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ABSTRACT 
 
Background 
Non-Hodgkin’s Malignant Lymphomas (NHMLs) with large cell morphology have similar 
histopathological appearance with Nasopharyngeal Carcinoma, undifferentiated type therefore ancillary 
examination such as Immunohistochemistry (IHC) are required. Quantitative histomorphometrical 
analysis able to identify subtle detail. The aim of this study is to measure the accuracy of quantitative 
histomorphometrical analysis to distinguishing NHML, large cell type with Nasopharyngeal Carcinoma. 
 
Methods 
Up to 33 Hematoxylin and Eosin (HE) slides from NHML, large cell type, and 27 cases of 
Nasopharyngeal Carcinoma were photographed under 400 times magnification with a total of 7131 
images. Background, nuclei, and extra-nuclear components between cells are segmented as 
mathematical objects. Objects’ properties were measured and represented as distribution factors 
(minimum, quartile 1, median, quartile 3, maximum, range, and interquartile range). Significant factors 
that can differentiate the study groups are measured with a fisher-exact statistical test. Models to predict 
NHML, large cell type from nasopharyngeal carcinoma were formulated with different numbers of 
factors. The HE diagnosis accuracy compared to IHC was measured 
 
Results 
A sum of 7131 with 3893 from NHMLs, large cell type, and 3238 images of nasopharyngeal carcinoma 
were collected. After features selection, up to 76 properties factors are selected. Models' accuracy are 
ranging from 72.67% with a single factor and up to 89.9% with the whole selected factors. 
 
Summary 
Models’ accuracy are higher (72.6-89.9%) compared to HE primary diagnosis (60%) in distinguishing 
NHML, large cell againts nasopharyngeal carcinoma. Quantitative histomorphometry can assist 
pathologist for early screening to distinguishing NHML, large cell type with Nasopharyngeal Carcinoma. 
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INTRODUCTION 
Malignant lymphoma is a primary 

malignancy of the lymph node system (KGB) 
and extranodal lymphoid tissue derived from 
lymphocyte cells. More than 95% of Malignant 
Lymphoma cases are Non-Hodgkin Malignant 
Lymphoma (NHML) with the remainder being 
Hodgkin's Lymphoma.1 According to data from 
the Global Cancer Observatory (GLOBOCAN), 
NHML is the 7th most common and 9th most 
deadly cancer in Indonesia.2 The most common 
cases of NHML in developing countries like 
Indonesia is Diffuse Large-B cell Lymphoma 
(DLBCL) which has a large neoplastic cell 
appearance.3,4 The morphology of DLBCL can 
resemble other undifferentiated tumor cells.5 

Nasopharyngeal carcinoma is the 5th 
most common and most lethal malignancy in 
Indonesia.2 Nasopharyngeal carcinoma has 
several subtypes according to histopathological 
morphology. The morphological subtype of 
Non-Keratinizing Squamous Cell Carcinoma 
(NKSCC) is far more common than other 
subtypes of nasopharyngeal carcinoma.6 
Nasopharyngeal carcinoma and large cell 
NHML are often differentially diagnosed 
because of their similar microscopic appea-
rance and both cancers are frequently 
encountered in Indonesia. 

Immunohistochemical (IHC) exami-
nation functions to detect specific proteins in 
tissues. IHC examination can confirm a tumor 
as a carcinoma or as a malignant lymphoma.5 
Cytokeratin proteins are commonly used to 
confirm a tumor as a carcinoma, while malig-
nant lymphoma is confirmed using a panel 
consisting of CD3, CD20, CD45, and Ki67.7,8 
the IHC examinations cannot yet be performed 
in all anatomical pathology laboratories. In 
addition, examination costs can be rise 
dramatically because the IHC examinations are 
often used as an examination panel with a 
combination of several proteins. It is necessary 
to optimize histopathological examination 
which is easily accessible and inexpensive. 

Quantitative Histomorphometry is a 
computer-aided image analysis of digital 
histopathological microphotograph to identify 
specific pattern of diseases and predict their 
biological features. Submorphological features 
that too subtle for human eyes could be 
identified and analyzed by applying quantitative 
histomorphometry.9,10 As access to information 
technology is getting cheaper and wider, the 
usage of it could be a solution to problem 
encountered above. In this study, authors are 
using quantitative histomorphometrical analysis 

of pathologists selected relevant region of 
interest to final diagnosis. 
 
METHODS 

Two different cases groups of NHML 
from head and neck region and nasopharingeal 
carcinoma were collected. Cases were from 
Hasan Sadikin General Hospital IHC labora-
torium archives from year 2021. Cases were 
immunophenotypically confirmed. The clinical 
infomatrion were age, sex, the origin of 
specimens, and HE diagnosis prior to 
immunophenotyping.  

The HE slides are collected for 
confirming the diffuse distribution of large 
neoplastic cell morphology. The carcinoma 
cases that included in the study has to shows 
no identifiable mature epithelial differentiation. 
Slides with poor quality will be optimized. If, 
after optimization, the quality of slides showed 
no improvement, the cases were excluded. 
Cases with identifiable differentiation therefore 
unneccesary to be differentially diagnosed 
were eliminated from the series. 

Digital image acquization using 
Olympus CX3 trinocular microscope wth 0.5 
magnification camera mount. Image acquiza-
tions are performed in selected region of 
interest that relevant to final diagnosis. Regions 
that were considered irrelevant are those 
dominated by necrosis, normal epithelial cells, 
normal connective tissue, and/or background 
and were not acquired. Whole slide images are 
not assembled in this study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The image segmentation process. A. The 
micrograph from HE-stained B. White region 
represent tissue meanwhile black represent 
background C. Cellular segmentation. D. Labeled 
nuclear segmentation. 
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Global properties are measured as in 
table 1. The range of saturation and intensity 
are regularized with the maximum of value as 
100%. Image segmentation are performed 
sequentially with the first step by segmenting 
brightfield background from tissue, next 
between nuclei and extra-nuclear component, 
and finally the extra-nuclear components 

between cells. The selected segmentation in 
our study is watershed segmentation algorithm. 
The segmentation 1. Histopathological 
properties for segmented regions are 
measured using regioprop function from 
measure module in Scikit-image.11 The 
measured histopathology property are 
presented in Table 1. 

 
Table 1. Measured histopathological properties. 

Properties Unit Definition 
Relevant Histopathological 

Features 

Whole image properties     
Global intensity % The intensity values of the whole image Overstaining/ 

Understaining Global saturation % The saturation values of the whole image 

Cellularity Cell/mm2 Amount of cells in a unit of area 
Hypercellularity/ 
Hypocellularity 

Cellular Properties    
Minimum cellular diameter μm The smallest diameter from the cellular margin 

Cellular Size 
Maximum cellular diameter μm The largest diameter from the cellular margin 

Cellular area μm2 
The area of the cell including cytoplasm and 

nucleus 
Cellular minimum to 
maximum diameter ratio 

% 
The smallest diameter are divided with the largest 

diameter of the cellular margin 

Round, oval, to spindle 
shape 

Mathematical eccentricity  % 
The degree between ellips and perfect circle (0 is 
a perfect circle meanwhile the higher the value, 

the more ellips it is) 

Cellular extent % 
The ratio between celullar area and its bounding 

box area 
Nuclear–cytoplasmic (area) 
ratio 

% 
The area of nucleus divided by the cytoplasmic 

area of a cell 
Nuclear–cytoplasmic ratio 

Nuclear–cytoplasmic 
(diamater) ratio 

% 
The minimum diameter of nucleus divided by the 

minimum cytoplasmic diameter of a cell 
Cytoplasmic properties    
Cytoplasmic area μm2 Cellular area subtracted by nuclear area Cytoplasm amount 
Cytoplasmic intensity % The value from cytoplasmic grayscale image Clear cytoplasm 
Nuclear properties    

Minimum nuclear diameter μm 
The smallest length between a point of nuclear 

margin with another margin 
Nuclear size 

Maximum nuclear diameter μm 
The largest length between a point of nuclear 

margin with another margin 
Nuclear area μm2 Nuclear area 
Nuclear minimum to 
maximum diameter ratio 

% 
The minimum nuclear diameter divided by the 

maximum nuclear diameter 

Round, oval, to spindle 
shape 

Nuclear mathematical 
eccentricity 

% 
The degree between ellips and perfect circle (0 is 
a perfect circle meanwhile the higher the value, 

the more ellips it is) 

Nuclear Extent % 
The ratio between nuclear area and its bounding 

box area 

Nuclear Intensity % 
Mean intensitity value from nuclear grayscale 

image 
Hyperchromaticity 

Nuclear Membrane 
irregularity 

% 4 pi times area divided by perimeter squared 
Nuclear membrane 

irregularity 

Nuclear Solidity % 
nuclear area divided by sum of nuclear area and f 

nuclear filled area 
Vesicular chromatin 

 
The distribution of each property is 

represented in a summary of 5 numbers 
representing the maximum value, 1st quartile, 
median, 3rd quartile and maximum value. Two 
other numbers are added, namely the range 
and interquartile range (IQR) of the property 
distribution. Outlier values will be stratified to be 
not lower than 1.5 IQR below 1st quartile and 
not higher than 1.5 IQR above 3rd quartile. In 
this study, each number is then called a factor. 

Binary logistic regression measure-
ments were carried out on each factor 
individually. Factors that did not show a 
significant difference between the two case 
groups were eliminated. Significance was 
assessed using the Fisher's exact test. Factors 
that pass the selection in the previous stage are 
then stratified based on the magnitude of their 
influence on the accuracy of each combination 
of factors. Stratification was performed using 
lasso regression.12 
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A binary logistic regression model was 
formulated from a combination of selected 
factors. The combination of factors used in this 
study is a combination of 5 factors, 10 factors, 
20 factors, 50 factors, and all factors. The 
results of binary logistic regression predictions 
are displayed in the form of a 2x2 contingency 
table. Sensitivity was measured as the ratio of 
correctly predicted large cell NHML (true 
positive) compared to all cases confirmed as 
large cell NHML. Specificity was measured as 
the predicted ratio of non-NHML large cell and 
immunophenotypically confirmed carcinoma 
(true negative) to all carcinoma cases. 
Accuracy is the total of true positive and true 
negative cases compared to all cases. A 
fisher's exact statistical test was performed on 
the contingency table to measure the 
significance of the sensitivity, specificity and 
accuracy of the regression. Each factor 
coefficient of a combination of 5 factors, 10 
factors, and 20 factors is analyzed and 
compared with the theoretical basis and other 
research.  

 
RESULTS 

Collected as many as 65 cases with 29 
cases were nasopharyngeal carcinoma and 36 
cases were large cell NHML. All cases of 
carcinoma showed cytokeratin immuno-
expression. NHML cases showed immuno-
expression of one of the lymphoma markers, 
namely CD20, CD45, or CD3. One case was 
classified as NHML after showing CD79a 
positivity. The other IHC panels are shown in 
Table 2. Paraffin blocks and preparations were 
found in all cases. 

A total of 5 cases were eliminated, two 
cases were well differentiated carcinoma and 
metastatic lobular breast carcinoma which were 
examined for lymphoma and cytokeratin panel 
IHC. Three cases from the large cell NMHL 
group located outside the head and neck 
namely; breast folds, knees, and bone marrow. 
Other clinicopathological features are shown in 
Table 2.

  
Tabel 2. The clinicopathological features of included cases. 

 NHML, Large Cell Nasopharyngeal Carcinoma P-value 

Numbers (n) 33 27  
Sex (Male/Female) 17/16 21/6   0.04 
Age: Mean (SD) 57.3 years (SD 9.5 years) 49.5 years (SD 7.9 years) <0.01 
HE primary diagnosis    

NKSCC, undifferentiated   9 (27%) 21 (78%)  
Unspecified Inflammation   4 (12%)   6 (22%)  
NHML, Large Cell 15 (46%) -  
Hodgkin Lymphoma   5 (15%) -  

Differential (secondary) diagnosis    
No differential diagnosis 3 (9%)   8 (30%)  
NHML, large cell 14 (42%) 12 (44%)  
NKSCC, undifferentiated 17 (52%)   5 (18%)  
Other differential diagnosis Germ cell tumor=1 (3%) Neuroendocrine carcinoma=1(4%)  
 Rabdomyosarcoma=1 (3%) Melanoma=1 (4%)  

Nodal    
Nasopharynx   6 (18%) 21 (78%)  
Tonsil and oropharynx 15 (45%) -  
Cervical Lymph Node 3 (9%) -  

Extranodal    
Nasal and paranasal spaces   5 (15%)   3 (11%)  
Maxilla and Mandible 2 (6%) 1 (4%)  
Buccal 1 (3%) 1 (4%)  
External Auditory Canal 1 (3%) 1 (4%)  

 
From the image acquisition, a total of 

7,131 images were obtained, namely 3,893 
images from large cell NHML and 3,238 images 
from nasopharyngeal carcinoma cases. The 
mean of images taken for each large cell NHML 
preparation was 118 images (standard 
deviation/SD: 104 images), whereas in the 
nasopharyngeal carcinoma group it was 120 
images per preparation (SD: 155 images). The 
variation in the number of images is due to the 
variation in the tissue area of each case and the 

components relevant to the diagnosis. There 
was no significant difference in the number of 
images per preparation of the two groups 
(p=0.47). Each image is 1440x1080 pixels with 
each pixel representing an area of 0.21x0.21 
micrometers. To prevent the dominance of 
cases with multiple slides in the model 
formulation, each case is limited to a maximum 
of 274 images. This figure is derived from the 
sum of the 3rd quartile of the distribution of 
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images per preparation with 1.5 times the IQR 
of the distribution of images per preparation. 

After image segmentation, 3.1 million 
objects were identified in the large cell NHML 
group and 2.4 million objects in the 
nasopharyngeal carcinoma case group. After 
elimination of cells with a size of less than 10 
pixels, 2.8 million objects and 2.2 million objects 
remained in large cell NHML and 
nasopharyngeal carcinoma, respectively. The 
mean reduction ratios for the large cell NHML 

and nasopharyngeal carcinoma groups were 
8.86% (SD=2.07%) and 7.89% (SD=2.32%), 
respectively. After reduction, the mean of large 
cell NHML was 731 objects per image (SD=122 
objects) while the mean of nasopharyngeal 
carcinoma was 686 objects per image (SD=134 
objects). The difference in the number of 
objects before elimination, after elimination, 
and the reduction ratio between the two case 
groups was significant (p<0.01).

  
Table 3. Mean and standard deviation from most selected 20 factors with various value of alpha. 

  NHML, large cell NC*  

Factors Unit Mean SD Mean SD p 
Minimum global intensity % 32.29   2.62 28.73 3.93 0.00 
3rd quartile global intensity % 77.45   2.45 74.51 3.00 0.00 
3rd quartile nuclear minimum diameter μm   5.81   0.48   6.04 0.35 0.00 
1st quartile nuclear solidity % 71.37   2.57 67.95 3.67 0.00 
3rd quartile nuclear circularity** % 42.43 15.92 43.54 9.28 0.06 
Median nuclear perimeter μm 82.33   5.53 81.53 3.23 0.00 
Minimum Cellular area  μm2   1.94   0.38   1.96 0.21 0.00 
3rd quartile nuclear circularity μm 21.95   2.13 22.41 1.40 0.00 
Median nuclear circularity** % 29.85   4.02 30.25 2.27 0.61 
1st quartile global intensity % 64.51   3.09 60.55 4.36 0.00 
Median global intensity % 15.55 58.50 19.52 6.70 0.00 
Range global intensity %   1.52   0.23   1.52 0.13 0.00 
Minimum cellular maximum diameter μm   5.01   2.40   5.95 1.31 0.00 
Median nuclear solidity % 88.85   4.15 88.24 2.54 0.00 
Median nuclear minimal diameter μm   4.55   0.36   4.81 0.33 0.00 
1st quartile nuclear diameter ratio %   1.35   0.06   1.32 0.04 0.00 
Minimum cellular minimal diameter  μm 78.45   3.33 76.59 2.21 0.00 
Median nuclear mathematical eccentricity    3.16   0.93   3.53 0.66 0.00 
Median nuclear extent* % 62.38   4.89 62.27 2.75 0.21 
1st quartile nuclear extent* % 54.56   5.31 54.53 2.89 0.71 

*Nasopharyngeal Carcinoma 
**Highlighted factors shows no significant difference between NHML and nasopharyngeal carcinoma (p>0.05) 

 
There were 161 factors derived from 

the minimum value, 1st quartile, median, 3rd 
quartile, maximum value, range, and IQR of 
each object property as listed in table 1. Binary 
logistic regression per individual factor selects 
76 factors with significant p>0.05 in 
differentiating the two groups of cases. The 
distribution of these factors is shown in Table 2. 
A combination of factors with a number of 
factors varying from 1 to all factors (without 
selection) was obtained by varying the alpha 
parameter from the lasso regression. 

It can be seen that of the 20 factors that 
are most often selected from the lasso 
regression, it is found that the nuclear factor 
has a dominant role. Most of the factors are 
dominated by nuclear properties, namely as 
many as 12 out of 20 factors. A total of 5 factors 
are derived from the intact image properties. 
The remaining 3 factors come from cellular 
property factors. There were no factors of 
cytoplasmic properties in the 20 selected 
factors. As many as 5 of the 7 intensity factors 
are included in the 20 selected factors. Factors 

related to nuclear shape such as nuclear 
circularity, nuclear diameter ratio, nuclear 
eccentricity, and nuclear extension appear 6 
times. However, 4 of them chose a non-
significant difference (p<0.05). A total of 4 
factors are related to the size of the nucleus, 
including the minimum diameter of the nucleus 
and the circumference of the nucleus. As many 
as 2 factors of nuclear solidity can assess the 
degree of nuclear vesicularity 

The selected combination of factors is 
used to form a binary logistic regression model. 
The accuracy of the model is shown in Figure 
2. 

Changes in accuracy have a higher 
ompact when the number of factors from the 
model is less. This can be caused when the 
number of factors is small, only the most 
relevant factors are selected. Conversely, when 
the number of factors increases, other 
additional factors only play a role in correcting 
the factors that are more relevant. 
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Figure 2. Indicates the level of accuracy of the model 
with various number of factor combinations. Each 
point represents one binary logistic regression 
model. 

The sensitivity, specificity, and 
accuracy of the models with combinations of all 
factors, 50 factors, 20 factors, 10 factors, and 5 
factors are shown in Table 4. The predictions of 
the various models in confirmed cases of large 
cell NHML (81.8%, SD=24 .4%) and confirmed 
cases of carcinoma (84.4%, SD = 13.9%). The 
sensitivity of the model is higher than the 
specificity but the difference between the two is 
not significant (p=0.30). Decreasing the value 
of the sensitivity and specificity of the model is 
positively correlated with the fewer factors 
used.  
 
 

 
Table 4. Contingency tables, sensitivity, specificity, and accuracy of the model on a combination of all factors, 50 
factors, 20 factors, 10 factors, and 5 factors. 

 NHML Carcinoma Accuracy Sensitivity Spesificity P Value 

 QH all factors (76 factors)     

IHC 
NHML 806   82 

89.86% 91.38% 87.89% >0.01 
Carcinoma   76 595 

  QH 50 selected factors     

IHC 
NHML 791   97 

87.88% 89.58% 85.65% >0.01 
Carcinoma   92 579 

  QH 20 selected factors     

IHC 
NHML 777 111 

87.17% 89.72% 83.98% >0.01 
Carcinoma   89 582 

  QH 10 selected factors     

IHC 
NHML 762 126 

83.32% 85.04% 81.00% >0.01 
Carcinoma 134 537 

  QH 5 selected factors     

IHK 
NHML 732 156 

81.08% 84.04% 77.32% >0.01 
Carsinoma 139 532 

QH = Quantitative Histomorphometry 

 
 
 
 
 
 
 
 
 
 
 

Figure 3. A. NHML predicted as a carcinoma. B. 
Carcinoma predicted to be NHML especially in multi-
factor models. C. Carcinoma predicted to be large 
cell NHML especially in low-factor models. D. Typical 
nasopharyngeal carcinoma and E. Typical large cell 
NHML. The accuracy of all models on preparations 
D and E is more than 90%. 

 
There are several cases showing 

different prediction patterns from other cases. 

In the NHML case, there were cases with much 
lower predictions with a magnitude of 9.5% (z-
score=-2.96, p<0.01). This low prediction 
appears in all models with various combinations 
of factors. In this case, histopathological 
features of hypocellular tissue, edematous 
stroma, and prominent pleomorphism were 
seen (Figure 3 inset A). 

In the case of carcinoma, poor 
accuracy was found in two cases of 
nasopharyngeal carcinoma. The first case is 
shown in inset B of figure 3 with an accuracy of 
47.6% (p < 0.01). The addition of the factors 
involved in the model actually lowers the 
model's prediction accuracy from 55% on 5 
factors, 46% on 10 factors, 50% on 50 factors, 
up to 33% on all selected factors. 

The second case of nasopharyngeal 
carcinoma (shown in Figure 3 inset C) had an 
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accuracy of 52.4% (P=0.02). In this case, the 
increase in the factors involved in the more 
factor model, the accuracy increases from 
24.2% in the 5 factor model, 47.1% in 10 
factors, 58.1% in 20 factors, 64.0% in 50 factors 
up to 68.4% on all factors.  
 

DISCUSSION 
Diagnostic patterns of HE preparations 

Based on the histopathological 
examination of hematoxylin and eosin (HE), the 
sensitivity and specificity of the primary 
diagnosis in large-cell NHML cases are 46% 
and 78%, respectively. The accuracy of the 
primary diagnosis of HE is 60%. Several 
studies showed similar results. A study from the 
Lymphopath Network found a general diag-
nosis accuracy of 80.3% for hematolymphoid 
and up to 62.2% in second opinion cases. The 
results of a study by Chang et al in Taiwan 
showed a misclassification rate of up to 60% 
(242 out of 406 cases) and an accuracy of 40%. 
In the study by Chang et al, the main cause of 
misclassification is ambiguous diagnosis.14 A 
study from Cerrahpaşa Faculty of Medicine, 
Turkey showed an incidence of misclassifi-
cation of up to 45.6% (774 of 1698 cases) and 
an accuracy of 54.4% of cases with misclassifi-
cation of T-cell/ Histiocyte Rich B-cell 
Lymphoma to Hodgkin's lymphoma in 24 
cases. In this study, 5 out of 33 cases of large 
cell NHML also had a primary diagnosis of 
Hodgkin's lymphoma.15 

The sensitivity of HE diagnosis by 
looking at the differential diagnosis to identify 
NHML is 88% with a specificity of 96%. The 
accuracy of the HE diagnosis accompanied by 
a differential diagnosis is 92%. Most cases are 
accompanied by a secondary diagnosis. This 
demonstrates that both diagnoses in the study 
were considered by pathologists and confirms 
the limitations of conventional histopathological 
examination.14 Only 9% of cases of large cell 
NHML are without a secondary diagnosis. In 
cases of nasopharyngeal carcinoma, the 
number of cases without a differential diagnosis 
is higher (30%). This indicates that the ability to 
identify nasopharyngeal carcinoma is better 
than identifying large cell NHML. 

 
How quantitative histomorphometric 
analysis works in differentiating large cell 
NHML from nasopharyngeal carcinoma 

Quantitative histomorphometric 
analysis works by measuring features that can 
only be assessed qualitatively by the human 
eye. The measurement results were then 
compared on the clinicopathological features 

studied. Several other studies have used 
histomorphometrical analysis to predict 
subvisual properties such as gene expression. 

The study by Lu C et al in the Yale 
University pathology archive showed that the 
extraction results of 45 features of the shape 
and texture of the nucleus and 13 features of 
the orientation of the nucleus from HE 
preparations could predict 10-year survival in 
breast cancer with positive ER immuno-
phenotype and not yet metastasized to regional 
lymph nodes. Lu C et al's study offers an 
alternative to molecular assays such as 
Oncotype DX, Mammaprint, and PAM50. Lu C 
et al's study obtained an accuracy of 61 – 70%. 
Lu C et al attributed increased heterogeneity of 
nuclear orientation and nuclear irregularity to 
the aggressiveness of the lesions. However, in 
the study of Lu C et al, no analysis was carried 
out for each feature individually.16  

Whitney J et al's study predicts the 
molecular subtype of medulloblastoma by 
measuring features of chromatin texture, 
nucleus shape and the relation of the distance 
from one nucleus to another nucleus in 46 
medulloblastoma patients. Features of 
chromatin texture and nuclear shape are used 
because they are related to anaplasia.17 To 
date, no study has been found that utilizes 
quantitative histomorphometry to differentiate 
large cell NHML from undifferentiated 
carcinoma. 

According to the article by Hamilon PW 
et al, digital image analysis such as quantitative 
histomorphometry works by identifying diffe-
rences that are too small to be observed by the 
human eye..18 The difference in global intensity 
between large cell NHML and nasopharyngeal 
carcinoma was only 3.6% (p <0.01). Factors of 
global intensity alone were the best performing 
factors in differentiating these two groups of 
cases. The global intensity factor accuracy can 
reach more than 70% accuracy. This accuracy 
is higher than the primary diagnosis of HE. 

Other examples of differences in 
factors between the two groups are the 
minimum diameter of the nucleus with a size of 
0.23 micrometers, the nuclear solidity with a 
size of 3.4%, and the smallest cell area with a 
difference of 3.98 μm2. All of these differences 
were significant (p<0.01). 

However, a factor that was not 
significantly different (p>0.05) was found in the 
20 selected features in Table 3. This factor was 
the 3rd quartile of nuclear circularity (p=0.06) in 
the 5th position, median nuclear circularity 
(p=0.61) at the 9th position, median nuclear 
extension (p=0.21) and 1st quartile of nuclear 
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extension (p=0.71). The involvement of factors 
that do not differ significantly in the model 
indicates that each factor does not work with 
other factors independently. Each factor 
corrects the other factor. This resembles the 
pathologist's assessment approach in 
stratifying tumor groups. For example, like the 
Nottingham score on breast carcinoma19, 
FNCLCC score in sarcoma20, or in the 
stratification of neuroendocrine neoplasm 
differentiation.21 In this scoring, each scoring 
factor does not stand alone and corrects the 
deficiencies of other factors. 
 
The role of the pathologist in computational 
pathology and the limitations of quantitative 
histomorphometric analysis 

Histomorphometric analysis is a 
measurement of tissue components. In daily 
practice, it is generally done qualitatively or 
semi-quantitatively. In computer-assisted quan-
titative histomorphometrical analysis, the 
results of the analysis are more detailed, fast, 
inexpensive, and can be replicated.9,22 This 
tends to lead to the erroneous understanding 
that the pathologist no longer has a role in 
histopathological assessment. 

Basically, quantitative histomorpho-
metric analysis is a tool and each tool has a 
specific function. In this study, the analysis was 
limited to only two case groups. Utilization 
outside the case cluster will require a different 
model. This study also restricted the analysis to 
only selected histopathological images that 
were relevant to the final diagnosis. The 
determination of this relevance must be owned 
by the user of the model, namely the patho-
logist. Irrelevant images can lead to wrong 
conclusions. The narrow spectrum of the model 
must be well understood by the pathologist. 
This approach is referred to as human-in-the-
loop. Boden et al's study shows that using the 
human-in-the-loop approach can correct errors 
in the algorithm such as determining 
segmentation in bad staining preparations and 
segmentation errors between tumor and 
stroma.23 

The model is formulated by looking for 
the most common patterns and can represent 
as much data as possible into the algorithm. As 
a result, the model cannot work on morpho-
logical features that have a different pattern 
than most. In this case, which was found in 
three cases, it is still necessary to have an 
independent molecular examination of morpho-
logy. Quantitative histomorphometric exami-
nation supports HE examination as long as the 
preparation is of good quality. Quantitative 

histomorphometry is used as an initial 
screening before proceeding with the IHC 
examination. The IHC examination carried out 
can be adjusted based on the predicted results 
of the model so that the selected IHC can be 
more efficient. 
 
CONCLUSION 

Quantitative histomorphometry can 
increase the concordance between the 
histopathological diagnosis of HE and the 
results of IHC examination in differentiating 
large cell NHML from undifferentiated naso-
pharyngeal carcinoma. Quantitative histo-
morphometry on HE preparations has a higher 
accuracy than the histopathological exami-
nation of HE.  
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