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Abstract—Oral squamous cell carcinoma (OSCC) has asymp-
tomatic characteristics that make it challenging to identify in
the early stages and lead to metastatic effects. Terahertz (THz)
spectroscopy and imaging are recognized as a novel technique
for early cancer detection due to the non-ionizing nature and the
significant THz wave absorption by water’s hydrogen bonds and
the higher hydration of tumours. Despite this potential, there
is a lack of research on the THz characterisation of oral cancer
with various essential biological conditions. THz characterisation
based on frozen, freshly excised tissue restricts parametric stud-
ies on important components and diverse biological situations.
Therefore, we cultivated the three-dimensional (3D), organotypic
model of the OSCC, to investigate the THz spectroscopy of the
tumour at various phases and the effects of the anticancer drug
AG1478 on its THz spectra. Moreover, we have compared the
characterisation of OSCC with two levels of aggressiveness and
we contrasted how well the medication worked on these two types
of cell lines. The measurements were performed at the frequency
range of 0.4 to 1.6 THz, and with increasing malignancy of
the samples, we observed higher refractive index, absorption
coefficient, and complex permittivity than normal tissue. The
results demonstrates that whereas AG1478 shifts the THz spectra
in the direction of the normal tissue, it has no effect on aggressive
OSCC (AOSCC) under the same circumstances. These findings
may contribute to techniques that diagnose and detect tumours
at the early stage.

Index Terms—Terahertz spectroscopy, artificial tissue, oral
squamous cell carcinoma, drug.

I. INTRODUCTION

THZ wavelength is located between the microwave and
the infrared region of the electromagnetic spectrum and

is used in a wide range of industries, including product in-
spection, chemical and astronomical spectroscopy, and medical
application [1]–[3]. THz spectroscopy and imaging have been
widely employed in the medical area due to some advan-
tages over conventional detection and diagnosis approaches.
Compared with the higher frequency technologies, including
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computerized tomography (CT) scan, positron emission to-
mography (PET) scan, and X-ray, THz wavelength has lower
photon energy and does not impose an ionization effect on
the biological tissue. From a diagnostics perspective, a tumour
biopsy is taken and histological slides are probed for various
biomarkers. Biomarker detection mechanisms do not have
enough resolution to distinguish the migrating cells, cancer
tissue’s border, and direction and need a large device or
complicated pre-processing. It is also worth noting that cancer
stem cells are transient with regards to their phenotype and
for this reason, their biomarkers shift depending on their
migratory state. A histologist is able to identify tumours by
eye but without reliable biomarker staining, it is difficult to
comment on the potential invasion profile of the tumour unless
the tumour island itself has very distinctive characteristics.
An example is the identification of individual cells migrating
towards blood vessels as these cells can significantly affect
mortality. On the other side, unlike optical frequencies, water
exhibits strong absorption at the THz band, and therefore,
cells and tissues with various hydration levels can reflect
distinctive responses to THz radiation. This feature makes THz
technology attractive for monitoring and detecting different
types of tumours since malignant tissue has accumulated
different water portions than healthy cells.

THz imaging, spectroscopy, and biosensors have all been
investigated as early cancer detection tools. By highlighting the
borders of the tumour, THz imaging [4] can assist surgeons in
removing tumours. THz wave penetration into the human body
is severely limited by water absorption, which concentrates
THz imaging mostly on excised tissue. On the other hand, THz
spectroscopy [5] can be used for less complex, inexpensive,
and precise identification of biomarkers and malignancies. To
increase the sensitivity, THz spectroscopy can also be used
in conjunction with electromagnetic biosensors, such as THz
metamaterials and metasurfaces [6]–[8].

Different types of cancers, have been studied with THz
spectroscopy including breast [9], colon [10], gastric [11], skin
[12]–[14], and oral cancer [6].

Oral cancer has a high mortality rate because of the soaring
rate of metastasis to other body organs. Due to its asymp-
tomatic attributes, oral cancer cannot be readily identified in its
early stages. It can be developed in any part of the inner mouth
(oral cavity), including the gums, tongue, the inner lining of
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the cheeks, the roof of the mouth, and the mouth’s floor (under
the tongue). Oral squamous cell carcinoma (OSCC) makes up
more than 90% of malignancies that develop in the mouth.
Squamous cells, which are flat and look like fish scales when
viewed via a microscope, cover the throat and mouth. When
some squamous cells mutate improperly, squamous cell cancer
develops. Despite its importance, only a small number of
research studies have examined the characterisation of OSCC
with THz spectroscopy [15], THz imaging [16]–[18] and THz
metamaterials [19]–[22].

When using freshly excised oral cancer tissue for THz
spectroscopy and imaging [23], [24], the sample faces a quick
deterioration rate. It should be frozen as soon as collected,
requiring the freezing equipment to be near the surgery site.
Storage and specialized equipment raise the cost and com-
plexity tremendously. Additionaly, this method increases the
possibility of tissue damage from the freezing and thawing
process leading to inaccurate results.

On the other hand, the intricate structure of biological
tissues makes it difficult to distinguish between cancerous and
healthy tissues. Removing tumours with the correct margins
has a high error rate. Furthermore, the research of the behavior
of cancer cells and the creation of effective pharmaceutical
techniques rely on the parametric analysis of variables that
are fixed in natural samples. In order to improve the accuracy
of both tumour characterisation and margin discrimination, it
is crucial to investigate the impact of various factors, such as
cancer stage, therapeutic effectiveness, and variations in tissue
cells, on the electromagnetic properties.

Skin equivalents are artificially reconstructed and consist of
epidermal and dermal layers. These models can be created
from primary cells and mimic genuine skin. The organotypic
cell culture technique has aided in advancing cancer research
and drug discovery during the past ten years. Although it
is possible to culture cells in 2D monolayers, more modern
organotypic cell culture technology that uses 3D gel-based
techniques enables more sophisticated studies that more accu-
rately mimic the appearance of skin. Compared to 2D culture,
3D tissues provide more precise information on tumour fea-
tures and therapeutic efficiency since they are morphologically
and physiologically more similar to an in vivo environment
[25].

Current research works are mainly based on freshly excised
oral tissue, and they have rarely been explored based on
organotypic models [26] [27]. Tianmiao et .al [27] proposed
an oral cancer phantom without water content by applying
graphite powders into a polyvinyl chloride plastisol matrix to
study the THz optical properties.

Aside from the significance of early cancer identification,
monitoring the cancer stage and creating novel anticancer
medications with multi-target behavior may lead to increased
efficacy, fewer instances of acquired resistance, and fewer
adverse drug reactions in patients [28]. The research on how
different medications affect tumour cells makes diagnosing
different types of tumours easier and offers comprehensive
knowledge of the diagnostic procedure. Therefore, more in-
depth knowledge of drug-target interactions and their receptors
is required to develop improved therapeutic techniques. The

current study was motivated by the fact that to our knowledge,
very few research papers have considered the relationship
between cancer stage and interaction of THz waves with
anticancer drugs, aside from the rare research effort on oral and
especially aggressive oral cancer [22], [29], [30]. Moreover,
if we are able to fully characterise OSCC cancer cells with
THz spectroscopy, we would be able to identify the individual
cancer cells and possibly count the number of these cells in
a biopsy to give an indicator of tumour aggressiveness. This
could also be used alongside histological staining where there
could be selective staining of tumours if the histologist has
a better indication of the tumour characteristics identified by
THz spectroscopy.

In this study which is the extension of the previous result
presented in [6], we investigated the impact of two tumour
suppression phases compared with normal skin and the effect
of anticancer treatment on its THz electromagnetic characteris-
tics using the 3D organotypic model of ordinary and aggressive
types of OSCC. 3D culture system is designed to better repre-
sent tumours in vivo, and practically more in line with tumour
biopsies. In 2D culture as explored in most studies, tumour
cells are difficult to characterise with THz spectroscopy. In
our model, we consider the 3D behaviour of the tumour cells.
Normal epithelial cells will form layers of cells and bind
tightly together, only cancer cells will become invasive and
form independent tumour islands away from the epithelial
layers. With the advantages offered by THz spectroscopy, we
investigated the cancer cells for their unique behaviour in
3D culture. Several samples were cultivated, and their THz
characterisation was explored using the terahertz time-domain
spectroscopy system (THz-TDS) in transmission mode. Sec-
tion II presents the cultivation process of the 3D organotypic
model of the samples. Section III details the experiment’s
technique and THz-TDS configurations. Consequently, section
IV explains calculations for extracting optical parameters. The
findings of characterizing normal tissue, ordinary and AOSCC
with two distinct levels of cell growth, and treated samples
with AG1478 medication are shown in Section V. Finally a
summary of covered discussion proposed in Section VI.

II. SAMPLE PREPARATION

The biology of OSCC appearance along with molecular
biology of oral tissue is illustrated in Fig. 1

Fig. 2 shows the 3D organotypic skin cell cultivation pro-
cedure. The dermis layer is developed on porous filters inside
transwell inserts using fibroblasts grown in a collagen matrix.
Keratinocytes are planted on top of the dermis layer after one
week. After another week, the gels are taken out, removing
the keratinocyte layer’s contact with the culture medium and
establishing the air-liquid interface necessary for keratinocyte
differentiation and stratification of the epithelial layer. The
epidermal layer can be taken 1-2 weeks after the air-liquid
interface is formed and becomes clearly opaque as the culture
matures.

In our experiment, NEB1 normal dermal keratinocytes have
been used for control along with immortalized OSCC cell lines
of CA1 and LUC4 for an ordinary and aggressive type of
OSCC.
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Fig. 1: Biology of healthy oral tissue and OSCC tissue. This
figure is adapted from [31] with permission from the copyright
owner.

Fig. 2: Different stages of 3D organotypic cell culture

Also, the EGFR inhibitor AG1478 used as the anticancer
drug [32], [33]. Each gel contains 500,000 fibroblasts mixed
into 200 µl collagen type I, 200 µl of growth factor reduced
Matrigel (Corning) and 50,000 keratinocytes seeded on top of
the dermis gel layer.

All cells were cultured in DMEM/Ham’s F12 (Gibco)
supplemented with 10% (v/v) heat-inactivated foetal bovine
serum (FBS) (Lonza), 2% (v/v) penicillin-streptomycin (PAA
Laboratories), 2 nM L-glutamine and RM+ supplement con-
taining 0.5 µg/ml hydrocortisone, 5 µg/ml insulin, 10 ng/ml
epidermal growth factor (EGF), 5 µg/ml transferrin, 9.2x10-4
M liothyronine and 1x10-10 M cholera toxin (Sigma). Initial
dermal fibroblasts were grown in the same medium. The gels
were harvested one or two weeks after the keratinocytes were
sown on top of the 3D gels. The samples were treated with
AG1478 for 72 hours.

Finally, the cultivated tissues were classified into seven
groups of 2 weeks normal skin, 1 and 2 weeks OSCC
and AOSCC, treated OSCC and AOSCC as presented in
Table.I.Between these time points and particularly for 3D
cultures, OSCC cell lines form tumour islands and the most
invasive cells invade deep into the gel. In the context of CA1
and LUC4 OSCC cell lines, CA1 cells produce spherical tu-
mour islands whereas, LUC4 cells form fewer tumour islands
but invade considerably deeper into the gel compared to CA1

cells. We expected and found differences between the two time
points. Between the two stages, the second time point will
have more tumour cells (and migratory cells) present, further
developed tumour islands, and a more developed tumour
microenvironment. With this system, we can investigate a
number of characteristics that are relevant to oral tumours in
vivo.

A sample of OSCC tissue kept in phosphate-buffered saline
(PBS) with a side, and front view is illustrated in Fig.3.

Fig. 3: Cultivated 3D organotypic model (a) samples kept
in PBS with (b) front and (c) side view in Centre for Cell
Biology and Cutaneous Research of Blizard Institute, Queen
Mary University of London.

III. EXPERIMENT METHODS

THz-TDS in transmission mode was used to assess the op-
tical parameters. As many dielectric materials have their spec-
tral fingerprints in the THz frequency region, THz-TDS can
be used to examine and separate diverse biological samples. It
has a coherent synchronized source and detector that delivers
instant time domain amplitude measurement of the THz waves.
THz time-domain data takes a single pulse, with a period of 1
ps, followed by a series of attenuated pulses originating from
reflections at the interface of components within the THz-TDS
system or from etalon reflections within the sample itself. To
analyse the electromagnetic characteristics, THz transmission
amplitudes of the samples were measured. For the experiment,
the pulses generated by a 780 nm femtosecond Ti: sapphire
laser were divided into the pump and probe beams using a
beam splitter. A mechanical delay stage provided a time delay
between two beams. To produce THz waves, the pump beam
was focused onto a low-temperature-grown GaAs photocon-
ductive antenna. To measure the THz transmission, generated
THz waves were collimated and then focussed into the sample
loading region. The generated THz wave goes through the
sample and overlaps with the probe beam in a ZNTe crystal,
allowing enough interaction length of the probe beam and THz
wave. Finally, by catching orthogonally polarized parts of the
probe beam, the THz waves were recorded using a lock-in
amplifier that locks and records the detected THz data by a
computer-generated program.
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To ensure accuracy and comparability, each sample was
treated by soaking in ethanol to remove PBS residue. Then,
a caliper was used to estimate the thickness of the tissue
sample. Next, each sample was placed between two TPX
plates with 300 µm spacers (equal to sample thickness) in
a sample holder (as illustarted in Fig. 4). This ensures that
the thickness remains relatively consistent across the entire
surface. The TPX plates have a low absorption coefficient of
less than 1 cm−1, a refractive index of 1.46, and exhibit non-
dispersive behavior in the THz frequency range of 0.1 to 3
THz. Therefore, for each sample, the reference signal was
determined by measuring the transmitted signal through the
TPX plates. Consequently, the reference signal was recorded
first, followed by recording the time domain data of each
sample individually as they were placed in the sample holder
perpendicular to the THz wave. The experiment was conducted
under controlled conditions, with measurements taken three
times on each sample in different locations. The measurements
carried out for all seven types of sample (Table. I) with
same mentioned protocol. After recording the time domain
amplitude and phase of each sample, a fast Fourier transform
was then used to analyze the signal and extract electromagnetic
parameters, such as the refractive index, absorption coefficient,
and real and imaginary components of permittivity. To reduce
non-linear distortion of THz waves at higher frequencies, the
operation frequency was limited to between 0.4 and 1.6 THz.
These calculations will be discussed in section IV to further
elaborate on the findings.

Fig. 4: THz-TDS in transmission mode along with the sample
holder perpendicular to the incident THz wave.

IV. ELECTROMAGNETIC PARAMETER’S PROCESSING

The raw taken results were time-domain electric field signal,
and for calculation of the electromagnetic parameters, a fast
Fourier transform was used to extract the amplitude and phase
of the THz signal.

Due to the thin-film nature of biological samples, they are
robustly influenced by multiple reflections inside the sample,
the so-called Fabry-Perot effect. This phenomenon was also
considered in signal processing with an iterative fitting process
based on the polynomial fit of the electromagnetic parameters.
The complex measured transfer function is :

He(f) =
Esample(f)

Eref (f)
(1)

Where Esample(f) and Eref (f) are the complex spectra of
the sample and reference respectively.

The refractive index of ns, extinction coefficient of κs

and absorption coefficient of αs were calculated according to
below equation:

ns(f) = n0 −
c

2πfd
(Φsample(f)− Φref (f)) (2)

in which Φsample(f) and Φref (f) are the the measured
transmission’s phase coefficient for the sample and reference
signals, c is the speed of light in vacuum, d is the sample
thickness, and n0 and n̂s are the complex refractive index of
air and sample, respectively.

κs(f) =
−c

2πfd
ln(|He(f)|

4n̂s(f)n0

(n̂s(f) + n0)2
) (3)

αs(f) =
4πf

c
κs(f) (4)

Consequently, the relative complex permittivity can be
calculated by Eq.5 with the real and imaginary components
represented by Eq.6:

ϵ̂(f) = (ns(f)− jks(f))
2 (5)

ϵ′(f) = ns(f)
2 − ks(f)

2, ϵ′′(f) = 2ns(f)ks(f) (6)

Finally, the means and standard deviations for each sample’s
measurements were determined.

V. RESULTS AND DISCUSSION

The THz time-domain waveforms of the healthy oral tissue
and reference signal are shown in Fig. 5. Compared to the
reference, it is evident that the THz pulse was affected after
passing through the tissue. The pulses transmitted through the
sample were delayed more than the reference, indicating a
higher sample refractive index than the reference. The peaks
of the electric field for the sample were also decreased, proving
the tissue sample’s energy absorption. These results confirm
that biological tissues typically have a higher refractive index
and more substantial THz absorption coefficient.

A. Impact of stage and malignancy degree of the oral cancer
on the THz spectra

Fig. 6 and Fig. 7 show the refractive index, absorption
coefficient and real and imaginary permittivity of cultivated
3D organotypic models of normal, OSCC and AOSCC tissues
with tumour suppression phase of one and two weeks.

Regarding normal tissue, the refractive index is recorded
between 1.47 and 1.35, while the absorption coefficient rises
from near 17.33 to 78.06 cm−1. Also, the extracted real
and imaginary permittivity from Eq.6, calculated around 2
and 0.3, respectively. According to Fig. 6, the corresponding
refractive index, absorption coefficient, and real and imaginary
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Fig. 5: (a) Typical THz time-domain electric field signals for
a healthy oral tissue and reference signal through TPX plates.
(b)-(c) corresponding FFT amplitude and phase.

permittivity go substantially higher than the healthy sample in
the band of 0.4 to 1.6 THz when the normal tissue is replaced
with the OSCC of a 1-week suppression phase. From a
biological standpoint, malignant tissue has less room for lattice
contraction, which results in less water being drawn from
cancerous cells during the contraction process. On the other
hand, water builds up because of the accelerated proliferation
of vessels around malignant cells. This has also been looked
at in [34] which justifies the higher hydration of cancer
cells as an acceleration mechanism of their respiration rate
and their capacity to compete with non-malignant cells for
nutrition.In a recent study, the intracellular water variation was
also examined in the transformation of normal breast tissue
into malignant breast tissue, and it was discovered that there
was an enhanced rotational motion of water around the cells
( [35]).

Increasing the degree of carcinogenesis has been explored
by measuring the spectra of the two weeks OSCC samples.
The results of presented parameters in Fig. 6, exhibit more
surge in both the refractive index and absorption coefficient.

The outcome confirms that the progressive rise in cell hy-
dration induced by successive cancer mutations is the basic
mechanism of carcinogenesis, and the degree of malignancy
increment with the degree of cell hydration.

Fig. 6: THz spectra of 3D organotypic models of normal oral
tissue and OSCC with tumour suppression phase of 1 and 2
weeks (a) refractive index, (b) absorption coefficient, (c) real
part of permittivity (d) imaginary part of permittivity.

The obtained results are compatible with the previous re-
search works in THz characterisation of OSCC in ref [15]
which demonstrated the higher water absorption of OSCC in
a freshly excised tissue. A very recent research work [36]
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Fig. 7: THz spectra of 3D organotypic models of normal oral
tissue and AOSCC with tumour suppression phase of 1 and 2
weeks (a) refractive index, (b) absorption coefficient, (c) real
part of permittivity (d) imaginary part of permittivity.

also studied the formalin-fixed natural OSCC compared with
ameloblastoma (benign) and odontogenic keratocyst tissues
using pulsed terahertz reflection spectroscopy technique and
observed higher refractive index and absorption coefficient for
oral cancer. THz characterisation of SCC cells in skin tissue is
also investigated in ref [37], which confirms a lower reflection
and higher absorption of the tumour from the healthy cells.

In order to further explore the impact of malignancy degree

in the THz spectra, we have calculated the same parameters
for 1 and 2 weeks AOSCC. In fact, we have characterized
OSCC cell lines with different levels of aggressiveness based
on the percentage of epithelial-to-mesenchymal transitioning
(EMT) cells. These cell lines also have different 3D culture
phenotypes, and then we were interested in observing the
difference with the ordinary OSCC. According to Fig. 7, the
spectra of the AOSCC for both refractive index and absorption
coefficient are somehow higher than the other type of studied
OSCC for both one week and two weeks tumour suppression
phase. For the two weeks AOSCC, the refractive index starts
from 1.7 at the frequency of 0.4 THz and falls to near 1.55,
while in the case of the previous studied OSCC, it begins at a
point lower than 1.7 at 0.4 THz and gradually declines toward
1.6 THz. The same behaviour can be seen for the absorption
coefficient spectra with a start point of 40 cm−1 at 0.4 THz
to near 120 cm−1 at 1.6 THz. Although for the ordinary type
of OSCC, it begins at a point lower than 40 cm−1 and ends
at points near 110 cm−1. The same trend can also be seen for
calculated real and imaginary parts of permittivity.

B. Impact of treatment with the anticancer drug on the THz
spectra

Epidermal growth factor (EGF) is responsible for the pro-
liferation of SCC, and EGF receptor (EGFR) contributes to
tumour growth. Along with the conventional anticancer drugs,
agents that stop EGFR may lead to inhibit proliferation and
induce apoptosis in SCC cells. AG1478 is a specific EGFR
inhibiator and block tumour cell from growth, migration, and
invasion. Sayaka et al. [38] investigated using the AG1478
with the conventional anticancer drug cisplatin on the OSCC
cell lines and concluded that EGFR inhibitors might represent
a proper approach for overcoming resistance to cisplatin-
mediated apoptosis. Same results have been reported in [39]
for OSCC and lung cancer [40] as well.

Fig. 8 represents the THz characterisation of the treated
OSCC samples with AG1478 for 72 hours compared to the
two weeks OSCC and normal tissue. According to Fig. 8.a,
the refractive index of the treated samples declines from 1.65
to 1.47 at 0.4 THz and 1.55 to 1.36 at 1.6 THz for two weeks
OSCC and treated sample, respectively. Fig. 8. (b-d) also
shows same decreasing trend for absorption coefficient and
complex permittivity of the treated samples compared to the
two weeks OSCC. According to our expectations, these results
show the fall of the THz spectra for the treated tissue toward
healthy sample. Besides, one hypothesis also could be related
to the drug’s effect on the hydration level of tumour cells.
Marquest et al. [28], [41] investigated the effect of cisplatin
and Pt2Spm drugs on breast and bone cancers and confirmed a
direct effect of the anticancer drug on the intramolecular water
characteristic of treated tissue with inelastic and quasi-elastic
neutron scattering techniques. They observed that adding con-
centrations of cisplatin changes the characteristic structure of
intracellular water and causes reduced mobility of intracellular
water. This outcome emphasizes the significance of intracel-
lular water mobility as a promising target of anticancer agents
[28]. These examinations may comply with the presented
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Fig. 8: THz spectra of 3D organotypic models of normal oral
tissue, 2 weeks OSCC and 72 hours treated samples with
AG1478 drug (a) refractive index, (b) absorption coefficient,
(c) real part of permittivity (d) imaginary part of permittivity

results and the hydration level changes of the cultivated tissues
imposed by the drug. To go one step further with exploring the
effect of the drug on the THz spectra, we have also treated the
2 weeks aggressive type of OSCC with AG1478 for 72 hours
and the results of the refractive index, absorption coefficient
and real and imaginary parts of the permittivity is presented
in Fig. 9.(a-d). As can be shown, not only the refractive index
and absorption coefficient of the treated AOSCC is not reduced

Fig. 9: THz spectra of 3D organotypic models of normal oral
tissue, 2 weeks AOSCC and 72 hours treated samples with
AG1478 drug (a) refractive index, (b) absorption coefficient,
(c) real part of permittivity (d) imaginary part of permittivity

in comparison with the two weeks ordinary OSCC, but also
there is a slight rise. The result contradicted with what we
observed for the non-aggressive type of OSCC (Fig. 8) in
which the treatment made a fall in both the refractive index
and absorption coefficient. While we don’t observe an increase
in cell death, there is a considerable effect on cell morphology.
CA1 cells produce smaller tumour islands and LUC4 are
restricted in their invasion and migration. This finding may
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TABLE I: Extracted refractive index (n), absorption coefficient (α), real permittivity (ϵr) and imaginary permittivity (ϵi) for
all types of cultivated organotypic samples corresponding to the frequency range of 0.4-1.6 THz

Sample Type f(THz) n α(cm−1) ϵr ϵi
2 weeks normal tissue (0.4-1.6) (1.39,1.35) (13.33,76.04) (1.94,1.83) (0.21,0.31)

1 week OSCC (0.4,1.6) (1.58,1.49) (29.77,99.71) (2.49,2.22) (0.62,0.45)
2 weeks OSCC (0.4,1.6) (1.65,1.55) (30.01,108.14) (2.71,2.38) (0.62,0.50)

Treated 2 weeks OSCC under 72 hours (0.4,1.6) (1.47,1.36) (23.74,78.62) (2.15,1.86) (0.42,0.32)
1 week AOSCC (0.4,1.6) (1.60,1.51) (23.09,93.10) (2.54,2.28) (0.43,0.42)
2 weeks AOSCC (0.4,1.6) (1.70,1.55) (41.25,114.85) (2.86,2.38) (0.82,0.53)

Treated 2 weeks AOSCC under 72 hours (0.4,1.6) (1.72,1.59) (42.70,157.94) (2.90,2.48) (0.86,0.76)

indicate that AG1478 under the same condition is less effective
against AOSCC.

The results and comparison between the extracted electro-
magnetic parameters for all types of samples are summarized
in Table. I. These observations and measurements may help
understand the drug-tissue interaction and help to develop
multi-target anticancer medications.

VI. CONCLUSION

The current study examines the THz characterisation of
cultivated 3D organotypic models of OSCC with two levels
of aggressiveness (CA1 and LUC4 cell lines), and it presents
a new set of info on how THz waves interact with OSCC at
various stages of the disease as well as the effectiveness of the
anticancer drug AG1478. The corresponding refractive index,
absorption coefficient, and complex permittivity of the cultured
samples were extracted and compared based on measurements
made with THz-TDS in the frequency range of 0.4 to 1.6
THz. The findings show that the tumour’s refractive index
and absorption coefficient are larger than those of normal
tissue for both types of ordinary and AOSCC, which is
consistent with the previous study. Additionally, it is shown
that as malignancy levels grow, all electromagnetic parameters
likewise increase. The tumour cells’ increased hydration and
increased THz wave absorption are related to these alterations.
According to the observations for treated OSCC with EGFR
inhibitor of AG1478, it is assumed that the medication with
the same condition does not work for AOSCC because the
retrieved optical characteristics of the treated ordinary type of
OSCC fall toward the normal sample, but it is the opposite
for treated AOSCC. These findings could help advance the
OSCC treatment at an early stage, assist with multi-target
pharmacological strategies, and a step toward creating more
efficient OSCC treatments.
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