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Evaluation of Diagnostic Efficiency of Computerized Image Analysis
Based Quantitative Nuclear Parameters in Papillary and Follicular
Thyroid Tumors Using Paraffin-Embedded Tissue Sections

Nimisha GUPTA, Chitra SARKAR, Rajvir SINGH*, Asis Kumar KARAK

Department of Pathology and Biostatistics*, All India Institute of Medical Sciences, New Delhi

Computerized image analysis (1A) system has
emerged in recent years as a very powerful tool for
objective and reproducible quantification of histo-
logical features. It has shown considerable potential
for diagnostic application in diverse histological sit-
uations. The objectives of the present study were to
evaluate the discriminatory diagnostic efficiency of
computerized image analysis based quantitative
subvisual nuclear parameters in papillary and follic-
ular neoplasms of thyroid. A total of 60 cases were
studied. Forty-four cases belonged to training set
and 16 cases belonged to a test set. A minimum of
100 nuclei was analyzed in each case using uniform
5 mm thick hematoxylin stained sections. The 1A
workstation comprised of an Olympus microscope, a
10 bit digital video camera, an image grabber card
and a pentium 120 MHz computer. Optimas 5.2 soft-
ware was utilized for data collection on 8 morpho-
metric and 8 densitometric parameters. Multivariate
stepwise discriminant statistical analysis of data was

done with the help of BMDP statistical software
release 7.0. Results from a training set revealed cor-
rect classification rates of 98.0%, 84.5% and 61.2% for
the histological groups of hyperplastic papillae ver-
sus papillae of papillary carcinoma (group 1), follic-
ular variant of papillary carcinoma versus the broad
category of follicular neoplasms consisting of both
follicular adenoma and follicular carcinoma (group
I1) and follicular adenoma versus follicular carcino-
ma (group I11), respectively. Results of test set
revealed correct classification rates of 100%, 80% and
50% for groups I, I and 111 respectively. It was con-
cluded that computerized nuclear 1A parameters
have potential usefulness for discriminating benign
versus malignant papillary lesions of thyroid, follic-
ular variant of papillary carcinoma versus follicular
adenoma and/or follicular carcinoma but are of no
value in discriminating between follicular adenoma
and follicular carcinoma. (Pathology Oncology Rese-
arch Vol 7, No 1, 46-55, 2001)
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Introduction

The means of establishing the correct tissue diagnosis of
papillary and follicular neoplasms of thyroid is dependent
on subjective recognition of an aggregate of histoarchitec-
tural and cytologic features in hematoxylin-eosin stained
tissue sections. Lack of objective markers to compensate

Received: 18 August, 2000; accepted: Dec 6, 2000
Correspondence: Asis Kumar KARAK, MD, PhD; Associate Profes-
sor, Department of Pathology, All India Institute of Medical Sciences,
New Delhi — 110029, India, Tel: 91-11-6864851/Ext. 4376, Fax: 91-
11-686 2663; E-mail: akkarak@hotmail.com / akk@medinst.ernet.in
This work has been supported partly by the research grant from the
Indian Council of Medical Research, Ansari Nagar, New Delhi —
110029, India

© 2001 W B. Saunders & Company Ltd on behalf of the Aranyi Lajos Foundation

for subjective bias, is the source of significant diagnostic
discrepancy and inter-observer discordance.'®*® The most
problematic diagnostic areas appear to be the differentia-
tion between follicular adenoma versus follicular carcino-
ma, follicular variant of papillary carcinoma versus follic-
ular adenoma or follicular carcinoma and papillary struc-
tures of benign versus malignant origin.'®*%“ Despite
many studies’?3338-8944545758 in search of diagnostically
helpful immunohistochemical markers for primary thyroid
tumors; the results have not been very encouraging so far
except for medullary carcinoma.® The paucity of reliable
objective markers is also evident at molecular level. Thus,
the PTC oncogene, althongh specific for papillary carci-
noma, has unreliable sensitivity?**° and ras oncogene
activation is incapable of distinguishing between follicu-
lar adenoma and follicular carcinoma despite being a fair-
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Iy common and early event in follicular neoplasm®?*! In

recent years, computerized image analysis has emerged as
a powerful tool for bias-free objective reproducible quan-
tification of subvisual histologic features*** and has
already shown remarkable potential for diverse diagnostic
applications,*®!131517.303755 | the specific context of dif-
ferentiated thyroid neoplasms of follicular epithelial cell
origin, although morphometric, stereologic and densito-
metric parameters in various combinations have been stud-
ied both in histologic sections and fine needle aspirated
cytologic specimens, there is no general consensus in the
results of the studies so far 2992234042505 Moreover,
image analysis based comprehensive studies in significant
number of cases with multivariate discriminant analysis of
data are very few,2*® encouraging the present investiga-
tion. The aim of the study was to evaluate the discrimina-
tory diagnostic efficiency of computerized image analysis
based quantitative subvisual nuclear parameters in papil-
lary and follicular thyroid tumors.

Materials and methods

A total of 60 cases were studied retrospectively. Consec-
utively available cases from the histopathology files of All
India Institute of Medical Sciences, New Delhi were
entered in to the study without any selection bias. Histolog-
ical material was reviewed jointly and concordant agree-
ment was established for histological features in each case
between two trained and experienced pathologists (AKK &
CS). Any discordant sample was abandoned. In addition,
for papillary carcinoma (both classical papillary and follic-
ular variant), only cases with histologic or fine needle aspi-
ration biopsy evidence of lymph node metastasis were
included. This was done to dispel with confidence even the
slightest possibility of misdiagnosis of florid papillary
hyperplasia for conventional papillary carcinoma or follicu-
lar neoplasms (follicular adenoma/follicular carcinoma) or
the follicular variant of papillary carcinoma. All cases of
papillary hyperplasia had background histological changes
of adenomatous goitre including macroscopic and clinical
features of multinodular goitre without any follow up evi-
dence of a neoplastic disease. For follicular carcinoma,
apart from a prerequisite of unequivocal histologic evidence
of vascular and/or capsular invasion, all cases showed either
histological or cytological (FNA) or radioisotopic evidence
of distant metastasis. For follicular adenoma, a minimum of
10 representative histological sections from the capsule of
the lesion did not show any evidence suggestive of either
vascular or capsular invasion and also none of the cases had
any follow up evidence of distant metastasis.

In general, the cases included in the present study by
means of above-mentioned procedure were considered to
be best possible “gold standard” representatives of vari-
ous diagnostic entities not only form the point of inter-
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Table 1. Lesion-wise distribution of 60 cases between
the training and test set for image analysis

Histologic Diagnosis Training Set Test Set
(number of cases) (n=44) (n =16)
Papillary carcinoma (27)
Classical 10 4
Follicular variant 9 4
Follicular neoplasms (26)
Carcinoma 10 3
Adenoma 10 3
Papillary hyperplasia (7) 5 2

observer concordance, but also the true biologic behavior
of several neoplastic lesions. All subsequent data acqui-
sition and analysis were done with reference to this diag-
nostic standard.

All cases were coded by a technician to make provision
for a “histologically blind” study situation for data collec-
tion without the actual knowledge of already assigned
“gold standard” diagnosis for the cases. The cases were
divided into training and test sets. Forty-four cases consti-
tuted the training set in order to find out the possible use-
fulness of image analytic parameters for diagnostic dis-
crimination amongst histologic entities. The sixteen
remaining cases were allocated to test set in order to check
the validity of the discriminatory function of the image
analytic outcome of the training set. The lesion-wise break
up of the training and test set of cases of image analysis is
shown in Table 1.

Staining protocol

One representative block of formaldehyde fixed paraffin-
embedded tissue was selected from each case. Uniform 5
mm thick sections were cut for all the cases by the same
technician using the same microtome. On completion of tis-
sue section preparation for all 60 cases, single batch stain-
ing was performed to ensure uniform staining condition for
each case. Sections were deparaffinized, hydrated and
stained with Mayer’s hematoxylin for 15 minutes at room
temperature, washed in running tap water for 30 minutes,
dehydrated and mounted with coverslips using DPX as
mounting medium. No cytoplasmic counterstain was used.*

Hardware

The image analysis workstation included a trinocular
microscope (Olympus BX 50, Olympus Corporation,
Japan), a 10 bit digital video camera (Xilix Microimager,
Xilix Technologies Corporation, Richmond, Canada), a F-
64 Oculus image grabber card (Coreco Inc, Stlament, Oue-
bec, Canada), a 120 MHz pentium computer (Celebris XL,
Digital Corporation, USA) equipped with 4 MB RAM, 1.5
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GB hard disk, one 3.5” floppy diskette drive, a mouse, key
board, a 17 high resolution color monitor and Hewlett
Packard 4L Laserjet Printer and an UPS (Uninterrupted
Power Supply) source.

Software

OPTIMAS (Optimas Corporation, USA) version 5.2
(October 1995) running in Microsoft Windows 95 graph-
ics environment.

System calibration for data collection

Morphometric spatial measurements were calibrated in
terms of micrometer with the help of a Nikon micrometer
slide. Densitometric values were based on 0-65355 gray
scale obtained by converting the images to 16-bit image
format. Constancy of illumination was maintained to
ensure reproducible and comparable densitometric values
during different measurement sessions. The linearity of
the system was checked using different filters with known
optical densities. Glare reduction was achieved with Koh-
ler illumination and Abbe condenser setting of numeric
aperture to 0.8. Background decalibration with bright and
dark field images was done to correct for the effect of illu-
mination inhomogeneities.

Data collection

A total of 16 nuclear image analytic descriptors com-
prising of 8 morphometric (Area, Area Equivalent Diame-
ter, Perimeter, Perimeter Equivalent Diameter, Major Axis
Length, Breadth, Circularity, Rectangularity) and 8 densit-
ometric (Gray Value, Integrated Gray Value, Integrated
Log Inverse Gray Value, Gray Value Surface Area Densi-
ty, Log Inverse Gray Value Surface Area Density, Gray
Value Roughness, Log Inverse Gray Value Roughness,
Fractal Texture) parameters were included in the thyroid
measurement set of data collection program. Image acqui-
sition was done using 40 X (dry) objective lens with
numerical aperture of 0.65 and a focal length of 3 mm,
using a 550 = 10 nm filter for contrast enhancement. A
total of at least 100 nuclei was analyzed in each case with
sampling of 20-30 nuclei from five different areas of tis-
sue section i.e. center and four corners of the section. Pre-
cautions were taken to include only intact whole nuclei
representing the actual lesion, avoiding the nuclei of stro-
mal cells. Overlapped and fragmented nuclei were disre-
garded. A careful accurate manual tracing of each nuclear
boundary was done with the help of drawing tools, fol-
lowed by data extraction. Finally, the data along with the
measurement headings and case identification label were
exported to linked Microsoft Excel spreadsheets for stor-
age and subsequent analysis.

Statistical analysis of data

Descriptive statistics and multivariate discriminant
analysis have been applied, wherever necessary. Stepwise
discriminant analysis program belonged to BMDP Statisti-
cal Software release 7.0 (BMDP Statistical Software Inc.,
Los Angeles, CA).

Using the training set of cases (Table 1), an attempt was
made to find out the best diagnostic class discriminatory
power of multiple variables in combined strength. Com-
position of the variables in a particular set most suited to
provide the best discrimination in a given situation of
diagnostic demand, is arrived at by means of stepwise dis-
criminatory analysis of each of 16 variables included in
the present study.

Statistical analysis of training set of 44 cases involved
pooling of nuclear image analytic data for a particular his-
tological class. Thus, a total of 1012 nuclei (a minimum
sampling of at least 100 nuclei x 10 cases) represented the
histological class of classical papillary carcinoma of thy-
roid. Similarly, 904 nuclei of follicular variant of papillary
carcinoma (9 cases), 1015 nuclei of follicular adenoma (10
cases), 1013 nuclei of follicular carcinoma (10 cases) and
517 nuclei of papillary hyperplasia (5 cases) represented
the respective histologic classes.

Finally, the statistical attributes of discriminant classifi-
cation functions derived from the training set of 44 cases
were subjected to a validity test in terms of classification
error rate when applied to 16 “unknown” cases belonging
to the test set (Table 1).

Results

The analysis was purposedly oriented towards actually
encountered diagnostic dilemmas in histopathology,
namely papillary hyperplasia (PH) versus classical papil-
lary carcinoma (CLPCT); follicular adenoma (FA) versus
follicular carcinoma (FC); follicular variant of papillary
carcinoma (FVPCT) versus combined follicular adenoma
and follicular carcinoma (FN: Follicular Neoplasm group).
In addition, the status in following situations was also
examined: combined classical and follicular variant of
papillary carcinoma (allPCT) versus FN group and allPCT
group versus FN group versus PH.

A. Classification efficiency of multivariate functions

This is presented in Table 2. The highest degree
(approximately 98%) of sensitivity and specificity was
achieved for PH versus CLPCT. This was followed by
approximately 85% sensitivity and specificity for FVPCT
versus FN. The values did not change significantly in a sit-
uation of FVPCT and CLPCT cases together (allPCT) ver-
sus FN. The lowest degree of sensitivity and specificity
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Table 2. Efficiency of multivariate classification func-
tion of 1A parameters

Group Histologic diagnosis % of correct classification
PH PH 97.6
VS CLPCT 98.2
CLPCT COMBINED 97.9
FA FA 71.5
VS FC 50.9
FC COMBINED 61.2
FVPCT FVPCT 86.7
Vs FN 83.5
FN COMBINED 85.1
AIIPCT AlIPCT 89.0
VS FN 82.3
FN COMBINED 85.7
AIIPCT AlIPCT 86.3
VS FN 82.0
FN PH 77.3
VS COMBINED 81.9
PH

(50.9% and 71.5% for FC; 71.5% and 50.9% for FA) was
observed for FA versus FC.

Finally, the results of discriminant analysis encompass-
ing three lesions together (allPCT versus FN versus PH)
showed a marked loss of sensitivity (20%) but not speci-
ficity for diagnosis of PH. Sensitivity and specificity for
other two lesions of allPCT and FN were only marginally
affected.

B. Composition of multivariate sets responsible
for efficiency of classification functions

Step-wise multivariate discriminant analysis of sixteen IA
parameters automatically eliminated the parameters without
any statistically significant attribute of discriminatory classi-
fication function. At the end of the run, the analytic proce-
dure generated a set of variables arranged in order of merit
in terms of significant F values. Thus, each of the parameters
within the set had significant discriminatory strength where-
as the combined discriminatory strength of the entire set was
maximum possible in a given situation. The relative compo-
sition of multivariate sets, however, varied depending upon
the variety of situational demand (Table 3).

C. Distribution of canonical variable(s)
of multivariate sets

Histograms (not shown) of canonical variable demon-

strated adequate separation of mean coordinate values
for CLPCT versus PH, FVPCT versus FN and allPCT
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versus FN. However, mean coordinates for FA versus FC
were too close to each other, obliterating the possibility
of any useful discriminatory function between follicular
adenoma and follicular carcinoma by means of IA para-
meters.

Mean coordinates for canonical variables 1 and 2 for
allPCT versus FN versus PH showed significant distance
from each other. Plotting of canonical variables 1 and 2
for each individual case in the group, however, brought
out a central zone of overlap.

D. Comparative evaluation of efficiency
for morphometric versus densitometric versus combined
morphometric-densitometric parameters

Results are presented in Table 4. It is observed that, in
general, results are superior with combined parameters
compared to use of either morphometric or densitometric
subset alone. However, efficiency of densitometric subset
almost equalled to that of combined parameters in FVPCT
versus FN. Similarly, there was only marginal inferiority
of densitometric variables to combined parameters in
allPCT versus FN.

Test Set

The test set comprised of a total of 16 cases including
4 cases of CLPCT, 4 cases of FVPCT, 3 cases of FC, 3
cases of FA and 2 cases of PH. The cases were first allo-
cated to form three test groups with differing demands of
diagnostic discrimination. Each case within a particular
test group was then subjected to calculation of discrimi-
nant value using the mathematical attributes of classifi-
cation function of the appropriate multivariate subset
generated by the training set.

Table 5 shows the composition of three test groups and
the application of classification function of appropriate
multivariate subset of training set. Mathematical attributes
of the multivariate subsets are also presented.

The discriminant value for classifying a test case was
calculated as follows:

Discriminant value for possibility A = [(mean of vari-
able 1 of test case in reference to possibility A x mathe-
matical attribute of variable 1 of classification function in
reference to possibility A) + (mean of variable N of test
case in reference to possibility A x mathematical attribute
of variable N of classification function in reference to pos-
sibility A)] - CONSTANT value for possibility A.

Discriminant value for possibility B was calculated in a
similar way as above by substituting all the values appro-
priately in terms of possibility B.

A test case with higher discriminant value for a particu-
lar histologic class was assigned diagnostic commitment
to that class.
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Table 3. Statistical moments of multivariate sets derived from step-wise discriminant analysis of a total of 16 1A
parameters (8 morphometric, 8 densitometric)

A. PH versus CLPCT

Mean = SD
Parameters PH CLPCT F statistic P value
1. peried 6.93 £ 1.35 9.20 £ 0.96 1252.64 < 0.0001
2.ar 30.95 + 13.23 46.53 +10.11 1015.36 < 0.0001
3. ligvsad 3.25 + 2.05 11.53 £9.62 917.15 < 0.0001
4. bre 572 +1.19 7.18 £ 0.95 801.58 < 0.0001
5.gv 340.17 £ 76.43 326.60 + 86.51 672.90 < 0.0001
6. gvr 9465.59 + 6099.22 17623.87 + 11653.87 594.87 < 0.0001
7. ligvr 0.18 £ 0.28 0.27 £ 0.32 544.27 < 0.0001
8. maxle 7.13 £ 1.56 8.95+ 1.06 479.33 < 0.0001
9. ared 6.15+1.24 7.65 +0.82 428.96 < 0.0001
10. rec 0.73 £ 0.02 0.71+£0.03 407.49 < 0.0001
11. gvsad 194.01 + 329.07 283.07 + 366.27 371.82 < 0.0001
B. FA versus FC
FA FC

1.ar 3742 +7.14 39.49 +12.23 81.74 < 0.0001
2. ared 6.87 £ 0.64 7.01 +£1.03 60.22 < 0.0001
3.igv 12642.09 + 4428.55 13003.08 + 6000.78 48.71 < 0.0001
4. gvsad 275.77 + 381.11 262.76 + 364.77 38.80 < 0.0001
5. ligvsad 32.74 + 14.06 34.48 + 14.09 32.68 < 0.0001
C. FVPCT versus FN

FVPCT FN
1. ligvsad 12,10 £9.91 33.61 +14.10 1721.96 < 0.0001
2.igv 21266.54 + 8319.73 12822.40 + 5274.61 1199.51 < 0.0001
3. fractex 448 +1.78 4,46 +1.82 830.62 < 0.0001
4. bre 7.42 +1.07 6.59 +0.91 521.45 < 0.0001
5. rec 0.72 £ 0.03 0.72 £ 0.02 437.91 < 0.0001
6. ar 50.62 + 11.55 38.45 + 10.06 386.02 < 0.0001
7. iligv 25.73 + 9.82 23.36 + 8.67 340.60 < 0.0001
8. ared 7.97 £0.90 6.94 + 0.86 303.66 < 0.0001
D. allPCT versus FN

allPCT FN
1. ligvsad 11.80 £9.76 33.61 +14.10 3151.50 < 0.0001
2. peried 9.19 £ 0.97 7.96 £ 0.99 1979.84 < 0.0001
3.ar 48.46 + 11.00 38.45 + 11.06 1418.07 < 0.0001
4. gvr 19060.48 + 11962.90 14839.14 + 8626.36 1076.41 < 0.0001
5.igv 18250.15 + 7958.30 12822.40 + 5274.61 865.26 < 0.0001
6. gv 366.15 + 97.85 326.80 £ 71.24 724.92 < 0.0001
7. ared 7.80 £ 0.88 6.94 + 0.86 627.37 < 0.0001
8. cir 17.52 + 1.63 16.54 £ 0.95 560.63 < 0.0001
9. gvsad 278.94 + 365.93 269.28 + 373.01 499.55 < 0.0001
10. iligv 27.42 £ 9.78 23.36 + 8.67 454.23 < 0.0001
11. fractex 458 +1.75 4.46 +1.82 415.25 < 0.0001
12. rec 0.72 £ 0.03 0.72 £ 0.02 381.39 < 0.0001
13. bre 7.29 £1.01 6.59 + 0.91 352.73 < 0.0001
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E. allPCT versus FN versus PH
Mean + SD

Parameters allPCT FN PH F statistic P value
1. ligvsad 11.80 + 9.76 33.61 +14.10 3.25 + 2.05 2279.62 < 0.0001
2. peried 9.19 + 0.97 7.96 + 0.99 6.93 +1.35 1622.52 < 0.0001
3.ar 48.46 + 11.00 38.45 + 10.06 30.95 + 13.23 1232.78 < 0.0001
4. ared 7.80 + 0.88 6.94 + 0.86 6.15 + 1.24 1014.95 < 0.0001
5. gvr 19060.48 + 11962.90 14839.14 + 8626.36 9465.59 + 6099.22 837.34 < 0.0001
6. maxle 9.12+1.11 7.93+1.12 7.13+ 156 714.85 < 0.0001
7. cir 17.52 + 1.63 16.54 + 0.95 16.03 + 0.99 622.29 < 0.0001
8. ligvr 0.27 £ 0.33 0.25+0.32 0.18 + 0.28 547 91 < 0.0001
9. gv 366.15 + 97.85 326.80 + 71.24 340.17 + 76.43 496.46 < 0.0001
10. igv 18250.15 + 7958.30 12822.40 + 5274.61 11134.77 £ 7068.21 455,99 < 0.0001
11. rec 0.72 £ 0.03 0.72 £0.02 0.73+£0.02 416.33 < 0.0001
12. iligv 27.42 £9.78 23.36 + 8.67 16.76 + 7.24 383.23 < 0.0001
13. gvsad 278.94 + 365.93 269.28 + 373.01 194.01 + 329.07 355.08 < 0.0001

Abbreviations: ar, area; ared, area equivalent diameter; bre, breadth; cir, circularity; fractex, fractal texture; gv, mean gray value; gvr, gray
value roughness; gvsad, gray value surface area density; igv, integrated gray value; iligv, integrated log inverse gray value; ligvr, log
inverse gray value roughness; ligvsad, log inverse gray value surface area density; maxle, major axis, length; peri, perimeter; peried,

perimeter equivalent diameter; rec, rectangularity.

6/6 (100%) cases of test group-1 (PH vs CLPCT) were
correctly classified. 8/10 (80%) cases of test group-l1I
(FVPCT vs FN) were correctly classified. One case of
each belonging to FVPCT and FN group were wrongly
classified. 3/6 (50%) cases of test group-Il1l (FA vs FC)
were correctly classified. All three cases of follicular ade-
noma were wrongly classified as follicular carcinoma.

Discussion

The important findings of this study were absolute dis-
crimination of papillary structures of benign versus malig-
nant origin and significant discrimination between follicu-
lar variant of papillary carcinoma and the broad group of
follicular neoplasms. However, image analysis was found
to be not useful in distinguishing between follicular ade-
noma and follicular carcinoma.

The distinction between papillary structures of benign
and malignant origin is a documented diagnostic prob-
lem.™3 Our study revealed a correct classification rate of
97.9% in the training set and 100% in the test set for papil-
lae of hyperplastic origin versus papillae of papillary car-
cinoma. Not many image analysis studies have addressed
this particular issue of diagnostic confusion. However,
Holschbach et al?® tested the potential application of three-
dimensional reconstruction of tissue structures from serial
tissue sections and reported better discrimination efficien-
cy in above context. But the authors themselves admitted
that three-dimensional reconstruction of biological tissue
is time consuming and unsuitable for use in routine prac-
tice. Several other studies have attempted to distinguish
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benign versus malignant follicular neoplasms*>®*" but
none of the authors have separately studied the benign ver-
sus malignant papillary lesions of thyroid.

Before the description of follicular variant of papillary
carcinoma by Chem and Rosai'®in 1977, older studies
erroneously included many cases of follicular variant of
papillary carcinoma as follicular carcinoma. Further, the
diagnostic problems between benign lesions of partly
encapsulated hyperplastic nodules and pseudoinvasion
after fine needle aspiration versus malignancies (namely
the follicular variant of papillary carcinoma, follicular
carcinoma and follicular variant of medullary carcinoma)
is well recognized.® The training set of the present study
revealed an overall correct classification rate of 85.1%
for the histologic group of follicular variant of papillary
carcinoma versus the broad histologic category of follic-
ular neoplasms comprising of both follicular adenoma
and follicular carcinoma. Comparable image analysis
studies on this specific aspect are lacking in the litera-
ture. Artacho-Perula and colleagues,® in their recent
report have shown good discrimination efficiency of
papillary carcinoma in general versus follicular adenoma
and carcinoma, but have not attempted to analyze their
data in the specific diagnostic context of follicular vari-
ant of papillary carcinoma vis-a-vis follicular neoplasms.
Analysis of our data on all papillary carcinomas irre-
spective of morphologic variants versus follicular neo-
plasms showed a correct classification rate of 89.0% for
papillary carcinoma. This is similar to Artacho-Perula et
al’s? reported 85.0% classification efficiency for papil-
lary carcinoma.
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Table 4. Comparative efficiency of classification functions
of morphometric or densitometric subsets alone, vis-a-vis
combined morphometric — densitometric parameters

Groups % of correct classification using

Morphometric Densitometric All
Parameters Parameters Parameters
(n=28) (n=28) (n=16)

PH

'S 94.5 89.0 98.0

CLPCT

FA

Vs 58.5 55.5 61.2

FC

FVPCT

Vs 75.3 84.4 84.5

FN

allPCT

'S 78.5 83.7 85.6

FN

allPCT

'S

FN 67.0 80.3 83.4

'S

PH

Accurate distinction of follicular adenoma from follicu-
lar carcinoma perhaps poses maximum difficulty in thy-
roid pathology, since the only available means are histo-
logic demonstration of unequivocal vascular or capsular
invasion. In an analysis of observer variations for histo-
logic diagnosis of thyroid cancer, follicular carcinoma was
the most common diverging diagnosis where the final
diagnosis was a benign lesion.”®*® Also, lack of cytologic
parameters of distinction between follicular adenoma and
follicular carcinoma is the main reason for failure of min-
imally invasive investigative procedure of fine needle
aspiration (FNAC) to offer further diagnostic direction for
follicular neoplasm group of lesions. The present study
investigated the role of image analysis based sixteen
nuclear parameters for distinguishing between follicular
adenoma and follicular carcinoma. Results however
showed that morphometric and densitometric parameters
were inefficient for discriminating the two lesions. Correct
classification rates of only 61.2% and 50.0% for the train-
ing set and test set respectively were observed. These
results are in complete concordance with the recent study
by Artacho-Perula et al> who reported poor discrimination
efficiency between follicular adenoma and follicular carci-
noma. Similarly, Schurmann and colleagues® in their flow
cytometric study of Feulgen stained cell suspension
observed that morphometric, sterologic and densitometric
nuclear parameters are incapable of providing distinction

between follicular adenoma and follicular carcinoma.
However reports of few other studies showed contrary
results claiming significant to total discrimination between
follicular adenoma and carcinoma.??%#% A detailed
analysis of the study designs and mode of statistical analy-
sis of results provided explanation for the apparently dis-
cordant observations of several investigations. Thus,
although Kriete et al’s*? observations were based on statis-
tically significant differences of measured value of para-
meters, they neither used multivariate discriminant analy-
sis nor evaluated the discriminatory power of parameters
in a test set of cases. Presence of some degree of differ-
ences in parameter values alone, even if statistically sig-
nificant, may not be endowed with an efficient discrimi-
natory power in a test situation. This is evident in the study
by Salmon and colleagues* wherein, despite nuclear chro-
matin descriptors having significant differences between
follicular adenoma and follicular carcinoma, the authors
concluded that such differences are of limited value when
applied to the diagnosis of individual cases. Results of
studies by De Santis et al* and Galera-Davidson et al®
indicated that morphometric and densitometric nuclear
features might be helpful in differentiating between follic-
ular adenoma and carcinoma. However, the number of
cases in both of the studies were too small for any valid
conclusion. De Santis et al* studied only 3 cases of each
histologic category while Galera-Davidson et al’s? obser-
vations were based on 6 cases of follicular adenoma and fol-
licular carcinoma each. Results of a recent report by Tsy-
brovskyy and colleagues® however defy explanation in the
light of our experience from the present study. The authors
studied sixteen planimetric and densitometric nuclear fea-
tures in 19 follicular adenomas, 12 minimally invasive and
3 widely invasive follicular carcinomas by means of a semi-
automatic image analysis system using Feulgen stained
paraffin sections. They reported 100% sensitivity and
94.7% specificity of the classification rule derived from
multivariate discriminant analysis of their data.

For the purpose of close comparison with the present
study in terms of case material, image analysis methodol-
ogy and mode of statistical analysis, recently published
work by Artacho-Perula et al? is most suitable. The authors
analyzed quantitative nuclear parameters by morphomet-
ric and sterological methods in 55 cases comprising of
papillary carcinoma, follicular adenoma and carcinoma,
followed by stepwise discriminant analysis of data. Their
results are highly comparable to those of the present study.
The overall accuracy rate of discrimination was 75% with
an efficiency of 85% for papillary carcinoma, compared to
our corresponding figures of 85.7% and 89.0% respective-
ly. The worst discrimination rate of 69.0% was seen
between follicular adenoma and follicular carcinomas.
This is in agreement with the corresponding value of
61.2% observed in the present study.
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Table 5. Compsotion of test groups versus application of
multivariate classification function of training set

Test Histologic Classification function

group entities of training set group

| CLPCT: 4 (a) PH versus CLPCT
PH 02

I FVPCT: 4 (b) FVPCT versus FN
FN . 6

11 FA 03 (c) FA versus FC
FC 3

(A) PH versus CLPCT

Variable PH CLPCT
ar -16.40011 -17.33611
ared —2664.99023 —2637.23926
peried - 63.63652 —54.64731
maxle 1211.82349 1200.37683
bre 1614.13037 1602.11292
rec 15662.03520 15532.86330
gv 0.06879 0.04620
gvr —0.00090 - 0.00068
gvsad - 0.05838 - 0.05204
ligvr 76.00646 64.02271
ligvsad - 0.38807 —-0.17286
Constant —6008.14111 —-5968.4113
(B) FVPCT versus FN

Variable FVPCT FN

ar —48.09598 —47.67336
ared 548.92755 543.84650
bre 29.39716 30.50536
rec 1035.07434 1048.83655
igv 0.00168 0.00137
iligv - 0.23407 —-0.27980
ligvsad 0.50384 0.61750
fractex 2.58729 2.41610
Constant —1481.63794 —1475.71924
(C) FA versus FC

Variable FA FC

ar —-53.96203 —53.40494
ared 639.07996 633.36603
igv —0.00002 -0.00012
gvsad -0.00277 —-0.00314
ligvsad 0.49531 0.50539
Constant —1194.81604 —1175.50586

Vol 7, No 1, 2001

In general, we found superior results with combined
morphometric and densitometric parameters compared to
the use of either set of parameter alone. However, in the
histologic groups of papillary carcinoma (follicular variant
or combined classical and follicular variant) versus follic-
ular neoplasms, densitometric parameters alone yielded
results almost equivalent to combined morphometric and
densitometric parameters. The independent diagnostic
contribution of morphometric and densitometric parame-
ters was demonstrated by factor and cluster analysis by
Tsybrovskyy et al* in their image analysis study on follic-
ular adenoma and follicular carcinoma of thyroid. This
explains the superior classification efficiency of combined
parameters noted in the present study. Failure of morpho-
metric parameters to cause an additive improvement of
densitometric results for correct classification of papillary
carcinoma, as observed in this study, underscores the cru-
cial diagnostic importance of densitometry related optical
quality of haematoxylin stained nuclei of papillary carci-
noma. This particular quality represents the so-called
’optically clear’” or *’ground glass’” nuclei in conven-
tional histology.

Densitometric properties of cell nuclei are mostly stud-
ied for estimation of nuclear DNA content or ploidy using
Feulgen stain because of its stoichiometric binding prop-
erty. Although it has been claimed that hematoxylin and
Feulgen staining of cell nuclei are correlated®, subsequent
studies have proved lack of correlation between the opti-
cal density of hematoxylin stained cell nuclei and nuclear
DNA content.””? Hematoxylin is, thus, unsuitable for
DNA ploidy analysis. Nevertheless, the densitometric
properties of hematoxylin stained nuclei could be exploit-
ed by image analysis for diagnostic discrimination in
appropriate situations. Erler and colleagues® used hema-
toxylin and eosin stained histologic sections to evaluate
twenty-two nuclear morphometric and densitometric para-
meters for discriminating benign and malignant hepato-
cytes. The authors reported positive and negative predic-
tive values of 90.5% and 84.6% respectively for five den-
sitometric parameters of hematoxylin stained nuclei. In the
present study, evaluation of densitometric properties of
hematoxylin stained nuclei was thought to be particularly
pertinent in view of the crucial diagnostic importance
accorded to *’optically clear’” or *’ground glass’’ nuclei in
histologic assessment of thyroid tumors.®?” Other nuclear
features like grooving and pseudonuclei, although helpful
and supportive, are in general considered to be less specif-
ic for diagnosis of papillary carcinoma.! However, the
ground glass nuclear morphology observed in hematoxylin
and eosin stained histologic sections, though accorded the
highest diagnostic specificity for papillary carcinoma is
alleged to be an artefact related to paraffin embedding
independent of the type of fixative used and this feature is
thus not seen in frozen sections or smears.*® The phenom-
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enon may actually reflect some intrinsic physiochemical
alteration of the chromatin structure or associated nuclear
proteins.® In the present study of nuclear parameters,
cytoplasmic counterstain of eosin was omitted in order to
minimize noise during image processing.

In order to obtain consistent and reproducible image
analysis results, strict adherence to uniform standardized
staining procedure and uniform thickness of tissue sections
are of utmost importance. In this study, histologic sections
were cut using the same microtome with fixed settings by
the same technician and the entire study material was
stained in single batch to avoid staining variability. Since
hematoxylin binds with nuclear DNA non-stoichiometri-
cally, certain degree of staining variability is anticipated.
Self-evidently, this variability could be a source of error in
terms of intra and inter-observer reproducibility of densit-
ometric parameters. Morphometric measurements howev-
er, remain unaffected. Thus, although the results of the pre-
sent study bring out the potentially useful discriminantory
power of subvisual densitometric nuclear parameters, a
standardized reproducible staining technique must be
ensured before the technique could be useful in practice.
Analogous to image analysis of Feulgen stained material
for estimation of DNA ploidy, use of an internal or exter-
nal tissue control along with appropriate correction factor
for variability of staining density would presumably be
successful for hematoxylin staining also. However, this
was not tested in the present study. Mayer’s hematoxylin
instead of others was used since it is a progressive stain
without the need for differentiation. Further, this stain is
reported to produce most consistent staining results.*®
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