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Abstract: The aim of the study was to compare the structural changes in
ultrasound image of the thyroid tissue in 12 women with breast cancer (BC) and

8 women with colorectal cancer (CC). MATLAB software was used to analyse the
digitised images. As quantitative descriptors of thyroid ultrasound images (QDTI)
were used raw grey scale values of individual image pixels (RAW) and the optimal
one-dimensional discriminative texture features (F2, F6, F7). The possible relations
between QDTI and thyroid laboratory parameters were tested. In the BC group
serum levels of antibodies to thyroid peroxidase negatively correlated with feature
RAW (multiple regression, beta coefficient —0.75, p=0.004) and positively with
feature F2 (multiple regression, beta coefficient 1.44, p=0.04). In the BC group
RAW negatively correlated with serum levels of tumour marker CA 15-3
(Pearson’s correlation coefficient, r=-0.714, p=0.00917). No such correlations
were found in CC group. The correlations between QDTI and serum levels of
antibodies to thyroid peroxidase in patients with BC show that the positivity of
antibodies to thyroid peroxidase is probably accompanied with structural changes
in the thyroid tissue.

Introduction
The association of autoimmune thyroiditis (AIT) with several autoimmune diseases
such as diabetes mellitus type | or celiac disease is generally known [1]. In contrast,
although it has been the subject of study for a long time, the relationship between
AIT and some non-autoimmune diseases, e.g. breast cancer is not fully
understood. A sonographic enlargement of the thyroid gland [2, 3], a higher
percentage of positivity of antibodies to thyroid peroxidase (TPO-ab) (15.2-37.7
percent according to several studies [3, 4, 5, 6]), a higher percentage of positivity
of antibodies to thyroglobulin (TGB-ab) (15.2 percent [7]) and increased serum
levels of thyroid-stimulating hormone (TSH) (10.3-19.7 percent [7, 8]) have been
found in women with breast cancer in comparison with healthy women.
Autoimmune thyroiditis (AIT) is a chronic inflammation of the thyroid gland [9].
AIT can be diagnosed from clinical examination, analysis of hormones and thyroid
autoantibodies in blood, and from cytological examination using fine needle
aspiration biopsy. However, because the autoimmune inflammation leads to the
focal or diffuse structural changes of the thyroid tissue, it can be also detected by
ultrasonography [10, 11, 12]. Typical ultrasound features of AlT are the focal or
diffuse hypoechogenities and non-homogenous structure. Unfortunately, the
evaluation of the thyroid echogenity and homogenity is to a great extent
subjective, and can be often different in relation to several examinators. Therefore,
the aim of the study was to compare the focal or diffuse structural changes of the
thyroid tissue in patients with breast cancer (BC) and colorectal cancer (CC) with
use of quantitative descriptors of thyroid ultrasound image. Furthermore, a
possible relationship between quantitative descriptors and serum levels of thyroid
laboratory parameters (TSH, free thyroxin — FT4, TPO-ab and TGB-ab) and serum

Jiskra J.; Smutek D.; Barkmanova J.; AntoSova M.; Limanova Z.; Potlukova E.; Sucharda P



Prague Medical Report / Vol. 106 (2005) No. 4, p. 399-408 401)

levels of tumour markers CEA (carcinoembryonal antigen), CA 15-3 and CA 19-9
was evaluated.

Patients and methods

Patients

We investigated 20 randomly chosen women with oncological diseases, 12 with
breast cancer (BC) and 8 with colorectal cancer (CC). Both groups were age-
comparable (Table 1). All of these patients had undergone a breast or colorectal
surgical intervention and all were from the same geographic area (Prague, Czech
Republic). Family and personal history with respect to autoimmune, endocrine and
oncological diseases were obtained from the subjects, and they all underwent
clinical examination and thyroid ultrasonography. An informed verbal consent was
obtained from all participants and the procedures followed were in accordance
with the ethical standards of our institution’s committee on human
experimentation.

Laboratory analysis

In all subjects the chemiluminiscence method was used to investigate the serum
levels of thyroid-stimulating hormone (TSH), free thyroxin (FT4), antibodies to
thyroid peroxidase (TPO-ab), antibodies to thyroglobulin (TGB-ab) and the serum
levels of tumour markers CEA (carcinoembryonal antigen), CA 15-3 and CA 19-9.
According to what is presently known about subclinical hypothyroidism the
following were taken to be normal values: TSH 0.5-3.5 miU.I~ [13, 14], FT4

Table 1 - Thyroid laboratory parameters and quantitative
descriptors of thyroid ultrasound images in women with breast cancer
and colorectal cancer

breast cancer colorectal cancer P

n 12 8

age* 67 +8.37 64 +14.64 0.701?
FT4* 14.5 +2.01 12.95+2.53 0.144
TSH** 1.56(1.26...3.53) 3.12(1.07...6.49) 0.787"
TPO-ab** 31.15(32.60...62.40) 26.2(20.25...85.25) 0.464"
TGB-ab** 54.40 (43.35...88.50) 54.40(45.8...58.80) 0.908'
RAW#* 10.63 +£2.48 1217 +3.38 0.253’
F2#* 261.61 +=42.90 248.14 +20.64 0.425°
Fé* 422.51 £14.25 422.03£16.70 0.947
F7* 442.79 +=78.04 425.40 £55.11 0.597

TSH: serum levels of thyroid-stimulating hormone (mlIU.I™"), fT4: serum levels of free thyroxin (pmol.I™"),
TGB-ab: serum levels of antibodies to thyroglobulin (kIU.I""), TPO-ab: serum levels of antibodies to thyroid
peroxidase (kIU.I"), n: number of patients, RAW: raw grey scale values of individual image pixels, F2, F6, F7:
the optimal one-dimensional discriminative texture features, * normality test passed, ** normality test failed,
"Mann-Whitney test: expressed as median, lower quartile (25 %), upper quartile (75 %), ? t-test: expressed as
mean value * standard deviation, p: level of significance
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9.8-23.1 pmol.I”!, TGB-ab <60 kIU.I"!, TPO-ab <60 kIU.I"", CEA 0-5.0 ug.I”",
CA 15-3 0-31.0 kIU.I"" and CA 19-9 0-37.0 kIU.I"".

Sonographic examination and computerised analysis of ultrasound images

A sonographic examination of the thyroid gland was performed in all subjects at
the sonographic department of the 3™ Medical Department of the 1 Medical
Faculty of the Charles University in Prague. Volume (ml), echogenity (low, normal,
and high), structure (homogenous, non-homogenous), perfusion (low, normal, and
high) and a possible nodulisation were evaluated. A sonographic imaging system
Toshiba ECCO-CEE (console model SSA-340A, Otawara, Tochigi 324, Japan)
equipped with an 8-MHz linear probe (model PLF-805ST), allowing a maximum
depth of examination 40 mm, frame rate 19 Hz, was used. The RS170 output from
the sonograph was digitised using Data Translation DT3155 frame-grabber.
B-mode images with grey scale with 256 levels and 415x381 pixels were recorded.
In order to determine reproducible echo levels, constant sonographic operating
conditions were defined. The following parameters (adjustable functions of the
console, using manufacturer’s terms for the functions) on the sonograph were
fixed to the same values as when used for routine examination, i.e., a gain of 92,
medium sensitivity by depth, maximal acoustic power, and maximum spatial
resolution. In order to include the sufficient amount of diagnostically relevant
information the scans were taken for several (10 for each lobe) probe positions
placed in parallel with each other and separated by arbitrary separations, within
the range of 10 mm, according to the physician’s decision. Only longitudinal cross-
sections were used in our study, because they provide greater amount of image
data from a larger contiguous area of the gland tissue [15]. MATLAB software
(The MathWorks, Inc., Nattick, MA, USA) was used to analyse the digitised images.
The boundary of the gland was roughly delineated and the region for analysis was
selected manually by a physician, as illustrated by the outline in Figure 1. As

Figure 1 — Sonographic image
(longitudinal scan of right lobe) with
drawn boundary of thyroid gland and
texture samples (rectangular windows
of 41x41 pixels).
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quantitative indicators of image (texture description), raw grey scale values of
individual image pixels (RAW) and the optimal one-dimensional discriminative
texture features were used (F2 F6, F7) [16]. F2 is derived using the Kolmogorov-
Smirnov distance between an estimate of the cumulative distribution function and
the robust estimate of the cumulative distribution function mean, both computed
for difference from sample mean. F6 and F7 represent the Euclidean distance from
original pixel grey levels and their four grey-level transformations to their mean
and median, respectively. As the next step the mean values of RAW, F2, F6 and F7
were calculated and assigned to each subject.

Statistical analysis

The results were statistically analysed by multiple regression, t-test, Mann-Whitney
test, Pearson’s correlation coefficient and Spearman rank order correlation
coefficient employing the Sigmastat program (Jandel Scientific, USA).

Results

No significant differences (t-test, Mann-Whitney test) of mean values of grey scale
value-RAW and more complex texture image features (F2, F6 and F7) and medians
of serum levels of TSH, FT4 (markers of thyroid function), TPO-ab and TGB-ab
(markers of thyroid autoimmunity) were observed between BC and CC groups of
patients (Table 1).

Significant positive correlations (Spearman rank order correlation coefficient)
between TSH and TPO-ab (r=0.652, p<0.05, n=12) and TPO-ab and TGB-ab
(r=0.645, p<0.05, n=12) were found in the BC group.

Multiple regressions was performed for TPO-ab (dependent variable) and grey
scale value-RAW (independent variable) in BC and CC groups. In women with BC
the correlation with multiple R-Square (coefficient of determination) 0.57 (F-test
13.11, p=0.004) was detected. The TPO-ab serum levels negatively correlated
with RAW with beta coefficient —0.75 and p=0.004 (Figure 2).
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Figure 2 — Negative correlation between TPO-ab Figure 3 — Positive correlation between F2 and
and RAW in subjects with breast cancer. TPO-ab in subjects with breast cancer.
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Furthermore, multiple regression was performed for TPO-ab (dependent
variable) and more complex texture image features (F2, F6 and F7). In subjects
with BC the correlation with multiple R-Square (coefficient of determination) 0.77
(F-test 6.0, p=0.02) was detected: the TPO-ab positively correlated with feature
F2 with beta coefficient 1.44 and p=0.04 (Figure 3).

Moreover, in the BC group the significant negative correlation (Pearson’s
correlation coefficient) between FT4 and F7 (r=-0.650, p=0.0303, n=12) was
observed (Table 2).

In contrast, in the subjects with CC, except of the significant negative correlation
(Pearson’s correlation coefficient) between FT4 and F2 (r=-0.805, p=0.0159,
n=38), no similar correlations were found (Table 3).

Finally, Pearson’s correlation coefficient and Spearman rank order correlation
coefficient were carried out for evaluating of possible relations between thyroid
laboratory parameters and ultrasound texture image features and serum levels of
tumour markers. In the BC group a significant negative correlation between FT4

Table 2 — Pearson‘s correlation coefficient in breast cancer group

FT4 CEA CA 153
RAW r= 0.510 r=— 0.332 r=-0.714
p= 0.09 p=— 0.291 p= 0.00917
F2 = _ 0.544 r= 0.0969 r= 0.483
p= 0.0835 p= 0.777 p= 0.132
Fé =-0.433 =_0.197 r=  0.0659
p= 0.183 p= 0.561 p= 0.847
F7 r=- 0.650 r= 0.307 r= 0.762
p= 0.0303 p= 0.395 p= 0.00642

FT4: serum levels of free thyroxin (pmol.I™), CEA: serum levels of cacrinoembryonal antigen (ug.I""), CA 15-3:
serum levels of tumour marker CA 15-3 (kIU.I'1), RAW: raw grey scale values of individual image pixels, F2,
Fé, F7: the optimal one-dimensional discriminative texture features, r: Pearson's correlation coefficient,

p: level of significance, bold: significant correlations (p<0.05)

Table 3 - Pearson’s correlation coefficient in colorectal cancer group

FT4 CEA CA19-9
RAW r=—0.244 r= 0.0820 r=—0.410
p= 0.560 p= 0874 p= 0.313

F2 r=-0.805 r=—-10.517 r=—0.283
p= 0.0159 p= 0.190 p= 0.497

3 r=—0.090 r=—0.474 r=—0.130
o= 0.832 p= 0236 p= 0.759

F7 r= 0.050 =-0.212 r=0.0565
p= 0.768 p= 0614 p= 0.894

FT4: serum levels of free thyroxin (pmol.I™"), CEA: serum levels of cacrinoembryonal antigen (ug.I™"), CA 19-9:
serum levels of tumour marker CA 19-9 (kIU.I™"), RAW: raw grey scale values of individual image pixels, F2,
F6, F7: the optimal one-dimensional discriminative texture features, r: Pearson‘s correlation coefficient,

p: level of significance, bold: significant correlations (p<0.05)
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and CA 15-3 serum levels was observed (Pearson’s correlation coefficient,
r=-0.685, p=0.0140, n=12). Moreover, in the BC group the serum levels of
CA 15-3 negatively correlated with RAW (Pearson’s correlation coefficient,
r=-0.714, p=0.00917, n=12) (Table 2, Figure 4) and positively with feature F7
(Pearson’s correlation coefficient, r=0.762, p=0.00642, n=12) (Table 2,

Figure 5). In contrast, no such correlations were found in the CC group

(Table 3).

In both groups, no significant correlations between thyroid laboratory
parameters (FT4, TSH, TGB-ab and TPO-ab) and ultrasound texture image
features (RAW, F2, F6 and F7) and serum levels of CEA and CA 19-9 were
observed.

Discussion
Although it has been the subject of study for a long time, the relationship between
AIT and breast cancer is not fully understood. A sonographic enlargement of the
thyroid gland [2, 3] and a high percentage of positivity of antibodies to thyroid
peroxidase (TPO-ab) (nearly 37.7% according to several studies [3, 4, 5, 6] have
been documented in women with breast cancer in comparison with healthy
women. Moreover, in our previous study we found increased serum levels of
thyroid-stimulating hormone (TSH) in 19.7%, positivity of antibodies to
thyroglobulin (TGB-ab) and TPO-ab in 15.2% of women with breast cancer in
comparison with 14.7, resp. 10.3, resp. 11.8 percent in women with colorectal
cancer and 12.3, resp. 10.2, resp. 12.3 percent in women with healthy thyroid
glands [7]. Similarly, a sonographic enlargement of the thyroid gland has been
described in 80 % and TPO-ab positivity in 28% of women with benign fibrocystic
mastopathies [4, 17]. Through the use of fine-needle-aspiration biopsy, AlT has
been confirmed in 19 of 310 (13.23%) women with breast cancer [5].

Despite that a linkage between AITD and breast cancer was described in
literature, to our knowledge there is not a study (excepting of the studies
measured the thyroid volume) concerned with quantitative ultrasound image
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Figure 4 — Significant negative correlation between Figure 5 — Significant positive correlation between
CA 15-3 and RAW in subjects with breast cancer. CA 15-3 and F7 in subjects with breast cancer.
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texture features of the thyroid gland in patients with breast cancer. Similarly there
is no a published work concerning a possible relationship between the thyroid
laboratory parameters (TSH, FT4, TGB-ab and TPO-ab) and serum levels of
tumour markers (CEA and CA 15-3).

In our previous work we have found out that there is a significant relation
between laboratory parameters of thyroid autoimmunity (TPO-ab and TGB-ab)
and quantitative descriptors of ultrasound image [16]. Another our study has
confirmed that the quantitative descriptors of ultrasound image significantly differ
between patients with AlT and healthy controls, but moreover, it has shown that
there are a differences both between women with oncological diseases and
healthy controls and between women with AIT and oncological diseases [18].

Therefore, the aim of the present study was to find out whether there is a
relation between quantitative descriptors of thyroid ultrasound image and thyroid
laboratory parameters (TSH, FT4, TPO-ab and TGB-ab) in women with breast
cancer and whether this relation is expressed in patients with colorectal
cancer too.

The presence of the negative correlations between RAW and TPO-ab and F7
and FT4 and positive correlation between F2 and TPO-ab supports the opinion
that there is a relation between the autoimmune thyroid diseases and breast
cancer. These results are in concordance with findings in literature [2, 3, 4] and
show, that the high positivity of TPO-ab in patients with breast cancer is also
accompanied with structural changes in thyroid gland, typically found in
autoimmune thyroiditis. On the contrary, the fact that no similar relations between
thyroid laboratory parameters (TSH, FT4, TPO-ab and TGB-ab) and ultrasound
image texture features were found in subjects with colorectal cancer suggests, that
the positivity of TPO-ab and TGB-ab described in patients with colorectal cancer
could be only a result of an increased immune reactivity in blood goes with
oncological disease, and is not a consequence of autoimmune thyroiditis.

An extensive retrospective study of 9520 women with breast cancer in
Massachusetts General Hospital has suggested that the survival rate of patients
with contemporary autoimmune thyroiditis is higher in comparison with women
with healthy thyroid glands [19]. Similar results have been obtained in Smyth and
Shering’s studies [4, 20]. In a recent study, the presence of thyroid disease in
Turkish women with breast cancer was associated with reduction of the number of
metastatic lymph nodes, vascular invasion and tumour size [21]. However, there is
not a sufficient prospective mortality study, and thus, the influence of the presence
of autoimmune thyroiditis on the outcome of women with breast cancer is
controversial. According to our opinion, the significant negative correlation
between CA 15-3 and RAW and positive correlation between CA 15-3 and F7
found in our study suggest, that increased RAW and decreased F7 values (usually
found in autoimmune thyroiditis) could be linked with the advanced stages of
breast cancer.
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Conclusion

This work is one of the first practical applications of computerized analysis of
thyroid ultrasound image in clinical medicine and clinical research. The correlations
between quantitative descriptors of ultrasound image (texture features) and
antibodies to thyroid peroxidase in patients with breast cancer show that the
positivity of antibodies to thyroid peroxidase is probably accompanied with
structural changes in the thyroid tissue. Our results demonstrate that the
application of thyroid ultrasound texture analysis in future projects would help to
the resolution of the all the time controversial question: whether there is a real
linkage between the breast cancer and autoimmune thyroiditis or the yet known
data are only a fiction.
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