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Diagnosis and prognosis of neuroendocrine
tumours of the lung by means of high
resolution image analysis

Uta Jitting?*, Peter Gai8, Karsten Rodenackér were correctly classified and 11/13 WDNEC cases and 28/32

Joachim Bohn§, Susanne KOCPI, SCLC cases, respectively. The WDNEC cases are more sim-

Heinz W. Préue?‘ and Heinz HbeerC ilar in chromatin structure to TC than to SCLC. For the sur-
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guent cause of death for men and women. The overall
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genetic factors [34].

Neuroendocrine tumours (NET) of the lung are divided in ~ The malignant potential of neuroendocrine tumours
subtypes with different malignant potential. The first is the varies considerably. Benign or low by grade malig-
benign or low-grade malignant tumours, well-differentiated, nant, well-differentiated tumours, called typical carci-
called typical carcinoids (TC) and the second is the high- noids (TC) or well differentiated neuroendocrine tu-
grade malignant tumours, poorly differentiated of small mours (WDNET) [7,19] low-grade malignant, well-
(SCLC) or large cell type (LCLC). Between these tumour gigfarentiated carcinoma (WDNEC) or ‘atypical car-
types lies the well-differentiated carcinoma with a lower cinoids’ and high grade malignant, poorly differenti-
grade of malignancy (WDNEC). In clinical routine it is very . '

important with regard to prognosis to distinguish patients ated c.;arcmqma from large o_r small cell type (SCLC)
with low malignant potential from those with higher ones. are histologically clearly defined [10'15’27_’28'34’38’
In this study 32 cases of SCLC, 13 of WDNEC and 14 of 39,41]. The treatment schemes for the different tu-
TC with a follow-up time up to 7 years were collected. Sec- mour types are the complete resection of the tumour
tions 4..m thick from paraffin embedded tissue were Feulgen in case of TC and WDNEC, followed, in some cases,
stained. By means of high resolution image analysis 100 nu- by an adjuvant chemo- or radiotherapy. For SCLC dif-
clei per case were randomly gathered to extract morphomet- ferent therapy schemes are applied: surgery, chemo-
ric, densitometric and textural quantitative features. Toinves- and radiotherapy in combinations. Patients with typical

tigate the ploidy status of the tumour the corrected DNA dis-  ~arcinoid tumours have an excellent prognosis (lethal
tribution was calculated. Stepwise linear discriminant analy-

sis to differentiate the classes and Cox regression analysis for -+ aqdress for correspondence: Uta Jitting, GSF-Institute for
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rate 5—-15% within 5 years), whereas patients suffer- 2.2. Data acquisition

ing SCLC have only a poor prognosis [4,9,33,38]. In

general the histopathological distinction of both these ~ About 100 single tumour cell nuclei and 20 leuko-
tumour types should not cause difficulties for pathol- cytes (for DNA standardization) per slide were ran-
ogists. However, for patients with a WDNEC their in- domly selected in the tumour area with an Axiomat-
dividual prognosis is difficult to predict. Recognized microscope (Zeiss, Oberkochen, Germany), equipped
prognosis factors until now are the staging and histo- with a TV-camera (Bosch, T1VK9B1, Stuttgart, Ger-
logical type. Additional independent factors for differ- many, 128x 128 pixels). The cells were scanned in
ent subtypes of carcinomas could be grading, onco- transmission with a 100 objective (oil immersion,
genes (K-ras, c-Myc, n-Myc), CEA, MIB 1, AQNOR,  humerical aperture 1.3) using an optical narrow band
p53, c-erB-2 and ploidy. Examples of studies in these filter of 548 nm wavelength. The pixel distance was
fields are given in [4,5,8,9,11,20,22-24,29,30,33,37]. 0-25um, and the nominal grey value resolution was
However the results are not yet always convincing. cOvered by 256 channels [12]. Processing of digitized
They have to be validated in further studies. Investi- IMages was carried out using a VAX 4000-500 pro-
gations by means of high resolution image analysis ¢€SSOr (Digital, Maynard, USA) with software writ-

from sections using chromatin features are not yet pub- €0 in idl (Interactive Data Language, RSI, Boulder,
lished. CO, USA). Each nuclei was focused individually at its

border to maintain reproducibility. A shading correc-
tion was performed to eliminate systematical errors re-
lated to the light or optical conditions. For feature ex-
traction nuclei were segmented automatically under vi-
sual control and interactive improvement when neces-
Formalin-fixed and paraffin-embedded sections of S&ry- Morphological, dens_itometrical _anc_i textural f_ea-
32 cases of SCLC, 13 cases of WDNEC and 14 cases fures were calculated using the extinction or optical
of TC were collected from clinical routine. Resection density image which was derived from transmission
material was obtained from all operated patients and 'Mage [31]. Features like mean, standard deviation, co-
endoscopic biopsies were available from some SCLC efflcu_ant of variation and range were calculated from
cases. The gm thick sections were stained accord- th_e histogram of the_ measgred _nugleus as well as f_rom
ing to our Feulgen procedure. In brief: The slides were bright and dar!< particle regions inside the object which
fixed in 70% ethanol for 15 min. and subsequently were automatically segmented [13,31]. For the latter a

stained (hydrolysis: 5 N HCI, 2Z, 30 min: Schiff grey scale skeleton was applied on the extinction im-
reagent: 13;]) [1]y ' ' ' ' age (upper skeleton) and on its inversion (lower skele-

ton), which delivers the partitions into regions around
dark and bright particles. The skeleton is calculated by
2.1. Clinical data a watershed algorithm. For chromatin distribution fea-
tures, several transformations were obtained by using
) o linear and non-linear filtering such as Roberts gradi-
For most of the patients the complete clinical data: gnt | aplace transform and the flat texture image (dif-
tumour stage at time of diagnosis, therapeutic strat- ference between extinction image and median filtered
egy, age, sex and the follow up time were available. one), |ocal fractal and multi-fractal dimensions, topo-
In Table 1 these data are listed separately for each tu- graphical gradient, the difference of upper and lower
mour class. Patients who died of surgical complica- skeleton (a topographical gradient), and statistical fea-
tions within one month were excluded from this Study. tures from run]ength and co-occurrence matrix [26’32,
All patients with TC were only underwent surgery, 40,42]. These textural features are derived from pattern
whereas the others had an adjuvant therapy (chemo-recognition methods.
or/and radiotherapy) as well. All SCLC caseswere also  For classification only those features were offered
classified in an oat-cell type (cytoplasm only present which were shown to be nearly independent of stain-
marginally) or in an intermediate-cell type (cytoplasm ing intensity and of the specimens thickness [16,32].
more prominent, larger polygonal cells). There is no The remaining feature set contained about 60 vari-
known validated difference between these histological ables. A total of 3513 tumour nuclei of SCLC, 1482 of
subtypes in terms of prognosis. WDNEC and 1632 of TC were measured.

2. Material and methods
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Table 1
Clinical data of 59 tumour patients of the lung separately for each tumour type
32 SCLC:
Sex 4 female, 28 male
Age MV = 59.7 years, range (38 to 77 years)
Cell type 16 OAT, 16 ITM
Tumour size 5T1,19T2,7T3,1Tx
Lymph node involvement 8 NO, 8 N1, 11 N2, 2 N3, 3 Nx
Metastasis 21 MO, 10 M+, 1 Mx
Stage 10 EXT, 22 LIM
Therapy OP and/or R and/or CH
Survival time MV = 21.2 months, range (2 to 89 months)
26 patients deceased
13 WDNEC:
Sex 7 female, 6 male
Age MV = 51.5 years, range (19 to 71 years)
Tumour size MV= 3.2 cm, range (0.9 to 9 cm)
Lymph node involvement 7 NO, 6 N+
Therapy OP and/or R and/or CH
Survival time MV = 30.9 months, range (4 to 61 months)
3 patients deceased
14 TC:
Sex 6 female, 8 male
Age MV = 53.6 years, range (22 to 67 years)
Tumour size MV= 2.8 cm, range (1.2 to 6 cm)
Lymph node involvement 10 NO, 4 N+
Therapy OoP
Survival time MV = 44.9 months, range (12 to 92 months)
1 patient deceased
LIM = limited disease, EXT= extensive disease, OR= operation,
CH = chemotherapy, R- radiotherapy, OAE= oat cell type, ITM= intermedi-
ate cell type.

The features used are briefly described in the Ap- nuclei in histological sections, the integrated optical
pendix. density was corrected by the thickness of the speci-

For investigation of the relevance of features for men. The formulae are given in Haroske et al. [17,18].
prognosis, the mean value, median and the CV of each To normalize the 10D-histogram in c-values the lym-
feature per specimen were calculated. For those MV, phocyte peak of IOD was set to 80% of 2c, due to the
MED or CV is given in parenthesis. underestimation (non-stoichiometric Feulgen reaction
of dark/pynotic nuclei) of the lymphocytes in sections
[1]. The tumour cells were normalized according to
this factor. The normalization procedure is correct for
) ) round objects. Nevertheless this was performed for all

Although all specimens have been cut in tq.# nuclei for the DNA distributions for stemline ploidy
slices their true thickness was measured by a laser g proliferation. In Fig. 1 some typical DNA distribu-
scanning microscope at five locations per specimen. tions are shown for the three classes. From the DNA
The mean thickness for all specimens was fir distribution the mean value, 5c-exceeding rate, entropy
(+£1.9um, range: 2.5-1%m). For each tumour cell  and 2c-deviation index were calculated to test the cor-
and leukocyte, the area and the mean optical density relation of the three classes and of prognosis [2,3,14,
were calculated and from these the integrated optical 35,36]. These features are only slightly influenced by
density was calculated. Due to the slicing problem of small standardization errors.

2.3. DNA-features
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Fig. 1. Examples of typical DNA-distributions for the 3 different classes SCLC, WDNEC and TC.

3. Statistics classification or the procedure was stopped due to a
non-significan¥’-value. The value for the first selected
3.1. Discrimination on the cell level feature is the univariate one whereas the followifg

values are multivariate reflecting the impact of results

The statistical evaluations were done using SAS after using this feature together with the already se-
(SAS Institute, Inc., Cary, NC, USA) and BMDP (Sta- lected features. For each specimen, the mean of the a
tistical Software Inc., Los Angeles, CA, USA) program  posteriori probability (APOP) distribution of the corre-
packages. All nuclei from specimens of the same clin- sponding cells was calculated. For the specimen classi-
ical samples were pooled and the classifier was de- fication, this APOP value and the double standard error
signed in two-class stepwise linear discriminate analy- of the mean (SEM) were used. A specimen was classi-
ses. Out of the evaluated feature set only those featuresfied into that class with the highest APOP value only if
were used in the classification steps which are univari- the mean APOR- SEM did not cut a threshold (THR)
ately significant. Up to 10 features were stepwise se- which was set as the border between the two classes
lected either accepted for the succeeding hold-one-out (APOP = 0.5). Cases with THR{APOP + 2SEM}
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were considered as unclear [6]. The significance for the Table 3 o
specimen classifications was calculated using contin- DNA-parameters: mean values and significance
gency tables without defining unclear cases. TC WDNEC SCLC
DNA mean value 2.05 2.05 2.77
5c-exceeding rate 0.4% 1.2% 6.6%
3.2. Prognosis Entropy 3.8 3.8 4.7
2c-dev. index 0.36 0.57 0.91

For all discrete features the Kaplan—Meier curves
were plotted to find the best strata for the Cox re- _Significance for TC-WDNEC TC-SCLC WDNEC-SCLC

gression analysis which is sensitive for decrease or in- PNAmean value ns. p<00l  p<001
crease of feature values with survival time [21]. Dif- ~ S¢-éxceeding rate ns. p<0.01 p < 0.05
ferent defined classes with comparable survival curves Entropy ns.  p<0001 p<0001
were pooled by visual inspection. Then after optimiz- ~_2¢-dev. index ns.  p<001 n.s.

ing the strata all features were tested by means of the

Cox regression analysis [25], first univariate then mul- 4-2. Discrimination of SCLC and WDNEC

tivariate. To demonstrate the importance of a multivari-

ate analysis, Kaplan—Meier curves for different strata 1 he cells of SCLC and WDNEC were pooled, and

and individual survival curves for patients were plot- € Stépwise linear discriminant analysis was applied.
ted. The most discriminating features were HUCV, P and

M3, which demonstrates the importance of chromatin
texture and shape of the nuclei. HUCV reflects a more
balanced distribution of heterochromatin, segmented
by means of their topographical arrangement by water-
shed (for feature description see appendix). In Fig. 2

All statistical evaluations were considered to be sig-
nificant at the 95% level.

4. Results 6 nuclei with low £0.10 [A.U.]) values of HUCV
(representing nuclei of SCLC) and 6 with high@.27
4.1. DNA-ploidy [A.U.]) values of HUCV (representing nuclei of WD-

NEC) are shown. The overall correct classification rate
was 75.2%, 73.9% for SCLC and 76.5% for WDNEC.
The DNA-distributions were classified into three The subsequent specimen classification led to 11/13
classes: stemline near-diploid non-proliferating (lim- correct classification (84.6%) for WDNEC and 25/32
ited to cells outside 2c-peak), stemline near-diploid (78.1%) for SCLC, respectively. Seven cases remained
proliferating and clear aneuploid distribution (Table 2) unclear. Without unclear decisions two WDNEC cases
[14]. A higher percentage of aneuploid DNA distribu- and four SCLC case were incorrectly classified (Ta-
tions are found in the SCLC cases than in both the ble 4). The significance of the result was< 0.0001.
other tumour types. However a clear association can- For demonstration of the specimen classification re-
not be seen, in all three classes in which diploid and Sults the APOP value of each specimen ranked accord-
aneuploid distributions are present. The DNA param- INg 0 its value is given in Fig. 3.
eter entropy, 5c-exceeding rate, mean value and 2c- L
deviation index are only significant for the discrimina- 4-3: Discrimination of TC and WDNEC

tion of SCLC with TC and WDNEC, respectively (Ta- L
blle 3) w spectively ( The cell classification rate was for the TC 63.6%

and 65.3% for WDNEC. 9/14 TC patients (64.3%) and
Table 2 8/13 WDNEC patients (61.5%) were correctly classi-
fied. Four cases were incorrectly classified, the rest was
unclear. Without defining the unclear class three TC
cases and five WDNEC cases remained in the other
class. The result is significant fpr< 0.05. The most

Proliferation of the tumours

Near diploid Near diploid Aneuploid Total
non-proliferating proliferating

TC 12 - 2 14 important features were DCV (variation of density of
WDNEC 1 - 2 13 dark particles), P and CO14, which again demonstrates
scLc 12 10 10 32

the importance of chromatin and shape (Table 5).
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Fig. 2. Six nuclei (two upper rows) with low (0.11 [A.U.]) and six
nuclei (two lower rows) with high (0.27 [A.U.]) values of HUCV.

Table 4

Specimen classification results of WDNEC and SCLC and selected
features withF-values

Specimen classification

WDNEC SCLC Unclear Total 9% Correct
WDNEC 11 1 1 13 84.6
SCLC 1 25 6 32 78.1
80.0
Specimen classification
WDNEC SCLC Total % Correct
WDNEC 11 2 13 84.6
SCLC 4 28 32 87.5
86.7

p < 0.0001. Selected features arid-values: HUCV (396.4),
P (648.9), M3 (229.7), NC1 (91.9), RL1 (62.3).

4.4. Discrimination of TC and SCLC with testset
WDNEC

To investigate whether nuclei of WDNEC cases are
more similar in the chromatin structure and/or shape
to TC or SCLC, the discrimination was calculated us-
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Fig. 3. Specimen classification results of WDNEC and SCLC
(M SCLC cases¢ WDNEC cases, open symbols: unclear decisions).

Table 5

Specimen classification results of TC and WDNEC and selected
features withF-values

Specimen classification

TC WDNEC Unclear Total % Correct
TC 9 2 3 14 64.3
WDNEC 3 8 2 13 61.5
63.0
Specimen classification
TC WDNEC Total % Correct
TC 11 3 14 78.6
WDNEC 5 8 13 61.5
70.3

p < 0.05. Selected features arictvalues: DVC (121.8), P (83.2),
CO14 (33.2), BICV (46.8), MM3 (22.1).

WDNEC as a testset, 927 nuclei (62.6%) were classi-
fied into TC and 555 into SCLC. The specimen classi-
fication step led to three cases classified as SCLC and
eight cases as TC, the remaining two remained unclear.
Without unclear decisions these two cases were classi-
fied as TC. This result demonstrates that most cases of
the WDNEC in our study have a chromatin structure
more similar to TC. The results are given in Table 6
and Fig. 4.

4.5. Discrimination of oat-cell type carcinomas
(OAT) and intermediate-cell type (ITM) in case
of SCLC

All cases of SCLC were additionally classified in
types of intermediate or oat cells. By means of the
chromatin features HUNO, HUEULER and RFM1

ing TC and SCLC nuclei only. In this case HUCV, P an overall cell classification rate of 67.5% could be
and RL4 were the most important features. The overall achieved. 11/16 cases of ITM and 12/16 cases of OAT
correct classification rate was 81.8%. Using the class were correctly classifieth(< 0.05).
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Table 6

Specimen classification results of TC and SCLC using WDNEC as
a test set and selected features wWittvalues

Specimen classification

TC SCLC Unclear Total % Correct
TC 12 1 1 14 64.3
SCLC 1 28 3 32 87.5
WDNEC 8 3 2 13
Specimen classification

TC SCLC Total % Correct

TC 13 1 14 92.9
SCLC 3 29 32 90.6
WDNEC 10 3 13

p<0.0001. Selected features anH-values: HUCV (863.5),
P (1500.4), RL4 (136.2), HUSPAN (86.6), FO1 (78.2).
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Fig. 4. Specimen classification results of TC and SCLC using WD-
NEC as a test se#(TC cases@ SCLC casesy WDNEC cases,
open symbols: unclear decisions).

4.6. Survival analysis

Stepwise Cox regression analysis was applied to
search for the features that correlated best with sur-
vival time. Only those features that were univariately
significant are given have. The DNA parameters are
correlated ap < 0.001. The clinical parameters such
as histological type, pT, pN and pM are, as expected,
highly significant, but sex and age of the patients are
not. However, the clinical data were not included in the
survival analysis and neither cases were with unknown
patient’s data, e.g., if the material was collected before
surgery.

Five chromatin features were selected in case of sur-
vival analysis which led to the Cox variable:

COX = 0.04 x IM2(CV) + 0.58 x NR3(CV)
+4.69 x CO10(MED)
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Fig. 5. Kaplan—Meier survival curves for three patient groups ac-
cording to the Cox regression analysis.

10

TC (88%)

WDNEC (30%)

o
-3

4
>

Mean curve

PROBABILITY
o
=

o
[

TC (12+)

SCLC (4+)

o
o

20 30 40 50 60 70
SURVIVAL TIME [months]

0 10 90 100

Fig. 6. Individual survival curves for four patients according to the
Cox regression analysis and mean survival curve for all patients (
patient still alive,4- patient died).

—128x CO11(MED)
+10.44 x DNOA(MED) + 250

To demonstrate the efficiency of the results, three
Kaplan—Meier survival curves were plotted (Fig. 5).
In the first strata 15 patients with the lowest values of
the Cox variables are pooled, in the third strata those
of 14 patients with the highest values. The remaining
cases are in the second curve. The Wilcoxon test led
to a significance op < 0.0001. In the strata with the
worst prognosis all 14 patients died within 20 months.
In Fig. 6 individual survival curves for four patients
were plotted together with the mean survival curve.

5. Discussion

In the last decades high resolution image cytometry
and histometry has become an established tool in the
investigation of different problems in clinical routine.
Most efforts were dedicated originally to the cervical
field, followed by breast carcinoma, bladder and other
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tumour types from different sites. In this study we used
neuroendocrine lung tumours to demonstrate that tex-
tural and morphometric features, evaluated by means
of high resolution image histometry, are useful to dis-
tinguish nuclei from different tumour types as well as
to correlate them with the survival time of the patients.

Most of the publications using parameters derived
from DNA distributions were done by means of flow
cytometry. The shortcomings of this method are well
known, e.g., the measurement of doublets and arte-
facts. However, in histometry the accuracy of DNA-
distributions is also questionable due to the cutting
problems of the cell nuclei with different shapes.
Stereology-based algorithms were developed to recal-
culate the real distributions but they are not well appli-
cable in all cases [17]. In our study, two of the 14 TC
have a clear aneuploid DNA distribution whereas the
others are near diploid with 5¢c-exeeding rates under
2%. This is in accordance with the investigations given
in the summary in [34] with 80% euploid tumours.
The percentage of euploid tumour types for WDNEC
is much higher (11/14) than one can find in the litera-
ture (=20%). The 5c-exceeding rates are below 2% ex-
cept in two cases with 6%. The DNA-distributions of
the SCLC differ from non-proliferating euploid types
to high-proliferating aneuploid ones. The calculated
DNA-parameters are significant for the discrimination
of SCLC from both of the other classes, but however
are not significant for TC and WDNEC.

In some publications using flow cytometry, signifi-
cant results were found using ploidy index and prolif-
eration activity as predictor for aggressive behaviour in
lung carcinomas [8,9,11,29,37]. However, the results
are difficult to compare due to the different selection
of lung cancer types [27]. Some of the authors concen-
trated on the non-small cell lung carcinomas, others in-

Appendix. List of features and short description

Quantitative features are mostly derived from transformed extinction data in certain sub-regions of the nuclear

region. They are identified by mnemos

U. Jutting et al. / Prognosis and diagnosis of lung cancer

vestigated only cases with comparable stage or small
cell carcinomas.

Only in some studies was the relevance of immuno-
cytochemical staining already investigated in different
lung cancer specimens. Significant results were found

in cases of non-small cell cancer. MIB 1, Ki-67, bcl-2
and PCNA were inversely correlated with survival time

[5,33].

Our results, concerning the differentiation of dif-
ferent tumour types, are promising and correct speci-
men classification rates of 70.3% for TC and WDNEC
cases and 86.7% for WDNEC and SCLC cases could
be achieved by means of chromatin texture and shape
features. Comparable results have not yet been pub-
lished.

By means of Cox regression analysis, subgroups of
patients with different survival times can be separated
using the chromatin patterns of the cell nuclei. In ad-
dition for each patient an individual survival curve can
be evaluated and plotted according to an adaptive treat-
ment scheme. This can be done even before surgery on
the condition that a biopsy is available.

The largest drawback using high resolution image
analysis in clinical routine is still the necessary amount
of manual interaction for a clear segmentation of the
nuclei. For each case about 45 minutes are needed for
measuring and thresholding. However, there are sev-
eral ongoing research projects in different laboratories
to establish less time consuming (more automatic) seg-
mentation methods.
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BI.. Features from extinction data in the rim of the nuclear region

BICV  Coefficient of variation (CV) of density distribution of the rim
Features from extinction data of whole the nuclear region M1
Mean of extinction distribution of whole nuclear region

M3 Skewness of extinction distribution of whole nuclear region

RFM1  Ratio of mean density of whole nucleus and rim (RFMM1/BIM1)
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D.. Dark particles derived from flat texture image. This is the
difference image of a median filtered image with the original
extinction image.

DM1 Mean extinction of dark particles

DM2 Standard deviation of extinction of dark particles

DNO Number of dark particles

DCV Coefficient of Variation of density distribution of dark particles
(heterochromatin) (DC\= DM2/DM1)

DNOA Relative number of dark particles (DNCA DNO/A)

CO../NC.. Co-occurrence chromatin texture features derived from 2nd order
statistics from pixels in the nuclear region from extinction (CO)
and from flat texture (NC) [32])

cOo9 Entropy

CO10 Difference variance

CO11 Difference entropy

CO14 Local mean

NC1 Co-occurrence 2nd order statistics of flat texture image: energy

RL../NR.. Run length parameters of texture from extinction (RL) and flat
texture image (NR) [32]

RL1 Short runs emphasis

RL4 Run length non-uniformity

NR3 Gray level non-uniformity (flat texture image)

HU../HL.. Upper and lower half-height areas of nucleus consist of all
connected dark and bright blob-like components of the nucleus.
They are derived from a gray scale skeleton calledershed

HUCV Coefficient of variation

HUNO Number of bright regions (particles)

HLNO Number of dark regions (particles)

HUMIN Minimum extinction

HUMAX Maximum extinction

HUEULER  Connectivity number of upper and lower half-height areas
(HUEULER = HUNO — HLNO), comparable with the Euler
connectivity number as the number of holes minus the number of
voids

HUSPAN Range of upper half-height extinction
(HUSPAN = HUMAX — HUMIN)

I..IM.. Invariant moments of extinction weighted nucleus region (I..)
and of the pure nucleus region. Invariant moments describe
shapes. (Reference Fu)

IM2 2nd invariant moment

MM3 3rd invariant moment

. Chromatin features after Mayall/Young [42]

CLUMP Amount of chromatin clumping

HETERO Heterogeneity of chromatin

. Morphological features

A Area (number of pixels) of nuclear region

P Perimeter of nuclear region

FO1 Shape: Ratio of long and short diameter of nucleus
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