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Abstract- Cytopathology of thyroid cells is an established method to detect malignancies in the 
thyroid. It is of advantage because an anesthesia and a diagnostic laparotomy is not necessary. 
There are however not yet many studies about automated cytopathology in thyroid cells. To this 
end, the aim of the present study was to establish an automated diagnosis of malignancy using 
image analysis and subsequent machine learning and Artificial intelligence. Light microscopy 
images of 52 patients were analyzed and the results were compared to those of pathology. The 
results of the automated analysis yielded a sensitivity of 0.94 and a specificity of 0.91 when 
compared to those of the pathologic diagnoses. The process of machine learning yielded an 
under curve area of 0.91 as calculated by a ROC-curve. The software used for image analysis, 
machine learning and classification (diagnosis) are open-source software, respectively.   
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Abstract- Cytopathology of thyroid cells is an established 
method to detect malignancies in the thyroid. It is of 
advantage because an anesthesia and a diagnostic 
laparotomy is not necessary. There are however not yet many 
studies about automated cytopathology in thyroid cells. To this 
end, the aim of the present study was to establish an 
automated diagnosis of malignancy using image analysis and 
subsequent machine learning and Artificial intelligence. Light 
microscopy images of 52 patients were analyzed and the 
results were compared to those of pathology. The results of 
the automated analysis yielded a sensitivity of 0.94 and a 
specificity of 0.91 when compared to those of the pathologic 
diagnoses. The process of machine learning yielded an under 
curve area of 0.91 as calculated by a ROC-curve. The software 
used for image analysis, machine learning and classification 
(diagnosis) are open-source software, respectively. It may be 
concluded that the method presented in the present study 
may be used for a low-cost verification of 
pathological diagnosis. The equipment used for this study 
(light microscopy, digital camera and a Personal Computer) is 
available in almost every laboratory. 
Keywords: machine learning; cellprofiler; image 
cytometry; cytopathology; papillary thyroid carcinoma. 
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I. Introduction 

istopathology (HP), a technique that aims to 
diagnose diseases in tissue sections using 
microscopy, established in 1893, remains the 

gold standard until nowadays (Tiford et al., 2006; den 
Baaker, 2017). In 1928, Papanicolau described a new 
technique of cell-based diagnosis called Cytopathology 
(CP) (Van den Tweel and Taylor, 2010). 

Results, advantages and disadvantages of HP 
and CP have always been subject of comparison (Crino 
et al., 2021; Gerstner, Tarnok, 2002; de Ruiter et al., 
1994). Recent literature reveals that the results of HP 
and CP in terms of accuracy became comparable, 
independent if  CP is  conducted  manually (de Ruiter et 
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al., 1994) or automatically (Gerstner et al., 2002; 
Gerstner et al., 2009).  

The studies of Gerstner et al. used Laser 
Scanning Cytometry (LSC) aiming to define the DNA-
ploidy as a marker of malignancy. LSC is automated 
and thus reproducible, but at least the equipment is 
cost-intense. A manual count is low cost but tedious, 
time-consuming and its results are not reproducible. To 
this end the authors of the present study aimed to 
combine an automated analysis that is less expensive. 
The authors hypothesized that the morphological 
features yield information about the malignancy/ 
benignancy of the respective sample. 

The aim of the present study was to analyze 
light microscopic images of cytopathologic samples of 
thyroid cells using free software. The classification 
(diagnosis) was aimed to be conducted by artificial 
intelligence after a process of machine learning. 

Samples of thyroid were chosen because the 
incidence of diagnosed thyroid cancers is increasing at 
least in Brazil and the USA. At least in those two 
countries, thyroid cancer is the fifth most frequent 
cancer in women. As stated in the recent scientific 
literature, an inexpensive but reliable methodology will 
always be an important issue to lower the costs for 
reliable medical diagnosis (Gerstner et al., 2002; Mittag 
et al., 2006; Gerstner et al., 2009; Buzin et al., 2015; 
Laffers et al., 2006; Melzer et al., 2016). 

II. Materials and Methods 

a) Study Design 
Manual diagnostic data from cytopathological 

aspirates were provided by Cassiano Antonio Moraes 
University Hospital. The automated analysis was 
conducted at the Image Cytometry Laboratory 10 (B) at 
the Biopractices Campus of Vila Velha University. The 
type of study was cross-sectional where the observation 
of data will occur within a time interval, without the need 
for direct interaction with the patients. 

b) Obtaining of Samples and Images 
In the present study 52 samples submitted to 

fine needle aspiration stained by pap smear were 
collected with a diagnosis made by the pathologist Dr. 
Carlos Musso; selected from March/2021 to 
March/2022. The photos taken by the pathologist 
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himself were collected and sent to the researcher. The 
study was previously approved by the ethics committee 
of the institution Vila Velha University - (No. 4.094.607) 
and of the institution Cassiano Antonio Moraes 
University Hospital - (No. 5.073.110). 

c) Image Preparation and Analysis 
The images have been saved in .tif format. 

Samples of each patient were stored in individual folders 
without personal identification. The received images 
were analyzed and classified using free software. The 

software chosen for nuclei analysis was CellProfiler (CP) 
(version 4.2.4), after the pipeline (Figure 1) was created 
in this software, the images of each patient were loaded, 
there was a background inversion where the colors were 
inverted to grayscale scales for processing the pixels, 
presenting you light objects on a dark background, 
identification of all objects (nuclei) and finally filtered 
(Figure 2 and 3), in order to exclude non-cellular 
artifacts. 

Pipeline Used with Cellprofiler for All Samples 

 

Figure 1: Pipeline: First all the images were loaded, identified by the unique format known in all .tif, the intensities 
were inverted for the objects of interest asking for light on a dark background, later the primary object was identified 
as nuclei 1, after filtering the objects (eliminating objects unexpected) a new count of the parameters was performed 
and then data nuclei 2 was found, only these were exported to carry out the classification. 

Steps Using Cellprofiler – Malignant Sample 

Figure 2: Analysis performed in Cellprofiler of a malignant sample. A: Original Image, B: Color inversion to grayscale, 
C: Nuclei identification D: Filter applied to exclude the artifacts. 
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Steps Using Cellprofiler – Benignant Sample

Figure 3: Analysis performed in Cellprofiler of a benignant sample. A: Original Image, B: Color inversion to grayscale, 
C: Nuclei identification D: Filter applied to exclude the artifacts.

The dates of the analyzed nuclei were exported 
to an excel file and later to another two software that 
performed the classification by supervised learning 
(Cellprofiler Analyst (CPA) and Tanagra (TG) software). 

d) Statistical Analysis 
After the complete analysis of all samples a 

comparison of the results of the effectiveness of the 
automated method and the manual diagnosis was 
made with MedCalc software (https://www.medcalc.org/ 

download/). Also, calculations for specificity and 
sensitivity with CPA and TG software. 

III. Results 

The ROC curve (Figure 4) shows the progress 
of machine learning (AUC = 0.96), and the capability to 
differentiate the positive and negative. 

Figure 4:
 
ROC curve between automated and manual results.
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TG is a macro to be integrated in excel for 
classification purposes, amongst others. If, like in the 
present study there are multiparametric data, TG offers 
the possibility to choose the best parameters for a 

successful classification (data mining), that is, 
parameters that do not substantially enhance the results 
will be excluded in this step. 

  

The scatterplot shown in figure 5 concluded that the software was able to correctly differentiate the classes. 

Scatterplot with Software Tanagra – Supervised Learning

Figure 5:
 
Classification obtained in the TANAGRA software (Scatter plot: red-benign / green-malignant).

The algorithm chosen by the authors was the 
Linear discriminant analysis (LDA). LDA is strongly 
related to analysis of variance (ANOVA) and regression 
analysis, which also attempt to express a dependent 

variable as a linear combination of other
 
characteristics 

(Venkataraman et al., 2007). TG software presented 
data with high sensitivity (0.94) and specificity (0.91) 
(Figure 6).

 

Figure 6: Linear discriminant analysis between benignant and malignant objects.

The other software used to also classify the 
data was CPA, which also received the same data 
calculated by TG software. Figure 7 represents the 
training manual classification made. CPA also 
supervised machine learning and the algorithm used 
was logistic regression. In this software the results were 
comparable to the TG software and also showed high 
performance in learning – 97.08% of accuracy.
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Cellprofiler Analyst Training

Figure 7: Training with two classes, malignant (lower right) and benign (lower left) cells. 

After training benignant and malignant objects were requested to verify software performance to calculate 
sensitivity and specificity. (Figure 8 and 9). 

Cellprofiler Analyst Performance - Benignant

Figure 8:
 
100 benignant correct objects requested after training.
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Cellprofiler Analyst Performance - Malignant

Figure 9: 100 malignant correct objects requested after training. 

To check the machine learning progress, a score image tool is displayed after training to show the 
correctness of the machine (Figure 10). 

Score Image of Malignant and Bengnant Nucleus – Cellprofiler Analyst

Figure 10: Score Image: This tool allows the analyst to see the full extent of the image and the objects there 
identified according to the classification performed under each class after training. A: Malignant objects identified B: 
Benignant objects identified. - 97.08% of accuracy. 

The results calculated by CPA and TG obtained 
accuracy above 90%. Both software were able to 
distinguish the difference between classes. Regardless 
of the number of samples, the algorithm is able to learn 
and perform the correct classification of objects, as 
shown in the results of the present study. 

IV. Discussion 

Fine-needle aspiration cytology is a routinely 
used, reliable, quick, highly reproducible, minimally 
invasive, and cost-effective method for diagnosing 

nodular lesions of the thyroid (Rosai, 1996). It has been 
suggested as a first step test in the diagnosis of thyroid 
nodules (Segev et al., 2003; Aguilar et al., 1997). The 
most important contribution of this method to the 
diagnostic process is its power to distinguish patients 
who need surgical intervention from those who do not 
(Koss, 1992). Manual diagnosis, however, is time-
consuming and not reproducible. 

Currently there are free software where it is 
possible to view all objects and classify them with the 
best parameters. After training all objects, the software 
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can even independently predict a correct diagnosis in 
new objects. Other studies also had satisfying results 
with data found in automated analysis of cellular objects 
(Deka et al., 2017). 

An interesting study combining machine 
learning and papillary thyroid carcinoma published in 
2021 showed several machine learning models were 
built to predict disease recurrence and all models had a 
confirmed accuracy of 90% or more (Park & Lee, 2021). 

 Automated quantitative analysis of cellular 
objects is currently considered the viable option in 
developed countries, because the scientific community 
proves that human-machine interaction has the potential 
to reduce human effort and increase confidence in 
algorithmic decision to solve clinical diagnoses 
(Jayatilake & Ganegoda, 2021; Sarker, 2021). 

In the literature, there are few studies with 
images of the cell classification process (Wang et al., 
2010; Wang et al., 2019), unlike this study, which the 
objective was to show step by step.  

In terms of DNA ploidy there may be a low 
percentage of false positive artifacts. However, those 
may not have influenced the results of the present study 
as proven by the high accuracy of the results (Gerstner 
et al., 2006). The ROC curve was created only using the 
area of the nuclei, concluding the area of the nuclei is 
referring to the amount of DNA, which makes an 
analysis of the ploidy relatively easy, even when using 
light microscopy as in the present study. 

The term digital pathology is considered as the 
future of histopathology. The authors agree that the 
integration of images and digital results is not yet 
standard, but it will significantly contribute to receiving 
digital pathology as part of the clinical evaluation 
(Athelogou

 
& Huss, 2018; Ribeiro et al., 2019). Other 

studies concluded that after several highly accurate and 
scientifically proven studies, histopathology is ready for 
automation (Ribeiro et al., 2020, Lucas et al., 2021).

 

The main purpose of this study was to compare 
the diagnosis manual analysis (gold standard) and 
automated analysis. The results are comparable to the 
gold standard with high specificity and high sensitivity in 
two different classifiers.
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