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The aim of the investigation was evaluating the possibilities of cross-polarization optical coherence tomography (CP oCT) to monitor the 
effectiveness of photodynamic therapy (PdT) and radiation therapy (RT) of the oral cancer and of the cervical cancer.

Materials and Methods. The CP oCT investigation was performed by an oCT-1300U tomograph (institute of Applied Physics of the Russian 
Academy of Sciences, LLC “Biomedtech”, Russia). The monitoring of the two types of treatment was performed after different periods of 
exposure: for RT of the oral cancer — once for every 2–3 days throughout the whole course of the treatment, starting from the first day of 
radiation; for the PdT of the cancers of the skin and cervix uteri — before the exposure, immediately after the exposure, and then at 1 day, 7 day 
and 1 month after the exposure. Fourteen patients were examined in total.

results. The results of the study of the medical pathomorphism of different kinds of tumors performed on the 14 patients showed that 
visual evaluation of CP oCT images of a tumor does not reveal any visible changes in response to RT, however it does register the reaction of the 
normal mucosa in the area exposed to the radiation. during the PdT of tumors of the skin and cervix mucosa CP oCT was capable of detecting 
the key morphological changes (edema, necrosis, and structural recovery). it can be applied most effectively at later stages of the follow-up 
observation (at 30–35 days after PdT) to evaluate the completeness of the recovery of the stromal component of the tissues.

conclusion. The use of CP oCT contributes to realization of non-invasive monitoring of the responses of tumors and the adjacent normal 
tissues to PdT and to RT that can be useful for evaluation of the effectiveness of therapy and to help in choosing optimal tactics for the 
treatment.

Key words: cross-polarization optical coherence tomography; CP oCT; cancer of the mouth cavity mucosa;  basal-cell skin cancer; 
squamous cell cancer of the cervix uteri; radiation therapy; photodynamic therapy.
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A major trend in modern clinical oncology is 
individualized approach for each patient, i.e. the 
prescription and correction of the treatment in 
accordance with the individual biological properties of 
each tumor and its sensitivity to particular therapeutic 
exposures. It is known that a complex of consequent 
changes occurs in the tumor during treatment, called 
the “tumor response” (or “treatment pathomorphism”) 
[1], with less obvious and earlier changes in the tissue 
at a molecular-metabolic level preceding the changes in 
the size and structure of the tumor [2]. The study of the 
corresponding changes can give valuable information 
about the sensitivity of the tumor to treatment and 
can considerably widen the possibilities of therapy 
individualization. Further development of the methods 
and the detection of the early responses of the neoplasm 
to the treatment are priorities of modern oncology.

To achieve this goal, methods of metabolic and 
functional visualization are widely used to help evaluate 
the dynamics of the biological activity of the tumor before 
the occurrence of structural changes. These methods 
include positron emission tomography (PET) [3, 4] and 
magnetic-resonance tomography (MRT) [5–9]. Currently 
work has started on the study of the state of the vascular 
system and metabolism of tumors during radiation 
therapy (RT) with the use of micro-CT and micro-PET as 
well as high-frequency ultrasound [10–14].

Biophotonics methods have been widely used to 
evaluate the dynamics of the metabolic activity of tumors 
during treatment [15–24].

The method of optical coherence tomography (OCT) 
based on the analysis of the tissue’s back-scattering of 
low-coherence radiation in the near IR-range allows study 
of the inner structure of the surface layers of biotissues 
[25, 26] and is used in clinical practice to diagnose a 
wide spectrum of pathological processes [27]. One of the 
potential clinical applications of OCT is monitoring the 
state of malignant neoplasms during and after treatment 
[27–30]. A study of the state of normal tissues exposed 
to ionizing radiation during the treatment of malignant 
neoplasms is equally important in the task of searching 
for minimal changes in the tumor tissues [28, 29].

This study uses the method of cross-polarization 
optical coherence tomography (CP OCT) as a tool 
allowing evaluate the early changes in tumors and 
the normal adjacent tissues exposed to the anti-tumor 
treatment [31, 32].

The aim of the investigation was evaluating the 
possibilities of cross-polarization optical coherence 
tomography to monitor the effectiveness of photodynamic 
therapy and radiation therapy of the oral cancer and of 
the cervical cancer.

Materials and Methods
Patient’s characteristics. CP OCT monitoring of 

tumor tissue and the normal mucosa of the oral cavity 
was performed on three patients with histologically 
confirmed squamous cell oral cancer. The inclusion 

criteria were the lack of distant metastases and the 
general state of the patients corresponding to 0–1 on 
the ECOG scale [33].

Radiation treatment was performed on a Clinac-600, 
6 MeV (Varian Medical Systems, USA) linear accelerator 
in the standard fractioning mode to a total dose (TD) of 
66–70 Gy. The grade of adverse events was identified in 
accordance with the CTCAE scale [34]. CP OCT images 
of the cheek mucosae of three healthy volunteers were 
used as a control.

CP OCT monitoring during PDT was used for 4 
patients with histologically confirmed primary basal 
cell skin cancer and for 7 patients with precancerous 
diseases (cervical intraepithelial neoplasia, CIN) and 
early (cancer in situ, CIS) cancer of the cervix uteri 
without any preceding treatment (CIN II–III — in four 
patients, cancer in situ — in 3 patients, the average age 
was 32).

PDT was performed according to standard methods 
[35]. Laser exposure was performed with the use of a 
semiconductor source of laser radiation, the Lakha-
Milton, 662 nm (Milton, Russia). The parameters for 
exposure were as follows: 1) for the cervix uteri: power 
density — 0.28 W/cm2, dose density — 150 J/cm2; 2) for 
the skin: power density — 0.30 W/сm2, dose density for 
basal cell cancer — 200 J/сm2.

The study was performed in accordance with the 
Helsinki declaration (accepted in June 1994 (Helsinki, 
Finland) and reviewed in October 2000 (Edinburgh, 
Scotland)) and approved by the Ethical Committee of 
the Nizhny Novgorod State Medical Academy. Each of 
the patients provided an informed consent.

Technical characteristics of the CP OCT device. The 
study was performed on a cross-polarization optical 
coherence tomograph, the OCT-1300U developed 
and designed by the Institute of Applied Physics of 
the Russian Academy of Sciences (Nizhny Novgorod, 
Russia) with the following technical parameters: probing 
wavelength — 1.3 µm, spatial resolution — 15–25 µm, 
depth of probing ~1.7 mm; the rate of imaging — 1 shot/s. 
The device is equipped with a flexible endoscopic end 
probe with a cross scanning range of about 2 mm.

Methods of CP OCT investigation of patients. RT 
with CP OCT monitoring was performed once every 2–3 
days during the whole course of treatment starting from 
the first day of radiation treatment. The dynamics of the 
CP OCT images of tumors of the oral cavity and of the 
normal mucosa of the oral cavity exposed to ionizing 
radiation were evaluated separately. Reference points 
were selected in the middle zone of the cheek mucosa 
as standardizing zones or the scanned normal mucosae, 
because they are easy to reach for CP OCT investigation 
and their images are characterized by a distinct layered 
structure.

The investigation of tumors in oral cavity began from 
a visual examination, and photographing of the focus of 
the tumor and identification of the scanning points (using 
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the conventional 3, 6, 9, 12 o’clock positions, the center 
of the tumor and the unchanged mucosa at its border 
with the tumor). To obtain CP OCT images a sterile end 
probe was applied directly to the site of interest.

CP OCT monitoring in the case of PDT was performed 
before the beginning of the treatment, immediately after 
the procedure was completed, during the early stages 
of the dynamic observation (on days 1 and 7 after the 
PDT) and at late stages of the dynamic observation 
(1 month after PDT). Then a biopsy for morphological 
analysis was taken from the area of the CP OCT 
investigation.

Evaluation of the CP OCT images was recorded as a 
description of the visual characteristics of the CP OCT 
images in the initial and orthogonal polarizations. The 
following parameters were evaluated: the intensity of the 
OCT-signal, its homogeneity, the depth of penetration of 
the OCT-signal, and the layer structure of the image.

Results
Investigation of the use of CP OCT to assess the 

early responses of tumors and adjacent tissues of 
the mouth cavity to RT. Visually, the squamous cell 
carcinoma of the mouth cavity mucosa before radiation 
looks like an exophytic formation with a nodular surface 

and color ranging from pale to dark pink. The border 
between the tumor and the adjacent healthy tissues is, 
as a rule, indistinctly identified (Figure 1 (a)).

CP OCT images of the healthy mucosa of the 
oral cavity (Figure 2) in the initial polarization are 
characterized by a layered structure where there are 
three well-visualized contrasting horizontal layers 
corresponding to the stratified non-keratinized squamous 
epithelium, the connective stroma (where areas can be 
seen with lower level signals of different forms having 
sharp or slightly blurred boundaries), and a submucosal 
layer with a moderate intensity signal.

On studying the dynamics of the CP OCT images of 
the normal mucosae of patients during RT of oral cancer 
it was revealed that changes in the images occurred 
after the first session of radiation despite an absence of 
clinical manifestations of the exposure to radiation. In the 
initial polarization there could be observed a decrease in 
sharpness of the border between the epithelium and the 
adjacent connective tissue as well as a decrease in the 
thickness of the epithelium layer (Figure 3). Throughout 
the RT the structural properties of the CP OCT images 
in the initial polarization continued decreasing, and at 
the maximum extent of reaction to the radiation (after 

Figure 1. Images of squamous cancer of the mucosa of the mouth cavity (a), basal cell cancer in the skin of the corner of the eye (b) 
and squamous cell cancer of the cervix uteri (c) before the treatment

а b c

Figure 2. CP OCT images (a–c) of healthy mucosa of the mouth cavity from three volunteers. Here: CP OCT image in the initial 
polarization — the lower part of the image and in the orthogonal polarization — the upper part of the image, bar — 1 mm

а b c
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TD of 24–26 Gy) the images were characterized by 
the complete loss of structural properties in the initial 
polarization and a considerable decrease in the intensity 
of the signal in the orthogonal polarization.

In the initial polarization, the tumor tissue was 
characterized by an absence of structure in the CP OCT 

images, preventing visualization of the corresponding 
layers (Figure 4). In orthogonal polarization the signal in 
the images is almost absent. The visual evaluation of CP 
OCT images of tumor tissue in the image dynamics did 
not allow the identification of changes even when using 
more than half of the planned dose.

Figure 3. CP OCT images of healthy mucosa of the mouth cavity of the patient with squamous cancer of the mouth cavity after 
exposure to radiation; the dose was 3 Gy (a), 16 Gy (b), 34 Gy (c). Here: CP OCT image in the initial polarization — the lower part of 
the image and in the orthogonal polarization — the upper part of the image, bar — 1 mm

Figure 4. CP OCT images of squamous cancer of the mucosa of the mouth cavity of the patient in different zones — 3 h (а), 6 h (b), 
9 h (c), center (d). Here: CP OCT image in the initial polarization — the lower part of the image and in the orthogonal polarization — 
the upper part of the image, bar — 1 mm; the upper row — before radiation therapy, the lower row — radiation 34 Gy

а b c

а b c d

Т.I. Kalganova, E.V. Gubarkova, S.V. Gamayunov, Е.B. Kiseleva, Е.V. Grebenkina, ..., N.D. Gladkova



СТМ ∫ 2015 — vol. 7, No.3   123

 сlinical medicine 

Investigation of the potential 
for using CP OCT for evaluation of 
the early response of tumors and 
of normal skin to PDT. Visually, 
before the beginning of the therapy, 
the basal cell skin cancer looks like 
an exophytic formation, often with 
iliac erosion and edges outlined 
with a light brown or pink color. The 
border between the tumor and the 
adjacent healthy tissues was, as a 
rule, well defined (Figure 1 (b)).

Before PDT typical CP OCT 
images were obtained of the skin 
tumor (Figure 5 (a)). In the initial 
polarization a damaged, layered 
structure could be visualized which 
corresponded to the presence of 
the groups of basaloid cells on the 
histological preparation (Figure 5 
(f)). In the orthogonal polarization 
the signal was absent showing a 
lack of, or immaturity of, depolarizing 
connective tissue structures (collagen 
fibers) (See Figure 5 (f)). Immediately 
after the completion of the laser 
exposure (Figure 5 (b)) in the initial 
polarization of the CP OCT image 
there was an increase in the depth 
of signal penetration, and regions 
of alternating strong and weaker 
signals with irregular contours and 
indistinct borders could be visualized, 
indicating the presence of the edema 
seen on the histological preparation 
(Figure 5 (g)); in the orthogonal 
polarization the signal was absent 
from the image.

The CP OCT image in the initial 
polarization after 24 hours (Figure 5 
(c)) indicates that the layered 
structure is damaged and that there 
are signs of edema as confirmed by 
the histological preparation (Figure 5 
(h)); in the orthogonal polarization 
the signal is still absent.

At 7 days there is morphological 
correspondence to necrosis (Figure 5 
(i)) in the CP OCT image (Figure 5 
(d)) in that the initial polarization 
indicates an absence of structures, 
while the image shows a moderate 
or high level of signal especially at 
the surface of the image. There is a 
uniform and rapid attenuation of the 
signal with depth. The signal is absent 
from the orthogonal polarization.F
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After 1 month the CP OCT image (Figure 5 (e)) in the 
intensity of the signal in the initial polarization shows that 
the layered structure of the tissue has been restored, 
while in the orthogonal polarization there is also an 
intense signal indicating the appearance and maturing 
of depolarized structures (collagen fibers) and this 
corresponds to the formation of the connective tissue 
scar seen on the histological preparation (Figure 5 (j)).

Investigation of the potential for using CP OCT for 
evaluation of the early response of tumors and the 
adjacent tissues of the cervix uteri treated with PDT. 
The most frequent visual characteristics of squamous 
cancer of the cervix uteri are its deformations and 
local hyperemia of the exocervix, whereas colposcopic 
manifestations of earlier forms of neoplasia are thought 
of as atypical colposcopic signs (Figure 1 (c)).

For the CP OCT images of the tumor area before 
PDT (Figure 6 (a)) there is an intense signal without 
layer visualization in the initial polarization and the lack 
of any signal in the orthogonal polarization. The low 
contrast area, most probably, corresponds to the gland 
with an open duct. On the histological preparation the 
squamous cancer of the cervix uteri is characterized by 
the presence of atypical, polymorphous cells of multi-
layer squamous epithelium forming groups and fields 
divided by narrow layers of fibrous tissues. A small 
number of small blood vessels are visible (Figure 6 (e)). 
The appearance of a layered structure in the tumor zone 
immediately after PDT was a new discovery (Figure 6 

Figure 6. Squamous cancer of the cervix uteri — the zone of transformation, at the 6 o’clock position of the conditional clock face, 
CIS. CP OCT images: before the treatment (a), immediately after PDT (b), 7 days after PDT (c) and 1 month after PDT (d). Here: CP 
OCT image in the initial polarization — the lower part of the image and in the orthogonal polarization — the upper part of the image, 
bar — 1 mm. The corresponding histological preparations stained with hematoxilin and eosin: before the treatment (e), immediately 
after PDT (f), 7 days after PDT (g) and 1 month after PDT (h), bar — 0.5 mm

а b c d

e f g h

(b)); it can be explained by the contrasting effect typical 
of this period of observation of the tissue edema (Figure 6 
(f)). Furthermore, small blood-filled vessels were visible 
at places on the histological preparations.

At 7 days, when morphologically total tumor necrosis 
can be registered (Figure 6 (g)), the CP OCT image 
shows a typical increase of the signal intensity in the 
initial polarization and a complete loss of signal in the 
orthogonal polarization (Figure 6 (c)).

At 1 month after PDT the complete recovery of the 
structure of the cervix uteri can be visualized, however 
the epithelium is immature (Figure 6 (h)) which causes 
the absence of a distinct layered structure in the CP 
OCT image (Figure 6 (d)). A fairly intense signal in the 
orthogonal polarization testifies to the restoration of the 
collagen with its capacity for depolarization.

Discussion. These results allow us to draw preliminary 
conclusions about the applicability of CP OCT for the 
lifetime monitoring of different kinds of treatment of 
external tumors. At the same time, this limited series of 
investigations raised a number of new issues that require 
further studies.

Thus, we found that CP OCT is informative only with 
regard to the non-tumor tissues, whereas during the 
monitoring of PDT this method is capable of visualizing 
the changes in the tumor focus as well as in the perifocal 
zone. The CP OCT images obtained of the unchanged 
skin at the border with the tumor both before treatment 
and after exposure to PDT, demonstrate the presence 
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of a layered structure in the initial polarization and in the 
signal in orthogonal polarization. These results reflect the 
properties of healthy tissue and the preservation of these 
signs on day 7 following PDT, which demonstrates the 
preservation of the collateral zone. On PDT monitoring 
of neoplasia of the cervix uteri we observed that in the 
CP OCT images of the unchanged mucosa of the cervix 
uteri exposed to PDT, as with the images of the skin 
before treatment, there was a layered structure typical 
of healthy tissue, as evidenced in the direct polarization 
and by the presence of a signal in the orthogonal 
polarization. However, unlike the skin, these signs were 
not preserved on day 7 after PDT, indicating probable 
damage to the collateral zone.

The absence of obvious changes in the CP OCT 
images of tumors of the oral cavity mucosa during RT 
could be the result of a number of factors. Firstly, viable 
tumor tissue and tumor tissue in a dystrophic state and 
undergoing necrosis can have common visual OCT 
signals that do not allow differentiation of the processes 
of neoplasm regression that have just started. Secondly, 
at the early stage before RT starts there is no well-
ordered structure of the connective tissue matrix at the 
location of the tumor, so this could be the reason for the 
significant lack of the signal in the orthogonal CP OCT 
images. We believe that continuation of the monitoring at 
later stages will enable us to register the typical changes 
in CP OCT images in the tumor zone. To obtain more 
information and objectivity in the data it is essential 
to perform extra processing of the results, including 
calculation of the numeric parameters of the CP OCT 
images.

With regard to the different dynamics of the optical 
characteristics of the skin border zones and the mucosa 
of the cervix uteri after PDT it is reasonable to presume 
that there are differences between these organs in 
respect of the accumulation of the photosensitizer, which 
leads to the demonstrable damage to the collateral zone 
during PDT of the tumor of the cervix uteri. However the 
CP OCT-control images of the later results (1 month 
after PDT) testify to the restoration of the properties of 
healthy tissues in the tumor zone as well in adjacent 
areas in both locations. To prove that this is the case 
it would be necessary to continue the studies with the 
use of combined monitoring — a combination of both 
CP OCT and fluorescent visualization. However, at 
this stage it is undoubtedly reasonable to use CP OCT 
monitoring of the adjacent normal tissues for the purpose 
of predicting the actual zone of damage, evaluating 
the quality of the scar and the functional and cosmetic 
results of the treatment. Analysis of the polarization 
OCT component could evidently be useful for early 
diagnosis of any exacerbation of the tumor in the scar 
and for the selection of the optimal zones for biopsy for 
morphological control.

Conclusion. The use of CP OCT in clinical conditions 
for the investigation of medical pathomorphosis in 

tumors and the evaluation of the response of the normal 
adjacent tissues to radiation therapy and photodynamic 
therapy has great potential. With further development 
the method could become a non-invasive alternative to 
the morphological investigation of a series of biopsies 
to control the immediate and subsequent results of the 
treatment. It is also of interest to use such non-invasive 
CP OCT investigation at the stage of planning the 
therapy as well as during treatment in order to evaluate 
the effectiveness of the primary reactions and therefore 
to individualize the modes of exposure. To implement all 
these approaches, our studies will continue.
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