 0.02
Ilor IV 12 (70.6) 5(27.8)
NA* 9 4
R status R1 20 (76.9) 21 (95.5) 0.11
Myasthenia gravis yes 1(5.6)8 16 (76.2) 0.0001
no 17 (94.4) 5(23.8)
NA* 8 1

IQR, interquartile range; NA, not available
* cases with data not available were not considered for statistics.
§ the patient had a concomitant type B3 thymoma (about 10%)
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Figure 1. Immunostaining in TC. The tumor cells exhibit diffuse expression of both CD5 (A) and CD117 (B). All images are
at x40 magnification.
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Figure 2. Three different cases of TC. The first case (A-D-G) shows loss of nuclear expression of BAP1 (D), and a retained
cytoplasmic expression of MTAP (G); in the second example of TC (B-E-H), the tumor cells express BAP1 (E), but are negative
for MTAP (H); in the third case (C-F-I) expression of both BAP1 (F) and MTAP (l) is retained. Magnification: H&E x 40 (A, B,
C), BAP1 x 100 (D, E, F), MTAP x 200 (G, H, I).

spectively, with no differences observed according to  keratinization or degree of differentiation. TNM stag-

keratinization or degree of differentiation. ing was the only significant predictor of DFS (Fig. 4B).
Females had a shortest DFS, tough without reaching

FoLow-up statistical significance (Fig. 4C).

Follow-up data was available for 28 (58.3%) patients,

including 15 with TC (57.7%) and 13 with type B3 thy-

moma (59.1%). The median follow-up was 22 months  Discussion

(IQR 10.3-44). Overall, 19 patients (67.9%) had re-

currence, with no significant differences according to ~ Thymic epithelial tumors (TET) are a heterogeneous

histology (Fig. 4A), R status, carcinoma subtyping,  group of lesions, which encompass types A, AB, B1,
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Figure 3. A challenging case of type B3 thymoma. The tumor shows a lobular growth pattern (A), and tumor cells exhibit an
abundant eosinophilic cytoplasm and moderate to marked cytological atypia. (B); MTAP expression in the tumor cells is lost
(C); FISH analysis for CDKN2A confirmed the presence of the deletion (D). Magnification, H&E x 50 (A), x 100 (B), MTAP
x 200 (C), FISH x 60 (D).

Table II. Results of biomarker testing.

Biomarker Thymz:l (=:a2rg;noma Type (Bn3=tr;3£r)noma P-value
CD5 median (IQR) 70 (5-90) 0 (0-0) <0.0001
CD117 median (IQR) 85 (42.5-90) 0 (0-0) < 0.0001
Ki-67 median (IQR) 45 (31.25-63.75) 10 (5-15) < 0.0001
BAP1* n (%) 4 (15.4%) 0 0.1

MTAP* 3 (11.5%) 1 (4.5%) 0.61
n (%)

CDKN2A deletion n (%) 4 (15.4%) 1 (4.5%) 0.36
IQR, interquartile range
*loss of expression
Table lll. Diagnostic performance of biomarkers.

. AUC Sensitivit Specificit Accurac
Blomatkey (95% Cl) (95% cny (‘;5% Cl)y (95% CI;’
CD5 0.87 0.73 1 0.85

(0.77-0.94) (0.54-0.88) (1-1) (0.74-0.94)
CD117 0.88 0.77 1 0.87
(0.79-0.96) (0.58-0.92) (1-1) (0.77-0.96)
CD5 and CD117 combined 0.90 0.81 1 0.90
(0.83-0.96) (0.65-0.96) (1-1) (0.81-0.98)
All markers combined* 0.90 0.85 0.95 0.90
(0.81-0.98) (0.69-0.96) (0.86-1) (0.79-0.98)

AUC, area under the curve; Cl, confidence interval.
CD5, CD117, BAP1, MTAP and CDKN2A qualitative assessment
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Figure 4. Disease-free survival (DFS). No differences were observed between TC and type B3 thymoma (A). Tumor stage
was the only significant predictor of DFS (B). Female patients showed a trend towards shorter DFS (C).

B2, B3 thymoma and TC. Recently, a molecular-based
classification has been proposed by the TCGA working
group on TET. This classification somehow reflects the
histologic classification, with TC representing a distinct
subgroup with higher mutational load 7. However, the
TCGA findings have not yet been incorporated within
the routine practice of TET. Hence, the research of bi-
omarkers to support differential diagnosis and progno-
sis definition is still needed. Here we investigated the
usefulness of a panel of biomarkers, including CD5,
CD117, BAP1, MTAP and CDKNZ2A, in the differential di-
agnosis between type B3 thymomas and TC. CD5 and
CD117 confirm to be the best markers for TC with 100%
of specificity "', Indeed, they were not expressed in
type B3 thymoma and achieved a diagnostic sensitivity
greater than 70%. The sensitivity was above 80% by
combining the two markers.

BAP1 is a tumor suppressor gene involved in the
pathogenesis of various tumors, including pleural
mesothelioma, uveal melanoma, and clear cell re-
nal cell carcinoma '®. Somatic mutations of the BAP1
gene can lead to a loss of nuclear expression of the
BAP1 protein '°. The MTAP gene is located on chro-
mosome 9p21 close to CDKN2A, a well-known tu-
mor-suppressor gene involved in cell cycle control.
Deletions of CDKN2A are frequently associated with
deletions of MTAP, thus resulting in the absence of
cytoplasmic expression of the protein. Therefore, IHC
for MTAP can be used as a surrogate marker for CD-
KN2A deletions in various tumors, such as pleural
mesothelioma and non-small cell lung cancer %,
Mutations of BAP1 and CDKN2A deletions have also
been frequently reported in TETs, especially in TC 21,
Angirekula et al. demonstrated a loss expression of
BAP1 in 11% and lack of MTAP expression in 15% of

TC ™. Similarly, in our cohort we observed negativity
for BAP1 and MTAP in 15,4% (4 cases) and 11,5% (3
cases) of TC, respectively. Our data confirm that on-
ly a small percentage of TC are characterized by the
loss of either BAP1 or MTAP; therefore, the retained
positivity for such markers does not exclude a diagno-
sis of TC. Nevertheless, they may be useful in cases
where CD5 and CD117 are not expressed. Indeed, in
our series, one TC that was negative for both biomark-
ers, showed loss of BAP1 staining.

While numerous studies have investigated the diag-
nostic correlation between CDKN2A deletions and
MTAP staining loss in pleural mesothelioma, the data
available in literature for TC is still limited '2. In our co-
hort, out of 4 TC that harbored CDKN2A deletion, 3
showed also loss of MTAP expression.

One case of our series, diagnosed as type B3 thymo-
ma, was particularly challenging from a morphologi-
cal perspective. The tumor exhibited a lobular archi-
tecture, with nodules extending into the mediastinal
fat with an expansive pattern of invasion. Neoplastic
cells showed abundant eosinophilic cytoplasm and
moderate to marked cytological atypia. Poorly formed
perivascular spaces were observed, as well as diffuse
vascular invasion (Fig. 3A-B). Moreover, IHC for TdT
highlighted the presence of scattered immature lym-
phocytes within the tumor, while the neoplastic cells
were negative for both CD5 and CD117. Ki-67 was
estimated at 20%. Considering these morphological
and immunohistochemical features, and the clinical
association with myasthenia gravis, the tumor was
classified as a type B3 thymoma 22. Nevertheless,
when BAP1 and MTAP were evaluated, neoplastic
cells showed retained nuclear positivity for BAP1, and
loss of cytoplasmic expression of MTAP. FISH analy-
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sis was subsequently performed, confirming the dele-
tion of CDKN2A (Fig. 3C-D). As previously stated, the
differential diagnosis between type B3 thymoma and
TC based solely on morphology may be particularly
challenging, since histological hallmarks of malignan-
¢y, such as overt nuclear atypia, or the presence of
vascular invasion, are not exclusive to either entity. In
addition, both CD5 and CD117 may be negative in a
small percentage of TCs, representing a potential pit-
fall for the diagnosis. The role of BAP1 and MTAP in
such cases is yet to be completely defined. In pleural
mesothelial proliferations, loss of expression of BAP1
or MTAP evaluated by IHC, or deletion of CDKN2A
observed by FISH, is sufficient to support the diag-
nosis of mesothelioma over mesothelial hyperplasia,
even in cytological samples where the neoplastic in-
vasion is not assessable . Similarly, recent studies
investigating the expression of BAP1 and MTAP in
TETs demonstrated a perfect specificity of these bi-
omarkers for thymic carcinoma. Therefore, they have
been proposed as part of broader IHC panels for the
distinction between thymoma and thymic carcinoma
1224 Nevertheless, Petrini et al. identified a homozy-
gous deletion of CDKN2A in a small subset of B3
thymomas, though no IHC for MTAP was performed
on such cases 2. To the best of our knowledge, our
case is the first example reported in the literature of a
type B3 thymoma with loss of cytoplasmic expression
of MTAP and with deletion of CDKN2A confirmed by
FISH. Further studies are needed to validate the use
of this biomarker in the differential diagnosis between
type B3 thymoma and TC, especially in morphologi-
cally challenging cases.

Besides their usefulness as diagnostic markers, CD5
and CD117 were not associated with DFS in our se-
ries. CD5 staining in 50% of more tumor cells has
been recently associated with longer overall survival
in patients with TC, independently of the major con-
founders 2. In our series, we could not evaluate this
association since only one patient with TC died of the
disease during follow-up.

Ki-67 labeling index, in association with histology, can
also be useful in the distinction between thymoma and
TC. Roden et al. suggested a Ki-67 labelling index of
13,5% or higher as a practical cut-off to identify TC #’.
Our data confirmed that a higher Ki-67 labelling index
is associated with TC. However, in our cohort Ki-67
levels in type B3 thymoma ranged from 2 to 50%, with
a median of 10%, demonstrating that a greater cut-off
should be considered for the differential diagnosis be-
tween these two entities.

As previously reported, patients diagnosed with thym-
ic carcinoma were older than patients diagnosed with
type B3 thymoma, with a median age of 65.5 2. More-

over, we observed a male predominance in TC over
type B3 thymoma, though without reaching statistical
significance. In our series, 76.2% of patients with type
B3 thymoma presented with myasthenia gravis. This
prevalence is higher than that that reported in previous
studies *. On the other hand, we confirmed that this
syndrome is extremely rare in TC, with only one case
observed in our cohort. It has to be acknowledged that
this patient had a concomitant type B3 thymoma. De-
spite being only a small part of the neoplasm (about
10%), it is reasonable that the type B3 thymoma com-
ponent is accountable for the production of auto-an-
tibodies and the development of myasthenia gravis.
Finally, this study suffers from some limitations. First,
the study is retrospective and included a small number
of patients, though in line with the rarity of TET. Sec-
ond, the median follow-up period is short, thus limiting
the time-to-event analyses. Indeed, in our study sur-
vival analyses could not be performed.

Conclusions

CD5 and CD117 confirm to be the best markers for
TC, with a perfect specificity and a combined sen-
sitivity above 80%. The use of other markers (i.e.,
BAP1 loss, MTAP loss and CDKN2A deletion) might
be helpful in identifying TC cases negative for CD5
and CD117. However, rare cases of type B3 thymoma
might harbor these alterations. Finally, Ki-67 staining
could be a useful support for the differential diagnosis
between TC and type B3 thymoma, though a specific
cut-off warrants further studies.
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