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Abstract: Optomagnetic Imaging Spectroscopy demonstrated high percentages of accuracy
in biological sample classification, namely cervical, oral and colon samples. It enables detection of
abnormal tissue and cells, and thus can be used as a diagnostic tool in screening programs.
Papanicolaou smears and liquid based cytology samples were analysed in previous studies on
cervical cancer detection by Optomagnetic Imaging Spectroscopy and it was shown that this
method can diferentiate normal healthy tissue from the cancer tissue. So far, only binary
classification of the cervical samples was performed based on optomagnetic spectra of the
samples. In this paper, classification of the Papanicolaou smears into four groups (11, 111, IV and V
Papanicolaou groups) was tested with the Random Forest classification model that demonstrated
interclass sensitivity of 49.25%, 58.97%, 50%, 44.44% for I, 111, IV and V Papanicolaou group

respectively, and specificity of 65.26%, 54.76%, 98.70% and 98.69% for II,

Papanicolaou group respectively.

I, 1V and V
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1. INTRODUCTION

Cervical cancer still remains the fourth most
common cancer in women for both incidence and
mortality regardless of all efforts made through the
last decades to improve screening methods,
prevention, diagnosis and treatment. According to
WHO (World Health Organization) estimated
number of new cases in 2018 was 570,000 [1].
Effective screening programs are implemented in
developed countries, where early detection of
precancerous lesions enables on-time treatment and
leads to decrease of the death rate of cervical cancer.
Vaccines against HPV infections have been
introduced in developed countries since 2006. They
serve as primary prevention of cervical cancer and
are aimed to succesfully decrease the number of
HPV infections i.e. the cervical cancer incidence.
Recent studies show high effectiveness of the HPV
vaccine and lower risk of CIN2+ in vaccinated
women compared to unvaccinated women [2-4].
Still, the cost of the vaccine programmes is high and
the implementation in low income countries is
restricted. In less developed countries patients
usually don’t have access even to the Papanikolaou
screening test, making the disease undetectable until
it is in a progressed stage. This is why 90% of all
cervical cancer deaths occurs in less developed
countries [1].
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Optomagnetic imaging spectroscopy has
demonstrated high accuracy in detecting abnormal
cells in cervical smears, in colon tissues and oral
cavity [5-7]. In previous studies Optomagnetic
Imaging spectroscopy was used to screen cervical
smears and to obtain optomagnetic spectra of the
samples. Based on the optomagnetic fingerprint of
the samples, binary classification was done: first
class consisted of negative cases (Papanicolaou
group 1), while the second class consisted of
abnormal samples (lIl, IV and IV Papanicolaou
group individually or three groups combined). In
this study, classification of the cervical samples into
four classes is tested, where four classes correspond
to four Papanicolaou groups: Papanicolaou group Il
(samples that have no cell abnormalities, reported as
negative for intraepithelial lesion or malignancy),
Papanicolaou group Il (samples containing
abnormal cells), Papanicolaou group IV (carcinoma
in situ) and Papanicolaou group V (cancer).

2. MATERIALS AND METHODS

Cervical samples were collected in
Gynaecology-Obstetric  clinic  “Narodni  Front”,
Belgrade, Serbia from 2011 to 2016. Two cervical
smears were made for each patient, one from the
cells collected from the cervical canal and the other
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from the exocervix. Samples were fixated and
stained according to the standard Papanicolaou
procedure. Total number of 1632 samples was
collected: 672 samples reported as Papanicolaou
group 11, 784 reported as Papanicolaou group Ill, 82
samples reported as Papanicolaou group 1V and 94
samples reported as Papanicolaou group V. All
considered cervical samples were screened by
Optomagnetic imaging spectroscopy and based on
the sample spectra classification of the samples was
conducted.

A set of unstained samples was also tested
with a total number of 336 cervical samples: 254
samples reported as Il Papanicolaou group, 50
samples reported as Il Papanicolaou group, 16
samples reported as IV Papanicolaou group and 16
samples reported as V Papanicolaou group.
Unstained samples were collected the same way as
conventional stained samples, smeared on the
microscopic slide, but they were not stained nor
fixated.

Optomagnetic Imaging Spectroscopy (OMIS)
is a nanophysical method for the material
characterization. It is based on light-matter
interaction, i.e. interaction between white diffuse
light and the valence electrons within the material.
According to the principles of Optomagnetic
Imaging spectroscopy method, when the sample is
illuminated with the white diffuse light
perpendicular to the sample and then with the white
diffuse light under the Brewster’s angle, unique
spectral fingerprint of the sample will be captured in
the optomagnetic sample spectrum based on spectral
convolution of the RGB (Red, Green and Blue) color
channels in the digital images of the sample [8].
White diffuse light is emitted by the diodes
integrated into the OMIS device, while the
polarisation of the white diffuse light is achieved
through the reflection of the white diffuse light
emitted under the Brewster’s angle. Digital images
of the sample under the white diffuse light and
polarised white light are taken and by combinig the
information captured in the digital images, i.e. RGB
color channels in the white (W) and polarised (P)
mode, the (W-P)(R-B) spectral fingerprint is
obtained. OMIS device for cervical sample scanning
is shown in the Figure 1.

The sample is placed on the plate, illuminated
with white diffuse light perpendicular to the sample,
and a digital image of the sample is captured. Then,
the sample is illuminated with white difusse light

under the Brewster’s angle and the second image of
the sample is taken. Two images are processed with
the convolution algorithm in MATLAB® 2013a
(Math-Works, USA) and the optomagnetic spectra
of the sample is obtained.

Figure 1. OMIS device

Characteristic parameters in the optomagnetic
spectra of the samples are used to determine whether
the sample contains normal or abnormal cervical
cells. Based on the parameters classification of the
samples is done. Intensities of the maximum and
minimum peaks and areas under the positive and
negative peaks were used as features in a Random
Forest classification model developed in R, a free
programming language and environment for
statistical computing and graphics.

3. RESULTS AND DISCUSSION

Cervical smears were collected and screened
by Optomagnetic imaging spectroscopy. Digital
images of the samples were then processed with
convolution algorithm in order to produce
optomagnetic spectra of the samples. Typical
optomagnetic spectra for the unstained and stained

cervical samples reported as IlI, Ill, IV and V
Papanicolaou (PA) group are shown on the Figure 2
and Figure 3.

In the case of unstained cervical samples,
optomagnetic spectra obtained for Il Papanicolaou
group sample coincides with the Il Papanicolaou
group sample (Figure 2), with small differences
present in the maximal and minimal peak intensities,
while spectra obtained for the IV and V
Papanicolaou group samples notably differ
compared to the Il and Il Papanicolaou group
sample spectra.
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Figure 2. Optomagnetic spectra obtained for the unstained cervical samples reported as Il, 111, IV and V Papanicolaou

(PA) group based on convolution algorithm that uses R and B colour channels in the digital images of the samples and
combines them (W-P)(R-B) in order to get a unique spectral fingerprint of the sample
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Figure 3. Optomagnetic spectra obtained for the stained cervical samples reported as 11, 111, IV and V Papanicolaou

(PA) group based on convolution algorithm that uses R and B colour channels in the digital images of the samples and
combines them (W-P)(R-B) in order to get a unique spectral fingerprint of the sample

Stained samples spectra for cancer samples
show lower peak intensities compared to the spectra
obtained for the Il and Il Papanicolaou group
samples, same as the spectra obtained for the
unstained cancer samples.

Following values from the spectra were used
as feature sets in four class classification problems
based on a Random Forest model: maximum peak

intensity values, minimum peak intensity values,
wavelengths where maximum and minimum peaks
occur, area under the positive peaks and area under
the negative peaks. Classification algorithm was
developed in R software package. For the model
performance evaluation, interclass sensitivity,
specificity, and accuracy were used (Table 1 and
Table 2).

Table 1. Performance of the Random Forest classification model in the four class classification problem solved for the

unstained cervical samples. Four classes are designated as Il, I1, IV and V Papanicolaou group.
Random Forest Model Classes
Il PA 11 PA IV PA V PA
Sensitivity 100% 20% 33.33% 33.33%
Specificity 25% 100% 100% 100%
Accuracy 81.82%
95% CI (0.7039, 0.9024)

Table 2. Performance of the Random Forest classification model in the four class classification problem solved for the

stained cervical samples. Four classes are designated as Il, 111, IV and V Papanicolaou group.
Random Forest Model Classes

Il PA 111 PA IV PA V PA
Sensitivity 49.25% | 58.97% 50% 44.44%
Specificity 65.26% | 54.76% 98.70% 98.69%
Accuracy 53.7%
95% CI (0.4811, 0.5923)
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Sensitivity values in the case of unstained
cervical samples are low for the samples in the Ill,
IV and V Papanicolaou group (Table 1), while in the
case of stained cervical samples the sensitivity
percentages are somewhat higher (Table 2).
Specificity values are relatively high for both stained
and unstained samples, except for the unstained
samples in the 11 Papanicolaou group.

Previous studies on cervical samples have
reported a high degree of accuracy in cervical cancer
detection by Optomagnetic imaging spectroscopy.
Tested on the set of 69 negative cases (Il
Papanicolaou group) and 66 cancer cases (V
Papanicolaou group), binary classification using
Naive Bayes classifier gave the accuracy of 85.18%
(sensitivity was 97.92% and specificity was 78.16%)
[9]. Previous study on the unstained cervical samples
that tested sample classification by OMIS into
healthy/cancerous group with Naive Bayes classifier
gave even higher accuracy of 96% (sensitivity was
75%, ad specificity was 97%) compared to the stained
samples [5]. In this study, binary classification based
on the Random Forest model where one class was
made of the samples reported as Il and Il
Papanicolaou group and the other was made of the
samples reported as IV and V Papanicolaou group
gave the accuracy of 92.33% (sensitivity of 37.14%,
specificity of 98.97%) for the stained samples and the
accuracy of 96.97% (sensitivity of 56.67%, specificity
of 100%) for the unstained samples, with the area
under the ROC (Receiver Operating Characteristic) of
0.68 for stained and AUC of 0.83 for unstained
samples. The high percentages of accuracy obtained
for the binary classification problem are promissing,
indicating the possibility of OMIS to differentiate
negative cases from the cancer cases. The sensititvity
values in the four class classification as well as in the
binary classification of the cervical samples in this
study are lower than sensitivity obtained in previous
studies, especially in the case of unstained samples,
due to the uneven distribution of sample number in
the classes. In the binary classification problem, first
class consisted of 1455 stained samples and second
class consisted of 175 stained samples (304 unstained
samples and 32 unstained samples), and in four class
classification problem classes consisted of 672, 784,
82 and 94 stained samples and 254, 50, 16 and 16
unstained samples. To overcome this problem, more
cancer samples need to be collected. The sensitivity
and specificity of the Papanicolaou test in detecting
high grade intraepithelial neoplasia are 55.4 and
96.8%, thus the values of the sensitivity and
specificity of the OMIS in detecting abnormal
cervical cells are in the range of the so far most
efficient screening test [10].

4. CONCLUSION

Optomagnetic imaging spectroscopy has
proven to be a fast, easy to use and an accurate
method for the detection of abnormal cervical
samples. The main advantage of the Optomagnetic
imaging spectroscopy is that it can be implemented
in low resource settings, because it doesn’t require
special infrastructure. In previous studies, binary
classification of cervical samples, both stained and
unstained, based on their optomagnetic spectra
showed a high degree of accuracy (85.18% for
stained and 96% for unstained samples). This way,
Optomagnetic imaging spectroscopy can be used to
refer patients with reported result that classify the
sample into non-healthy group to further testing. In
this study, classification in four classes was tested
with the Random Forest classification model in
order to develop an algorithm that would classify a
cervical sample based on its optomagnetic spectra
into one of the four Papanicolaou groups. Higher
percentages of sensitivity were obtained for the
stained cervical samples compared to the unstained
samples. Classification of the stained cervical
smears into four groups (II, NI, IV and V
Papanicolaou groups) tested with the Random Forest
classification model demonstrated interclass
sensitivity of 49.25%, 58.97%, 50%, 44.44% for I,
11, 1V and V Papanicolaou group respectively, and
specificity of 65.26%, 54.76%, 98.70% and 98.69%
for 1, Il IV and V Papanicolaou group
respectively. A higher number of negative cases
compared to the number of cancer cases is evident,
thus the next step would be to collect more samples
reported as IV and V Papanicolaou group and
evaluate tested classification models on the new set
of data in order to improve the results obtained in
this study.
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OXR

HOBMU ITPUCTVYITI OTKPUBABA ABHOPMAJIHUX REJIMJA TPJIMRA MATEPULIE

Caxerak: OnroMarHeTHa UMUIIMHT CIIEKTPOCKOIHja T0Ka3ajia jeé BUCOK MPOLEHAT
TaYHOCTH y KJIACH(UKAIMjA OMOJIOIIKAX TKHBA, IOCEOHO Kaja ce paau O y3opiuma rpiuha
MartepHulie, ycHe Aymibe U nebenor npesa. OBa Metona oMoryhaBa eTeKUnjy aGHOPMaIHOT
TKUBA U hieNija U cTora MOXKe J1a ce KOPHCTU Kao JWjarHOCTUYKU TECT y OKBHPY CKPHHHHT
nporpaMa. Y MpeTXOJHHM CTyIWjaMa aHAIM3HPaHH Cy LEePBUKAIHU Y30pLUH U Y30pLHU
JNOOMjeHH TEXHUKOM IMTOJOTHje HAa TeYHOj Oa3u momMohy onToMarHeTHe WMMHIMHT
CIIEKTPOCKOIMje Y LUJbY JETeKIHUje KapluHoMa rpiuha MaTepuile W MOKa3aHO je aa oBa
MeTo/a MOXKE Jia pa3/iBOju 3ApaBO TKMBO Of KaHuepa. /lo cama cy TecTHpaHH camo
OvHapHM KiIacu(pHUKAalMOHM MOJENU 3a Kacu(uKalMjy LEepBHKAIHUX y30paka Ha 0a3u

ONMTOMArHETHUX CIIEKTapa y30paka.

Y oBoM pamy TecTHpaHa je Kkiacupukanuja
[Tananukomaoy pasmaza y uetupu kiace (I, 1,

IV u V Ilananukomnaoy rpyie)

kopuithemeM KIacu(pUKAIMOHOT Moiena Ha 0asu Pangom dopect kinacudukatopa Koju je

oKa3a0 MHTEPKIACHY ceH3UTHUBHOCT o1 49,25%, 58,97%, 50%, 44,44% 3a Il, llIl, IV u V
[Nananukonay TpyIy pecHeKTHBHO, M crenupudHocT ox 65,26%, 54,76%, 98,70% wu
98,69% 3a ll, 111, IV u V Ilananukonay rpyiy pecrneKkTHBHO.

Kbyune peun: onroMarHeTHa MMHUIMHI CIIEKTPOCKOIHMja, KaplWHOM Trpsnha

MaTtepule, CKpUHUHI TECT.
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