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Background: Vascular invasion (VI) is an important predictor of distant metastasis and possible radioactive
iodine (RAI) benefit in follicular, Hürthle cell, and poorly differentiated thyroid carcinomas, but its role in well-
differentiated papillary thyroid cancer (WDTC) remains unclear.
Methods: Archived pathological material of all differentiated thyroid carcinoma patients undergoing primary
surgical treatment at Memorial Sloan-Kettering Cancer Center between 1986 and 2003 was reviewed by two
dedicated thyroid pathologists. Only WDTCs were included in the present study. Standard statistical methods
were used to assess the relationship between VI and outcomes of interest, including 10-year disease-specific
survival (DSS), regional recurrence-free survival (RRFS), and distant recurrence-free survival (DRFS).
Results: VI was present in 47 of 698 WDTC (6.7%). VI was significantly associated with tumor size > 4.0 cm,
extrathyroidal extension, distant metastasis, and RAI treatment. On univariate analysis, VI was predictive of
decreased 10-year DRFS, but not DSS or RRFS. On multivariate analysis, VI was not an independent predictor
of DRFS. Univariate survival analysis of 422 RAI-naı̈ve WDTC showed that both size > 4 cm and VI were
predictors of outcome, but only size remained independently predictive on multivariate analysis.
Conclusion: The presence of VI is not an independent predictor of outcome in WDTC.

Introduction

Well-differentiated papillary thyroid carcinoma

(PTC) accounts for 90% of thyroid cancers, and has a
favorable cure rate (95%), despite a significant risk for re-
currence (up to 25%) (1). Clinical management of PTC at
our institution is guided by classification systems designed
to predict survival such as GAMES (Grade, Age, Metastasis,
Extrathyroidal extension, Size) and the American Joint
Committee on Cancer’s TNM, but also by those designed to
predict recurrence such as the American Thyroid Association
(ATA) system. However, these do not satisfactorily differ-
entiate the small proportion of patients at risk for disease-
specific death and recurrence from the majority of innocuous
PTC (2). As a result, most PTCs worldwide are treated ag-
gressively with total thyroidectomy (with or without neck
dissection) and adjuvant radioactive iodine (RAI) treatment,
with the potential for significant morbidity (3). Despite a
body of literature supporting de-intensified treatment for in-
nocuous PTC, it is clear that such efforts will not succeed
without delineation of a more accurate staging system (4–7).
Modern thyroid pathology reporting includes a wide range of
variables that were not directly included in the original

staging systems but have significant potential to help de-
crease the uncertainty in considering an individual’s level
of risk.

Vascular invasion (VI), histologically defined by the
presence of tumor cells within the lumen or walls of tu-
moral vessels and a reflection of an acquired propensity for
lymphatic and hematogenous spread, is a controversial
prognostic factor that has been included in the ATA re-
currence risk prediction system. On the one hand, VI is
associated with distant metastasis and putative benefit of
systemic RAI treatment (8,9) in follicular, Hürthle cell, and
poorly differentiated thyroid tumors. On the other hand,
the prognostic role of VI in PTC is unsatisfactorily sup-
ported by conflicting data from multiple studies (10–17),
exposing the ATA recommendation to consider VI as a
relative indicator of adjuvant RAI administration to signif-
icant debate (18).

As the current literature supporting VI as a trigger for
aggressive therapy is limited by lack of pathological slide re-
review, inclusion of heterogeneous study populations, and
lack of multivariate analysis, the aim of the present study was
to analyze the impact of VI on outcome in a large cohort of
histologically confirmed PTC.
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Materials and Methods

Inclusion criteria

All differentiated (non-anaplastic, non-medullary) thyroid
carcinoma patients undergoing primary treatment at Mem-
orial Sloan-Kettering Cancer Center between 1986 and 2003
were identified from the institutional database (n = 1282). All
cases (n = 886) with available pathological slides were re-
reviewed by two dedicated thyroid pathologists (R.A.G. and
M.R.). Patients without available pathological slides were
excluded from the present study. Upon slide re-review, pa-
tients with follicular carcinoma, anaplastic carcinoma, poorly
differentiated thyroid carcinoma, Hürthle cell carcinoma, and
benign tumors (reclassified upon slide review using current
pathological criteria) were excluded. Only patients with well-
differentiated PTC (Fig. 1 A and B) were included in the final
analysis (n = 698).

Pathological analysis

Histopathologic review was performed by two dedicated
thyroid pathologists who were blinded to the clinical char-
acteristics and outcomes of the patients. VI was defined ac-
cording to the criteria outlined in the Armed Forces Institute
of Pathology fascicle (19). Briefly, for encapsulated tumors,
VI was defined as invasion of a vessel within or outside the
tumor capsule. If the tumor was not encapsulated, any VI
inside or outside the tumor was considered as VI. The in-
travascular tumor growth had to be covered by endothelium
or attached to the vessel wall or admixed with fibrin (Fig. 1C
and D). Irregular clusters of non-endothelialized tumor cells
that were not attached to the vessel wall represented arti-
factual dislodgement of tumor during sectioning and did not
qualify as VI. The numbers of foci of VI were recorded. VI
was defined as focal when fewer than four foci were detected,

and extensive when four or more foci were detected, as de-
scribed previously (9).

Pathologic criteria used to define the various thyroid tumor
types are described below. A tumor was defined as classical
PTC if it showed > 1% papillary formations, and was com-
posed of cells having the characteristic nuclear features of
papillary carcinoma (i.e., irregular enlarged clear nuclei with
grooves and pseudo-inclusions; Fig. 1A and B). The classical
PTC had to contain < 50% of tall cells. Tall-cell variant PTC
was defined by the presence of 50% or more tall cells. Tall
cells were defined as cells with their height twice their width
and having an eosinophilic cytoplasm with a low nuclear/
cytoplasmic ratio and the characteristic nuclear features of
PTC. Tumors were classified as follicular variant PTC
(FVPTC) if they were composed of follicles lined by cells
that had the typical characteristics of PTC described above,
and contained < 1% well-formed papillae. FVPTC was fur-
ther subdivided into non-encapsulated infiltrative when they
displayed absent or incomplete encapsulation with invasive
tongues of tumor infiltrating non-neoplastic thyroid paren-
chyma. FVPTC was defined as encapsulated when the tumor
was completely surrounded by a tumor capsule with or
without vascular or capsular invasion. Micro-PTC was de-
fined as a PTC measuring < 1 cm in greatest size. All PTC
that showed histologic evidence of poor differentiation de-
fined by the presence of tumor necrosis and/or at least four
mitoses per 10 high power fields ( · 400) were excluded from
the study. Follicular carcinomas, Hürthle cell tumors, ana-
plastic tumors, and benign tumors were diagnosed according
to the criteria outlined in the World Health Organization
monograph on endocrine tumors (20). The final study pop-
ulation contained 278 classical, 38 non-encapsulated
FVPTC, 134 encapsulated FVPTC, 159 micro-PTC not oth-
erwise specified, 81 tall-cell variant PTC, and eight rare
variants (Table 1).

FIG. 1. Microphotographs
of papillary thyroid carci-
noma (PTC), classical type
with vascular invasion (he-
matoxylin and eosin slides).
(A) Low-power view of the
carcinoma showing papillae
(arrow). (B) On high power,
the papillae are covered by
cells with enlarged, clear, ir-
regular, overlapping nuclei
with grooves (arrow). This
nuclear atypia is diagnostic
of PTC. (C) Low-power view
showing a tumor thrombus
(TT) hanging in the lumen of
a medium-sized extrathyroid
vessel (delineated by arrows)
located immediately outside
the thyroid capsule. (D)
High-power view of the
tumor thrombus (TT) in (C)
covered by endothelial cells
(arrow).
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Statistical analysis

The primary endpoints of interest included 10-year disease-
specific survival (DSS), regional recurrence-free survival
(RRFS), and distant recurrence-free survival (DRFS). Re-
currence included structural disease recurrence defined as
biopsy proven or structural abnormalities on imaging that
were deemed highly suspicious of thyroid cancer recurrence.
Survival outcomes were calculated by the Kaplan–Meier
method; groups were compared with univariate analysis
using the log-rank test. A p-value of £ 0.05 was considered
statistically significant. Prognostic factors that were signifi-
cant on univariate analysis were analyzed in multivariate Cox

proportional hazards models for independent significance.
Nonparametric qualitative and quantitative comparisons were
performed using Fisher’s exact or Pearson’s chi-square tests
and the Mann–Whitney U-test, respectively.

Results

Clinical data

All clinical data of patients selected for the current study
based on pathologic re-review were transferred from the in-
stitutional database to a separate database for analysis. The
clinicopathological profile of the study population is sum-
marized in Table 1. The median age of the study population
was 45 years (range 1–87 years). Out of 698 patients, 505
(72%) were female. The median primary tumor size was
1.5 cm (range 0.04–9 cm). In 606 patients (87%), the primary
tumor size was < 4 cm. Extrathyroidal extension was present
in 193 patients (28%), of which 115 manifested microscopic
extrathyroidal extension, and 78 patients gross extrathyroidal
extension. Distant metastasis at presentation was recorded in
16 patients (3%). In 436 patients, no clinical/radiological
evidence of regional metastasis was obtained at presentation.
Primary treatment consisted of total thyroidectomy in 473
cases (68%), lobectomy in 215 patients (31%), and isthmu-
sectomy in 10 patients (1.4%). Lymph node dissection con-
sisted of central neck dissection in 227 patients (32%), and
lateral neck dissection in 157 patients (22%). More than three
positive lymph nodes were present in 144 patients (21%).
RAI was delivered to 276 patients (40%). The median follow-
up was 81 months (range 1–320 months).

VI and prognostic factors

Slide review of 698 well-differentiated PTC identified the
presence of VI in 47 cases (6.7%). The median number of
identified VI foci was 1 (range 1–11). VI was defined as focal
in 35 cases, and extensive VI in 12 cases. Extrathyroidal VI
was present in 18 cases only. The association of VI to various
patient, tumor, and treatment factors is described in Table 2.
The presence of VI was significantly associated with poor
prognostic factors, including tumor size > 4 cm (5% vs. 20%;
p < 0.0001), gross extrathyroidal extension (6% vs. 15%;
p < 0.001), and distant metastasis (6% vs. 25%; p = 0.001).
VI was also significantly associated with RAI treatment

Table 1. Clinicopathological Profile

of Study Population

Variable
No. of

patients
% of
total

Age
£ 45 348 49
> 45 350 51

Sex
Female 505 72
Male 193 28

Tumor size
£ 4 cm 606 87
> 4 cm 92 13

Gross extrathyroidal extension
Present 78 11
Absent 620 89

Margins
Negative 619 89
Positive 79 11

Nodal metastasis
< 4 nodes 554 79
‡ 4 nodes 144 21

Distant metastasis (at presentation)
Present 16 3
Absent 682 97

Stage
I 499 71
II 39 6
III 82 12
IV 78 11

Thyroid surgery
Total thyroidectomy 473 68
Less than total thyroidectomy 225 32

Neck dissection
Central 113 16
Lateral 43 6
Central and lateral 114 16

RAI
Yes 276 40
No 422 60

Histological subtype
Classical PTC 278 40
Non-encapsulated follicular

variant PTC
38 5

Encapsulated follicular
variant PTC

134 19

Tall-cell variant PTC 81 12
Micro-PTC 159 23
Miscellaneous variants of PTC 8 1

RAI, radioactive iodine; PTC, papillary thyroid carcinoma.
Table 2. Relationship of VI

with Clinicopathological Factors

Factor No VI VI p-Value

Size £ 4 cm 598 (95%) 35 (5%)
Size > 4 cm 43 (80%) 11 (20%) 0.000
No ETE 585 (94%) 35 (6%)
Gross ETE 66 (85%) 12 (15%) 0.001
Age £ 45 years 319 (92%) 29 (8%)
Age > 45 years 332 (95%) 18 (5%) 0.09
No DM 639 (94%) 43 (6%)
DM 12 (75%) 4 (25%) 0.001
No RAI 407 (95%) 21 (5%)
RAI 250 (91%) 26 (9%) 0.022

VI, vascular invasion; ETE, extrathyroidal extension; DM, distant
metastases.
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(5% vs. 10%; p = 0.022). Location or extent of VI was not
associated with any of the clinicopathological factors.

VI and outcome

Univariate survival analysis as a function of VI and es-
tablished prognostic factors was performed. The presence of
VI was associated with decreased DRFS (95.6% vs. 89.3%;
p = 0.031; Fig. 2). VI was not associated with RRFS (93.5%
vs. 88.5%; p = 0.727) or DSS (97.3% vs. 97.2%; p = 0.964).
The extent of VI (focal vs. extensive) and its location (intra-
vs. extrathyroidal) did not have a significant impact on
survival. Beside VI, other significant predictors of DRFS
included tumor size > 4 cm ( p < 0.001), gross ETE ( p <
0.001), RAI administration ( p < 0.001), and age > 45 years
( p = 0.025). Because of the limited number of distant re-
currence events (n = 22), it was not possible to enter all sig-
nificant univariate predictors of DRFS simultaneously into
one model. Instead, a sequential bivariate analysis was per-
formed, in which each significant variable was analyzed in-
dividually in a model together with VI. In none of these
bivariate analyses was VI an independent prognostic factor.

VI in RAI-naı̈ve PTC

To assess the impact of VI on DRFS independent of the
effect of RAI treatment on clinical outcomes, a subset anal-
ysis was performed of the 422 RAI-naı̈ve PTC within our
study population. VI was identified in 21 of 422 cases (4.9%).
Table 3 describes the assessment of putative prognostic
factors of DRFS in RAI-native PTC. Both the presence of VI
and tumor size > 4 cm were significant poor prognostic fac-
tors on univariate analysis. In multivariate analysis, only
tumor size remained an independent predictor of DRFS
( p = 0.003).

Discussion

Although the prognostic importance of VI is well charac-
terized in follicular, Hürthle cell, and poorly differentiated

thyroid cancer, its influence on outcome in PTC is contro-
versial. First, previous studies (10–17) demonstrate signifi-
cant variability in the incidence of VI in PTC ranging from
5.6% to 33%. Second, significant variability with respect to
the relationship between VI and outcome exists among prior
studies. Although recurrence rates were found to be signifi-
cantly higher when VI was present in the studies by Gardner
et al. (16–20% with VI, 3–6% without), Nishida et al. (28%
with VI, 15% without), and Falvo et al. (30% with VI, 5%
without) (11,14,16), studies by Furlan et al. and Akslen et al.
failed to confirm this observation (15,17). Similarly, VI in
PTC was associated with higher rates of distant metastases
(12,13,16) and disease-specific mortality (10,17) in some but
not all studies. The variability between studies may be related
to interobserver variability pertaining to the histologic iden-
tification of VI, lack of pathological slide re-review, inclu-
sion of follicular and poorly differentiated thyroid tumors,
and lack of multivariate analysis. Conflicting data from prior
studies leave the administration of adjuvant RAI in the setting
of VI subject to ongoing debate.

This study presents the largest series of patients with PTC
reviewed with regards to VI. The data suggest that the pres-
ence of VI is an indicator of decreased DRFS, but that this
effect is not independent from established outcome predic-
tors in PTC, even in patients without a history of systemic
postoperative treatment with RAI. As the presence of VI is
strongly associated with established poor prognostic factors
of WDTC, the clinical significance of cases with VI in the
absence of these factors remains to be ascertained. In the
present series, the outcome of all VI positive patients with
absence of extrathyroidal extension, negative surgical mar-
gins, fewer than three ascertained positive regional metastases,
and tumor size < 4 cm, without a history of RAI treatment
(n = 12) was assessed. It is of note that none of these patients
had any detectable disease-specific adverse event at a median
follow-up of 95 months (data not shown). Outcome was not
influenced by the extent of VI, with no significant differences
in outcome between extensive and focal VI in the study. This
is in contrast to what was observed previously in encapsu-
lated Hürthle cell carcinomas (21), and could be due to the
small number of patients with extensive VI (n = 12).

An important strength of this study includes the inclusion
of a large cohort of homogeneous cases (n = 1282) with
significant follow-up (median follow-up 10 years). For the

FIG. 2. Univariate Kaplan–Meyer analysis of distant re-
currence-free survival (DRFS) of patients with and without
vascular invasion (VI). Patients with vascular invasion have a
significantly decreased DRFS compared to patients without VI.

Table 3. Univariate DRFS Analysis

in RAI-Naı̈ve PTC (n = 422)

Factor (n)
10-year distant RFS

(three events) p-Value

No VI (401) 99.6%
VI (21) 93.3% 0.013
ETE 100%
No ETE 99.2% 0.669
Age £ 45 years 99.3%
Age > 45 years 99.1% 0.455
No DM 100%
DM — —
Size £ 4 cm 100%
Size > 4 cm 83.6% 0.000

DRFS, distant recurrence-free survival.
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purpose of this study, all slides were carefully reviewed by
two expert thyroid pathologists, leading to inclusion of
patients with well-differentiated PTC by contemporary
histopathological standards only. This is important, given
the complex histological phenotype of thyroid cancers, the
continuous evolution of diagnostic criteria in thyroid can-
cer, and the high rate of interobserver variability in the di-
agnosis of certain subtypes of PTC, even among expert
endocrine pathologists (22). Inclusion of a large number of
patients through slide review also ensured that outcome
analysis could be assessed based on a relatively large number
of VI events, and criteria for determination of VI were uni-
form. The present study is by far the largest compared to prior
studies, has the longest follow-up, and is one of the few
thyroid cancer studies that is based on pathological slide
re-review.

Despite these strengths, interpretation of the present data is
limited by its retrospective nature. A potential caveat for bias
includes the fact that patients without available pathological
slides were excluded from the present analysis. This influ-
ence may have skewed the analysis of the present study to-
ward inclusion of patients from more recent years. Although
a comparison of prognostic factors and outcomes between the
groups of patients with and without available slides did not
demonstrate significant differences (results not shown), the
possibility of bias that may have arisen from this issue cannot
be ruled out. Another concern that may arise during inter-
pretation of the study involves the possibility that RAI ad-
ministration influenced the absence of independent predictive
significance of VI on outcome parameters in the overall
group of patients, by resolving micrometastatic PTC deposits
that may have led to adverse outcome events if no RAI had
been applied. Although a separate analysis was performed
including only patients without a history of RAI treatment,
this analysis is clearly affected by selection bias, given the
divergent profile of prognostic factors between the RAI-naive
data set and the overall data set.

Altogether, it is concluded that VI in well-differentiated
PTC typically occurs in concert with other clinicopatho-
logical indicators of aggressive behavior that may together
guide a decision for RAI administration. In cases of well-
differentiated PTC with VI and absence of other aggressive
features, increased risk of recurrence or death is not sug-
gested by the data. It remains to be confirmed whether such
cases can safely be managed without RAI treatment.
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