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ABSTRACT 
A im: Tumor markers oft en remain elev a t ed aft er int ended curativ e r esection of medullary thyr oid 
car cinoma (M TC). The aim of this study was t o det ermine the expr ession of αv β3 , a pr omising 
theranostics target, in MTC and its metastases. 
Materials & methods: A v β3 expression was analyzed in 104 patients using a tissue microarray and 
c orrelat ed with clinic opatholog ical variables and survival. 
Results: Cytoplasmic αv β3 positivity was seen in 70 patients and was associated with lymph node 
metastases at time of initial surgery. Membranous positivity was considered positive in 30 pa tien ts 
and was associated with sporadic MTC. 
Conclusion: A v β3 was expressed in the cytoplasm of 67% of MTC pa tien ts. Membranous expression, 
which is presumably most relev an t for the theranostic use of αv β3 , was seen in 29%. 
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. Background 

edullary thyroid carcinoma (MTC) is a neuroendocrine
umor, deriv ed fr om the calcitonin-pr oducing parafollicu-
ar c-cells of the thyr oid . Although M TC accounts for only
–2% of thyr oid car cinomas, it is ac c ountable for 13%
f thyroid cancer rela ted dea ths [ 1 , 2 ]. In 75% of cases,
TC occurs sporadically, while it can also occur as part

f the hereditary tumor syndrome Multiple Endocrine
eoplasia type 2 (MEN2) [ 3 ]. Trea tmen t with curative

n ten t consists of total th yroidectom y and dissection of
he central lymph node compartment. How ev er, despite
rea tmen t, over half of pa tien ts con tinue to exhibit
lev a t ed calcit onin levels, indicating persistent disease.
onventional imaging modalities are inadequate for
etecting low tumor marker levels in these cases. Imaging
odalities are not sufficient in these pa tien ts with
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lo w tumor markers. Moreo ver, possibilities for adjuv an t
therapy are limited. Consequen tly, surviv al ra tes have not
increased significantly in the last decades [ 1 ]. Therefore,
there is a demand for new imaging and therapeutic
options that also target lymph node metastases, which
will enable better trea tmen t of pa tien ts who presen t with
metastases or rapidly pr ogr ess. 

Neur oendocrine tumors ar e highly vascularized and
ang iogenesis play s a major role in the development of
thyroid tumors. Most current adjuvant treatments, such as
tyrosine kinase inhibitors, target angiogenesis pa thw ays.
A v β3 is a target for nuclear imaging and trea tmen t
(theranostics), which is also strongly involved in the
regulation of angiogenesis [ 4 , 5 ]. It is largely expressed in
neov ascula ture and tumor cells of various malignancies
including melanoma, glioma, breast, pancreas, prostate,
796694.2024.2376511 
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Figure 1. Repr esentativ e examples of immunohistochemical staining for αv β3 expression in TMA of MTC. (A) Absent αv β3 staining. (B) 
A v β3 staining with intensity 1. (C) A v β3 staining with intensity 2 with positively stained vasculature. (D) A v β3 staining with intensity 3 
with positively stained membranes. 
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ung, head and neck, and gastric cancer [ 6–14 ]. Also, αv β3
nt eg rin affects tumor growth, local invasion and devel-
pment of metastases [ 15 ]. Arginine -glycine -aspartate

RGD) peptides have high affinity and specificity for the
xtracellular domain of αv β3 integrin [ 4 ]. Ther efor e, radi-
labeled RGD can be used for imaging of malignancies as
ell as for subsequent trea tmen t with peptide rec ept or

 adionuclide ther apy (PRRT). 
The aim of this study was to determine αv β3 integrin

xpression in MTC and its lymph node metastases to
ssess its suitabilitiy as a nuclear target. Correlation of

v β3 with clinic opatholog ic variables and survival was
ssessed. 

. Materials & methods 

he same cohort, database and TM A w er e used as
escribed in our previous research [ 16 , 17 ]. 

.1. Patients 

a tien ts who underwen t surgery between 1988 and 2014
or M TC w er e identified fr om the pa thology da tabases of
ve Dutch tertiary referral centers: Leiden University Med-

cal Center (LUMC), Amster dam Univ ersity Medical Center
AUMC), Radboud University Medical Center (RUMC), Uni-
ersity Medical Center Groningen (UMCG) and University
edical Cen ter Utrech t (UMCU). Formalin fixed paraffin

mbedded (FFPE) tissues w er e r etriev ed fr om pathology
r chiv es. Primary tumor tissue was available from 104
a tien t for inclusion in the tissue microarray (TMA).
dditionally, tissue of lymph node metastases from 27
a tien ts from theLUMC and UMCU was available. 

Clinical and pathological data was obtained from
a tien t r ecor ds. Germline mutation analysis of the RET
ene was performed t o c onfirm all MEN2 diagnoses.
poradic pa tien ts either had a nega tive germline muta-
ion analysis or a negative family history. Microscopically
et ect ed positiv e r esection margins w er e not included
s a separa te v ariable but incorporated into the T-stage
classifica tion. Disease sta tus w as based on postopera tive
calcitonin and CEA serum values. Given the range of
assays used across five c ent ers over nearly three decades,
no exact values or doubling times w er e used . CEA
or calcitonin lev el abov e the, a t tha t time applicable,
r efer ence range was considered indicative of persistent
disease, while values within normal range was int erpret ed
as cur ed . Only postoperativ e CEA and calcitonin values
measur ed mor e than 6 months after surgery w er e con-
sider ed . Necr osis, angioinvasion and desmoplasia w er e
scored on whole slides, on the same FFPE blocks that
w er e used for the construction of the TMA. Necrosis
and angioinvasion w er e scor ed as absent or present.
Desmoplasia was scored as negative , some , moderate or
sev er e. 

This study was performed ac c ording t o national
guidelines with respect to the use of leftover tissue and
approval for this study, including the use of pa tien t da ta,
was obtained from the Institutional R eview B oard of the
UMCU. 

2.2. Construction of the tissue microarray 

An aut omat ed machine (TMA g rand mast er, 3D Hist ech,
Budapest, Hungary) was used to create the TMA. Three
cores of 0.6 mm w er e punched from each FFPE block of
primary tumor and available lymph node metastases. To
ensur e that cor es w er e punched fr om tumor r egions, a
pa thologist (PJvD) iden tified and mar ked cell-r ich areas
on H&E slides. These slides w er e then scanned and the
marked areas were manually circled using TMA software
(3D Histech). 

2.3. Immunohistochemistry 

TMA blocks and whole slides were cut at 4 μm and
mounted on coated slides. Staining for αv β3 was car r ied
out manually following prot oc ol: aft er baking the slides
at 60 ◦C for 10 min, slides w er e deparaffinized in xylene
for 10 min and hydrated in a series of 100% ethanol,
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Table 1. Baseline characteristics. 

N (%) 104 (100) 

Mean age in years (SD) 46 (16.3) 
Gender 

Male (%) 50 (49.5) 
Female (%) 51 (50.5) 

Heritability 
Sporadic (%) 54 (56.8) 
MEN2a/b (%) 41 (43.2) 

Stage 
I–III (%) 51 (53.7) 
IV (%) 44 (46.3) 

Mean size in mm (SD) 
< 20 mm (%) 36 (39.6) 
≥20 mm (%) 55 (60.4) 

Lymph node metastasis 
No (%) 37 (36.6) 
Yes (%) 64 (61.5) 

Over all surviv al 
Did not die (%) 87 (89.7) 
Died (%) 10 (10.3) 

Pr ogr ession fr ee survival 
No pr ogr ession/death (%) 32 (33.0) 
Pr ogr ession/death (%) 65 (67.0) 

Cytoplasmic αv β3 
Negative 34 (32.7) 
Positive 70 (67.3) 

Membranous αv β3 
Negative 74 (71.2) 
Positive 30 (28.8) 
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0% ethanol and rinsed with demi-w a t er. Hereaft er, slides
 er e washed with PBS twice. Endogenous peroxidase
as blocked using 3% H 2 O 2 in PBS for 15 min. Antigen

etriev al w as performed in Tris-EDTA buffer (pH 9) by
oiling. Slides w er e washed with PBS-Tw een tw o-times,

hen w er e then incubated with Pier ce pr otein- fr ee T20
PBS) blocking buffer (PIER37573, Thermo Scientific) and
ncuba ted a t room tempera ture in a dark place for
5 min. The primary αv β3 antibody (1:25 ab7166 mouse
onoclonal [BV3], Abcam) w as incuba ted overnigh t in
 dark place at 4 ◦C. Slides w er e washed with PBS-
w een thr ee-times. Then, a 2 st ep det ection sy st em was
sed (VWRKC-DPVB110HRP, Immunologic). First, a post-
locking step was performed for 15 min and slides w er e
ashed with PBS-tween three-times. Secondly, poly-HRP-

n ti-mouse/rabbit HRP w as added for 30 min; both
ncubations took place in the dark at room tempera-
ur e. Slides w er e washed with PBS-Tw een thr ee-times.
right DAB (VWRKBS04-110, Immunologic) was added
nd the slides w er e incubated for 8 min in the dark at
 oom temperatur e. Slides w er e washed with tap w a ter,
 ount erstained with 3x diluted Mayer’s hemalum solution
1.09249.0500, Sigma- Aldrich), w ashed with tap w a ter
nd cov erslipped . Tissue of r enal cell car cinoma and
emangioma was used as positive controle. As a negative
ontrole, the staining was performed on tissue of renal
ell carcinoma and MTC without addition of the primary
ntibody. 
2.4. Scoring of the immunohistochemistry 

The cores included in the TMA and whole slides
w er e scor ed by an experienc ed patholog ist
(PJvD) and r esear cher (LHdV) for cytoplasmic and
membranous staining, both blinded to clinicopathologic
charact eristics. Any dDisag r eements w er e r esolv ed
through discussion, when necessary with help of a third
r eview er (LL). The intensity of cytoplasmic staining was
scored as absent (0), weak (1), moderate (2) or strong (3).
Membranous staining was scored as present or absent.
Staining was considered homogenous if the intensity
acr oss various cor es was c onsist ent. Figure 1 show s
r epr esen ta tiv e scor es of all immunostainings. Data on
hypoxia inducible factor-1 alpha (HIF-1 α), VEGF, glucose
transporter 1 (Glut-1), carbonic anhydrase IX (CAIX),
micr ov essel density (MVD) and soma tosta tin receptor 2A
(SSTR2A) was available from previous studies [ 16 , 17 ]. 

2.5. St atistical analy sis 

Ca tegorical da ta w er e summarized using fr equencies and
perc entages, while c ontinuous data w er e summarized
using medians and ranges. To enhance the statistical
power, ca tegorical da ta w er e r ec oded int o dichot omous
variables. Grade of desmoplasia was recoded into none-
some v s. moderat e-sev er e. Stage was recoded into stage
I–III and stage IV. Hereditability was recoded as either
sporadic disease or MEN2 syndrome. A v β3 scorings were
transformed into a dichotomous variable, considered
positive in case of average intensity of cytoplasmic
staining in the scored cores > 1 or if membranous staining
w as presen t in ≥1 of the sc ored c or es. Ov erall survival (OS)
was defined as time to death from any cause. Progression-
free survival (PFS) was defined as time to development
of distant metastases or death. Univariate Cox r egr ession
survival analysis was perfor med. Further more, Kaplan-
Meier sur vival cur v es w er e plotted and sig nificanc e was
calculated using log rank test . A ll reported p -values w er e
tw o sided . Analysis w as performed using SPSS softw are,
version 25.0 (IBM, Armonk, NY, USA). 

3. Results 

3.1. Clinicopatholo gical va riables 

Baseline characteristics are shown in Table 1 . One-
hundred-and-four pa tien ts were included. Pa tien ts were
aged 10 to 82 years (mean 45.8, SD 16.3). Half of
pa tien ts w er e male. The majority of pa tien ts had sporadic
disease (56.8%), 38.9% MEN2A and 4.2% MEN2B. Pa tien ts
presented with stage I, II, III and IV in 13.5%, 24.0%, 16.7%
and 45.8%, r espectiv ely. Tumor size ranged fr om 4 to
70 mm (mean 25.6 mm, SD 14.8). At time of initial surgery,
63.4% of pa tien ts had developed lymph node metastases.
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Table 2. Clinic opa tholog ical char acteristics of MTC patients str atified by αv β3 positivity. 

Cytoplasmic Membranous 

αv β3 negative αv β3 positive αv β3 negative αv β3 positive 
N (%) 34 (32.7) 70 (67.3) p -value 74 (71.2) 30 (28.8) p -value 

Mean age in years (SD) 43.4 (16.1) 46.9 (16.3) 42.0 (15.1) 55.5 (15.4) 
Gender 0.22 0.47 

Male (%) 13 (40.6) 37 (53.6) 34 (47.2) 16 (55.2) 
Female (%) 19 (59.4) 32 (46.4) 38 (52.8) 13 (44.8) 

Heritability 0.07 0.01 a 
Sporadic (%) 14 (43.8) 40 (63.5) 33 (48.5) 21 (77.8) 
MEN2a/b (%) 18 (56.3) 23 (36.5) 35 (51.5) 6 (22.2) 

Stage 0.10 0.50 
I–III (%) 21 (65.6) 30 (47.6) 38 (55.9) 13 (48.1) 
IV (%) 11 (34.4) 33 (52.4) 30 (44.1) 14 (51.9) 

Mean size in mm (SD) 26.0 (15.3) 25.5 (14.6) 0.77 25.5 (15.5) 25.9 (13.0) 0.89 
< 20 mm (%) 12 (33.3) 24 (66.7) 26 (72.2) 10 (27.8) 
≥20 mm (%) 20 (36.4) 35 (63.6) 39 (70.9) 16 (29.1) 

Lymph node metastasis 0.02 a 0.23 
No (%) 17 (53.1) 20 (29.0) 29 (40.3) 8 (27.6) 
Yes (%) 15 (46.9) 49 (71.0) 43 (59.7) 21 (72.4) 

Over all surviv al 1.00 0.48 
Did not die (%) 25 (89.3) 53 (86.9) 58 (89.2) 20 (83.3) 
Died (%) 3 (10.7) 8 (13.1) 7 (10.8) 4 (16.7) 

Pr ogr ession fr ee survival 0.36 0.45 
No pr ogr ession/death (%) 25 (80.6) 46 (71.9) 53 (76.8) 18 (69.2) 
Pr ogr ession/death (%) 6 (19.4) 18 (28.1) 16 (23.2) 8 (30.8) 

Disease status 0.11 0.28 
Normal CEA/calcitonin (%) 15 (50.0) 20 (32.8) 28 (41.8) 7 (29.2) 
Elevat ed CEA/calcit onin (%) 15 (50.0) 41 (67.2) 39 (58.2) 17 (70.8) 

Necrosis 0.71 0.71 
Absent (%) 29 (93.5) 54 (88.5) 60 (90.9) 23 (88.5) 
Present (%) 2 (6.5) 7 (11.5) 6 (9.1) 3 (11.5) 

Ang ioinv asion 1.00 1.00 
Absent (%) 28 (90.3) 54 (88.5) 59 (89.4) 23 (88.5) 
Present (%) 3 (9.7) 7 (11.5) 7 (10.6) 3 (11.5) 

Desmoplasia 0.61 0.90 
None-some (%) 17 (54.8) 30 (49.2) 34 (51.5) 13 (50.0) 
Moderate-sev er e (%) 14 (45.2) 31 (50.8) 32 (48.5) 13 (50.0) 

HIF-1 α 0.82 0.28 
Negative (%) 14 (43.8) 26 (41.3) 31 (45.6) 9 (33.3) 
Positive (%) 18 (56.3) 37 (58.7) 37 (54.4) 18 (66.7) 

CAIX 0.61 0.28 
Negative (%) 17 (53.1) 30 (47.6) 36 (52.9) 11 (40.7) 
Positive (%) 15 (46.9) 33 (52.4) 32 (47.1) 16 (59.3) 

Glut-1 0.66 1.00 
Negative (%) 31 (96.6) 59 (93.7) 64 (94.1) 26 (96.3) 
Positive (%) 1 (3.1) 4 (6.3) 4 (5.9) 1 (3.7) 

MVD (SD) 12.6 (5.3) 15.0 (8.8) 0.71 14.1 (7.0) 14.4 (9.9) 0.67 
< 14.3 v essels/cor e (%) 17 (53.1) 36 (57.1) 37 (54.4) 16 (59.3) 
≥14.3 v essels/cor e (%) 15 (46.9) 27 (42.9) 31 (45.6) 11 (40.7) 

VEGF 0.56 0.18 
Negative (%) 10 (33.3) 25 (39.7) 22 (33.3) 13 (48.1) 
Positive (%) 20 (66.7) 38 (60.3) 44 (66.7) 14 (51.9) 

SSTR2a 0.99 0.75 
Negative (%) 15 (44.1) 31 (44.3) 32 (43.2) 31 (46.7) 
Positive (%) 19 (55.9) 39 (55.7) 42 (56.8) 16 (53.3) 

a Bold terms r epr esent the significant results. 
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.2. A v β3 expression in primary tumor 

he mean intensity of αv β3 in all cores containing primary
umor was 1.6 (SD 0.58). Only two patients showed
o cytoplasmic αv β3 expression in one or more cores.
he intensity of the scored cores was 0, 1, 2 and 3 in
.8%, 42.8%, 52.4%% and 4.0%, r espectiv ely. Among the
91 pa tien ts with multiple cores av ailable for analysis,
71.4% exhibited homogeneous expression throughout
the primary tumor. Membranous staining was seen
in 28.8% pa tien ts. In 75.8% of pa tien ts with multiple
cores available for analysis, membranous staining was
consequen tly presen t or absen t in all cores. 
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v 3  
.3. A v β3 expression in primary tumor vs. lymph 

node met ast ases 

he av erage expr ession in primary tumor and lymph node
etastases for these individual pa tien ts is demonstrated

n Figure 2 . Tissue of lymph node metastases of 27
a tien ts w as av ailable in the TMA. Twen ty -three pa tien ts
ad cytoplasmic αv β3 positive primary tumors. These
3 pa tien ts had 29 lymph nodes av ailable for analysis,
f which six had negative and 23 had αv β positive
ytoplasm. Two of the four pa tien ts with αv β3 nega tive
ytoplasm in the primary tumor had positive cytoplasm

n the lymph node metastases. Eleven of the 27 pa tien ts
ad αv β3 positive membranes in the primary tumor, of
hich two pa tien ts also show ed membranous expr es-

ion in the lymph node metastases. Four pa tien ts had
egative membranes in the primary tumor but positive
embranes in the lymph node metastases. 

.4. Assoc ia tion between αv β3 expression in 

primary tumor & clinicopathological variables 

able 2 shows αv β3 expression in comparison with clini-
 opatholog ical variables. A v β3 positive membranes were
een significantly ( p = 0.01) more often in pa tien ts with
poradic M TC compar ed with pa tien ts with MEN2 (77.8 vs.
2.2%, r espectiv ely). For membranous positivity no other
ignifican t v ariables w er e found . Pa tien ts with lymph
ode metastases at time of initial surgery had significantly
 p = 0.02) more often αv β3 positive cytoplasm compared

ith pa tien ts without lymph node metastases (71.0 vs.
9.0%, r espectiv ely). A v β3 positiv e membranes w er e seen
ignificantly ( p = 0.01) more often in pa tien ts with
poradic M TC compar ed with pa tien ts with MEN2 (77.8 vs.
2.2%, r espectiv ely). 

.5. Prognostic value 

niv aria te surviv al analysis for cytoplasmic and membra-
ous αv β expression was not significant for PFS or OS as is
utlined in Table 3 . In Supplementary Figure S1 , Kaplan-
eier sur vival cur v es ar e shown. For cytoplasmic αv β3

ositiv e vs. negativ e M TC, 10-y ear surviv al ra tes w er e 84
nd 81% for PFS, and 70 and 64% for OS, r espectiv ely.
or membranous αv β3 positivity and nega tivity, PFS w as
0 and 52%, and OS was 84 and 75% after 10 years,
 espectiv ely. 

. Discussion 

his study shows that the theranostic target αv β3
as expressed in cytoplasm in the majority and on

he membrane in a minority of MTC. In most cases,

v β3 positive tumors exhibited homogeneous expression
throughout the primary tumor. Survival analysis showed
no prognostic value of αv β3 . 

While Cheng et al. examined αv β3 expression in three
PTC cell lines using immunofluorescence and showed
moderat e t o high expression on the cell surface ( p = 0.05),
immunohistochemical staining of αv β3 has not been
ev alua ted on thyroid tumors in other series [ 18 ]. In
pancr eas car cinoma, pr edominantly cytoplasmic staining
is observed [ 9 ]. Gastric canc er show s mainly membranous
staining. In case of strong membranous staining, also
some cytoplasmic staining is seen [ 10 ]. Brain metastases
of lung carcinoma exhibit prominent membranous stain-
ing [ 11 ]. Prostat e canc er display s some cyt oplasmic stain-
ing, but lacks membranous staining [ 12 ]. Our immunohis-
tochemistry results show that αv β3 is largely expressed in
the cytoplasm of MTC rather than in the membrane. Only
thr ee cor es in the TM A did not expr ess any cytoplasmic
αv β3 while 67.3% of pa tien ts w er e deemed αv β3 positiv e
using our cut off value. Membranous staining was seen in
28.8% pa tien ts. 

A v β3 expression and imaging with radiolabeled RGD
has not yet been investigated in MTC, nor has trea tmen t
with 

177 Lu-labeled RGD. How ev er, imaging and tr ea tmen t
with radiolabeled RGD has been investigated in differ-
en tia ted thyr oid car cinoma (DTC). Zhao et al . described
uptake of radioactive iodine (RAI) refractory metastatic
lesions in ten DTC pa tien ts on 

99m Tc-3PRGD 2 SPECT
imaging [ 19 ]. Vatsa et al . pr esented a case of RAI and 

18 F-
FDG non avid papillary thyr oid car cinoma (PTC), in which
68 Ga-DOTA-RGD 2 was able to depict cervical lymph node
metastases [ 20 ]. Parihar et al . compar ed 

68 Ga-DOTA-RGD 2 
to 

18 F-FDG PET/CT in 44 pa tien ts with RAI-refractory DTC
and found a similar sensitivity but a significantly higher
specificity of 68 Ga-DOTA-RGD 2 , especially for lymph node
metastases [ 21 ]. Furthermore, they have reported results
suggesting response to 

177 Lu-DOTA-RGD 2 trea tmen t with
a follow-up time of four months in a single DTC pa tien t
with uptake in the thyroid remnant, cervical and medi-
astinal lymph nodes, bone lesions and lung nodules on
68 Ga-DOTA-RGD 2 PET/CT [ 22 ]. 

In our analysis, a distinction was made between
pa tien ts with cytoplasmic and membranous expres-
sion. RGD binds to the extracellular domain of the
αv β3 int eg rin [ 4 ]. Ther efor e, membranous expr essions
is interesting for theranostic purposes and should be
the expression to focus on in further research. Pa tien ts
with sporadic MTC had significantly more often αv β3 
positive membranes. Hence, this subgroup of pa tien ts,
though small, may benefit more from imaging with
radiolabeled RGD and may be more eligible for PRRT,
especially when curative surgery is no longer possible. It is
plausible that patients with more abundant membranous
α β expression show more uptake on RGD imaging.
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Figure 2. Average intensity of αv β3 expression in primary tumor (PT) and their subsequent lymph node metastases (LNM). The vertical 
axis shows the average intensity of the staining, the horizontal axis shows the tissues of 27 patients. Red contour shows presence of 
membranous staining. 

Table 3. Univariate Cox r egr ession survival analysis on pr ogr ession fr ee and ov er all surviv al. 

PFS OS 

N = 95 PFS (N) PFS (%) p -value N = 89 OS (N) OS (%) p -value 

Cytoplasmic αv β3 0.45 0.72 
Negative 31 25 80.6 28 25 89.3 
Positive 64 46 71.9 61 53 86.9 

Membranous αv β3 0.18 0.41 
Negative 69 53 76.8 65 58 89.2 
Positive 26 18 69.2 24 20 83.3 

OS: Overall survival; PFS: Pr ogr ession fr ee survival . 
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ow ev er, this has not been studied in thyroid cancer or
ther tumors. Further r esear ch on the r elation betw een

mmunohistochemical αv β3 expression and uptake of
adiolabeled RGD is ther efor e needed . 

A v β3 int eg rin has a strong effect on angiogenesis
nd is associated with tumor growth, tumor invasion
nd development of metastases in various malignancies,
hich are all prognostically relev an t [ 4 , 7 , 9 , 23–25 ]. Our

esults show a correlation between cytoplasmic expres-
ion and having lymph node metastases at time of
he primary surgery, which is in line with results on
ancreas cancer [ 9 ]. Furthermore, the expression of αv β3
 as correla ted with bone metastases in prostate and
r east car cinoma [ 8 , 26–28 ]. Further r esear ch is needed to

nvestigate whether αv β3 is also c orrelat ed with distant
etastases in MTC. A correlation with tumor size was not

een in our study, contrary to results of studies describing
umor growth and proliferation in ovarian cancer [ 29 ].
n cervical cancer, αv β3 is significantly correlated with
ecreased survival [ 12 ]. This in contrast with the findings
f Böger et al ., which show ed a significantly increased sur-
ival for patients with αv β3 positive gastric cancer [ 10 ]. In
ur study, survival analysis showed no significant results. 

A strength of this study is the relatively large sample
ize of 104 pa tien ts, considering the rarity of MTC.
Another strength is the long follow-up time (mean
68.9 months, range 0–318 months), which is essential
since MTC has low proliferative activity and low event
rates. Furthermore, for the first time immunohistochem-
ical αv β3 data was combined with clinical end points
such as the development of distant metastases and
dea th. Most limita tions of this study are a result of
the r etr ospectiv e desig n and the low incidenc e of MTC.
To assess a substan tial amoun t of da ta, pa tien ts w er e
included fr om fiv e tertiary r eferral c ent ers c omprising
almost thirty years. As a c onsequenc e, variables which
w er e c onsist ent over time and between c ent ers had t o
be used in our analysis and our follow-up ranges widely.
Over the years, surgical guidelines have changed and
surg ical t echniques may have differed between c ent ers.
A subanalysis of pr ogr essiv e pa tien ts w ould hav e been of
added value, but was not possible due to the sample size.
For future research involving a larger cohort, it would be
int eresting t o use a more ext ensive IHC sc oring sy st em
such as the immunor eactiv e scor e (IRS). 

5. Conclusion 

To c onclude, αv β3 seems t o be fr equently expr essed
in the cytoplasm and less often on the membranes of
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 TC cells. For futur e r esear ch, implementing a mor e
xt ensive IHC sc oring sy st em such as the IRS would be
dvisable. Also, the correlation of immunohistochemical

v β3 expression and uptake of radiolabeled RGD should
e further assessed in pa tien ts with Membranous αv β3
xpression. 

Article highlights 

• Aft er int ended curativ e r esection of medullary thyr oid car cinoma 
(MTC), calcitonin levels often remain elevated indicating remnant 
disease or metastasis. 

• There is a demand for new imaging and therapeutic options for 
patients with MTC. 

• A v β3 , an integrin expressed in many tumors, is a promising target 
for nuclear imaging and treatment using radiolabeled 
arginine -glycine -aspartic acid (RGD). 

• Cytoplasmic and membranous αv β3 expression was analyzed 
using a tissue microarray including primary tumors and lymph 
node metastases of 104 and 27 patients, r espectiv ely. 

• Cytoplasmic expression was considered positive in 67% of patients 
and was associated with lymph node metastases at the time of 
initial surgery. 

• Membranous expression, which is thought to be most relevant for 
the theranostic use of αv β , was seen in 29% of patients and was 
associated with sporadic MTC. 

• Survival analysis showed no prognostic value of αv β3 . 
• The c orrela tion of immunohistochemical αv β3 expression and 

uptake of radiolabeled RGD should be further assessed in patients 
with membranous αv β3 expression. 
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