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Expression of prostate-specific membrane antigen
in the neovasculature of primary tumors and lymph node metastasis
of laryngeal squamous cell carcinomas
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Background: Prostate-specific membrane antigen (PSMA) expression is encountered in tumor-associated neovascularization. Methods:
PSMA-antibody was applied to the paraffin blocks of 51 patients who were diagnosed with squamous cell carcinoma of the larynx and
underwent laryngectomy and one who underwent lymph node dissection. The percentage of vascular expression in tumoral and extra-
tumoral stroma and lymph nodes and intensity score in tumoral epithelium were evaluated and divided into groups according to the lev-
el of PSMA expression. Final PSMA expression was determined by multiplying intensity and percentage scores. Results: The mean age
was 61+ 10 years. Patients with perineural invasion, cartilage invasion, and local invasion exhibited higher PSMA expression scores.
Age, tumor differentiation, tumor diameter, perineural invasion, tumor localization, capsular invasion, depth of invasion, surgical margin
status, local invasion, nodal metastasis, TNM classification, and stage were similar in high and low PSMA expression groups. There was
no PSMA expression in extratumoral vascular stroma. Significantly higher PSMA expression was observed in the vascular endotheli-
um of metastatic lymph nodes compared with reactive lymph nodes. Patients with advanced-stage disease exhibited higher PSMA
vascular expression scores compared to those with earlier stages (p<.001). PSMA expression was not correlated with overall survival,
disease-specific survival, or disease-free survival (p>.05). Conclusions: Our study suggests that higher PSMA expression is associated
with cartilage invasion, local invasion, and advanced-stage of disease. PSMA expression can be utilized for detection of lymph node
metastasis and has some predictive role in cases of neck metastasis.
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The prevalence and incidence of laryngeal cancers, mostly
constituted of squamous cell carcinoma (SCC), have increased by
23.8% and 12%, respectively, in the last 30 years, and the sur-
vival of patients with advanced-stage disease remains low [1].
Despite developments in diagnostic and therapeutic techniques,
novel and more effective treatment strategies are needed to in-
crease survival, particularly for patients with advanced-stage
disease. The microvascular intensity of tumors is positively corre-
lated with T/N category, T/N relapse, and tumor radiosensitivity.
Treatment modalities targeting the antigens of active vascular
endothelial cells can be beneficial when combined with conven-
tional chemotherapies [2]. Angiogenesis is the formation of
new vessels from existing vessels as a response to changes in the
circulatory system such as hypoxia. The term neoangiogenesis
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is also used to define the pathologic angiogenesis of different
vessels in the presence of a tumor and other diseases [3]. The re-
lationship between angiogenesis and prognosis in SCC of the
larynx (SCCL) was determined in the 1990s [4].

Tumor vessels can be targeted for treatment and prevention
of recurrence to protect normal vascular structures from deterio-
ration due to continuous growth and abnormality of tumor ves-
sels. For instance, target-oriented anti-epidermal growth factor
receptor treatment has been approved by the United States Food
and Drug Administration for treatment of head-neck SCCs [5].

Prostate-specific membrane antigen (PSMA), also known as
glutamate carboxypeptidase, is a type 2 transmembrane glyco-
protein with a molecular weight of 100 kDa including both in-
tracellular and extracellular domains that have been demonstrated

pISSN 2383-7837
elSSN 2383-7845


http://crossmark.crossref.org/dialog/?doi=10.4132/jptm.2022.02.22&domain=pdf&date_stamp=2022-05-15

to be expressed in prostate cancers and commonly researched in
the field of target-oriented treatment [6,7]. There are several
complete, ongoing, and interrupted studies on numerous differ-
ent clones of PSMA (e.g., ADC 2301, ADC BrUOG 263, ADC
1301) within the content of phase 1 and phase 2 trials conducted
to investigate the availability of PSMA for use in treatment and
imaging procedures. PSMA expression has been confirmed by
RNase protection assay, western blot analysis, and immunohisto-
chemical methods [8].

PSMA expression was demonstrated in the neovascularized
foci of solid organ tumors (e.g., breast, lung, kidney, brain, thyroid,
hepatocellular carcinoma, urothelial carcinoma). PSMA is more
commonly encountered in tumor-associated new blood vessels
and is not detected in the normal vascular endothelium in solid
tumors [9]. The specificity of PSMA for tumor-associated endo-
thelium suggests it as a potential target for treatment of malig-
nancies.

We aimed to evaluate PSMA expression in the vascular endothe-
lium of primary tumors and lymph nodes in patients with SCCL.

MATERIALS AND METHODS

Patients and tissue samples

This study included 51 patients with SCCL who underwent
total or partial laryngectomy and neck dissection between January
2010 and January 2020. The hematoxylin and eosin (H&E)-
stained sections obtained from all the formalin-fixed paraffin
blocks of the patients were re-examined, and appropriate blocks
were selected from 17 patients with lymph node metastasis and
34 patients without lymph node metastasis. Neck dissection
was performed in patients with clinical and/or radiologic findings
suspicious for positive lymph nodes in the neck.

All cases were histopathologically confirmed according to the
4th edition of the World Health Organization (WHO) classification
of head and neck tumors [10]. The Protocol for the Examination of
Specimens from Patients with Cancers of the Larynx 2017 of
the College of American Pathologists was used to identify his-
topathologic subtype, tumor location, tumor size, tumor differ-
entiation, tumor spread, surgical margins, lymphovascular inva-
sion, perineural invasion, and lymphatic spread for SCCL [11].
Tumor stage was determined retrospectively for all patients accord-
ing to the TNM Classification System of the American Joint
Committee on Cancer [11]. Data such as clinical information,
age, sex, presence of metastasis, and survival data including disease-
free survival (DFS), overall survival (OS), disease-specific survival
(DSS), and recurrence were obtained from the hospital database.
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Immunohistochemistry

PSMA antibodies were applied to the blocks that represented
tumors, and blocks were selected from metastatic lymph nodes
or tumor-negative lymph nodes in the absence of metastatic lymph
nodes using an immunohistochemical method in the H&E-stained
sections (Fig. 1A). PSMA antibodies (clone 3E0, isotype: IgG1,
kappa, DAKO flex ready-to-use monoclonal mouse antibody
(Carpinteria, CA, USA) provided in liquid form in a buffer con-
taining stabilizing protein and 0.015 mol/L sodium azide) were
prepared according to the manufacturer’s instructions as expressed
in the datasheet. The tissue samples were processed together with
prostate tissue samples as an antibody-positive control and a neg-

ative control in an automated immunohistochemistry device.

Evaluation of immunohistochemical staining

Immunohistochemically stained slides were evaluated by two
pathologists who were experienced in head and neck pathology,
with each being blinded to the cases. PSMA immunohistochem-
ically stained slides were examined under a light microscope and
accepted as having positive cytoplasmic staining and/or positive
cytoplasmic membrane staining.

The percentage of vascular endothelial cells that stained posi-
tive for PSMA was stratified as: 0, 0%—5%; 1, 6%-25%; 2,
26%-50%; and 3, > 50%. The intensity score was stratified as:
1, weak; 2, moderate; and 3, strong. PSMA expression was
scored according to the intensity of the tumor epithelium as: 1,
none-weak; 2, moderate; and 3, strong. Final PSMA expression
was determined by multiplying intensity and percentage scores.
The cases were grouped according to stage and lymph node me-
tastasis. The groups were compared by PSMA expression scores
[12,13].

Statistical analysis

The normality of continuous data distribution was tested using
the Kolmogorov-Smirnov test or the Shapiro-Wilk test. Contin-
uous data were compared using the independent sample t test or
the Mann-Whitney U test. Categorical data were compared using
Pearson’s chi-square test. Fisher’s exact test was used when expected
value problems occurred. Kaplan-Meier survival analysis was
conducted to predict survival estimates according to PSMA expres-
sion score. Receiver operator curve (ROC) analysis was performed
to determine the cut off value for PSMA expression in assessing
the event of death during follow-up. Patients were classified into
two groups according to cut off value as high and low expression
of PSMA. A p-value < .05 was regarded as statistically significant.
The SPSS ver. 21 software package (IBM Corp., Armonk, NY,
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Fig. 1. Hematoxylin and eosin (H&E) and immunohistochemistry (IHC) staining of tumoral and nontummoral tissues. (A) Primary squamous cell
carcinoma and respiratory epithelium (arrow) in the neighborhood of the tumor (H&E). (B) High prostate-specific membrane antigen (PSMA)
expression score in the epithelium of the primary squamous cell carcinoma, no PSMA expression in the normal respiratory epithelium (ar-
row). (C) CD34 expression in the vessels of the tumoral stroma (red arrow) and non-tumoral stroma (black arrow). (D) High PSMA expres-
sion score in the vessels of the tumoral stroma (red arrow) and no expression of PSMA in the vessels of the normal tissue (black arrows). (E)
PSMA expression in the vessels of the primary tumor (F) and expression in the vessels of the metastatic lymph node. (G) CD31 expression
in the stromal vessels of the metastatic focus (red arrows) and non-metastatic focus (black arrow) of the same lymph node. (H) PSMA ex-
pression in the stromal vessels of the metastatic focus (red arrows) and no expression in the vessels of the non-metastatic focus (black ar-
row) of the same lymph node.
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USA) was used for statistical analysis.
RESULTS

All but one patient were male (98%). The mean age was 61 + 10
years. Of the primary tumors, 37.3%, 43.1%, and 19.6% were
well-differentiated, moderately differentiated, and poorly differ-
entiated, respectively. Fifty (29.4%), 12 (23.5%), one 2%), six
(11.8%), eight (15.7%), and nine (17.6%) tumors were located
in the supraglottic, glottic, infraglottic, supraglottic+glottic,
glottic+infraglottic, and transglottic regions, respectively. Table
1 shows the demogtaphic data of the patients. Age was similar
between the high and low vascular expression groups. Tumor
differentiation was similar between the high and low vascular
expression score groups. Tumor diameter and perineural inva-
sion was similar between the groups. Supraglottic localization
was more frequent in the low vascular score group compared to
the high group. Transglottic localization was more frequent in the
high vascular score group. Capsular invasion, depth of invasion,
lymphovascular invasion, surgical margin positivity, and local
spread nodal metastasis were similar between the groups. The
presence of T4 tumors and stage 4 disease was more frequent in
the high vascular PSMA expression group. Comparison of the high
and low vascular PSMA expression groups is shown in Table 2.

We evaluated the expression of PSMA in tumoral epithelium
and divided the patients according to expression levels. Age, tu-
mor differentiation, tumor diameter, perineural invasion, tumor
localization, capsular invasion, depth of invasion, surgical margin
status, local invasion, nodal metastasis, TNM classification, and
stage were similar in the high and low intratumoral PSMA ex-
pression groups. PSMA expression in tumoral epithelium is shown
in Table 3.

ROC analysis revealed that PSMA was a significant marker
of death. A PSMA cut off value of 3 exhibited the highest sensi-
tivity and specificity (area under the curve, 0.705; sensitivity, 81%;
specificity, 51%). Patients were divided into two groups according
to PSMA expression as high (>3) and low (< 3).

PSMA expression in the vascular epithelium of lymphatic me-
tastasis was significantly higher compared with that in patients
with tumor-negative lymph nodes (p <.001) (Table 4). Most
patients with lymphatic metastasis exhibited higher primary
tumoral PSMA expression. However, no significant difference was
found between patients with and without lymph node metastasis
in terms of PSMA expression.

A higher vascular expression score of PSMA was observed in
pT4 tumors. Similarly, higher vascular PSMA scores were observed
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in stage 4 tumors. No significant correlation with pN was detected
for PSMA score.
PSMA expression in the epithelium of the primary SCCL is

Table 1. Clinical findings, histopathological findings, and clinical
stages of the cases

No. (%)

Age, mean+SD (yr) 61+10
Tumor differentiation

Well 19 (37.3)

Moderately 22 (43.1)

Poor 10 (19.6)
Tumor diameter (cm), median (range) 2.5(0.6-8.5)
Perineural invasion

No 46 (90.2)

Yes 5(9.9)
Tumor localization

Supraglottic 15 (29.4)

Glottic 12 (23.5)

Infraglottic 1)

Glottic + supraglottic 6(11.8)

Glottic +infraglottic 8(15.7)

Transglottic 9(17.6)
Capsular invasion

No 44 (86.3)

Yes 7(13.7)
Depth of invasion, mean+SD, cm 1.3£0.9
Lymphovascular invasion

No 42 (82.4)

Yes 9(17.6)
Cartilage invasion

No 19 (37.3)

Yes 32 (62.7)
Surgical margin

No 48 (94.1)

Yes 3(.9
Soft tissue invasion

No 28 (54.9)

Yes 23 (45.1)
T category

1 6(11.8)

2 14(27.5)

3 6(11.8)

4 25 (49)
N category

0 32 (62.7)

1 5(9.8)

2 5(9.8)

3 9(17.6)
Stage

1 4(7.9)

2 12 (23.1)

3 3(.9

4 32 (62.7)

SD, standard deviation; T, tumor; N, node.

https://jpatholtm.org/



138 e Erkiing Getal.

Table 2. The correlative evaluation between clinical findings, histo-
pathological findings, and clinical stages of the cases and PSMA
expression scores in the intratumoral vessels

Table 3. The correlative evaluation between clinical findings, histo-
pathological findings, and clinical stages of the cases and PSMA
expression scores in the tumoral epithelium

PSMA score <3 (%) PSMA score >3 (%) p-value

PSMA score <3 (%)PSMA score >3 (%) p-value

Age (yr) 61+12 60+9 844
Tumor differentiation
Well 8 (44.4) 11(33.3) 744
Moderately 6(33.3) 16 (48.5)
Poor 4(22.2) 6(18.2)
Tumor diameter (cm) 25+1.6 3+1.6 .367
Perineural invasion
No 18 (100) 28 (84.8) 148
Yes 0 5(156.2)
Tumor localization
Supraglottic 9 (50) 6(18.2) 017
Glottic 4(22.2) 8(24.2) >.99
Infraglottic 0 1(3.0) >.99
Glottic + supraglottic 3(16.7) 3(9.1) 652
Glottic +infraglottic 2(11.1) 6(18.2) .696
Transglottic 9(27.3) 019
Capsular invasion
No 17 (94.4) 27 (81.8) .398
Yes 1(5.6) 6(18.2)
Depth of invasion 1.09+£0.9 1.4+0.6 227
Lymphovascular invasion
No 16 (88.9) 26 (78.8) 464
Yes 2(11.1) 7212
Cartilage invasion
No 12 (66.7) 7212 .001
Yes 6(33.3) 26 (78.8)
Surgical margin
No 17 (94.4) 31(93.9) >.99
Yes 1(56.6) 2(6.1)
Soft tissue invasion
No 13(72.2) 15 (45.5) .066
Yes 5(27.8) 18 (54.5)
Lymph node metastasis
No 14(77.8) 19 (57.6) 149
Yes 4(22.2) 14 (42.4)
T category
1 3(16.7) 3(9.1) 652
2 9 (50.0) 5(15.2) 019
3 4(22.2) 2(6.1) .168
4 2(11.1) 23 (69.7) <.001
N category
0 14(77.8) 18 (54.5) 185
1 1(56.6) 4(12.1) 645
2 2(11.1) 39.1) >.99
3 1(5.6) 8(24.2) 134
Stage
1 2(11.1) 2(6.1) 607
2 9 (50.0) 3(9.1) .001
3 2(11.1) 1(3.0) 282
4 5(27.8) 27 (81.8) <.001

Age (yr) 61+10 60+10 .823
Tumor differentiation
Well 18 (41.9) 1(12.5)
Moderately 17 (39.5) 5 (62.5) 210
Poor 8(18.6) 2(25.0)
Tumor diameter (cm) 28+17 26+15 .736
Perineural invasion
No 39(90.7) 7(87.5) >.99
Yes 4(9.3) 1(12.5)
Tumor localization
Supraglottic 12 (27.9) 3(37.5) 679
Glottic 12 (27.9) 0 179
Infraglottic 1(2.9) 0 >.99
Glottic + supraglottic 5(11.6) 1(12.5) >.99
Glottic +infraglottic 5(11.6) 3(37.5) .099
Transglottic 8(18.6) 1(12.5) >.99
Capsular invasion
No 36 (83.7) 8 (100) 579
Yes 7(16.3 0
Depth of invasion 1.3£0.9 1.3£0.9 .997
Lymphovascular invasion
No 35(81.4) 7(87.5) >.99
Yes 8(18.6) 1(12.5)
Cartilage invasion
No 15(34.9) 4(50.0) 450
Yes 28 (65.1) 4(50.0)
Surgical margin
No 41 (95.3) 31(93.9) >.99
Yes 24.7) 2(6.1)
Soft tissue invasion
No 24 (55.8) 7(87.5) 407
Yes 19 (44.2) 1(12.5)
Lymph node metastasis
No 27 (62.8) 6(75.0) .696
Yes 16 (37.2) 2(25.0)
T category
1 6(14.0) 0 572
2 12 (27.9) 2(25.0) >.99
3 5(11.6) 1(12.5) >.99
4 20 (46.5) 5 (62.5) 465
N category
0 26 (60.5) 6(75.0) .694
1 3(7.0) 2(25.0) 170
2 5(11.6) 0 .580
3 9(20.9) 0 322
Stage
1 49.3) 0 >.99
2 10 (23.3) 2(25.0) >.99
3 2(4.7) 1(12.5) 407
4 27 (62.8) 5(62.5) >.99

Values are presented as mean +SD or number (%).
PSMA, prostate-specific membrane antigen; T, tumor; N, node; SD, stan-
dard deviation.
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Table 4. The comparison between percentage scores of prostate-specific membrane antigen expression in metastatic and reactive lymph nodes

Lymph node Score 0 Score 1 Score 2 Score 3 p-value
Reactive lymph node 21(61.8) 13(38.2) 0 0 <.001
Metastatic lymph node 0 2(11.8) 9(52.9) 6(35.3)

Values are presented as number (%).

Fig. 2. PSMA expression scores in tumoral and nontumoral tissues. (A) Prostate-specific membrane antigen (PSMA) percentage score of 1
in the vessels of the tumoral stroma. (B) PSMA percentage score of 2 in the vessels of the tumoral stroma. (C) PSMA percentage score of 3
in the vessels of the tumoral stroma. (D) PSMA intensity score of 1 in the vessels of the tumoral stroma. (E) PSMA intensity score of 2 in the

vessels of the tumoral stroma. (F) PSMA intensity score of 3 in the vessels of the tumoral stroma.

shown in Fig. 1B. Staining with CD34 demonstrated the dif-
ference between normal and tumoral vessels as shown in Fig. 1C.
PSMA expression in the vessels of the tumoral stroma are shown
on Fig. 1D. PSMA expression in the vessels of a primary tumor
(Fig. 1E) and PSMA expression in the vessel cells of the meta-
static focus are shown in Fig. 1E CD31 expression in stromal
vessels of the metastatic focus and non-metastatic focus of the
same lymph node are shown in Fig. 1G, and PSMA expression in
the stromal vessels of the metastatic focus ate shown in Fig. 1H.
The intratumoral vascular PSMA percentage scores are shown
in Fig. 2A-C. Intratumoral PSMA intensity scores are shown
in Fig. 2D-E

No distant organ metastasis was detected in any of the cases.
Vascular PSMA expression in metastatic lymph nodes and primary
tumors was similar (p =.383). No significant correlation was de-
tected between PSMA expression scores in the tumoral vessels and
08, DSS, and DFS (p>.05) (Figs. 3, 4).

https://doi.org/10.4132/jptm.2022.02.22

DISCUSSION

We separately analyzed the expression of PSMA in the stroma
of primary tumors, metastatic lymph nodes, non-metastatic lymph
nodes, vascular endothelium in the stroma of extratumoral foci,
and tumoral epithelium of SCCLs. Many studies have evaluated
PSMA expression in intratumoral neovascularized foci [9,14-16)].
However, no study has reported PSMA expression in SCCL, and
we also compared PSMA expression in metastatic lymph nodes
and vascular endothelium in the primary tumoral stroma.

Abnormal stromal cells and neovascularized dysfunctional an-
giogenic vessels continuously contribute to the microenviron-
ment of the tumor. Certain cancer types that metastasize through
hematogenous and lymphatic patterns were reported to be affected
by tumor neovascularization [17]. The metastasis, growth, and
progression of solid tumors require angiogenesis. In addition to
tumoral nutrition, angiogenesis plays an important role in obtain-
ing treatment responsiveness from chemoradiotherapy depending
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Fig. 3. Overall survival analysis in patients with high and low prostate-specific membrane antigen (PSMA) expression scores according to
disease stage. (A) Comparison of overall survival in stage 1 patients according to PSMA expression. (B) Comparison of overall survival in stage
2 patients according to PSMA expression. (C) Comparison of overall survival in stage 3 patients according to PSMA expression. (D) Compari-

son of overall survival in stage 4 patients according to PSMA expression.

on the quality of the intratumoral vessels. Therefore, a balance
between pro- and anti-angiogenic factors should be established
[18]. Our study included patients with SCCL who underwent
cervical lymph node dissection, and metastatic lymph nodes
wete detected in 17 of 51 patients, about one-third of the cases.

Angiogenesis is crucial in tumor metastasis [19]. In this respect,
it is proposed that antiangiogenic treatment will be of impor-
tance in treatment of tumor metastases in the future [20]. In our
study, none of the cases exhibited diffuse strong staining with
PSMA in the extratumoral normal vascular structures. New in-
vestigations of PSMA-ligated treatment strategies could be at-
tempted in cases of advanced tumors when surgical treatment

https://jpatholtm.org/

options are impossible.

A proangiogenic microenvironment is considered to increase
lymphatic metastatic risk. Even though the 5-year survival rate is
commonly high in patients with low T-category and without met-
astatic lymph nodes, detection of high vascular endothelial growth
factor (VEGF) expression has been interpreted to be high risk for
poor prognosis and recurrence. Therefore, it is anticipated that
these patient groups will benefit from targeted treatment modali-
ties [20]. In our study, the percentage and intensity scores of PSMA
expression in intratumoral vessels were significantly high in cases
with advanced T-category. PSMA expression scores were 0 and
1 in vessels with a non-metastatic focus in lymph nodes that main-

https://doi.org/10.4132/jptm.2022.02.22



Disease-specific survival

1.0’{
2
l1

0.8 LL

T 1—1—
=
1< |
8 0.6 +—
[0
=
ks
>
€ 04+  Expression of
3 PSMA
<3 _
I p=.115

—+ <3 censored
-+ >3 censored

0-0 T T T T T T
0 20 40 60 80 100 120

Time (mo) (A)

PSMAin larynx carcinoma e 141

Disease-free survival

1.0 *1—1
0.8
©
= |
1<
? 0.6 T
[0
=
=
>
£ 04+  Expression of
3 PSMA
<3
02 >3 p=.216
—+ <3 censored
—+ >3 censored
0.0 T T T T T T
0 20 40 60 80 100 120
Time (mo) (B)

Fig. 4. Disease-specific survival (A) and disease-free survival (B) analyses in patients with high and low prostate-specific membrane antigen

(PSMA) expression scores.

tained normal lymph node morphology, whereas PSMA expres-
sion scores were significantly higher at scores 2 and 3 in neovas-
cularized vessels in metastatic foci. Therefore, PSMA seems to
be a new key factor in the specific target-oriented treatment of both
primary tumors and lymph node metastatic foci, but further
studies are necessary to confirm this hypothesis.

A significant level of VEGF expression was encountered,
whereas no expression was detected in intratumoral stromal cells
in another study that investigated the relationship of VEGF ex-
pression with angiogenesis in SCCL. Those authors concluded
that progression of SCC was compliant with VEGF expression
[21]. By contrast, in another study, no correlation was observed
between prognosis and angiogenesis in SCCL [22]. In our study,
PSMA expression in tumoral vascular endothelium was associ-
ated with poor clinical parameters including cartilage invasion,
local invasion, and advanced-stage disease.

PSMA positivity was observed in 151 of 779 tumors in a study
that evaluated PSMA expression in bone and soft tissue tumors
in tumor-associated vascular structures. A higher concentration
of PSMA expression was observed in high-grade tumors compared
to intermediate and low-grade tumors. However, it was reported
that false-negative expression might be present because a tissue
microarray system was used in the study [23]. Similarly, in anoth-
er study, it was reported that neovascular PSMA expression was
significantly higher in malignant tumors of the thyroid gland
compared to benign lesions, and that expression rates increased
in poorly differentiated and undifferentiated cumors [24]. In our
study, we identified no correlation between PSMA expression
score and differentiation of SCCL.

https://doi.org/10.4132/jptm.2022.02.22

Our study showed that the intensity and percentage scores of
PSMA expression in the vascular endothelium of primary tumor
stroma were significantly higher in cases with cartilage and local
tumor invasion. It was additionally noted that PSMA expres-
sion scores were significantly high with scores 2 and 3 in the in-
tratumoral vessels of pT4 tumors. However, we found no corre-
lation between the expression scores of PSMA in intratumoral
vessels and OS, DSS, and DES.

Specific target-oriented molecular therapies present a crucial
necessity for treatment of tumor-associated vessels [25]. Vascular
PSMA expression was determined to be correlated with several
cancer types with respect to clinicopathologic and prognostic fea-
tures. No PSMA expression was identified in 24 of 96 patients
with SCC of the oral cavity, whereas PSMA expression was ob-
served in less and more than 50% of tumor-associated vessels in
24 and 24 cases, respectively. Therefore, high vascular expres-
sion of PSMA was correlated with poor prognosis in oral SCC [13].
Vascular PSMA expression was correlated with the Ki67 prolif-
eration index, which has prognostic importance in breast cancer
[12]. PSMA expression in the vascular endothelium was deter-
mined to be significantly correlated with TNM, the Ki67 pro-
liferation index, tumor differentiation, and positivity of lymph
node metastasis in 103 patients with hepatocellular carcinoma
[25]. Similarly, PSMA expression has been evaluated in gyneco-
logic cancers and was encountered in the neovascular foci of spe-
cific and high-grade tumors in endometrial, ovarian, and cervical
SCC, while vulval SCC exhibited no such phenomenon [13].

PSMA expression was identified in tumor-associated vessels
in 46% (31/68) of patients with breast cancer and metastasis
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[16]. The relationship of PSMA expression with distant organ
metastasis could not be analyzed in our study because no distant
organ metastasis was present in any of our patients.

Early diagnosis and treatment of tumors are important to avoid
surgery with high comorbidity for patients such as laryngectomy.
Researchers have found that the use of nitric oxide synthase block-
ers is a promising tool in the scope of antiangiogenic therapy in
SCCL [26]. Similarly, PSMA can be considered a target in early-
stage tumors because it exhibits specific expression in the vessels
of the neoplastic foci.

The limitation of this study was that our study was retrospec-
tive, observational, and included patients who underwent neck
dissection for SCCL, limiting the number of cases. Heterogeneity
of sex was another limitation, which was caused by the male
dominance of larynx tumors. In our study, there was only one fe-
male patient. Therefore, the relationship between expression of
PSMA and sex could not be evaluated. Our study included pa-
tients that were followed for a period between 12 and 120 months.
The survival analysis revealed no difference between the groups
in terms of PSMA expression. However, this might be due to the
limited follow-up of the patients that were included in the study
in recent years.

Both proangiogenetic and antiangiogenetic drugs will be in-
troduced in the near future as alternative treatment options to
suppress tumor blood circulation and halt tumor progression
[24]. Numerous preclinical animal studies and case reports of
patients with cancer have supported the validity of antiangio-
genic therapy [27-29]. The rapidly increasing amount of infor-
mation on tumor angiogenesis, current information on the bio-
logic behavior of cancer, and implementation of imaging studies
to display clinical interventions and tumoral vascularity support
antiangiogenic therapy as a new treatment method by facilitating
its development. Novel developments will be achieved using
innovative molecular analysis technologies to display neovascu-
larization using imaging techniques such as positron emission
tomography, computed tomography and magnetic resonance im-
aging to confirm tumor mass. We anticipate that PSMA will be
used as a target of alternative or adjuvant treatment options to
surgical procedutes for treatment of cancer and metastases. How-
ever, this anticipation will only be realized with further prospec-
tive studies.

PSMA expression in tumoral vascular endothelium was asso-
ciated with poor clinical parameters including cartilage invasion,
local invasion, and advanced stage. PSMA expression can be
used for detection of lymph node metastasis. PSMA seems to be
a mediator for novel diagnostic and treatment options in the tar-

https://jpatholtm.org/

geted therapy of advanced-stage laryngeal tumors and their me-
tastases.
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