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Prognostic Importance of Histologic Vascular Invasion in
Papillary Thyroid Carcinoma
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Objective: To conduct a retrospective study of 39 patients with
papillary carcinoma of the thyroid with histologic vascular invasion
(VI+) and 361 patients without any sign of vascular invasion (VI—).
Summary Background Data: In the present study, we undertook a
retrospective analysis of papillary carcinoma of the thyroid to assess
whether histologically determined vascular invasion can be consid-
ered a predictive factor for prognosis.

Methods: By means of a retrospective study, we evaluated the
department’s database of patients with papillary thyroid carcinoma
who had undergone total thyroidectomy from January 1993 to
December 1999.

Results: Group I consisted of papillary carcinoma without any sign
of vascular invasion (VI—) comprising 361 patients. Group II
consisted of papillary carcinoma with vascular invasion (VI+)
comprising 39 patients. At the time of diagnosis, we observed no
metastases in patients with VI—, whereas a pulmonary metastasis
was observed in 1 patient with VI+ (P = 0.0023). In 3.6% patients
with VI— and in 20.5% patients with VI+, we observed recurrences
in the regional lymph nodes (P < 0.001); we observed 6 (1.66%)
distant metastases in patients with VI— and in the 12.8% patients
with VI+ (P < 0.001). Three patients with VI+ (7.7%) and 2
patients with VI— (0.6%) died of tumor-related causes; these figures
were found to be statistically significant (P < 0.001).
Conclusions: In papillary carcinoma, it should be noted that histo-
logic vascular invasion may be considered as a sign of an increased
tendency toward hematogenic invasion and consequent increase in
the relative percentage of metastases; ultimately, this means a poorer
prognosis. In the presence of risk factors indicating a possible
increase in biologic aggressiveness, adequate postoperative treat-
ment and close follow up become essential.
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pproximately 75% of thyroid cancers are papillary car-

cinomas. A number of authors have analyzed the prog-
nostic factors that can affect survival. The prognosis for
thyroid carcinoma has been reported previously,'* and much
attention has been focused on the influence of such variables
as tumor stage and patient sex and age.

Papillary thyroid carcinoma tends to metastasize
through the lymphatic system, with cervical metastasis oc-
curring in 40% to 60% of the patients diagnosed.” Despite
this high frequency, cervical nodal metastasis has been shown
to be only a minor predictor of prognosis, affecting recur-
rence rather than mortality.®'° Histologic vascular invasion
is more frequently associated with follicular thyroid carci-
noma, where it has been found to be a negative prognostic
indicator.'"!2

Although histologic vascular invasion occurs in 2% to
14% of papillary carcinomas,’ its prognostic significance has
not been analyzed thoroughly.!! Gardner® recently postulated
that vascular invasion, either intrathyroidal or extrathyroidal,
might be associated with metastasis at initial diagnosis and
with a higher incidence of tumor recurrence.

In the present study, we conduct a retrospective anal-
ysis of papillary carcinomas of the thyroid to assess whether
histologically determined vascular invasion can be consid-
ered a predictive factor for prognosis.

MATERIALS AND METHODS

We carried out a retrospective study of patients with
papillary thyroid carcinoma who had undergone total thyroid-
ectomy at the Surgical Science Department of “La Sapienza”
University of Rome from January 1, 1993, to December 31,
1999.

The patients were assigned to 2 groups on the basis of
clinical-pathologic features. The first group was made up of
patients who had been classified after histologic examination
as being affected by papillary carcinoma with vascular inva-
sion (VI+). This group was distinguished from the second
group, which was made up of patients histologically classi-
fied as having papillary carcinoma without any sign of vas-
cular invasion (VI—).
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In this work, histologic vascular invasion is defined as
groups of tumor cells attached to the blood vessel wall and
projecting into the lumen of blood vessels in the capsule or
outside the tumor. The intravascular portion of tumor cells is
often covered by a layer of endothelial cells (Fig. 1).

Thyroid tests were carried out using 3-mm histologic
sections microscopically and then histologically by hema-
toxylin—eosin staining. All the histologic specimens were
analyzed by the same pathologist (MA).

We also analyzed the various histologic subtypes of
papillary carcinoma: pure, sclerosing, tall cell, follicular vari-
ant, and oxyphil, with VI+ and VI—.

Information regarding background variables was in-
cluded for the 2 groups, VI+ and VI—: sex, age, mean
neoplasm diameter (largest dimension in centimeters), mul-
tifocality, primary tumor extension (intrathyroidal growth, tumor
growth in the thyroid capsule, and extrathyroidal extension),
positive lymph nodes, as confirmed by postoperative histologic
examination, and metastases at initial diagnosis.

All the patients underwent total thyroidectomy. Patients
with preoperative fine needle aspiration (FNA) diagnosis of
carcinoma also underwent central lymphectomy (perirecur-
rential lymphectomy and anterior superior mediastinum
lymphectomy). This occurs also in the case of laterocervical
lymph nodes positive for carcinoma, laterocervical lymphec-
tomy. The patients were also subsequently subjected to L-
thyroxin therapy at thyroid-stimulating hormone (TSH)-sup-
pressive doses.

The neoplasm was staged both as a function of histo-
logic vascular invasion and of the various different histologic
subtypes. The mean follow-up period was 6.6 years (8.4 = 6.5).

FIGURE 1. Characteristic histologic features of vascular inva-
sion. Hematoxylin—eosin stains elastic fiber around capillary
vessels. Papillary carcinomas show blood vessel. (A, original
magnification X5; B, original magnification X20).
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During follow up, an assessment was made of latero-
cervical metastases (lymph node recurrences), distant metas-
tases, and death resulting from cancer-related causes.

Moreover, recurrences were postulated in cases with
thyroglobulin values >5 ug/L (as measured by the immuno-
radiometric method) or of whole-body scan (WBS) positivity,
subsequently confirmed by standard x-ray, computed tomog-
raphy (CT), and nuclear magnetic resonance (NMR). Surgi-
cally untreatable metastases were treated with '*'T or by
radiotherapy.

A statistical method was used to estimate the presence
of lymph node recurrences in the 2 groups (VI— and VI+),
as well as distant metastases and mortality.

Statistical analyses were performed using the chi-
squared test and Kaplan-Meier actuarial survival curves were
generated for each group. For the chi-squared test, signifi-
cance at the levels of P < 0.05 and P < 0.001 was consid-
ered. Levels of P > 0.05 were considered nonsignificant
(NS). The cumulative rates of metastases and disease-specific
deaths were compared using Kaplan-Meier plots. The log-
rank test was used to evaluate the differences between curves.
Data analysis was performed using the SPSS statistical pack-
age for Windows (release 10.0; SPSS, Inc., Chicago, IL).

The effect of histologic vascular invasion (VI+), and
other variables, on survival was considered in our analysis.
Furthermore, using the Cox model, we produced a more
precise estimate of the prognostic variables on the survival
effect through the confidence interval.

The Cox model (Cox, 1972, Esplace), as used in the
paper, is the following: h(f) = h, (t)exp B’ X, where the
baseline hazard function %,(7) is modified multiplicatively by
covariates (including the group indicator). The parameter
vector B, which gives the proportional change that can be
expected in the hazard related to changes in the explanatory
variables, is estimated by maximizing a partial likelihood.

The Cox model included “independent variables”: his-
tologic vascular invasion (group), age, sex, histology, diam-
eter (>1.5 cm) of the cancer, lymph nodal and distant
metastasis at diagnosis, multifocality, forms locally invasive
to extrathyroidal soft tissue (pT4), infiltration capsule, infil-
tration prethyroidal soft tissues, infiltration muscles, and
stage of cancer.

An approximate test of significance for each variable
was carried out by dividing the regression estimate () by its
standard error (SE) and comparing the result with the stan-
dard normal distribution.

RESULTS
During the period 1993-1999, 421 patients underwent
surgery for papillary thyroid carcinoma; 21 patients were
excluded from the present study because they were lost to
follow up.
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The 2 groups were formed as follows: group I, with 361
patients with no histologically confirmed vascular invasion
(VI—), and group II with 39 patients showing histologic signs
of vascular invasion (VI+).

The female/male ratio in group I was 2.9 (268 females
and 93 males) and 2.5 in group II (28 females and 11 males).

Significant age-related differences between the 2
groups and mean neoplasm diameters differences were not
found. Laterocervical lymph node pathology at diagnosis, as

confirmed by postoperative histologic examination, was
found in 50 VI— patients (13.9%) and in 8 VI+ patients
(20.6%) (P = NS). At the time of diagnosis, we observed no
distant metastases in patients with VI—, whereas a pulmonary
metastasis was observed in 1 patient with VI+ (P = 0.0023).

Multifocality was observed in 51 patients with VI— and
in 5 patients with VI+ (P = NS). Forms locally invasive to
extrathyroidal soft tissue (pT4) were found in 58 patients with
VI— (16.1%) and in 9 patients with VI+ (23.1%) (P = NS).

TABLE 1. Presentation Characteristics of Papillary Thyroid Carcinomas Compared in Patients
With VI— and in Patients With VI+
Group I Group I1
Vascular Invasion (=)  Vascular Invasion (+)
Group 361 Cases 39 Cases P Value
Age 45.2 (17-78) 47 (19-75)
Sex
Male 93 11
Female 268 28
Diameter (cm) 1.47 1.59
Lymph node metastasis at diagnosis
No 311 31 NS
Yes 50 8
Distant metastasis at diagnosis
No 361 38
Yes 0 0.0023
Multifocality 51 5 NS
Extrathyroidal invasion (pT4)
No 303 30
Yes 58 9 NS
Operative methods
Total thyroidectomy 361 39
Central lymphectomy 97 NS
Laterocervical lymphectomy 29 5 NS
Histology
Papillary 175 6 <0.001
Papillary, follicular variant 53 14 NS
Papillary, sclerosing 91 10 NS
Papillary, tall cell 26 NS
Oxyphil 16 5 NS
Infiltration
Capsule (without exceed) 90 29 <0.001
Prethyroidal soft tissues 25 6 0.060
Muscles 13 3 NS
Stage
I 181 5 <0.001
I 94 NS
11 62 13 <0.05
v 24 12 <0.001

NS indicates nonsignificant.
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TABLE 2. Papillary Carcinoma Histologic Subtypes Stages in Patients With VI— and in Patients With VI+
Papillary,
Pure Follicular Papillary, Papillary,

Stage Papillary Variant Sclerosing Tall Cell Oxyphil
Cases VI- VI+ VI- VI+ VI- IV+ VI- IV+ VI- VI+

175 6 53 14 91 10 26 4 16 5
I 111 — 22 3 34 1 11 1 3 —
II 33 1 17 1 27 3 7 2 10 2
I 26 4 9 5 19 3 6 — 2 1
v 5 1 5 5 11 3 2 1 1 2

All the patients underwent total thyroidectomy. Sys-
tematic lymph node dissection of the central compartment
(perirecurrential lymph nodes and upper anterior mediasti-
num lymph nodes) was carried out in 97 patients with VI—
(26.9%) and in 7 patients with VI+ (17.9%) (P = NS);
ipsilateral laterocervical lymph node dissection was per-
formed in 29 patients with VI— (8%) and in 5 patients with
VI+ (12.8%) (P = NS).

The characteristics of papillary thyroid carcinoma in
patients VI— and VI+ are shown in Table 1. Infiltration,
without exceeding the capsule, in patients with VI— was
found in 90 patients (24.9%) and in 29 cases in patients with
VI+ (74.4%) (P < 0.001).

Invasion of the prethyroidal soft tissues in patients VI—
was observed in 25 cases (6.9%) and in 6 cases VI+ patients
(12.8%) (P = NS). Infiltration of the prethyroid muscles was
found in 13 VI— patients (3.6%) and in 3 VI+ patients
(7.7%) (P = NS).
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FIGURE 2. Cumulative risk of lymph node metastases of pa-
tients with vascular invasion (+) or (—) papillary thyroid car-
cinomas. The Kaplan-Meier method is used. The P value be-
tween patients with vascular invasion (+) and those with
vascular invasion (—) was computed with the log-rank test.
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Carcinomas with VI— and VI+ at stage III were
observed, respectively, in 62 and 13 cases (P < 0.05) and at
stage IV in 24 and 12 cases, respectively (P < 0.001).

Table 2 shows the histologic subtype stages in patients
with VI— and in patients with VI+. All the patients under-
went TSH suppressive therapy after surgery. Fifteen percent
of the patients with VI— and 23% of the patients with VI+
received postoperative radioiodine ablative therapy. Twenty-
one percent of the patients with VI— and the 27% of the
patients with VI+ received radioiodine for prophylaxis.

No local recurrences in either group were observed. In
13 patients (3.6%) with VI— and in 8 patients (20.5%) with
VI+, we observed recurrences in the regional lymph nodes
(P < 0.001) (Fig. 2). We found 6 (1.66%) distant metastases
in patients with VI—: 5 cases affecting the lungs and 1 case
the bones. We found 5 (12.8%) distant metastases in patients
with VI+: 3 cases affecting the lungs, 1 case the bones, and
1 case the liver (P < 0.001) (Fig. 3). During follow up, 2
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FIGURE 3. Cumulative risk of distant metastases of patients
with vascular invasion (+) or (—) papillary thyroid carcinomas.
The Kaplan-Meier method is used. The P value between pa-
tients with vascular invasion (+) and those with vascular
invasion (—) was computed with the log-rank test.
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FIGURE 4. Postoperative survival of patients with vascular
invasion (+) or (—) papillary thyroid carcinomas. The Kaplan-
Meier method for postoperative overall survival is used. The P
value between patients with vascular invasion (+) and those
with vascular invasion (=) was computed with the log-rank
test.

patients with VI— (0.6%) and 3 patients with VI+ (7.7%)
died of tumor-related causes (P < 0.001) (Fig. 4).
Multivariate analysis (test di Cox) demonstrated that
the variable VI+ is not an independent predictor of survival.
The statistically significant variables are: diameter >1.5 cm
(P = 0.001) and lymph node metastases (P = 0) character-
ized by significant worsening of the prognosis (3 = 10.2).
Variable histology papillary (P = 0.039) and variable histol-

ogy papillary follicular variant (P = 0.0047) are associated
with a favorable prognosis.

The VI+ variable is statistically significant and means
an unfavorable prognosis in association with the variable
histology papillary (P < 0.001) and the variable diameter
>1.5 cm (P = 0.009). (For example, the estimated hazard in
the second case is 0.686, indicating a 31.4% decrease in the
risk of death) (Table 3).

DISCUSSION

Vascular invasion of the lymph vessels and veins is
associated with a high incidence of locoregional and lymph
node metastases in gastrointestinal and breast cancer.'*™'*
Only a few studies have been carried out regarding problems
related to vascular invasion in thyroid carcinoma. Various
factors are known to play a prognostic role such as sex, age,
tumor diameter, capsule invasion, regional and distant me-
tastases at initial diagnosis.®’"'°

Follicular carcinoma of the thyroid is also known to
metastasize mainly through the blood, whereas papillary
carcinoma does so through the lymph system. In a review of
our clinical histories, we found that 45% of follicular carci-
nomas displayed histologic characteristics typical of vascular
invasion. Papillary carcinoma prognostic significance is re-
lated to distant metastases at initial diagnosis.'®'® Metastases
at initial diagnosis may also be related to histologic vascular
invasion.’

In our study, vascular invasion was found in 9.75% of
cases, comparable with 7.6% found by Gardner.®> Mai'” found
vascular invasion in 17% of the 99 papillary carcinoma cases;

TABLE 3. Cox Model Adapted From the Data Related to Papillary Thyroid Carcinomas Compared of IV+ vs. IV— (n = 400)

Standard exp 8
Variable Coefficient 3 Exp (coeff.)  Error (SE) Z-value P Value 95% CI)
Group (VI+) —0.02815 0.972 0.2637 —0.10674  9.1e-001  0.580-1.630
Diameter (>1.5 cm) 0.42576 1.531 0.1177 —3.61856  3.0e-004  0.519-0.823
Papillary —0.27903 0.757 0.1352 —2.06445  3.9¢-002  0.580-0.986
Papillary follicular variant —0.23083 0.794 0.0817 —2.82392  4.7¢-003  0.676-0.932
Papillary sclerosing —0.03397 0.967 0.0388 —0.87611  3.8e-001  0.896-1.043
Papillary tall cell 0.04174 1.043 0.0329 1.26688  2.1e-001  0.977-1.112
Lymph node metastases 1.02847 2.797 0.1303 7.89444  2.9e-015  2.167-3.610
Distant metastases —0.00598 0.994 0.8331 —0.00718  9.9¢-001  0.194-5.087
Age (>45 yrs) 0.51864 1.680 0.4514 1.14904  2.5e-001  0.693-4.069
Age (>45 yrs) with distant metastases 0.55096 1.735 0.4525 1.21755  2.2e-001  0.715-4.212
VI+ group with papillary 1.65685 5.243 0.3712 446294  8.1e-006  2.533-10.853
VI+ group with papillary follicular variant 0.25728 1.293 0.2505 1.02715  3.0e-001  0.792-2.113
VI+ group with papillary sclerosing —0.03732 0.963 0.1114 —0.33501  7.4e-001  0.774-1.198
VI+ group with papillary tall cell —0.03146 0.969 0.0798 —0.39449  6.9e-001  0.829-1.133
VI+ with diameter (>1.5 cm) 0.68556 1.985 0.3988 1.71889  8.6e-002  0.908-4.337

Likelihood ratio test = 103 on 15 df, P = 3.77¢-015).
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Nishida'® reported a total of 46.9% in a study carried out in
256 patients (dropping to 33% for papillary carcinomas with
vascular invasion). Paessler'? reported 13% in a study of 253
papillary thyroid carcinomas. These differences may be re-
lated to histologic analysis criteria. Our definition of histo-
logic vascular invasion is “groups of tumor cells attached to
the blood vessel wall and projecting into the lumen of blood
vessels in the capsule or outside the tumor. The intravascular
portion of tumor cells is often covered by a layer of endo-
thelial cells.” Nishida'® defined VI as either: “1) tumor cell
thrombi in vessels or 2) direct tumor involvement in vessel
walls.”

In our study, histologically detected vascular invasion
correlates positively with distant metastases at initial diagno-
sis. This is in line with the findings of Gardner’ who never-
theless differentiated between intra- and extrathyroidal vas-
cular invasion, obtaining significant results, particularly
regarding the association with intrathyroidal vascular inva-
sion. In our study, we did not make this distinction because
Gardner’s findings® indicated a substantial agreement regard-
less of the extent of vascular invasion.

One significant factor is the evaluation of the various
different histologic subtypes. Although agreeing with the
importance of the individual prognostic factors, several au-
thors?° %2 claim that prognosis is determined by the greater
biologic aggressiveness of the neoplasm and that this greater
aggressiveness is expressed through a wide range of his-
topathologic characteristics. Factors such as nuclear atypia,
tumor necrosis, and histologic vascular invasion are consid-
ered to be important aspects that determine greater aggres-
siveness and a greater tendency to metastasize in patients
with differentiated thyroid carcinomas.

We have observed how vascular invasion is signifi-
cantly lower in the less aggressive histologic forms. Signs of
vascular invasion were found in 3.31% of pure papillary
carcinoma. This percentage is statistically significant com-
pared with sclerosing and tall cell papillary carcinoma (P <
0.05). Vascular invasion is found in 20.9% of cases of the
follicular variant of papillary carcinoma. This percentage is
statistically significant compared with pure papillary carci-
noma (P < 0.01) and with sclerosing papillary carcinoma
(P < 0.05); this result confirms the tendency of the follicular
forms to invade vascular tissue.

Our results agree with the findings of Asklen and Li
Volsi** who reported histologic vascular invasion in 14% of
pure papillary carcinoma, in 30% of tall cell variant, in 33%
of “complex solid variant,” and in 75% of solid variants.
Multivariate analysis allowed us to show an aspect as the
association between pure papillary carcinoma and vascular
invasion to date not published in the literature; whereas the
histologic pure papillary alone is associated with a signifi-
cantly favorable prognosis, the same variable (histologic pure
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papillary) with vascular invasion (VI+) is characterized by
significant worsening of the prognosis (Table 3).

In our study, histologic vascular invasion is associated
with increased regional lymph node recurrences (P < 0.001)
and distant metastases (P < 0.001).

Regarding the increased incidence of distant metastases
seen in the presence of intrathyroidal vascular invasion, our
results are in general agreement with the findings of Gardner®
and Nishida.'®

In addition, our results regarding lymph node recur-
rences agree with the findings of Nishida.'® He observed a
higher percentage of lymph node recurrences in differentiated
carcinomas with vascular invasion. Gardner,” although noting
an increase in local and distant recurrences, found that this
was not a statistically significant factor.

The greater biologic aggressiveness of papillary carci-
noma with vascular invasion was demonstrated in our study
by the increased number of forms locally invasive to extra-
thyroidal soft tissues (pT4) and stage IV tumors. In contrast,
a significantly higher incidence of stage I carcinomas was
observed in the VI— group.

In our study, a diameter >1.5 cm is associated with a
worse prognosis. The association of a tumor with a diameter
>1.5 cm and vascular invasion leads to a significant wors-
ening of the prognosis.

The higher incidence of lymph node and distant metas-
tases in patients with vascular invasion can account for the
significant increase in mortality associated with the tumor. In
our study, we found 3 cases of death of VI+ patients (7.7%)
and 2 of VI— patients (0.6%); the mortality comparison was
found to be statistically significant (P < 0.001). This finding
is in agreement with those of Nishida'® and those of certain
previous authors.'#?!%3

Univariate analysis showed that vascular invasion pro-
vokes a significant increase of lymph node recurrences, of
distant metastases, and a worse prognosis. Multivariate anal-
ysis demonstrated that vascular invasion is not a single
statistically variant, but in association with the variant histo-
logic pure papillary or a tumor with a diameter >1.5 cm,
impacts significantly on the prognosis.

Our results show the importance of the concept of
differentiated thyroid carcinoma having greater biologic ag-
gressiveness characterized by the overlapping of several dif-
ferent risk factors. Among the latter, in papillary carcinoma,
it should be noted that histologic vascular invasion may be
considered a sign of an increased tendency toward hemato-
genic invasion and subsequent increase in the relative per-
centage of distant metastases and ultimately of a poorer
prognosis. The presence of risk factors indicating a possible
increase in biologic aggressiveness necessitates adequate
postoperative treatment and careful follow up.
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