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Summary. A retrospective analysis of surgically re-
sected thyroid nodules by stereology and DNA
flow cytometry was performed in 15 follicular ad-
enomas and 15 well-differentiated follicular carci-
nomas. The criteria for diagnosis were based on
the WHO classification of thyroid tumours. By
area-weighted random sampling of the visual fields
for light-microscopic stereology, any subjective se-
lection bias was precluded, and each point within
the embedded neoplastic tissue was given equal
probability of being analyzed. 150-250 tumour cell
nucleus (TCN) profiles were studied per case by
a semiautomatic image analyzing system. Flow cy-
tometric analyses included measurement of the
DNA-index, and the percentages of cells in S-phase
and in G2/M-phase. Adenomas and carcinomas
did not differ in stereological estimates related to
TCN size. As examination of the stereological
techniques by nested analysis of variance showed
that this result cannot be ascribed to inaccurate
methods, it follows that determination of TCN size
is not a useful tool for the diagnosis of malignancy
in well-differentiated thyroid tumours. Both
groups included similar proportions of diploid and
aneuploid neoplasms. In the carcinoma group the
percentage of tumour cells in the G2/M-phase was
more than twice as high than in the adenoma
group (P<0.01). The ratio of short to long TCN
profile axis was significantly smaller, and the coef-
ficient of variation of TCN profile area was signifi-
cantly higher in carcinomas than in adenomas.
These findings are consistent with more un-
equiaxed TCN and higher anisokaryosis in the
malignant tumours. Despite the significant differ-
ences, however, overlap of data from individual
cases precludes the use of these estimates as diag-
nostic criteria. Pooling of the follicular tumours
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and dichotomizing the sample by the DNA-index
showed that mean TCN profile area is increased
and surface-to-volume ratio of TCN is decreased
in aneuploid as compared to diploid tumours. This
finding indicates that aneuploidy is associated with
an increase of TCN size.

Key words: Flow cytometry — Follicular neoplasms
— Microscopy — Morphometry — Stereology — Thy-
roid gland

Introduction

In the established histological typing system of thy-
roid tumours produced by the WHO (Hedinger
and Sobin 1974), follicular neoplasms are classified
as follicular adenomas, well-differentiated follicu-
lar carcinomas, and moderately differentiated fol-
licular carcinomas. The diagnosis of the moderate-
ly differentiated variety can usually be made by
experienced pathologists without difficulty. How-
ever, the distinction of follicular adenomas with
microfollicular, solid or trabecular patterns from
well-differentiated follicular carcinomas is intricate
because cytological criteria like nuclear atypia or
nuclear pleomorphism fail here. Therefore the
proper differential diagnosis of well-differentiated
follicular neoplasms often necessitates the exami-
nation of a large number of sections from resected
“cold nodules”, because — in the absence of meta-
stases and diffuse infiltrative growth — only capsu-
lar infiltration and/or vascular invasion are safe
indicators of malignancy (Bocker 1984 ; Lang et al.
1986). Moreover, this differential diagnosis is im-
possible from cytological aspirates, hence cyto-
pathologists must in these cases restrict themselves
to a global diagnosis of “follicular neoplasia™
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(Lowhagen and Sprenger 1974; Droese 1979). In
this situation various attempts at a morphometric
analysis of follicular neoplasms were made. One
group of authors found that morphometry of tu-
mour cell nuclei (TCN) in cytological aspirates per-
mits a preoperative distinction between follicular
carcinomas and follicular adenomas with a high
statistical probability (Boon et al. 1980; 1982),
whereas the majority of investigators could not dis-
tinguish between well-differentiated follicular neo-
plasms from karyometric criteria (Georgii 1977,
Lang et al. 1977; Mikuz et al. 1977; Schuh et al.
1980; Droese et al. 1981; Luck et al. 1982; Johan-
nessen et al. 1983; Kriete et al. 1983; Schuh et al.
1984; Kriete et al. 1985). In the present study a
combined stereological and flow-cytometric analy-
sis of TCN is performed in resected specimens of
follicular adenomas and well-differentiated follicu-
lar carcinomas, because sampling errors resulting
from aspiration of non-neoplastic thyroid tissue
can thus be avoided. Furthermore, this approach
provides an opportunity to compare quantitative
morphological properties of a tumour with its
ploidy and the kinetics of its cell proliferation.

Materials and methods

The written reports of surgically resected thyroid specimens
were screened retrospectively until a total sample of 15 follicu-
lar adenomas and 15 well-differentiated follicular carcinomas
was completed. The criteria for inclusion into the study were
based on the WHO classification of thyroid tumours (Hedinger
and Sobin, 1974). Follicular adenomas were only included into
the study when they displayed a solid pattern with nuclear irre-
gularities (““atypical” adenomas), or when trabecular, microfol-
licular or normofollicular growth patterns were found (embryo-
nal, fetal, and simple adenomas), and when there was no clinical
evidence for endocrine activity. Thus, pure macrofollicular (col-
loid) adenomas and autonomous adenomas, which usually offer
no diagnostic problems with respect to differentiation from fol-
licular carcinomas, were not included into the study. Moreover,
the oxyphilic variants of the well-differentiated follicular neo-
plasms and the follicular variant of papillary thyroid carcinoma
were also excluded from the study (Chen and Rosai, 1977).
From all blocks new paraffin sections were cut and stained
with hematoxylin/eosin, and these were used for the stereologi-
cal investigations. After completion of the flow-cytometric stu-
dies (vide infra) we reviewed the 6 cases of aneuploid adenomas
as a separate group, as suggested by Greenebaum et al. (1985).
From each of the 3small adenomas (maximum diameter
<2.5cm) 3-5 paraffin blocks were available, whereas 6-
10 blocks had been prepared from the larger adenomas (maxi-
mum diameter 3-8 cm). From every block 8 deep step sections
were cut and stained with hematoxylin/eosin, elastica/van Gie-
son, and the Masson-Goldner trichrome stain. The clinical his-
tory of these patients was also documented ; the follow-up peri-
od after resection of the thyroid nodule ranged from 18 months
to 5.5 years (mean follow-up period: 3 years).

In resected surgical specimens the sampling process for mi-
croscopy includes 2 steps in general: — the sampling of tissue
from the whole specimen for embedding, and the subsampling
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Fig. 1. Flow cytometric histogram of a diploid well-differen-
tiated follicular carcinoma (case 8 on the right side of Table 2)
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Fig. 2. Flow cytometric histogram of an ancuploid follicular
adenoma (case 10 on the left side of Table 2). The first peak
represents diploid nuclei. A high second peak is clearly discern-
ible which represents an aneuploid cell population

of visual fields on the sections. In our routine work the thyroid
specimens are cut systematically into slices and examined mac-
roscopically, and sector-shaped slabs are prepared from thyroid
nodules with special attendance to the peripheral tumour re-
gions in order to exclude capsular invasion. It should be empha-
sized that this sampling step is necessarily not random but part
of a diagnostic procedure. From this reason, the number of
available sections varied from case to case: whereas an invasive
carcinoma could sometimes be detected by a single section,
it was often necessary to prepare 8-10 sections for a proper
diagnosis of a larger follicular adenoma (Georgii 1977; Lang
et al. 1977, 1980, 1986; Bocker 1984). An attempt was made
to obtain a strict random sample from the neoplastic follicular
tissue on the histological sections. As the available sections
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differ in size, but each point within the embedded neoplastic
tissue must have equal probability of being sampled for stereo-
logy, area-weighted random sampling was performed which
precludes not only any subjective selection bias but also gives
the larger sections a higher chance of being studied (Weibel
1979, 1980; Miles and Davy 1976). In practice all technically
adaequate slides of a given case were arbitrarily placed on a
sheet of transparent paper on which a quadratic lattice with
100 points numbered from 00 to 99 had been drawn (Weibel
1979, p. 79, Fig. 3.11.). Two-digit standard random numbers
were drawn from a table (Abramowitz & Stegun, 1964) until
6 points had hit follicular neoplastic tissue. The position of
these points was marked with waterproof ink, and the visual
fields immediately right to these marks were selected for stereo-
logy. The fields were analyzed with a Zeiss light microscope
at 1,000 x final magnification with oil immersion. By means
of a drawing tube connected to the microscope, the TCN pro-
files were traced with a cursor on a graphic tablet. The raw
morphometric data, which included area A, perimeter, long
axis, and short axis for each TCN profile, and numerical density
of TCN profiles N, per tumour cell area, were stored on floppy
disks in the semiautomatic image analyzing system Kontron
MOP-Videoplan. As the tumour cell volume (i.e., the cellular
epithelial compartment only) was used as the reference system,
the number of points that hit other tumour components (con-
nective tissue, blood vessels, inflammatory infiltrates, empty
lumina, colloid) was counted by means of an ocular grid with
100 points in each visual field to correct the raw N, estimate.
It was assumed as the stereological model that the TCN in
well-differentiated follicular neoplasm are isotropically oriented
particles, as no preferential orientation of the nuclei could be
detected. The volume density of TCN per tumour cell volume,
Vy, was estimated by the Delesse principle: V=N, #* (mean
TCN profile area). The surface density of TCN per tumour
cell volume, Sy, was estimated by the equation Sy =(4/n) B,
where B, represents the boundary length of TCN profiles per
reference area. The surface-to-volume ratio of the nuclei was
estimated (separately for each tumour) as the ratio Sy/Vy . This
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Fig. 3. Stereologically analyzed
visual field within a follicular
adenoma of the thyroid gland.
The tumour cell nucleus profiles
are well demarcated and can
easily be traced by semiautomatic
image analyzing systems.
Hematoxylin/Eosin. Oil
immersion. Final magnification:
1,430 x

parameter — the surface area per unit particle volume — is a
general, non-parametric descriptor of size and shape of arbi-
trary particulate objects; it is inversely related to the mean
random secant length through convex particles (Mattfeldt et al.
1985b). If shape remains unchanged, an increase of the surface-
to-volume ratio indicates that the objects become smaller.

The flow-cytometric examinations were carried out on for-
malin-fixed, paraffin-embedded thyroid tissue. The paraffin
blocks were worked up according to the method of Hedley
et al. (1985). The accuracy of this technique has been confirmed
in 2 recent studies (Fossa et al. 1986; Franzen et al. 1986). From
each block 5-10 slides of ~8-10 um thickness were prepared
and exposed to xylol at 37° C for 30 min. After 30 min the
xylol solution was changed, and the procedure was repeated.
Then the samples were passed to an alcohol series from 100%
to 95% to 70% to 50%, and finally submitted to destilled water.
The tissue specimens were minced by scissors in 1 ml 0.25%
pepsin in physiological saline containing 0.25% hydrochloric
acid, followed by 3-5 min of automated agitation at room tem-
perature. After 30 s of sedimentation, 0.5 m} of the supernatant
suspension of nuclei were added to 10 ml of a fluorochrome
solution consisting of 0.5 pg DAPI (4’-6-diamidino-2-phenylin-
dole) + 20 pg RNase from bovine pancreas (100 Kunitz units/
mg) per ml in 0.1 M tris-butfer solution at pH 7.6. The staining
time was 15 min. The measurements of the DNA-dependent
fluorescence were performed with an ICP 22 cytometric device
(PHYWE AG, Gottingen). The electronic pulses were registered
and analyzed by a multichannel analyzer, the measurement data
were transferred to a graphic computer system, and from each
sample 20,000 to 50,000 nuclear pulses were accumulated in
the histograms. At first a logarithmic histogram was obtained
on the screen, which was submitted to correction for back-
ground pulses (Beck 1980; Haag 1980) and transformed into
an arithmetic histogram. The corrected histograms and the cor-
responding cumulative frequencies were printed out and used
for the estimation of the cell cycle phases GO, G1, S, G2 and
M. Flow cytometric histograms with a single peak were inter-
preted as representing a diploid tumour. In the presence of
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Fig. 4. Comparable region within
a well-differentiated follicular
carcinoma of the thyroid gland.
Clear-cut cytological hallmarks of
malignancy are lacking.
Hematoxylin/Eosin. Oil
immersion. Final magnification:
1,430 x

Table 1. Stereological data: comparison of follicular adenomas and well-differentiated follicular carcinomas

Estimate Follicular adenomas Well-differentiated Level of statistical
(n=15) follicular carcinomas significance
(n=15)
Mean+SEM Mean +SEM
1. Primary morphometric data
Mean TCN profile area [um?] 3843 + 1.77 34.66 + 1.48 N.S.
Mean TCN profile perimeter [pm] 2245 + 048 21.50 + 043 N.S.
Ratio: short/long TCN profile axis 0.815+ 0.005 0.781+ 0.009 P<0.005
CV of TCN profile area 0244+ 0.011 0291+ 0.014 P<0.02
Number of TCN profiles/tumour cell area [mm ~ %] 3,758 +216 4,189 +209 N.S.
2. Stereological estimates
Volume density of TCN per tumour cell 1433 + 0.68 1415 + 0.82 N.S.
volume, Vy [%]
Surface density of TCN per tumour cell 0.109+ 0.005 0.1134+  0.006 N.S.
volume, Sy [um?/um?]
Surface-to-volume ratio of TCN [um?/um3] 0.763+ 0.017 0.805+ 0.019 N.S.

an additional peak, the clearly defined peak with the lowest
ploidy was considered as diploid (Fossa et al. 1986). The DNA
index (DI) was defined as the ratio of the channel number
of the abnormal peak to the channel number of the diploid
peak (Figs. 1, 2). Tumours with DI=1 are diploid, and those
with 1.1 <DI<1.9 and 2.1 < DI were considered as aneuploid.
Near-diploid tumours (0.9<DI<1; 1 <DI<1.1), tetraploid tu-
mours (DI=2), and near-tetraploid tumours were not found
in our material. Cell clumping artifacts such as triplets were
eliminated mathematically using a modification of a formula
given by Beck 1980 (Feichter et al. 1985). The quality of the
DNA histograms was controlled via the CV of the first peak:
if it exceeded 5%, the preparation was repeated until a CV
below 5% was obtained, or the data were excluded from the
study.

Student’s ¢-test for unpaired data was used for the compari-
son of group means. For the central morphometric parameter
A, the precision was examined by nested analysis of variance,
as described previously (Mattfeldt and Mall 1984; Mattfeldt
et al. 1985a, b). Briefly, the total observed variance within
groups between tumours is partly due to the “true” variance
between tumours, 5,2, and partly due to variance contributions
from intra-tumour heterogeneity, i.e. the variance s fz between
the n; fields per case, and the variance s, between the », individ-
ual profiles per field:

Os2 =s2+s.2np+5,>/(nsm,).

A result was considered to be statistically significant if the prob-
ability of error, P, was smaller than 0.05.
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Table 2. Flow-cytometric findings and mean profile area of tumour cell nuclei in follicular adenomas and well-differentiated

follicular carcinomas

Adenomas Carcinomas
No. DI %S %G,/M  Area No. DI %S %G,/M  Area
1 1.00 2.1 2.6 33.08 1 1.00 1.3 3.5 31.55
2 1.00 49 0.5 25.99 2 1.00 11 3.0 30.10
3 1.00 3.6 3.9 39.90 3 1.00 0.6 11.6 37.96
4 1.00 3.0 6.0 38.12 4 1.00 1.9 10.5 32.94
5 1.00 3.0 6.0 32.24 5 1.00 0.4 8.0 28.08
6 1.00 1.9 2.4 35.89 6 1.00 10.5 12.5 32.56
7 1.00 4.4 2.7 37.99 7 1.00 1.8 14.0 36.80
8 1.13 1.0 12 36.69 g }'88 }(1) gg ;ggg
9 1.68 1.4 1.1 48.46 ’ : ' :
10 1.78 1.7 2.6 38.50 10 1.40 0.9 0.9 45.70
11 1.30 1.1 1.1 4425 11 1.73 5.6 6.7 33.46
12 1.30 1.1 1.2 31.72 12 1.50 1.8 3.7 32.26
13 1.29 2.5 7.6 49.29 13 1.50 1.4 3.9 40.11
Mean 2.44 2.99 37.86 2.26 6.85 34,25
SEM 0.35 0.62 1.84 0.77 1.15 1.32
Level of significance N.S. P<0.01 N.S.

Abbreviations: DI =DNA index, %S =percentage of cells in S-phase, %G ,/M = percentage of cells in G,- and M-phase, Area = mean

profile area of tumour cell nuclei (um?)

Table 3. Stereological data: comparison of diploid and aneuploid well-differentiated follicular tumours

Estimate Diploid follicular tumours Aneuploid follicular tumours Level of statistical
(n=16) (n=10) significance
Mean+SEM Mean+SEM

1. Primary morphometric data

Mean TCN profile area [um?] 3356 + 0.98 40.04 + 2.09 P<0.005

Mean TCN profile perimeter [um] 21.21 £ 0.32 23.10 + 0.59 P<0.01

Ratio short/long TCN profile axis 0.802+ 0.009 0.800+ 0.010 N.S.

CV of TCN profile area 0.251+ 0.009 0.287+ 0.021 N.S.

Number of TCN profiles/tumour 4,139 4229 3,795 4262 N.S.

cell area [mm ~?]

2. Stereological estimates

Volume density of TCN per tumour 13.82 + 0.86 1471 + 0.59 N.S.

cell volume, Vy [%]

Surface density of TCN per tumour 0.1114+ 0.006 0.1094+ 0.005 N.S.

cell volume, Sy [um?/pm?]

Surface-to-volume ratio of 0.810+ 0.012 0.744+ 0.020 P<0.01

TCN [pm?/pum?]

Results

Subjective examination of the neoplasms at high
magnification failed to disclose any convincing dif-
ferences between nuclear details in the adenoma
group when compared with the carcinoma group
(Figs. 3, 4). Eleven patients in the adenoma group
were female, and 9 patients in the carcinoma group
were female. Further results are displayed in the
Tables 1-4 and may be summarized as follows. Ad-
enomas and carcinomas do not differ significantly

in estimates related to TCN size, i.e. mean TCN
profile area, mean TCN profile perimeter, and the
TCN surface-to-volume ratio. However, a decrease
of the ratio: short/long profile axis, and an increase
of the coefficient of variation (CV) of the TCN
profile areas could be demonstrated in the malig-
nant tumours. These findings are compatible with
the interpretation that the axial ratio of the TCN
decreases in the carcinoma group (the TCN are
more unequiaxed here), and that the size variability
of the TCN (anisokaryosis) is increased in the
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Table 4. Nested analysis of variance for TCN profile area

T. Mattfeldt et al.: Stereology of follicular neoplasms

Relative contributions to O.a? by:

Group Mean [um?] Total observed variance
between cases, O’
[um*] Biological variation Heterogeneity within Heterogeneity within
neoplasms between ficlds  fields between profiles
Adenomas 38.43 46.79 88% 1% 1%
Carcinomas  34.66 32.83 78% 21% ' 1%

malignant tumours. Diploid and aneuploid tu-
mours were found in both groups with similar fre-
quency (adenomas: 7 diploid, 6 ancuploid neo-
plasms; carcinomas: 9 diploid, 4 aneuploid neo-
plasms). In the separately investigated group of
6 aneuploid follicular adenomas the 24-80 addi-
tional sections per case failed to provide clear-cut
evidence of angioinvasion or capsular penetration,
and all patients were free from local recurrence
and metastases. It was thus decided to leave the
initial benign diagnosis unchanged. No significant
difference between adenomas and carcinomas was
detected with respect to the percentage of tumour
cells in S-phase. However, the percentage of tu-
mour cells in G2/M-phase was more than twice
as high in the carcinoma group. Table 3 shows
data that result from pooling the adenomas and
carcinomas and subsequently dichotomizing the
sample with respect to the state of ploidy. All esti-
mates related to TCN size are significantly in-
creased in the aneuploid group, whereas no chan-
ges of size variability and shape can be detected.
Nested analysis of variance for TCN profile area
(Table 4) shows that the largest contribution to
the total observed variance within groups between
tumours is provided by the true biological varia-
tion (“inter-individual differences”). Whereas a
certain heterogeneity between different tumour re-
gions cannot be denied, the heterogeneity between
individual profiles only contributes about 1% of
the total variance.

Discussion

In the present study no significant difference be-
tween mean TCN profile area of follicular ad-
enomas and well-differentiated follicular carcino-
mas could be detected. This result could, in princi-
ple, be either due to inaccurate morphometric tech-
niques (the groups are in fact different, but we
are unable to detect this because the variance be-
tween measurements within individuals is too
high), or due to the fact that there is indeed no
difference of TCN profile area in the adenoma and

carcinoma populations. Nested analysis of vari-
ance (Table 4) shows that the former explanation
is most unlikely: with the number of nuclear pro-
files studied here (150-250 per case), the largely
preponderant portion of total observed variance
(78-88%) is contributed by the true biological vari-
ation between individuals — and this quantity can-
not be reduced even by complete serial section re-
construction of the whole tumour. Consequently
morphometric estimation of mean TCN profile
area is not a useful tool for the differential diagno-
sis of these conditions. This view is in agreement
with the majority of previous studies (Georgii
1977; Lang et al. 1977; Mikuz et al. 1977; Schuh
et al. 1980; Droese et al. 1981; Luck et al. 1982;
Johannessen et al. 1983; Kriete et al. 1983; Schuh
et al. 1984; Kriete et al. 1985). In contrast, one
group found that planimetry of nuclear area in
aspirated tumour cells could differentiate between
follicular adenomas and follicular carcinomas: the
projected nuclear areas in the carcinoma group
were consistently larger than those of the adenoma
group (Boon et al. 1980; 1982). The reason for this
discrepancy could be that Boon et al. might have
included also moderately differentiated carcinomas
into their study. We have shown that aneuploid
follicular tumours display a significantly higher
mean TCN profile area than diploid follicular tu-
mours (Table 3). This result corroborates earlier
findings of our group in mammary carcinomas,
where an increase of TCN size could be demon-
strated in ancuploid as compared to diploid carci-
nomas (Moller et al. 1985). If moderately differen-
tiated follicular carcinomas tend to a higher degree
of aneuploidy than adenomas, as might well be
the case, the inconsistency of the findings could
partly be explained in terms of ploidy-related nu-
clear size differences.

We found 7 diploid versus 6 aneuploid follicu-
lar adenomas, and 9 diploid versus 4 aneuploid
well-differentiated follicular carcinomas. Thus, our
results reproduce the finding of other groups that
it is not possible to discriminate between the
2 types of well-differentiated follicular neoplasms
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by the criterium of ploidy (Haemmerli 1970; Ra-
benhorst 1974; Mikuz et al. 1977; Sprenger et al.
1977; Tschahargane et al. 1978; Johannessen et al.
1982). The percentage of cells in S-phase also did
not differ significantly between the neoplasms.
However, the percentage of cells in G2/M-phase
was more than twice as high in carcinomas than
in adenomas; a similar tendency has been reported
in a small sample of cases recently (Johannessen
et al. 1982). But again, the overlap of the data from
individual cases prevents the use of this parameter
as a diagnostic criterium.

Whereas TCN size apparently remains un-
changed in carcinomas, we found that other mor-
phometric estimates differed significantly between
the 2 groups. The combined changes of the axial
ratio of the profiles and the CV of TCN profile
area suggest that nuclear size distribution and nu-
clear shape are altered in the carcinoma group.
To specify these changes numerically in terms of
the true, 3-dimensional alterations is not feasible
from the present data in full detail. Such an analy-
sis necessitates either (1) indirect, mathematical re-
construction of the bivariate particle size-shape
distribution from the profile size-shape distribu-
tion under a certain geometric model assumption
(e.g., biaxial spheroids: Cruz-Orive 1976; Weibel
1980), or (2) direct quantitative serial-section anal-
ysis of the particles (Cruz-Orive 1980; Mattfeldt
and Mall 1983). Both approaches require thin sec-
tions (actual thickness much smaller than that of
paraffin sections) and are time-consuming proce-
dures, as mathematical reconstruction of ellipsoids
in a bivariate size-shape distribution requires many
hundreds of profiles to be analyzed and as serial
section analysis requires accurate superposition
and tracing of nuclei in a complete sequence of
sections. Despite these limitations, it can be quali-
tatively inferred from the data that the TCN in
carcinomas are more variable in size and possess
a higher eccentricity. Clearly the increased aniso-
karyosis in carcinomas is in agreement with the
cytometric findings: when a significantly higher
percentage of cells is in G2-phase or in the mitotic
phase, respectively, it follows that the amount of
chromosomes and DNA per nucleus becomes
more variable. This should in turn be reflected by
an increased nuclear size variability, as the concen-
tration of DNA per um? nucleus volume has been
reported to remain nearly constant despite large
changes of nuclear size (Tasca and Stefaneanu
1977).

The present study has disclosed significant dif-
ferences between follicular adenomas and well-dif-
ferentiated follicular carcinomas. However, neither
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subjective evaluation of nuclear characteristics, nor
stereology (morphometry), nor flow cytometry
made possible a clear-cut separation of benign and
malignant follicular neoplasm which could be ap-
plied in the differential diagnosis of individual pa-
tients. Moreover, descriptive and quantitative
transmission electron microscopy, immunohisto-
chemistry, and scanning electron microscopy have
also all failed as diagnostic tools (Johannessen and
Sobrinho-Simoes 1983). Several plausible reasons
for the considerable overlap of data between
groups should be considered. Let us consider a
follicular neoplasm without visible capsular and
vascular invasion on the slides examined. If this
neoplasm has not metastasized at the moment
when the thyroid nodule is resected, we would call
it an adenoma, i.e. a benign encapsulated epithelial
neoplasm. But as all cellular properties are not dis-
tinctive, it is by no means excluded that the neo-
plasm is not in fact a malignant tumour that has
not yet begun infiltrative growth, i.e. a preinvasive
carcinoma. Some authors suggested this more than
30 years ago and asked whether certain thyroid
adenomas are in reality encapsulated adenocarci-
nomas without apparent vascular invasion (Ha-
zard and Kenyon 1954). They considered preinva-
sive malignancy to be a biological entity especially
in adenomas of markedly atypical character. This
proposal would immediately resolve the contradic-
tion that the “adenomas” are so often aneuploid.
Moreover, it would provide an easy explanation
for the fact that all the numerous and expensive
cfforts at a sharp distinction between the 2 condi-
tions have failed. When the entity “adenoma’ is
heterogeneous and comprises an unknown percent-
age of preinvasive carcinomas, all attempts at a
dichotomic separation from the group of the inva-
sive carcinomas are artificial and bound to failure.
It is equally plausible to think over this argument
in the reverse direction: If follicular carcinoma has
a preinvasive stage, then this precursor must be
a neoplasm which — at a certain phase of develop-
ment — already possesses all the cytological proper-
ties of a malignant tumour, but has not yet infil-
trated the capsule and the vessel walls. In other
words: if a preinvasive stage of follicular carcino-
ma exists, we cannot but denote it as an “ad-
enoma’ according to the established nomencla-
ture. The reader should note that other examples
exist where the term “adenoma’ has been replaced
by “carcinoma” from similar reasons. We quote
here only “papillary adenoma” of the thyroid
gland, which is now considered in most if not all
cases as a papillary carcinoma (Hedinger and So-
bin 1974; Vickery 1983; Schroder et al. 1984a).
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Consequently it has been suggested that we should
classify aneuploid follicular tumours in the absence
of vascular or capsular invasion with pronounced
cellular atypia as noninvasive follicular carcinoma
(Greenebaum et al. 1985).

Another reason which might account for the
broad overlap between groups may be due to a
borderline histopathological appearance. The safe
recognition of true capsular invasion is difficult
and not unequivocal in some cases: It is not usually
possible to differentiate histologically between in-
vasive islands and islands of non-invasive adenoma
tissue that have been entrapped within the capsule
due to capsular infolding or capsular fibrosis
(Schroder et al. 1984b). Similar statements hold
for true angioinvasion and pseudoinvasion of a
blood vessel. The diagnostic problems are well doc-
umented in a recent study (Greenebaum et al.
1985). These authors sent slides from aneuploid
follicular thyroid tumours to 6 reference patholo-
gists for expert review. In each of 3 aneuploid tu-
mours originally diagnosed as follicular adenoma,
the expert opinions differed (first case: 3 adenomas
versus 3 carcinomas; second case: 5 adenomas ver-
sus 1 carcinoma; third case: 1 follicular carcinoma,
1 follicular variant of papillary carcinoma). Final-
ly, stereological and flow cytometric studies on the
thyroid gland must take into consideration eventu-
al differences in the functional state of the neo-
plasms. Subtle differences cannot be ruled out
here, even if autonomous adenomas are excluded
from the study; and minor differences in endocrine
activity may well be correlated with quantitatively
demonstrable nuclear alterations. It is well-known
that the follicular epithelium may display very
marked nuclear changes in benign diseases, e.g.
diffuse hyperthyroidism. In a case of diffuse adeno-
matous goiter, even aneuploidy has been detected
by flow cytometry (Johannessen et al. 1982). In our
view, it seems most plausible that all these 3 com-
ponents — unrecognized preinvasive malignancy in
“adenomas”, misclassification of some cases with
borderline appearance, subtle functional changes
— contribute to the considerable overlap of data
and thus render diagnostic morphometry and flow
cytometry of individual follicular thyroid tumours
impracticable at present.
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