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Abstract A retrospective analysis of 19 follicular adeKey words Thyroid neoplasms - Diagnosis, differential -
nomas, 12 minimally invasive follicular carcinomas anldhage processing, computer assisted - Karyometry -

3 widely invasive follicular carcinomas of the thyroidMultivariate analysi::

was performed on 5-um-thick Feulgen-stained paraffin

sections by means of a semiautomatic system for picture

analysis. The major aim was to assess the potentialntfoduction

multiparameter karyometry for separation of the first two

tumour types. Sixteen planimetric and densitometric fé@ne of the major problems in thyroid surgical pathology
tures were defined in each case on 200-300 randomlyisethe differential diagnosis of follicular adenomas and
lected nuclei and processed by a number of uni- amdll-differentiated, minimally invasive follicular carci-
multivariate statistical methods. Despite predominantipmas [15]. According to the current rules of histologi-
significant ANOVA results a substantial overlap betweeral typing of thyroid tumours proposed by WHO [19],
tumour groups limited the practical usefulness of atlye usual criteria for malignancy, like cellular atypia and
karyometric feature alone. Factor and cluster analysesnmtotic activity, are not helpful, and the only reliable in-
dicated independence of planimetric and densitometdicator of malignancy is capsular penetration and/or
parameters from each other, which was of crucial impdeod vessel invasion. Indeed, in most cases cytological
tance in finding an optimal subset of variables for discexamination of the fine needle aspiration material fails
minant analysis. The classification rule derived from the differentiate follicular carcinomas from adenomas,
latter procedure was checked by the “jack-knife” methspecially atypical ones [34, 39]. This uncertainty re-
od, by classification of 3 widely invasive cancers and Bylts in a large number of non-conclusive cytology re-
hierarchical tumour clustering. Sensitivity and specificifyorts or, in attempts to produce more concrete judg-

of the model for detection of malignancy were 100% anaents, leads to a high percentage of either false-positive
94.7%, respectively. A multivariate karyometric apr false-negative diagnoses, depending on the strategy
proach, when applied correctly, can be a useful tool fdrosen by the pathologist [39]. In suggestive cases other
differentiation between follicular adenomas and minmethods, including intraoperative study of frozen sec-

mally invasive follicular carcinomas of the thyroid.
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tions, are required [40]. However, this last-named proce-
dure has the same drawbacks, because of its low sensi-
tivity for thyroid carcinomas in general (53%) and for
well-differentiated follicular carcinomas in particular
(0%) [35]. Even in paraffin sections careful examination
of numerous slides is necessary to confirm the presence
or absence of invasion [15, 22, 34]. Thus, the distinction
between these two types of thyroid tumours is a chal-
lenging task for the pathologist. One possible way to
improve diagnostic accuracy is to take a quantitative
karyometric approach. This method already has a fairly
long history in thyroid pathology, being regarded as
very promising by some [1, 23, 24] and useless by other
authors [25, 28, 30, 42, 43]. Most investigations support
an “intermediate” standpoint: that any statistically sig-
nificant difference revealed by karyometry is usually in-
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sufficient per se for correct classification of individugbaraffin sections with the aid of karyometry followed by
cases because of the wide overlap of tumour groups [dInultivariate statistical processing of the data.

16, 17, 29, 36, 38, 44, 47]. However, the performance of

this method is greatly improved when a multivariate sta-
tistical approach is adopted. In fact, it has become Materials and methods

most the rule in quantitative cytology that not only one

but several features have to be measured for each cel[l igll, 19 follicular thyroid adenomas and 15 follicular thyroid car-

. SAr ot mas (archival material) were analysed. The case selection cri-
a sample. Under these conditions, multivariate statlstlﬁg‘% were based on the WHO classification [19]. Only adenomas

methods are much more appropriate and powerful thggh trabecular, microfollicular or normofollicular patterns of
comparison of group means by Studeiifest or analy- growth and so-called atypical adenomas were included. Of the

sis of variance based on Chi-square distribution [2@hncers, 12 were minimally invasive and 3 widely invasive in type.

Baak and associates [1] were the first to show the gr rofollicular adenomas, multinodular goitres with nodular hy-
plasia, follicular variant of papillary thyroid carcinoma and

advantage of stepW|s_e_ m_ultlple regresgon {ﬂ”a'ys'sgﬁfew oxyphilic neoplasms were excluded. All surgically removed
cytology-based classification of thyroid lesions, bupecimens were fixed in buffered 10% formalin and embedded in
their ideas were not elaborated further until a few yeaaaplast. In every case, new 5-um-thick Feulgen stained sections
ago. By using linear discriminant analysis, many aWere made (Fig. 1 a, b). To ensure an adequate and unbiased sam-
thors created highly accurate classification mOd%ﬂg' the following rules were followed. The fields of vision were

I

9T . . lected randomly from a whole tumour region according to a so-
based on a combination of diverse karyometric [8, ed raster method, which is both highly efficient and reproduc-

27, 32] or nucleolar [31] features. Another multivariatiele [13, 14]. The minimally required number of nuclei for a sam-

method, principal component analysis, has been s@t-to be representative was determined by preliminary measure-

; ; ; ; 1ients as described by Collan et al. [6] and was approximately
cessfully applied mainly in theoretical rather than pra?00; Fleege et al. have shown that equal sample sizes are sufficient

tical settings [7, 37]. Nevertheless, pessimistic concligs the raster method in the majority of cases [13]. To avoid any
sions have also been drawn after using this techniquedgubt we measured at least twice as many (200-300) nuclei per
12]. It should be stressed that few authors have useglide. The focus was adjusted separately for every neoplastic cell

vari i i ; i i a field, because any deviations from correct focus greatly affect
multivariate approach in the differential diagnosis (?r?w precision of the measurements [3, 10]. Only nuclei with clear-

follicular thyroid tumours — and then mostly with cong, yefined borders and without overlap were eligible, and only 3—5
tradictory results [4, 8, 12, 31, 32] — and only one has

applied it to histological material [32].
The major aim of this study was to look for possib:ﬁ
ways of separating follicular adenomas and minima 569,'“

1 aNuclei from a solid-trabecular thyroid adenorhauclei
a minimally invasive follicular thyroid carcinoma. Feulgen

invasive follicular carcinomas of the thyroid gland istain, original magnification x10(:0
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of them were actually measured in a frame, as recommendedability, were also calculated. The final data set, therefore, con-
Fleege et al. [14]. Nuclei with obvious signs of mitosis, apoptostajned the doubled (16) number of columns (variables) and the
or other degenerative changes were excluded. number of rows already corresponding to the tumours studied (19
Karyometric features were evaluated by means of a semiadtr-adenomas and 15 for carcinomas). All further uni- and multi-
matic system for picture analysis. The hardware configuration irariate statistical procedures were carried out on this data set ex-
cluded a 3CCD colour video camera, model DXC-930P (SONMusively by means of SPSS for Windows software (SPSS, Chica-
Japan) mounted on an Axioplan light microscope (ZEISS, Gernga, lll.), version 6.1.3a. With respect to the following steps, how-
ny) and an image processing unit (CIRES, KONTRON, Germarsyer, it was unwise to ignore the heterogeneity of the carcinoma
based on a powerful microcomputer with Pentium processor. Nweup (that is, the mixture of cancers with minimal and massive
clear images were read through a Neofluar 1.3/100 objective witkiasion of the stroma). Indeed, the widely invasive carcinomas
oil immersion, digitized by a frame grabber at 752x582 spatiaight display rather distinct karyometric features compared with
resolution and 256 levels of grey and projected on to a TV monitbe minimally invasive ones, and moreover, they usually do not
at x1800 final magnification. For the analysis we used the red ipresent any diagnostic difficulties for the pathologists. However, it
age channel, since it is complementary to the blue colour and thuas also irrational to split the carcinoma group, since there were
allows the best discrimination of different picture elements [Spo few massively invasive carcinomas. Thus, for the sake of sub-
Further image processing was carried out by using CIRES sakquent analysis, we decided not to include the widely invasive
ware, version 3.0a. Nuclear contours were traced either automediacers until the last stages and to focus mainly on the differences
cally or interactively, depending on the degree of separation between the adenomas and the carcinomas with a minimal inva-
tween a nucleus and the background. The following parametsm of the stroma.
were measured [5]:

Nucleus area (NA)
Mean optical density within a nucleus (MOD) Results
Standard deviation of optical density within a nucleus (SDOD)

Skewness in the frequency distribution of optical density Within,&ll variables were checked for deviation from normality
nucleus (SkewOD) - c
Excess in the frequency distribution of optical density within a nBy the one-sample nonparametric Kolmogorov-Smirnov
cleus (ExcOD) o . test. In no case could the null hypothesis be rejected (sig-
Minimal optical density within a nucleus (a’\'/'lnogl))) nificance levels ranged from 0.20 to 0.99 for both
aximal optical density within a nucleus ax . . . .
Integrated optical density within a nucleus (I0D) groups), so that we could assume a Gaussian distribution

- lanimetric feature (NA) characterized the size of of the parameters. On this basis multivariate normality
us, one planimetric feature characterized the size of negs ;

plastic nuclei, whereas 6 densitometric parameters described %g@s a}lsq assumer(]j, because at preserr\1t It cannot be te?ted
eral different chromatin properties, such as degree of condensat¥ieCtly in any other way [2, 9, 33]. The assumption o
(MOD, MinOD, MaxOD), heterogeneity (SDOD) or distributionnormality permitted the application of parametric meth-
within a nucleus (SkewOD, ExcOD) [7]; the last feature, 10D, rexds in the next steps. One-way analysis of variance (AN-

flected the general amount of the absorbing material in a given gygay v for univari mparisons of the ar
cleus [5]. The system was calibrated with a micrometric scaleqw ) was used for univariate comparisons of the group

obtain the NA values in square micrometre. All remaining para leans. For all variables, qua”ance matrices were as-
ters were measured in arbitrary units related to a reference im&#ned to be equaP{values in the Levene test ranged
calibration of illumination and correction for shading and locdétom 0.06 to 0.98). ANOVA revealed statistically signifi-
background were used each time to avoid any artificial Change%a’ht differences between follicular adenomas and carci-

object brightness [3]. The data obtained were stored on the
disk and then exported to Excel spreadsheets. At this stage, as for all parameters measured except for IOD Mean

values of all parameters were averaged separately for each pat{d@ble 1). Two variables — MinOD Mean and SkewOD
moreover, standard deviations, as measures of internuclear Mstéan — had highdf-scores than the others, suggesting a

Table 1 Karyometric features

of follicular thyroid neoplasms Variable Parameter Follicular adenomas  Follicular carcinomas One-way ANOVA
evaluated at group means, and "9 N
ANOVA-test r%sul?s KA nucle- Mean SEM Mean SEM F-value Significance

us areaMOD mean optical

e ith 1 NA Mean 3165 1.81 4735 197 323 <0.00005
donsity within a ggﬁlcealfsaensity 2 NA StDev 732 072 1393 122 249  <0.00005
within a nucleusexcoDex. 3 MOD 035 002 0.24 001 263  <0.00005
cess in the frequency distrbu- 4 OD StDev 0.08 0.004 0.06  0.004 112 0002
ot L Sobe  ob oom R BE a0 Gm
i i tDev . . . . . <0.
nggee”nss"ig,?,\’,i't?,tiﬁg;a,fﬁg@5;', 7 SkewOD Mean 0.48 0.06 ~0.09 0.05 46.8  <0.00005
MinOD MaxODminimum, & EXoDMean . 012 007 024 005 141  <0.00005
i i i ith- XC ean . . —0. . . <0.
e o™ 10 ExcOD StDev 0.68 004 0.46 0.02 213 <0.00005
Hesintion 11 MinOD Mean 0.3  0.005 008  0.004 500  <0.00005
' 12 MinOD StDev 0.05 0.004 0.04 0.003 74 001
13 MaxOD Mean 0.67 0.03 0.54 0.03 7.9 0.009
14 MaxOD StDev 0.6 0.01 012 0,008 57 004
15 10D Mean 11283 758 11509  37.45 0.04 084
16 IOD StDev 2675 252 3615 16.61 55 003

aValues of parameters are given for NA in square micrometers and for all others in arbitrary units
b The carcinoma group included only minimally invasive carizers
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Factor 1 Discriminant score

Fig. 2 Plot of correlations (factor loadings) between karyometrkig. 3 Frequency histogram of discriminant scores in the two tu-
parameters and first two principal components extracted by faatoour groups KA follicular adenomaFC minimally invasive fol-
analysis, after Quartimax rotation. Variables are coded ordindiigular carcinom:

by numbers from 1 to 16 in accordance with Tal:le 1

leading role for them in tumour distinction. It should bghown below, such approach turned out to be of great
emphasized that, despite the highly significant ANOMW#nportance in the next steps.

results, none of the variables alone was sufficient f9r piscriminant analysis. To build a highly stable classi-
classification of individual cases (for example, by usifgation model, the number of variables should be re-
cut-off values) because of a consistent overlap of tumegicted according to the size of the smallest group [2],
groups. ) ) ) ) . that is to say 5 or 6 at most in the present study. Hence,
To investigate possible interactions among variablgge forward stepwise selection of variables based on
we applied a number of multivariate statistical methodsyinimization of Wilks' lambda was adopted. The value
1. Factor analysis. First, all principal components havf F was>3.84 for entry (approX?=0.05) anck2.71 for
ing eigenvalues greater than 1 were extracted. Testsriamoval (approxP=0.1). We did not use the signifi-
sampling adequacy (Kaiser-Meyer-Olkin measure 0.7&nce levels as selection criteria, since for some reason
Barlett’'s test of sphericity?<0.0001) and large com-the P-values computed by SPSS at each step are not ex-
munalities of the variables (ranging from 0.73 to 0.93xt [33]. The chosen strategy, despite its substantial ad-
indicated the relevance and high efficiency of the analyantages, is not ideal, and its performance can be rather
sis [2, 33]. For the simplest interpretation of both factop@or when the general number of variables is large [9].
and variables, orthogonal Quartimax rotation of the overcome this drawback, we explored not only the
structure matrix was chosen [33]. As a result, the pnohole data set but also each of the two parameter cate-
gram extracted 3 underlying principal componentgories revealed by factor analysis. Then we compiled all
which explained 88.8% of the total variance (61.9%ariables selected from both categories and compared
19.8% and 7.1% by the first, second and third factothe results with the previous ones. When all variables
respectively). The contribution of the third factor wasere analysed simultaneously, only three densitometric
relatively small (7.1%), and even after rotation all varparameters (OD Mean, SkewOD Mean and MinOD
ables had their highest loadings on the two first prindean) were selected. Analysis of the first parameter
pal components. The final structure matrix was, thermeategory gave the same results. From the second catego-
fore, recalculated and plotted in two dimensions onky NA Mean and IOD Mean were chosen. Finally, com-
without taking the third factor into account, as shown bination of all five variables resulted in the greatest de-
Fig. 2. Obviously, the entire set of karyometric paramerease of the Wilks’ lambda, which was statistically sig-
ters falls into two distinct categories. The first one conificant compared with any of the foregoing variants.
tains all densitometric features (nos. 3—-14), which aworeover,F-scores of the parameters exceeded the criti-
strongly correlated with factor 1. The four remainingal values for removal specified above. Thus, the canon-
variables having the highest loadings on factor 2 (N&al discriminant function for further analysis was com-
Mean, NA StDev, IOD Mean, IOD StDev, nos. 1, 2, 1puted on the basis of these five variables. Its Wilks’
and 16, respectively) form the second category. It sholdahbda was 0.193, which corresponded to a significance
be pointed out that the same subdivision was also tdrel of P<0.0001. In other words, the null hypothesis
tainable with other methods of orthogonal rotatioten be rejected. To observe the degree of separation be-
(Varimax, Equamax) as well as without rotation at allveen the tumours, discriminant scores of all cases were
(data not shown), but in either case factors remain walculated and plotted as shown in Fig. 3. In spite of the
correlated with each other. We decided, therefore, dbvious difference between the groups a slight overlap
take into account the presence of these two independamild be seen: that is, 1 adenoma was found in the area
parameter categories for further analyses. As will loecupied by carcinomas.
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Table 2 Predicted groups and posterior probabilities obtained in Rescaled Distance
discriminant analysis by using two different methods of model 0 5 10 15 20 25
validation. Widely invasive cancers were held out while computy,

. . ! . ariable +
ing the model.FA follicular adenomaFC follicular carcinoma:

m.i. minimally invasive;w.i. widely invasive; ** wrongly classi- SDOD Mean

————————— Bt et e it

fied. MaxOD Mean
MOD StDev
No. Actual Resubstitution method — Jack-knife method S som
group MinOD StDev
Predicted Probability  Predicted Probability I\S/Ig%/lga;aean 37
group group MinOD Mean
1 FA FA 1 FA 1 Excop Stooy 1
2 FA FA 1 FA 1 SkewOD StDev
3 FA FA 1 FA 1 NA Mean
4 FA FA 1 FA 0.93 il }—p
5 FA FA 0.97 FA 0.96 OD Mean  ——1
6 FA FA 0.89 FA 0.87
g Eﬁ IEE** %79 E(A:** 2'96 Fig. 4 Horizontal dendrogram representing steps in hierarchical
9 FA FA 1 FA 1 clustering of karyometric parameters. The acutal distances at
10 FA FA 0.99 FA 0.99 which separate clusters were joined up are proportionally rescaled
to a range from 0 to 25 so that the ratio of the distances between
11 FA FA 1 FA 1 steps is preservi:d
12 FA FA 1 FA 1
13 FA FA 1 FA 1
ig Eﬁ Eﬁ i Eﬁ } schemes in our example produced practically equal pos-
16 FA FA 1 FA 0.99 terior probabilities and misclassification rates. One fol-
17  FA FA 1 FA 1 licular adenoma (no. 7) was assigned by the model to the
ig Eﬁ Eﬁ % Eﬁ i carcinoma group, whereas all other cases were classified
20 FG,. FC 1 FC 1 correctly. It corresponds to an overall accuracy of 96.8%.
21 FG,, FC 1 EC 1 Specificity and sensitivity of the method for malignancy
22  FG,; FC 1 FC 1 detection were also calculated as described by Jasani and
23 FG,; FC 1 FC 1 Schmid [20] and constituted 94.7% and 100%, respec-
ég Eqﬂ-i- FC 0.916 FC 0.877 tively. It is worth mentioning that the same misclassifica-
G FC 0.9964 FC 0.9912 .
26 FG,, FC 0.9994 FC 0.9992 tion rates were produced by the two models based on
27 FG,; FC 0.9038 FC 0.8751 separate parameter categories; however, posterior proba-
28 FG,; FC 0.9992 FC 0.9984 bilities under these circumstances were far less convinc-
E Eal s 1 Fe ! ing than those in Table 2, particularly when only plani-
31 FC, FC 1 EC 1 metric features were used. _ _
1 FG, FC 0.987 - - After the model was computed and validated, it was
2 FG, FC 1 - - interesting to see how it would treat the widely invasive
3 FG, FC 0.962 - - carcinomas, which had been withdrawn from the analy-

sis. As shown in Table 2, all these 3 tumours were re-
garded by the model as malignant, and the probabilities

The fitness of the model was estimated by case recfisthe correct diagnosis were very high.

sification, as described below. According to Box’s M. Cluster analysis. We applied hierarchical clustering as
test, the group covariance matrices were not egaal alternative to factor and discriminant analyses. That
(P=0.0002). The posterior probabilities were therefoig, both cases and variables were grouped. In each ver-
calculated on separate-groups covariance matrices. Afien Ward’s method for clustering was adopted, since it
that, the program assigned every case to the one oftthe some substantial advantages over all others and pro-
two tumour groups for which the posterior probabilitduces usually the most plausible classification schemes
was larger (Bayes’ rule). Prior probabilities and costs [@]. Squared Euclidean distance or Pearson correlation
misclassification were assumed to be equal for bdth absolute values) was specified as a measure of dis-
groups. To avoid an overoptimistic misclassification estiimilarity between cases or variables, respectively. To
mate, the final validation of the model was performed legualize effects of differently scaled variables, all values
using the jack-knife (leaving-one-out) method. It inn the data set were standardized to a range of 0—1 [33].
volves leaving out each of the cases in turn, calculatiRgr case grouping, only the features selected in stepwise
the discriminant function based on the remainmd discriminant analysis were used. Steps in matching the
cases, and then classifying the left-out case [33]. Suchasiables are shown in Fig. 4. After agglomeration of all
procedure, in contrast to simple case resubstitution, solusters with pairwise distances less than 6 rescaled
plies unbiased results and has to be preferred to any atfits, there are only 2 clusters left, which correspond ex-
er technique when sample sizes are relatively small §tly to the parameter categories revealed by factor anal-
9]. However, as shown in Table 2, the two validatigrsis. Again, these two groups of variables appear to be
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Rescaled Distance tration of the inner half of the capsule or appearance of

Case 0 5 10 15 20 25 tumour islands embedded within the capsule does not
Label  Num  ¢-------- #ommmmnos #mmmmmoes LR ESREEEEEE + count as true invasion according to the common defini-
FA 10 tions [19, 34]. However, Schroder et al. point out that
FA 17 these islands sometimes represent real tumour invasion,
A . although it is usually not possible to differentiate them
FA 8 histologically from islands of non-invasive adenoma tis-
,'Ej: ]f‘ sue that have been entrapped within the capsule owing to
FA 15 capsular enfolding or capsular fibrosis [41]. Further-
A 2 more, both these authors [41] and Kahn and Perzin [22]
FA 4 T reported development of metastatic disease in patients
A who had infiltration (but not complete disruption) of the
FA 2 capsule — the capsule being sectioned in toto — as the on-
EA 16 ly histological proof of malignancy. Similarly, evidence
FA 19 of angioinvasion can be questionable [22]. Such uncer-
ié 234 _ tainty results in wide interobserver variability, which has
Eg gg ] been well documented by Greenbaum et al. [18]. Thus,
FC 21 the difficulties inherent in clear separation of these two
. 2- tumour types seems to be a stumbling block in thyroid
FC 27 pathology. It is especially true when it is taken into ac-
gg gg count that immunohistochemistry, electron microscopy,
Fe 30 and flow cytometric DNA measurements all fail to be
Eg gg helpful in this respect [20, 21, 41, 43, 45, 46].
FC 31 We present a possible way of improving diagnostic

. _ _ o _precision by using the multivariate karyometric ap-
Fig. 5 Horizontal dendrogram representing steps in hlerarchl\?ﬁloach. The method combines high precision and repro-

clustering of follicular thyroid neoplasms on the base of fi - X S
karyometric parameters (NA mean, MOD mean, SkewOD me§p0|blllty of karyometry with the power of multivariate

MinOD mean und IOD mean). Case numbers correspond to thesatistics [29].
in Table 2 (** wrongly grouped). For further explanation see also One-way analysis of variance revealed significant dif-

Fig. 4 ferences between follicular adenomas and minimally in-
vasive follicular carcinomas on all parameters measured

quite distinct from each other, since the rescaled distaf&gept for IOD Mean (see Table 1). Similar findings are
between them is much larger than that of the next suggPorted by most other authors [7, 16, 17, 23-25, 32, 36,
vision (24 and 6 units respectively; see Fig. 4). The suif: 44, 47]. As for IOD Mean, this parameter is usually a
mary of the case clustering can be interpreted in a sigf@rting point in calculation of DNA indices for ploidy
lar way (Fig. 5). The two main clusters are identical f>S€ssments [S]. We did not perform such an analysis,
the groups predicted in discriminant analysis, includiftgcause histological preparations used by us did not sat-
the number of the misclassified case (cf. Table 2). Fifly the recently accepted standards for DNA measure-
thermore, the tumour groups are also well separated B#gNtS [3]. Nonetheless, the non-significant ANOVA re-
can be clearly defined in the greater part of the multi@!ts for IOD Mean indirectly confirm the equality of

mensional space (rescaled distances from 7 to 25 urfgidy levels in both types of follicular thyroid tumours
[21, 30, 34, 42, 43, 45]. It should further be mentioned

see Fig. 5). j . .
9-5) that some investigators who used a karyometric approach
did not observe any statistically significant differences
Discussion between follicular adenomas and carcinomas at all [28,

30, 42, 43]. The only obvious explanation for such dis-
According to current WHO recommendations, the diaggreement is the small size of the samples, especially in
nosis of minimally invasive follicular carcinoma shoulthe carcinoma group. Indeed, nowhere (including the
be based entirely on the demonstration of vascular angfgsent study) does the number of malignant follicular
capsular invasion [19]. Such restriction of the diagnostiemours exceed 27 (and no more than 10 with minimal
criteria is not satisfactory, for at least two reasons. Timwasion), which is a small number for statistical analy-
diagnosis of follicular adenoma becomes shaky withais. This shortcoming is not easy to overcome, however,
representative sampling of the tumour capsule, whichbiscause minimally invasive follicular carcinomas are
particularly frequent in consultation cases [15], and foare [34]. As a result, there is usually an enhanced proba-
the same reason an intraoperative examination of frobdlity of a type Il error in karyometry (failure to detect
sections is insensitive for minimally invasive folliculasignificant differences), which explains the aforemen-
carcinoma [35]. The other point is that even in serial péiened discrepancies. It deserves special emphasis that
affin sections unequivocal recognition of true capsuldre matter in question is tisatistical and not therac-
invasion can sometimes be difficult. For example, penéal significance of the findings. That is to say that any



141

hypothesis testing simply answers the question asptusition, have a high discriminatory potential. In this re-
whetherthe diagnostic groups are different, and givespect our results are remarkably similar to those obtained
little idea abouthow different they are antiow useful by Nafe et al. [32], even with regard to the absolute val-
this difference is in practice. Unfortunately, both thees of the parameters measured. As a result, we noted
data in the literature [4, 24, 25, 36, 38] and our owthat the combination of both densitometric and planimet-
experience indicate that even highly significant testimig features was significantly better than any of the cate-
results in karyometry are still accompanied by an inegeries alone. In practice, this superiority expressed itself
table overlap between patient groups, which severelgt in lower misclassification rates but rather in a higher
limits the diagnostic usefulness of any karyometric feassurance of posterior probabilities. We, therefore, con-
ture alone. sider the two parameter categories as complementary,

In contrast to univariate statistics, multivariate pravhich is of crucial importance in finding an optimal sub-
cessing of the data provided us with much more informeet of variables for discriminant analysis. We also want
tion. Taking into account the results of factor analysi®, emphasize that IOD Mean, while of no value in accor-
we divided the whole set of variables into two indepedance with ANOVA results, contributed significantly to
dent categories. This separation was later confirmedthg discrimination between the tumour groups when used
cluster analysis (see Figs. 2, 4). The first parameter catgrether with other 4 selected variables. This fact dem-
gory covered all densitometric features, which correlatedstrates once more the advantage of using multivariate
with each other very closely. Thus, our initial surmissatistical methods in a case when several measured pa-
about different meanings of these variables failed tameters can somehow be correlated with each other.
hold; they are probably all equally dependent on certainSimilarity of misclassification rates and posterior
changes in the chromatin structure, and can be regarpeababilities supplied by the two validation schemes (see
as a united group of descriptive nuclear features [10hble 2) indicates the adequacy of the case-to-variable
The second parameter category included the characteasio in the analysis and high stability of the model [9].
tics related to the nuclear size, i.e. NA Mean, NA StDéklhis conclusion is also confirmed by completely identi-
IOD Mean and IOD StDev. The presence of the last twal case grouping obtained in cluster analysis (Fig. 5).
variables here is justified, since the 10D value is calcMoreover, the cases of widely invasive carcinoma were
lated as the sum of optical densities of each pixel etassified by the model as definite malignancies (see Ta-
grossed by a given nucleus on a TV screen [5]. As a cbte 2), so we can indeed expect a good performance of
sequence, this parameter depends about equally on bfa¢hmodel in a prospective study. In addition, a relative
nuclear area and optical density. Figure 2 clearly demamiformity of karyometric differences between follicular
strates this relationship: IOD Mean (no. 15) lies pracddenomas and carcinomas can be assumed regardless of
cally in the middle between planimetric (1, 2) and densiew widely the malignancies invade the stroma. The lat-
tometric (3—14) features. Yet, it is referred to the secotst surmise requires further verification, since only a few
category owing to a much higher loading on factor videly invasive cancers were involved in the current
(0.8) than factor 1 (0.38; see Fig. 2). study.

Thus, densitometric and planimetric properties of It is striking that during all classification procedures
neoplastic nuclei proved to be independent of each otlpatformed, one follicular adenoma (no. 7) was always
Furthermore, their relative contribution to the discrimivrongly assigned by the program to the carcinoma
nation between benign and malignant conditions was gobup. This tumour had been resected in a 57-year-old
the same. As described in the Results, factor 1 accounetnan and appeared grossly as a completely encapsulat-
for most (61.9%) of the total variance, only 19.8% beirggl solitary thyroid nodule with maximum diameter of
explained by factor 2. That is probably why only dens#0 mm. At microscopical examination the tumour
tometric features were selected by the first run of steghvowed predominantly normofollicular pattern of
wise discriminant analysis. When regarded separatgyowth. The capsula was of uneven thickness, and neo-
the first parameter category yielded more confident clgdastic cells exhibited conspicuous variability in nuclear
sification results than the second. We can conclud&e. A large number of gigantic nuclei strongly suggest-
therefore, that densitometric properties of neoplastic red the presence of aneuploidy. In addition, tumour cells
clei are superior to dimensional characteristics with fecally underwent oxyphilic transformation. Serial sec-
spect to their discriminatory power. Unfortunately, it igsons of the entire tumour mass did not reveal any evi-
impossible to correlate this finding directly with any reldence of capsular or vascular invasion. The patient was
erence in the literature, because to the best of our knoalive and free of disease within 2 years after the opera-
edge, nobody has used factor analysis previously to tion. Hence, we found no reasons to change the initial di-
vestigate possible interactions among different karyagnosis. Nevertheless, some authors believe that DNA
metric features. However, practically all authors whaneuploidy may be a self-sufficient criterion for follicu-
performed simultaneous measurements of several d#s-thyroid cancer, even in the absence of obvious inva-
tinct (geometric, densitometric, textural) nuclear paramson [18]. Further reasoning in this direction will lead us
ters came to analogous conclusions [16, 24, 26, 27, 37 the dispute on whether preinvasive carcinoma or carci-

Nevertheless, we agree with Liautaud-Roger et abma in situ exists and how justifiable a sharp separation
[27] that planimetric features, in spite of their secondany benign and malignant follicular tumours is in general
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[18, 30, 42, 43]; however, this topic is beyond the scopkreover, Cavallari et al. [4] demonstrated complete in-
of the current paper. At present, we are inclined to cability of such analysis to distinguish between benign
form to the generally accepted beliefs in this respect [B®d malignant follicular tumours in fine needle aspira-
34] and attribute the wrongly classified case to the itien smears. We would like to point out, however, that
perfect nature of our design rather than to biological hetlly a few planimetric features were measured in the
erogeneity of follicular thyroid neoplasms. latter study [4].

Hence, the classification rule obtained had an overallWhat can be seen from this short literature review is a
efficiency of 96.8%. We believe, however, that the trieend towards generation of highly accurate mathemati-
performance of a model should be assessed more ped-models for malignancy detection in follicular thyroid
cisely in a similar way to the rules adopted in immunaeoplasms, although there is some inconsistency of re-
cytochemistry for the quality estimation of primary antsults obtained by different authors. These discrepancies
body reagents [20], i.e. in terms of sensitivity and speaie not surprising, because in every particular case a
ficity for malignancy detection. Unlike the overall accdarge number of different factors, such as type of patho-
racy, which can be very misleading when one of thegical material used, types and subtypes of tumours se-
groups is much smaller than the other [33], these two leeted for investigation, staining techniques, sampling
dices always permit an objective assessment of the fimaldes, family of parameters measured, statistical meth-
output. In our study sensitivity of the model was 100%€ls adopted, to name but a few, make up a unique com-
and its specificity 94.7%. These values are among thieation, which in the end produces results that are diffi-
best described in the literature, although the actual nigit to compare. From our experience, an appropriate
classification rates are difficult to compare owing to thehoice of diverse options within a given multivariate sta-
distinct validation procedures applied by other authotistical procedure proved to have a great impact on the
The first multivariate statistical model (stepwise regresentents and correctness of the final output; this is why
sion analysis) in the history of thyroid morphometry creve have described our data processing in such detail in
ated by Baak et al. [1] was based on two planimetric fesction Results. Thus, it would be very desirable to stan-
tures (nuclear/cytoplasmic size ratio and cell size) addrdize the above-mentioned determinants [6], as has re-
showed very high (up to 100%) sensitivity and specifigiently been done, for instance, in DNA image cytometry
ty for detection of malignancy. However, these encourd@}, or at least to specify all the crucial settings more pre-
ing results were substantially discredited by work ofsely.

Luck et al. [28], who found it impossible to perform cy- In conclusion, the application of multiparameter kary-
toplasmic measurements in fine needle aspirates becawsetry in thyroid surgical pathology has not yet given
of the absence of definite cytoplasmic boundaries amglequivocal results, although a strong positive tendency
also did not find any statistically significant differenceis this field is evident. On the basis of the data obtained
between nuclear characteristics of the follicular thyroid our current study we believe that the method, when
tumours [28]. Nafe et al. [32] computed their discrimirapplied correctly, can become a very useful tool in dif-
ant function on a learning set composed of 13 follicultarential diagnosis between follicular adenomas and min-
adenomas and 8 follicular carcinomas and then appliednally invasive follicular carcinomas of the thyroid
testing set (4 follicular adenomas and 5 well-differentiggtand.

ed follicular carcinomas) to examine it. One case of ade-

noma was falsely classified, which means 75% specifificknowledgments We are grateful to Dr. Andrea Berghold, In-
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close to our results. In a number of other papers the sen-
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