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Measurement of vascularity as a diagnostic and
prognostic tool for well differentiated thyroid
tumours: comparison of different methods of
assessing vascularity

N A C S Wong, J Willott, M J Kendall, E A Sheffield

Abstract
Aims-To determine whether the
measurement ofvascularity can be used to
differentiate follicular adenomas from
follicular carcinomas or to reflect the
prognosis of follicular carcinomas and
papillary carcinomas ofthe thyroid gland,
and to compare four methods of assessing
vascularity.
Methods-Tissue sections from 26 papil-
lary carcinomas, 15 follicular adenomas,
and 15 follicular carcinomas were stained
with an antibody to CD34. A computer-
ised image analysis system was used to
calculate, for each tumour, mean endo-
thelial areas and the mean endothelium to
tumour epithelial nucleus area ratio from
10 systematically selected fields across one
dimension of the tumour ("systematic
field" analysis) or from the three most
vascularised fields of the tumour ("hot
spot" analysis). A European Organisation
for Research on Treatment of Cancer
(EORTC) prognostic index was calculated
for each papillary carcinoma and follicu-
lar carcinoma.
Results-Significant differences in vascu-
larity between the three tumour groups
could only be shown by comparing mean
endothelial area values measured from
hot spots. While the hot spot median mean
endothelial area of follicular carcinomas
was significantly greater than that of
follicular adenomas, there was a large
overlap between the two groups. For
follicular carcinomas, higher hot spot
mean endothelial area values were related
to worse prognosis as indicated by the
EORTC prognostic indices. No associ-
ation between vascularity and prognosis
was found for the papillary carcinomas,
regardless of the method of assessing vas-
cularity.
Conclusions-Measuring endothelial area
from hot spots using a computerised
image analysis system is a sensitive
method ofassessing the vascularity ofthy-
roid tumours. While vascularity measure-
ment cannot be recommended as a
practical tool for differentiating between
malignant and benign follicular tumours,
the suggestion that vascularity may reflect
prognosis for follicular carcinomas de-
serves further study.
(7 Clin Pathol 1999;52:593-597)
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The three commonest neoplasms of the thyroid
gland are papillary carcinoma, follicular ad-
enoma, and follicular carcinoma.' The histo-
logical distinction between the latter two can
be difficult at times. While the demonstration
of capsular or vascular invasion is still regarded
as the gold standard for defining a follicular
carcinoma,' there have been several
attempts-as yet unsuccessful to develop a
practical tool which can reliably differentiate
between benign and malignant follicular
tumours.2A Tumour neovascularisation is
thought to play a key role in metastasis.' It is
therefore possible, in view of their metastatic
potential, that follicular carcinomas are more
vascular than follicular adenomas. To our
knowledge, only one published study has
produced data to test this hypothesis; while the
investigators reported only a "marginal differ-
ence" in vascularity between follicular carcino-
mas and follicular adenomas,' it is not possible
to assess the significance of the finding as
statistical analysis was not performed and raw
data not provided.
Another potential use of tumour vascularity

measurement is to reflect prognosis. Increased
vascularity has been shown to correlate with
worse prognosis in a variety of malignancies
including breast and prostatic carcinomas and
gliomas.7 We are aware of only two published
studies of the relation between vascularity and
prognosis or prognostic markers in thyroid
tumours; in neither study was a significant
relation shown for either papillary carcinoma
or follicular carcinoma.' 1'
Tumour vascularity can be assessed histo-

logically by a multitude of different techniques.
Microvessel counting and the analysis of areas
of most intense vascularity ("hot spots"), as
was used in both the above mentioned
studies,'0 1 are more vulnerable to problems
with observer variation than computerised
image analysis and the assessment of randomly
or systematically selected fields.'21 Well differ-
entiated thyroid tumours may show wide
architectural variation' and fewer tumour
epithelial cells would appear to be in close con-
tact with blood vessels in a loose papillary area
than in a densely packed microfollicular area.
Therefore, it may be argued that a more
representative assessment of a thyroid tumour's
vascularity and propensity to metastasise
should involve determining the number or area
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Figure 1 High power view of (A) a papillary carcinoma (x250 objective) and (B)
follicular carcinoma (x250 objective) showing vascular endothelium stained by an an
to CD34. In the latter case, increased vascularity is evident at a point of capsular
invasion-the fibrous capsule is seen at the bottom left corner of the figure.

of blood vessels in relation to the numb
area of tumour epithelial cells in any j
field.

For these reasons, it is uncertain to
extent the negative findings of previous st
of vascularity in thyroid tumours are attr
able to the methods used. Our aims in th
lowing study were therefore first, to re-exa

whether measurement of vascularity ma
used to distinguish follicular carcinomas
follicular adenomas, and to reflect the prc

sis of follicular and papillary carcinomas
second, to assess the extent to which diff
methods of assessing vascularity may influ
these findings.

Methods
The study was carried out on 56 patients
tumours of the thyroid gland: 26 with pap
carcinomas (20 female, six male; mediar
44 years, range 8 to 78 years), 15 with fo
lar adenomas (12 female, three male; ml
age 47 years, range 19 to 81 years), and 15
follicular carcinomas (14 female, one i

median age 39 years, range 18 to 76 y(

These patients had undergone surgical r
tion of their tumours between January
and December 1995. The median leng
follow up was 79 months (range 25 to
months).

A representative paraffin embedded tissue
block from each of the tumours was retrieved
from the archival files of the university depart-
ment of pathology and microbiology at the
Bristol Royal Infirmary. The tissue block bore a
complete section of the tumour in most cases.
Following dewaxing and rehydration, each tis-
sue section (4 gm thick) was stained with hae-

> matoxylin to identify epithelial nuclei, and an
antibody to CD34 (QBend/1 0, Dako) to iden-

; < tify vascular endothelium (fig 1). Immuno-
histochemical staining for CD34 using this
antibody and a peroxidase conjugated avidin
method has been described previously.'4
A computerised image analysis system was

used to calculate the total area of endothelium
and the total area of epithelial nuclei in a x25
magnified field. Images of selected fields were
digitised using a three channel (RGB, all chan-
nels used) colour camera (TK-870E colour
video head, JVC) linked to an IBM compatible
personal computer with an image analysis
computer package (Microscale TM/TS image
analysis system, Digithurst). For each tumour,
thresholding parameters-to allow the compu-
ter to recognise the colours representing either
vascular endothelium (brown) or epithelial
nuclei (blue/purple)-were set by selecting
representative pixels from images of the
tumour on the computer monitor. The only
artefact of significance comprised lymphocyte
nuclei, which could not be readily differenti-
ated from epithelial nuclei using this image
analysis system; the inability to reject this arte-
fact and its implications for the calculated data

a are dealt with below (see Discussion).
rtibody For each tumour, a mean endothelial area

and a mean endothelium to tumour epithelial
nucleus area ratio (mE/N) were calculated

er or using the three most vascularised fields of the
given tumour (hot spot analysis) or 10 systematically

selected fields across the longest dimension of
what the tumour (systematic field analysis). The lat-
udies ter 10 fields were selected by determining the
ibut- number of x25 magnified fields required to
e fol- span the longest dimension of the tumour and
mine thus choosing 10 equally spaced fields to span
iy be this dimension. These measurements were
from repeated on 10 randomly selected tumours to
)gno- assess their reproducibility.
; and Kaplan-Meier analysis was not thought
erent appropriate in view of the size of our study
ience groups and the low mortality recorded over the

follow up period. As a recognised surrogate
indicator of prognosis, we therefore used for
our analysis the European Organisation for

with Research on Treatment of Cancer (EORTC)
oillary prognostic index for thyroid tumours." An
n age EORTC prognostic index was calculated for
llicu- each follicular and papillary carcinoma using
edian the following formula: EORTC prognostic
;with index=A+ (45 xC) + (15 xM) + (12xS) +
male; (10 x T) + (10 x D) where A = age at diagno-
ears). sis in years, C = anaplastic cell type (0 if
resec- absent, 1 if present), M = distant metastasis (0
1985 if none, 1 if single site, 2 if multiple sites),
,th of S = sex (0 if female, 1 if male), T = T category
116 (1 if tumour diameter > 5 cm or tumour fixed

to adjacent structures, 0 if neither), and
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Vascularity of thyroid tumours

Table 1 Spearman rank correlation coefficients for the four methods of assessing
vascularity studied

niEA and hot nzEA atnd systenmatic mE N and hot
spot analysis field analysis spot analysis

mE/N and systematic field analysis 0.53 0.60 0.69
mE/N and hot spot analysis 0.58 0.54
mEA and systematic field analysis 0.62

mEA, mean endothelial area; mE/N, mean endothelial to tumour epithelial nucleus area ratio.

D = medullary or follicular less differentiated
cancer (0 if absent, 1 if present).
Normal distributions cannot be assumed for

the vascularity indices we studied nor for
EORTC prognostic indices. Therefore, vascu-
larity indices between any two tumour types
were compared using a two tailed Mann-
Whitney U test, while the correlations between
different vascularity indices and the associa-
tions between vascularity indices and EORTC
prognostic indices were studied by calculating
Spearman rank correlation coefficients. All sta-
tistical analysis was performed using the
computer software package SPSS v7.5.1 for
Windows 95 (SPSS Inc).

Results
Of the four methods of assessing vascularity,
measuring mean endothelial area from hot
spots showed the least variability (differences
between first and second measurements of 10
tumours: hot spot mean endothelial area
analysis: median 7%, range 3-13%; hot spot
mE/N analysis: median 10%, range 3-17%;
systematic field mean endothelial area analysis:
median 9%, range 4-15%; systematic field
mE/N analysis: median 14%, range 6-19%).
There were reasonable correlations between
the four methods of assessing vascularity stud-
ied (table 1). For each tumour group, the mean
endothelial area and mE/N values calculated
by systematic field analysis were consistently
lower than those calculated from hot spots
(table 2).

All three tumour types showed intratumour
variation in endothelial area and mE/N. The
variation in both indices was as much as
10-fold in some tumours, the highest endothe-
lial area and mE/N values being found in the
peripheries of the tumours (data not shown).
With regard to the follicular carcinomas, all the
hot spot areas chosen for study were located at
the periphery of the tumours. In addition,
endothelial area and mE/N values for the
follicular carcinomas were particularly high
around sites of capsular invasion (data not
shown but see fig 1B).
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Figure 2 Hot spot mean endothelial area values (units:
x10 nz7lx25 niagnifiedfield), including median values
(horizontal bars), for the three thyroid tuniour groups.

By hot spot analysis, the median mean

endothelial area of the follicular carcinomas
was significantly greater than that of the
follicular adenomas or the papillary carcino-
mas (fig 2, table 2). However, because the
ranges of the follicular carcinomas and follicu-
lar adenomas overlapped considerably (fig 2),
there was no value of mean endothelial area

that, if used as a diagnostic test, would be both
reasonably specific and sensitive in differentiat-
ing between the two tumour types. No signifi-
cant differences between the three tumour
types were found using systematic field mE/N,
hot spot mE/N, or systematic field mean

endothelial area analysis (table 2).
During the study follow up period, none of

the papillary carcinoma patients and two of the
follicular carcinoma patients died. In both the
latter cases, death was directly attributable to
sequelae of metastatic follicular carcinoma.
There was a suggestion of a correlation
between mean endothelial area and EORTC
index among the follicular carcinomas, and the
highest rank correlation coefficient was dem-
onstrated using hot spot analysis (fig 3A, table
3). Using a hot spot mean endothelial area cut
off value of 125 x 10-1 mm2/x25 magnified
field, two of the three follicular carcinoma
patients with corresponding values above the
cut off died, whereas all 12 follicular carcinoma
patients with values below the cut off are

currently alive (p = 0.03, Fisher's exact test).
There was no obvious correlation between vas-

Table 2 Mean endothelial area (mnEA) and mean endothelial to tumour epithelial nucleus area ratio (mEIN) values by
hot spot and sytematic field analyses for papillary carcinomas, follicular adenonias, andfollicular carcinomas

Tumour type

Papillary carcinonza Follicular carcilonoa Follicular adenonia
Method of assessnient (n=26) p Value* (n=15) p Value* (ii=15)

mEAt and hot spot analysis 59.9 (28.5 to 118.2) 0.008 98.1 (31.5 to 143.7) 0.05 60.4 (29.2 to 118.8)
mEAt and systematic field analysis 40.4 (15.2 to 121.8) 0.07 54.1 (20.4 to 105.5) 0.09 39.5 (17.9 to 164.7)
mE/N and hot spot analysis 0.40 (0.10 to 0.92) 0.49 0.52 (0.16 to 1.07) 0.83 0.42 (0.19 to 1.10)
mE/N and systematic field analysis 0.28 (0.07 to 0.75) 0.96 0.23 (0.09 to 0.59) 0.84 0.25 (0.11 to 0.95)

Values are median (range).
*Significance level for comparison of two tumour types using two tailed Mann-Whitney U test.
tUnits of measurement: xlO' mm2/x25 magnified field.
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Figure 3 Association between hot spot mean endothelial
area values (units: x1 Or mm2/x25 magnifiedfield) and
European Organisation for Research on Treatment of
Cancer (EORTC) prognostic indices for (A) follicular
carcinomas and (B) papillary carcinomas. Patients who
died are arrowed.

cularity and EORTC index among the papil-
lary carcinomas, regardless of which type of
analysis was used (table 3, fig 3B).

Discussion
We have studied the vascularity of well
differentiated thyroid tumours and whether it
can be used to distinguish between follicular
carcinomas and follicular adenomas or reflect
tumour prognosis. We used an antibody to
CD34 to facilitate comparisons between our
study and previous studies of vascularity and
prognosis in thyroid tumours.'0 "' Further,
CD34 is a more sensitive marker of vascular
endothelium than factor VIII,12 as was used by
Segal and colleagues in their study of follicular
tumours.6 CD34 expression has also been
demonstrated in haematopoietic progenitor
cells and spindle cell tumours, such as
dermatofibrosarcoma protuberans.'6 However,
such tissue and cell types are not known to exist
in well differentiated thyroid tumours and

Table 3 Association between mean endothelial area (mEA) and mean endothelial to
tumour epithelial nucleus area ratio (mE/N) values and European Organisation for
Research on Treatment of Cancer (EORTC) prognostic indices using either hot spot or
systematic field analysis, forfollicular carcinomas and papillary carcinomas

Method of assessment

mE/N and
mEA and hot spot mEA and systematic mE/N and hot systematic field

Tumour type analysis field analysis spot analysis analysis

Follicular
carcinomas 0.34 0.27 0.17 0.20

Papillary
carcinomas -0.11 -0.003 -0.15 -0.18

Values are Spearman rank correlation coefficients.

therefore were unlikely to have artefactually
altered our vascularity measurements.
We compared four different methods of

assessing vascularity in our study. The largest
differences in vascularity between different
tumour types and the closest correlation with
prognosis were both shown by studying only
hot spots and by considering endothelial area
without any adjustment for relative tumour
epithelial area. Indeed, contrary to our working
hypothesis, we found no evidence to suggest
such an adjustment contributes to the assess-
ment of vascularity in thyroid tumours. This
apparent lack of contribution may have re-
sulted from a weakness in our method of meas-
uring tumour epithelial area. The computer-
ised image analysis system used could not
easily distinguish between tumour epithelial
nuclei and lymphocyte nuclei, and therefore
tumour nucleus area values may have been
exaggerated for tumours containing large
numbers of the latter cells. Nonetheless, unless
a quick and simple method of specifically
evaluating tumour epithelial cell area is de-
vised, we cannot recommend incorporating
this variable into the assessment of thyroid
tumour vascularity.
Our results have shown that systematic field

analysis is less likely to detect differences in
vascularity than hot spot analysis. The reason
for this appears to be that any significant
differences in vascularity at tumour peripheries
are negated by measurements from less vascu-
larised areas of the tumours. Very few existing
studies have compared the measurement of
vascularity from hot spots to that from
randomly or systematically selected fields.
Goulding and colleagues used hot spot and
random field analyses to study the vascularity
of breast carcinomas, and found that in neither
case did the correlation between vascularity
and prognosis reach statistical significance.'7
Unfortunately, the lack of raw data precludes
further analysis to show which of these
methods, if either, yielded the better correla-
tion.
We were able to show that as a whole follicu-

lar carcinomas have significantly greater vascu-
larity than follicular adenomas. A lack of pub-
lished data in the only other study on this
subject precludes an explanation of why the
investigators only demonstrated a "marginal
difference."6 The difference in vascularity
between benign and malignant follicular tu-
mours receives some support from studies of
vascular endothelial growth factor (VEGF)
expression by thyroid tumour cell lines. While
accepted as only in vitro evidence, greater
expression of this angiogenic compound was
found in follicular carcinoma cell lines com-
pared with follicular adenoma cell lines.'8
Although there may be a difference in vascular-
ity between follicular carcinomas and follicular
adenomas, we found a large overlap of the
range of values for the two groups. Therefore
the measurement of vascularity would not have
sufficiently high combined sensitivity and spe-
cificity rates to be useful as a test for differenti-
ating between the two follicular tumour types.
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Vascularity of thyroid tumours

While not a prime aim of our study, we
showed that the vascularity of follicular carci-
nomas was significantly greater than that of
papillary carcinomas. This trend has also been
demonstrated, though not always reaching sta-
tistical significance, in three previous
studies," 1 1 and is once again supported by
VEGF studies, where follicular carcinoma cell
lines have been shown to express more VEGF
than papillary carcinoma lines.'8 Perhaps this
difference in vascularity between tumour types
explains, at least in part, the greater propensity
for follicular carcinomas to metastasise by the
blood stream compared with papillary
carcinomas.
There have been only two reported studies of

vascularity and prognosis in thyroid tumours.
Fontanini and colleagues could not show any
significant relation between these two variables
for follicular carcinomas (n = 25) or papillary
carcinomas (n = 57).10 In a more recent study
using nine follicular carcinomas and 29 papil-
lary carcinomas, an American group could
similarly find no significant relation between
vascularity and two prognostic markers-that
is, locoregional metastasis and tumour
recurrence." In the Italian study, all the three
papillary carcinoma patients who died, com-
pared with only two of the five follicular carci-
noma patients who died, had tumours with
microvessel counts above the median value for
the respective tumour type.'0 However, our
findings indicate an opposite trend-that is, an
association between vascularity and prognosis
is suggested among follicular carcinomas but
not among papillary carcinomas. We have
shown a statistically significant association
between high hot spot mean endothelial areas
and worse prognosis for follicular carcinomas
using a mean endothelial area cut off value of
125 x 10-4 mm2/x25 magnified field. Further
support for a link between higher vascularity
and tumour aggressiveness comes from our
own observations and from previously reported
observations6 that the most vascularised areas
of follicular carcinomas correspond to sites of
capsular invasion. There are several possible
reasons for the differences in findings between
our study and the two previous studies of vas-
cularity and prognosis in thyroid tumours. In
the Italian study,'0 the exact causes of death of
the patients were not stated and if they were
unrelated to the thyroid tumours, the study's
comparative mortality analysis would be
flawed. As discussed above, our findings
suggest the negative results of the Italian aifd
American studies are unlikely to relate to use of
hot spot analysis without an adjustment for
relative tumour epithelial area. However, both
studies employed manual microvessel counting
which, unlike computerised area measure-
ment, is vulnerable to problems with observer
variability and reproducibility.'3 Indeed, the
authors of two previous studies-one on breast
carcinomas20 and the other colorectal
carcinomas2'-were able to show a significant

correlation between vascularity and prognosis
by measuring vascular area but not by blood
vessel counting.

CONCLUSIONS
To summarise, we have shown that, of the four
different methods studied, vascularity of well
differentiated thyroid tumours is best assessed
by measuring endothelial area from hot spots.
We cannot recommend measurement of vascu-
larity as a practical tool for differentiating
between follicular carcinomas and follicular
adenomas. However, our data suggest that
tumour vascularity may reflect prognosis
among follicular carcinomas. A prospective
study to recruit more cases of follicular
carcinoma and to extend the mortality analysis
of our existing cases is currently under way.
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