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Abstract

Cervical cancer is an important problem in women's health and a worldwide oncological dis-
ease. In 2018, the WHO registered 569,847 new cases in the world, and 3.4% were in the Rus-
sian Federation. We describe here a case of invasive cervical cancer stage I1B2 associated with
human papilloma virus in a woman who was treated by multicourse photodynamic therapy
(PDT). A 38-year-old woman presented with abdominal pain and genital tract spotting in Oc-
tober 2015. Colposcopy revealed a neoplasm in cauliflower form. PAP smear result was cancer
in situ (Tis). The biopsy result from the cervical canal and neoplasm was invasive squamous
cell carcinoma. The patient underwent full preoperative examination (blood test, biochemical
blood test, coagulation test, urinalysis, X-ray of chest organs, ECG, ultrasound investigation of
pelvic organs, and PAP smear). Magnetic resonance imaging investigation showed a hetero-
geneous tumor, uneven contours, and intensity accumulating contrast. The patient was not
pregnant, and a fertility-preserving treatment method was used. Three PDT sessions allowed
to avoid vaginal radical trachelectomy. Pregnancy occurred 3 years and 8 months after the
first PDT session. The patient had testing after treatment 4 times (3rd, 12th, 24th, and 60th
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months). She had a pregnancy without complications and had operative delivery by Cesarean
section in April 2020. There was a 5-year remission period without episodes of relapse. The

patient has an 8-month-old baby. © 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Cervical cancer ranks 4th in the prevalence of all cancers in women. In 2018, the WHO
registered 569,847 new cases in the world, and 3.4% were in the Russian Federation. Cervix
uteri cancer has the second rank in the world among female cancers in the fertile period [1].
IB2 is the last cervical cancer stage which is restricted to the cervix. The 5-year relative
survival rate in the local stage is 92%, but in regional and distant cancer it is 56 and 17%,
respectively [2]. Russian national guidelines in oncology and gynecology recommend
managing invasive cancer with methods ranging from conization to radical surgical proce-
dures, such as hysterectomy [3]. Vaginal radical tracheostomy is one of the less invasive
procedures for nulliparous women. It is an oncologically safe fertility-preserving surgery.
Human papilloma virus (HPV) is the main reason for this disease. HPV cannot be fully elimi-
nated by surgical procedures. That is why 5.5-31.6% of cases have a relapse. Conization
depth had no significant effect on the elimination HPV and precancerous lesions relapse. One
of the most significant predictors of cervical lesions is damage of more than 50% of the
cervical surface [4]. Tumor regression and HPV elimination can be achieved by photodynamic
therapy (PDT). PDT is a noninvasive procedure to treat many oncological diseases, including
early-stage invasive cervical cancer [5]. This method uses 3 main components to damage
tumor cells and tissues. These components are a photosensitizer (PS), a certain wavelength
oflight, and oxygen [6]. A PS is intravenously injected. PS accumulation occurs in pathological
and tumor tissues and is removed from healthy tissues after 2-3 h. A certain wavelength of
light photoactivates stable PS and creates an excited state of PS. This PS state initiates photo-
chemical reactions in the tumor cells. Molecular oxygen turns into singlet oxygen. Singlet
oxygen is an active oxygen form. There it is inducing lipid peroxidation and programming cell
death. Damage-associated molecular patterns (DAMPs) and pathogen-associated molecular
patterns (PAMPs) are molecules which are produced after cell death. They are connected
with toll-like receptors (TLRs) of innate immune cells. These cells synthesize cytokines and
activate an innate immune response. There is a condition for the formation of active anti-
tumor and antiviral immunity after PDT [7]. PDT makes it possible to save the cervix and
preserve fertility in nulliparous women. One of these patients is described in this report.

Case Report

A 38-year-old woman presented with abdominal pain and genital tract spotting. She had
no pregnancy. Her menstrual cycle was not regular and nonpainful from 15 years old. She had
sex since the age of 17 years. She had had 5 sexual partners. She did not visit the gynecolo-
gist’s regularly. HPV was detected in 2007 for the first time. She went with complaints to the
government hospital in October 2015. There was a full examination (clinical blood test,
biochemical blood test, coagulation test, urinalysis, X-ray of the chest organs, ECG, ultrasound
investigation of the pelvic organs, and PAP smear). Complete blood count showed that the
hemoglobin level was 127 g/L and fibrinogen was 3.5 g/L. Erythrocytes sedimentation rate
was 13 mm/h. Blood count levels were not typical for cancer patients. Adenomyosis was
detected by ultrasound investigation. Hysteroscopy, dilatation, and curettage of the cervical
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Fig. 1. Neoplasm before PDT. Exophyt-
ic neoplasm of 4 x 6 cm with atypical
vessels and contact bleeds.

Fig. 2. Acetic test before PDT. Inten- o o )
sive acetowhite epithelium on the sur- i
face. Horizontal stitch on the lower
pole after knife biopsy.

canal and uterus cavity were made following Russian medical standards. Colposcopy revealed
aneoplasm in cauliflower form. PAP smear result was cancer in situ (Tis). Knife biopsy of the
cervix was performed on 6 and 9 hours (shown in Fig. 1). Biopsy result from the cervical canal
was invasive squamous cell carcinoma in the presence of chronic cervicitis. On the next stage
of examination, she had magnetic resonance imaging (MRI). MRI visualization showed a
heterogeneous tumor, uneven contours, and intensely accumulating contrast. The tumor size
was 2 x 1 x 2 cm. A vaginal radical trachelectomy was recommended to the patient.

She went to “Euroonco” in Moscow in November 2015 for oncogynecologist consultation.
In colposcopy, an exophytic neoplasm with atypical vessels and contact bleeds was revealed.
The exophytic neoplasm had intensive acetowhite epithelium in the test with 5% acetic acid
(shown in Fig. 2). MRI, knife biopsy, and PCR confirmed invasive cancer 1B2 with HR-HPV.
Digital analysis was applied to the retrospective colposcopy video file for estimation of the
cervical surface [8]. IndGV is an index for the estimation of intensity and square of acetowhite
epithelium. It is a index for the estimation of the cervical surface square and acetowhite
epithelium range in an 8-bit image. IndGV was equal to 13.89 units. The digital visualization
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Fig. 3. 8-Bit image of the cervix with
acetic test. Yellow border is the cervix
surface with tumor and acetic test. Red
color is an area of acetowhite epitheli-
um.

showed a highly intensive and large square of pathological tissues on the cervical surface area
(shown in Fig. 3). The patient was informed about all treatment methods and chose PDT for
preservation of fertility. Voluntary written informed consent was obtained for this procedure.
Multicourse PDT treatment was based on the national warranty program of healthcare to
cancer patients [5]. PDT was approved as a fertility-preserving treatment and we decided on
3 PDT sessions because she was not pregnant. The first session was at the end of November
2015, the second PDT session at the end of December 2015, and the third PDT session in the
middle of February 2016.

The First PDT Session

General anesthesia was used for PDT. The PDT protocol included 2 stages [7]. The first
stage is intravenous PS injection. Chlorin E6 (Fotoditazin by LLC VETA-GRAND, Russian
Federation) was used as a PS. PS accumulation in the inner skin layers obtains a high sensi-
tivity for sunlight. Ultraviolet (UV) protection must be provided by sunscreen. The patient
used antioxidants after 3 days of each PDT session. She was observed in the low dark mode
for 48 h after PS injection. The dark mode includes wearing sunglasses and illumination of no
more than 50 lux.

Irradiation Stages

The second stage was PS photoactivation. The laser machine “Lahta-Milon” was used for
cervix irradiation with 662 nm wavelength. The light was delivered by the cylindrical diffuser
in the cervical canal (shown in Fig. 4). The irradiation part of the diffuser is 4 cm. It irradiates
the full area of the cervical canal. The cervical surface was irradiated by a macro-lens with a
multi-location technique (shown in Fig. 5). The diameter of the light pole was from 2 to 3 cm.
Irradiation power for the cervical canal was 300 ] per cm? and for the external part of the
cervix it was 300 ] per cm? in each field with multi-location processing.

Dynamic Changes in Squamous Cell Epithelium for 1 Month

Local ischemia formed due to the photodynamic effect. A grey-white tin formed in a
healthy area (shown in Fig. 6). The adverse reactions after PDT were pulling abdominal pains
and a burning sensation. Nausea and vomiting were observed in 17.8% of cases. A fever was
detected in the early postsurgery period. NSAIDs were used for decreasing the temperature.
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Fig. 4. First stage. Cervical canal irra-
diation.

Fig. 5. Second stage. Cervical surface
irradiation.

Fig. 6. 1 min after PDT. No coagulation
necrosis indicators. The cervix surface
looks blue with grey-white tin.
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Fig. 7. 7 days after PDT. Tumor in the
resorption process. Apoptotic and ne-
crotic masses.

Fig. 8. Acetic test. 27 days after PDT.
Erosion area around cervical cancer.
Acetowhite epithelium line around
erosion area.

The epithelium of the organs of the female reproductive system which is HPV infected, such
as the vagina and vulvar lips, has a possibility for edema and photothermal burns after PDT.

Fibrin imprinting and aseptic inflammation were forming for 1 week after PDT. These
conditions are caused by apoptosis and necrosis in the tumor area (shown in Fig. 7). On the
14th to 21st day, necrotic and apoptotic masses rejection occurred. The epithelialization
phase started 1 month after the PDT session (shown in Fig. 8).

Liquid-based cytology after the first PDT session had ASC-H, PAP smear result - 2nd
class. Leukocyte numbers were 40-50 in a smear from the cervical canal. On MRI investi-
gation, the cervix neoplasm was not detected, while edema of the anterior cervical part was
detected. Leukocyte infiltration of the cervical canal was due to a hyperactive mucosal
immunity [9, 10].

The same PDT protocol was used for the second PDT session. Dynamic changes in
squamous cell epithelium for 1 month are shown in Figures 9-11. The cervical surface was
cyanotic after 1 min of the PDT session (shown in Fig. 9). The alteration phase started 7 days
after the PDT session. There were necrotic and apoptotic masses on the cervical surface
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Fig. 9. 1 min after PDT. Singlet oxygen
hyperoxidation. Cyanotic tissues and
microthrombosis. Apoptosis was in-
duced.

Fig. 10. 7 days after PDT. Alteration
phase. Cervix surface with apoptotic
and necrotic masses.

Fig. 11. 7 days after PDT. Alteration
phase. Left vagina sidewall with apo-
ptotic and necrotic masses.
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Fig. 12. Acetic test. 35 days after PDT. Endometrioid heterotopias around the cervical canal. Epithelialization
process. Left vagina sidewall with PS.

Fig. 13. Fluorescence diagnostics. 35 days after PDT. Pathological tissues fluorescence with accumulating PS.

(shown in Fig. 10) and the left vagina sidewall (shown in Fig. 11). The postsurgery period was
without complications.

Liquid-based cytology after the second PDT session was negative for intraepithelial
lesion or malignant (NILM). The left vagina sidewall had an inflammation process (shown in
Fig. 12). Fluorescence diagnostics were used to control the efficacy of previous procedures.
PS accumulation was controlled by fluorescent diagnostics. UV-light was generated by the
apparatus “AFS” with 400 nm wavelength of light (LLC Polaronic, Russian Federation). A
yellow light filter was installed in the colposcope for excluding UV-light and fixate red light
fluorescence. Red fluorescence was present after PS accumulation (shown in Fig. 13). Patho-
logical fluorescence showed inflammation of tissues. We decided to hold a third PDT session.

The same PDT protocol was used for the third PDT session. Dynamic changes in squamous
cell epithelium for 7 days are shown in Figures 14-16. Reaction of the tissues of the cervix
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Fig. 14. 1 min after PDT. Cervix surface. Cyanosis area. Microthrombosis.

Fig. 15. 1 min after PDT. Left vagina sidewall. Cyanosis area. Microthrombosis.

and left vagina sidewall after PDT is shown in Figures 14 and 15. Microthrombosis-related
ischemia is a reason for the cyanosis area on the cervical surface after PDT. Alteration phase
with rejection of necrotic and apoptotic masses after 7 days of PDT is shown in Figure 16.

The patient had a checkup after treatment 4 times (3rd, 12th, 24th, and 60th months).
Cervix histological investigation results detected chronic HPV-related cervicitis without
atypical squamous cells and chronic mild colpitis 3 months after the third PDT session. Liquid-
based cytology after the third PDT session was NILM. On MRI visualization of the pelvic
organs no relapse was detected and the neoplasm regressed. Squamous cell carcinoma (SCC)
antigen was equal to 0.3 ng/mL.

The condition of the cervix 12 months after PDT is shown in Figure 17. Digene test 12
months after the third PDT session calculated a weak viral load (0.45 relative units).
Colposcopy had no acetowhite epithelium and iodine negative areas (shown in Fig. 18, 19,
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Fig. 16. 7 days after PDT. Alteration
phase. Necrotic and apoptotic masses.

Fig. 17. Full epithelialization. Metaplastic squamous cell epithelium around the cervical canal. TZ type 2. En-
dometrioid heterotopia at 1 and 11 hours.

respectively). Liquid-based cytology result 12 months after the third PDT session was NILM.
PAP smear had as aresult 1 class. Leukocyte numbers were 10-12 in a smear from the cervical
canal. Mucosal immunity activity was on normal status [9, 10]. The patient has been doing a
checkup every year since 2016.

Her pregnancy occurred 3 years and 8 months after the first PDT session. The pregnancy
was without complications. She had operative delivery by Cesarean section in April 2020.
Operative delivery was chosen to prevent cervical rupture. The patient went to investiga-
tional control 8 months after labor. Colposcopy had no acetowhite epithelium and iodine-
negative areas (shown in Fig. 20-22).

The liquid-based cytology 60 months after PDT sessions detected NILM (a weak
columnar epithelium proliferation). PAP smear had as a result 1 class. Leukocyte numbers
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Fig. 18. Acetic test. No acetowhite epithelium on the cervix surface. Bleeding after cytobrush effect. TZ type

2.

Fig. 19. Schiller’s test. [odine-negative areas are not detected. Squamous cell epithelium after epithelializa-
tion phase around the cervical canal. TZ type 2.

were 0-3 in a smear from the cervical canal, a normal activity of mucosal immunity [9, 10].
Digene test calculated a weak viral load (0.22 relative units) 5 years after PDT. MRI visu-
alization of the pelvic organs did not detect any pathology in the cervix. There was a ridge
in the lower part of the uterus after the Cesarean section. IndGV was equal to 0.22 units. It
showed lowly intensive and big square pathological tissues on the cervical surface area

(shown in Fig. 23).
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Fig. 20. Ectopia of the uteri cervix.

Fig. 21. No acetowhite epithelium. Bleeding after cytobrush effect.

Conclusion

PDT is an organ-saving treatment method for preserving fertility. This is a noninvasive
treatment for invasive cervical cancer. HPV is the main reason for cervical cancer. PDT acti-
vates mucosal, antitumor, and antiviral immunity. Photodynamic reactions initiate immune
cells by cytokines and TLRs [7, 9, 10]. PDT normalized the mucosal immunity in the cervix. A
full preoperative examination provides clinical details for understanding the level of the
nonsurgical intervention and numbers of PDT sessions. Our 5-year-term experience showed
that patients with squamous cell lesions and early-stage invasive cervical cancer needed to
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Fig. 22. lodine-positive area.

5.51x3.45 unit (3218x2012); E-bit; 6.2M8

Fig. 23. 8-Bit image of the cervix with acetic test. Yellow border is the cervix surface with tumor and acetic
test. Red color is an area of white light reflexion.

have 1 PDT session and multi-course PDT, respectively. This patient has a 5-year remission
without episodes of relapse. PDT allowed to avoid vaginal radical trachelectomy and to
preserve fertility. The patient supports the 8-month-old baby. PDT can be a method of choice
for patients who have never been pregnant.
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