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Abstract
The identification of vascular invasion in follicular thyroid neoplasms is essential for categorizing lesions as benign (follicular 
adenomas) or malignant (follicular thyroid carcinomas). Among the histologic criteria diagnostic of true vascular invasion is 
tumor-cell associated thrombosis, including fibrin deposition and platelet clumping. This study aims to evaluate whether an 
immunohistochemical stain for the platelet-associated protein CD61 could assist in identifying tumor-associated thromboses 
and thereby confirm vascular invasion in follicular thyroid neoplasms. Histologic review and CD61 immunostaining of 19 
atypical follicular adenomas, 13 non-metastatic follicular thyroid carcinomas, and 11 metastatic follicular thyroid carcino-
mas was performed. Linear arrays or clustered groups of CD61-expressing intravascular platelets were present in 51% of 
cases overall, including 54% of follicular thyroid carcinomas and 47% of follicular adenomas, mostly within intracapsular 
or peritumoral vessels. In three follicular thyroid carcinomas (all with distant metastases), CD61-expressing platelets were 
present in association with intravascular tumor cells. This finding was not present in adenomas. CD61 staining alone did not 
distinguish between atypical follicular adenomas, non-metastatic carcinomas, and metastatic carcinomas. When present in 
association with intravascular tumor cells, however, CD61-expressing platelets may serve as a marker for vascular invasion 
and aid in the diagnosis of follicular thyroid carcinoma.
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Introduction

Follicular thyroid neoplasms are diagnostically challenging 
entities which necessitate a thorough histologic evaluation 
to distinguish benign follicular adenomas (FAs) from fol-
licular thyroid carcinomas (FTCs). A follicular-patterned 
lesion must demonstrate full-thickness capsular and/or vas-
cular invasion for a diagnosis of FTC [1]. Unencapsulated 
lesions may be diagnosed as FTC when tumor cells invade 
into the adjacent thyroid parenchyma (i.e. intrathyroidal 
invasion) [1].

Identifying definitive vascular invasion may be trouble-
some for pathologists and subject to interobserver variability 
[2]. Recent recommendations define true vascular invasion 

as tumor cells, with associated thrombosis, residing in the 
lumen of a large-caliber vessel that is located within the cap-
sule or beyond the outer edge of the nodule. The tumor cells 
may or may not be covered by endothelium, and endothelial-
ized tumor adherent to the vascular wall is also considered 
to represent true vascular invasion by many [2–4]. When 
tumor cells protrude through a vessel wall with associated 
thrombus formation, the frequency of metastasis is as high 
as 35% [2, 4]. This suggests these features represent clini-
cally meaningful vascular invasion and their use as diagnos-
tic criteria may help avoid an over diagnosis of carcinoma 
[2, 4]. Involvement of vessels within the tumor itself (i.e. 
intratumoral vascular invasion) has not conventionally been 
considered diagnostic of malignancy [5]. Histologic mimics 
of vascular invasion can include: (1) mechanical tumor dis-
placement during tissue processing (detached intraluminal 
tumor cells without thrombosis); (2) tumor undermining of 
vascular endothelium without breach into the lumen, throm-
bosis, or adherence; and (3) an intravascular endothelialized 
tumor nodule without thrombosis or adherence [4].
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Immunohistochemical (IHC) stains may assist in diagnos-
ing vascular or lymphatic invasion by highlighting peritu-
moral endothelial cells via CD31, CD34, ERG, and FLI-1 or 
specifically highlighting lymphatic endothelium via D2-40 
[2, 4, 6, 7]. Use of IHC in identification of tumor-associated 
thrombi has not been evaluated in follicular thyroid neo-
plasms. CD61 (integrin beta 3 chain) is a transmembrane 
protein expressed on the surface of platelets and megakaryo-
cytes. It functions in thrombus formation by acting as a bind-
ing receptor for fibrinogen, fibronectin, plasminogen, pro-
thrombin, von Willebrand factor, and other prothrombotic 
molecules [8]. CD61 may assist in marking tumor-associated 
thrombi in FTC in order to distinguish true vascular invasion 
from mimics. This study aims to evaluate whether an IHC 
stain for the platelet-associated protein CD61 could assist in 
identifying tumor-associated thromboses and thereby con-
firm vascular invasion in follicular thyroid neoplasms. These 
neoplasms include atypical FAs (aFA), non-metastatic FTCs 
(nmFTC), and FTCs with distant (hematogenous) metastases 
(mFTC). This study is the first to evaluate CD61 as a pos-
sible marker of vascular invasion in solid tumors.

Materials and Methods

Case Selection and Histologic Review

The internal pathology archive of the University of Chicago 
Medicine (2002–2018) was surveyed for patients with aFA, 
nmFTC, and mFTC. Nineteen aFAs, thirteen nmFTCs, and 
eleven mFTCs were selected for inclusion based on tissue 
block availability. Hematoxylin and eosin (H&E) slides from 
all cases were reviewed for the presence of capsular and vas-
cular invasion as well as the number of foci of vascular inva-
sion. The College of American Pathologists (CAP) guide-
lines for thyroid carcinoma evaluation were used to define 
the presence of capsular and vascular invasion [4]. Specifi-
cally, true capsular invasion required tumor cell growth into 
and beyond the outer edge of the capsular contour. True vas-
cular invasion required tumor cells within the lumen of an 
intracapsular or peritumoral vessel with associated throm-
bus (with or without endothelium) or an endothelial-covered 
tumor nodule adherent to the vessel wall. If present, intra-
luminal tumor within intratumoral vessels was also noted. 
Atypical FAs were those that lacked true capsular, vascular, 
or intrathyroidal invasion by the above definitions but had 
one or more of the following features: intralesional fibro-
sis mimicking capsular invasion; endothelial undermining 
mimicking vascular invasion, or solid growth with increased 
mitoses. These lesions are uncommon but are thought to 
behave in an indolent fashion [9]. Non-metastatic FTCs 
demonstrated any number of foci of definitive capsular and/
or vascular invasion but did not have distant metastasis at the 

time of the study. All mFTCs had pathologic documentation 
of distant (non-nodal) metastases. In order to avoid possible 
papillary carcinomas, cases with lymph node metastases 
only were excluded, and cases with papillary-like nuclei 
were excluded. Demographics and follow-up data were gath-
ered from the electronic medical record.

For each case, one representative tumor block was 
selected specifically to include the tumor periphery/capsule. 
When available, blocks with vascular invasion or areas of 
greatest suspicion were selected. Whole tissue sections 3 μm 
in thickness were cut. One slide was stained with H&E and 
a second slide was stained for CD61 as follows: the slides 
were deparaffinized and rehydrated with xylene, serial rehy-
drants, and water. After antigen retrieval treatment (epitope 
retrieval solution II AR9640, Leica Biosystems) for 20 min, 
anti-CD61 antibody (Agilent, Cat#M0753, clone Y2/51, 
mouse monoclonal antibody) (1:40) was applied on tissue 
sections for overnight incubation at 4 °C. The antigen–anti-
body binding was detected with Bond Polymer Refine 
Detection (Leica Biosystems, DS9800) and DAB + chromo-
gen (DAKO, K3468) system. Tissue sections were briefly 
immersed in hematoxylin for counterstaining and then cov-
ered with cover glasses.

CD61 immunostained slides and all available H&E 
stained slides for all included cases were reviewed by two 
pathologists (V.C. and N.A.C.). CD61 was considered posi-
tive if expressed in intravascular aggregated platelets. The 
location of the involved vessel was noted as being intratu-
moral (within the tumor), intracapsular (within the fibrous 
capsule), peritumoral (outside of but adjacent to the capsule 
or nodule periphery), or distant (> 1.0 cm from the nearest 
tumor edge). The morphologic pattern of CD61 expression 
was described. Chi squared testing for statistical significance 
was performed using online software (available at socscista-
tistics.com, 2019, © Stangroom).

Results

Clinical and Histologic Features of Thyroid Nodules

Nineteen aFAs were reviewed (8 males and 11 females). The 
average age at presentation was 53.9 years (range 16–81). 
The average tumor size was 3.8 cm (range 1.0–12.0 cm). All 
were confirmed to lack true capsular and vascular invasion. 
No patients had clinical or pathologic evidence of metastasis 
or local recurrence (average follow-up: 9.1 months, range 
1–48 months).

Thirteen nmFTCs were reviewed (4 males and 9 
females). The average age at presentation was 53.8 years 
(range 29–66). The average tumor size was 3.8  cm 
(1.9–5.0 cm). Unequivocal capsular and/or intrathyroidal 
invasion was present in 92% (12/13). Vascular invasion 
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was identified in 38% (5/13) of cases: 2 cases had 1 
focus, 1 case had 2 foci, 1 case had 3 foci, and 1 case 
had 4 foci. No patients had evidence of lymph node or 
distant metastasis (average follow-up: 25.7 months; range 
1–82 months). One patient had a local recurrence in the 
thyroid bed 82 months after initial diagnosis.

Eleven mFTCs were reviewed (4 males and 7 females). 
The average age at presentation was 67.3 years (range 
56–87). The average tumor size was 2.8  cm (range 
0.4–4.8 cm). Unequivocal capsular and/or intrathyroidal 
invasion was identified in 81% (9/11) of cases. Vascular 
invasion was identified in 55% (6/11) of cases: 1 case had 
1 focus, 1 case had 2 foci, 1 case had 3 foci, 1 case had 4 
foci, 1 case had 6 foci, and 1 case had 7 foci. Two cases 
entirely submitted for histologic examination did not 
demonstrate definitive capsular or vascular invasion. Both 
of these patients presented with distant metastatic lesions, 
and subsequent thyroidectomies demonstrated extensive 
intratumoral fibrosis approximating regression, the fea-
tures of which have been previously described [10]. All 
patients had histologically-confirmed distant (non-nodal) 
metastases (average length of follow-up: 34.6 months; 
range 0–96 months). Seven patients had isolated bone 
metastases, 3 patients had isolated lung metastases, and 1 
patient had concurrent kidney, lung, and bone metastases.

CD61 Expression

In total, CD61-positive intravascular platelets were present 
in 51% of cases (22/43), including 47% (9/19) aFAs, 54% 
(7/13) nmFTCs, and 55% (6/11) mFTCs. Of the 5 and 8 
nmFTCs with and without vascular invasion, respectively, 
3 (60%) and 4 (50%) had CD61-positive intravascular plate-
lets. Of the 6 and 5 mFTCs with and without vascular inva-
sion, respectively, 4 (67%) and 2 (40%) had CD61-positive 
intravascular platelets. Rate of expression was not different 
by tumor type (p = 0.90; Table 1). Of the 22 positive cases, 
the location of vessels containing CD61-positive intravas-
cular platelets was peritumoral in 60% (13), intracapsular in 
23% (5), and distant in 9% (2). The location of vessels was 
not different by tumor type (p > 0.6; Table 1). Only mFTCs 
had CD61-positive platelets in intratumoral vessels (two 
cases). The incidence was too low to reach statistical sig-
nificance compared to aFAs and nmFTCs (p = 0.44).

Two distinct patterns of CD61 expression were observed. 
The first was a linear pattern that manifested as positive 
staining in a single-file arrangement of platelets along the 
inner endothelial surface of a vessel (Fig. 1a, b). The sec-
ond was a clustered pattern that showed positive staining 
in a group or cluster of platelets located within the luminal 
space or at inner endothelial edge of a vessel (Fig. 1c, d). Of 
the 22 positive cases, 50% (11) demonstrated pure clustered 
staining, 43% (7) demonstrated pure linear staining, and 18% 
(4) demonstrated mixed clustered and linear staining. The 

Table 1   Pathologic features and intravascular CD61-expression in follicular thyroid neoplasms

Feature Follicular adenoma 
(n = 19)

Non-metastatic FTC 
(n = 13)

Metastatic FTC 
(n = 11)

Total (n = 43)

Capsular invasion 0% (0/19) 92% (12/13) 82% (9/11) 88% of carcinomas (21/24)
Angioinvasion 0% (0/19) 38% (5/13) 55% (6/11) 46% of carcinomas (11/24)
<4 foci 80% (4/5) 50% (3/6) 29% of carcinomas (7/24)
≥4 foci 20% (1/5) 50% (3/6) 17% of carcinomas (4/24)
CD61-positive intravascular platelets
p = 0.90

47% (9/19) 54% (7/13) 55% (6/11) 51% of all neoplasms (22/43)

CD61 location
 Peritumoral p = 0.7 55% (5/9) 71% (5/7) 50% (3/6) 60% of positive cases (13/22)
 Intracapsular p = 0.61 33% (3/9) 14% (1/7) 17% (1/6) 23% of positive cases (5/22)
 Distant
 p = 0.97

11% (1/9) 14% (1/7) 0% (0/6) 9% of positive cases (2/22)

 Intratumoral p = 0.44 0% (0/9) 0% (0/7) 33% (2/6) 9% of positive cases (2/22)
CD61 Pattern
 Clustered
 p = 0.88

44% (4/9) 57% (4/7) 50% (3/6) 50% of positive cases (11/22)

 Linear
 p = 0.97

33% (3/9) 29% (2/7) 33% (2/6) 32% of positive cases (7/22)

 Clustered and Linear p = 0.91 22% (2/9) 14% (1/7) 17% (1/6) 18% of positive cases (4/22)
 Tumor Cell-Associated (all clustered)
 p = 0.12

0% (0/9) 0% (0/7) 50% (3/6) 14% of positive cases (3/22)
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staining pattern was not different by tumor type (p > 0.8; 
Table 1).

However, only FTCs with true angioinvasion demon-
strated CD61-expressing platelets present in conjunction 
with intravascular tumor cells. Of the 11 FTCs with vascular 
invasion on H&E, 64% (7) demonstrated CD61-expressing 
platelets, 3 of which had clustered groups of platelets associ-
ated with intravascular tumor cells (Fig. 2). Platelet-tumor 
thrombi were identified in intratumoral vessels in 2 cases, 
and in 1 case they were in peritumoral vessels. All were in 
mFTCs. The incidence was too low to reach statistical sig-
nificance compared to aFAs and nmFTCs (p = 0.12). Of the 
4 FTCs with 4 or more foci of vascular invasion, 75% (3) 
had CD61-expressing platelets. Of the 7 FTCs with less than 
4 foci of vascular invasion, 57% (4) had CD61-expressing 
platelets. Of the 32 aFAs and FTCs without vascular inva-
sion on H&E, 47% (15) demonstrated CD61-expressing 
platelets.

Overall, the most common pattern was peritumoral clus-
tered, followed by peritumoral linear, peritumoral linear and 

clustered, intracapsular clustered, and intracapsular linear 
and clustered (Table 2). Staining in vessels distant from the 
nodule was rare, as was staining in intratumoral vessels. The 
sensitivity (54%), specificity (53%), positive predictive value 
(60%), and negative predictive value (48%) were not suf-
ficient to distinguish carcinomas from adenomas. Similarly, 
the sensitivity (64%), specificity (53%), and positive predic-
tive value (32%) were not sufficient to distinguish angioin-
vasive tumors from non-angioinvasive tumors. The negative 
predictive value (81%) was somewhat higher.

Discussion

CD61-expressing intravascular platelets were present in 
aFAs (47%) and FTCs both with and without distant hema-
togenous metastases (54%). The platelets were present in 
either clusters or linear arrays and located predominantly 
in peritumoral and intracapsular vessels. They were rarely 
present in distant vessels (> 1 cm away from tumor edge) or 

Fig. 1   Patterns of intravascular CD61-expression in follicular thyroid 
neoplasms. The linear pattern manifests as a linear array of CD61-
positive platelets along the inner endothelium within the vascular 
lumen. The entire endothelium is not coated, as both positive and 
negative patches are present within a single vessel. There is some 

variability in strength of staining between cases (a, b). The clustered 
pattern demonstrates rounded clusters of CD61-positive platelets 
attached to a vessel wall (c) and/or present within the luminal space 
(d)
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intratumoral vessels. However, only in FTCs were CD61-
expressing intravascular platelets present in association with 
intravascular tumor cells. This phenomenon was rare (3/24 
FTCs) and only present in FTCs with distant metastasis.

There was no significant difference in the overall pres-
ence, pattern, or location of CD61-expressing intravascu-
lar platelets between aFAs, nmFTCs, and mFTCs (p = 0.9) 
(Table 1). The presence of CD61-positive intravascular 
platelet arrays or clusters did not correlate to the pres-
ence of angioinvasion on H&E or to a diagnosis of FTC 

regardless of the presence of angioinvasion. Relatively low 
sensitivities and specificities made CD61 a poor marker 
for vascular invasion in follicular thyroid neoplasms. 
CD61 immunostaining did not reveal occult vascular inva-
sion in cases without vascular invasion on H&E. However, 
the presence of CD61-positive platelets associated with 
intravascular tumor cells was only present in FTCs and 
may help confirm true, clinically significant angioinvasion 
in equivocal or diagnostically challenging cases.

Fig. 2   CD61-expressing platelets associated with intravascular tumor 
cells. This case of follicular thyroid carcinoma shows tumor cells 
within a peritumoral vessel (a) as well as CD61-positive platelets 
associated with tumor cells (b). Only in rare cases were tumor cells 

present within intratumoral vessels (c). In this follicular thyroid carci-
noma, tumor cells are associated with fibrin and with CD61-positive 
platelet clusters (d). Both cases (a, b and c, d) had multiple foci of 
angioinvasion on H&E as well as distant metastasis

Table 2   Location and Staining 
Pattern of CD61-Positive 
Intravascular Platelets

FA follicular adenoma, nmFTC non-metastatic follicular thyroid carcinoma, mFTC metastatic follicular 
thyroid carcinoma, P = peritumoral, Ic = intracapsular, D distant, It intratumoral, L linear, C clustered

Type of Tumor Type of staining

PC PL PLC IcC IcL IcLC DC DL ItC

FA (n = 9) 2 1 2 1 1 1 0 1 0
nmFTC (n = 7) 2 2 1 1 0 0 1 0 0
mFTC (n = 6) 1 2 0 0 0 1 0 0 2
Total (n = 22) 5 (23%) 5 (23%) 3 (14%) 2 (9%) 1 (5%) 2 (9%) 1 (5%) 1 (5%) 2 (9%)
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CD61-positive platelets were present in intratumoral ves-
sels in 2/11 mFTCs, both of which demonstrated vascular 
invasion on H&E. This feature was not seen in aFAs nor 
nmFTCs. In both instances, the CD61-positive platelets 
were associated with tumor cells and fibrin. There was only 
one additional case of intravascular CD61-positive plate-
lets associated with tumor in a peritumoral vessel, also in a 
mFTC. Conventionally, intratumoral vascular invasion has 
not been considered diagnostic of carcinoma in follicular 
thyroid neoplasms [4]. This exclusion may be related to the 
rich vascular network supplying thyroid neoplasms, fenes-
trated nature of thyroid endothelium, and relatively small 
amount of fibrous stroma separating follicular epithelial 
cells from endothelium [2, 11, 12]. Occasionally, follicular 
epithelial cells can be seen bulging into the intratumoral 
vessels of benign thyroid nodular diseases [2, 11, 12]. While 
rare in this study, the presence of true vascular invasion in 
intratumoral vessels may be supported by the association of 
platelet–fibrin thrombi with tumor. In this study, both cases 
had distant metastatic disease, suggesting that this finding 
may be of possible clinical significance. Additional studies 
may be warranted to assess the clinical relevance of intratu-
moral vascular invasion.

CD61 (integrin beta 3 chain) functions as a protein asso-
ciated with thrombus formation by acting as a binding recep-
tor for fibrinogen, fibronectin, plasminogen, prothrombin, 
von Willebrand factor, and other prothrombotic molecules 
[8]. CD61 is expressed in platelets, megakaryocytes, and in 
some myeloid lineage precursor cells. Given its strength in 
staining platelet–fibrin thrombi, CD61 may assist in mark-
ing tumor-associated thrombi in FTC and distinguishing 
true vascular invasion from mimics. In this study, CD61 did 
serve to highlight tumor-associated thrombi in a minority 
of cases. The significance and pathogenic mechanisms of 
platelet clustering in adenomas and in vessels not associated 
with tumor cells is unknown. This finding may be due to a 
local prothrombotic effect in the tumor milieu or procedure-
related vascular microtrauma leading to thrombosis [13].

The presence of tumor-associated platelets may signify an 
increased likelihood of metastasis through a variety of bio-
logic mechanisms. Recent evidence suggests that platelets 
may independently promote tumor cell metastasis through 
improved intravascular tumor cell survival, induction of an 
epithelial-to-mesenchymal phenotypic transformation, and 
modulation of niche environments to be more hospitable 
to metastases [14]. Though recognition of tumor-associated 
platelets is not an explicit component of identifying angioin-
vasion in the thyroid or elsewhere, the active role platelets 
play in facilitating metastasis is becoming increasingly 
apparent. Their presence may have prognostic or targeted 
therapeutic implications in the future.

Outside the bone marrow, use of CD61 IHC to detect 
thrombosis is relatively uncommon. Previous studies have 

used CD61 IHC to assist in differentiating gastric antral 
vascular ectasia from portal hypertensive gastropathy, mark 
cutaneous small vessel vasculitis, assess the putative eti-
ology of thrombocytopenia in kaposiform hemangioendo-
thelioma, and differentiate types of thrombi in thrombotic 
thrombocytopenia purpura and coronary artery thrombosis 
[15–19]. CD61 IHC has also been described in the iden-
tification of microthrombi in renal biopsies from patients 
with lupus nephritis and those receiving calcineurin inhibi-
tor therapy [20, 21]. In addition to CD34, CD31, ERG, and 
FLI-1, Factor VIII and Ulex europaeus IHC have also been 
explored as possible agents to assist in identifying vascular 
invasion in thyroid neoplasms [22–24]. The current study is 
the first to explore the relationship of CD61-expression in 
platelets and vascular invasion in a solid organ neoplasm. 
CD61 may be a relevant additional marker to consider when 
employing IHC to assist in recognizing vascular invasion. 
If CD61-expressing platelets are present in association with 
intravascular tumor cells, true vascular invasion can be 
supported.

Reporting of the number of foci of vascular invasion in 
thyroid carcinomas is not required by CAP for accreditation; 
however, it is recommended as it may affect patient manage-
ment. Although often requested by endocrinologists, endo-
crine surgeons, and oncologists, there is no minimum num-
ber of involved vessels or foci of capsular invasion needed 
to reach a malignant diagnosis [1, 25]. Nevertheless, some 
studies report an improved prognosis for patients with only 
capsular invasion or less than four foci of vascular invasion 
[2, 25, 26]. Of the nmFTCs in this study, two demonstrated 
more than four foci of capsular invasion, and one case dem-
onstrated four or more foci of both capsular and vascular 
invasion. To date (46.6 months mean follow-up), none of 
these cases have metastasized.

Limitations of this study include the relatively focal 
nature of vascular invasion within the carcinomas. Vascu-
lar invasion was detected in 46% (11/24) of carcinomas, of 
which 64% (7/11) contained three or fewer foci of invasion. 
Some foci may have been eliminated from tissue blocks 
during sectioning for research staining thus minimizing 
opportunities for identification of tumor-associated platelet-
thrombi. Also, the low incidence of tumor-associated CD61-
expressing platelets may be due to the limitation of having 
performed CD61 immunostain on only a single representa-
tive section. This number may have increased if additional 
sections of tumor were stained.

In summary, linear arrays or clustered groups of CD61-
expressing intravascular platelets were present in intracapsu-
lar and peritumoral vessels of aFAs, nmFTCs, and mFTCs. 
While the mechanism is unknown, the presence of intravas-
cular aggregated platelets is not a good marker for vascular 
invasion in follicular thyroid neoplasms. Immunostaining 
for CD61 should not be used as a screening test for vascular 
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invasion in follicular-patterned thyroid neoplasms, as it is 
not specific for angioinvasive tumors or metastatic behavior. 
However, CD61-expressing platelets associated with intra-
vascular tumor cells were only present in follicular carcino-
mas and could support true vascular invasion in equivocal 
or diagnostically challenging cases.
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