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Ön Söz

Kanser, modern toplumun en yaygın ve korkulan hastalıklarından 
biridir. Son yıllarda insidansı giderek artmaktadır. Kanserin moleküler 
özelliklerinin anlaşılmaya başlamasıyla birlikte çalışmalar hedefe yönelik 
tedaviler üzerine yoğunlaşmıştır. Bu kitabın amacı ise kanserlere yeni hedefli 
terapötik yaklaşimlara ilişkin literatürü analiz etmektir. Bu kitap temel bilim, 
kanserlere özgü moleküler yaklaşımlar ve sinyal yolakları, hedefli ilaçlar, klinik 
araştırmalar ve psikoterapi gibi alanları kapsamaktadır. Kanser veya çoklu 
stres tepkileri birçok insan, hayvan ve bitki hastalığının altında yatmaktadır 
ve bu da kitap içeriğimizin önemli bir bileşenini oluşturmaktadır. Bu kitabın 
konu yelpazesi, kanserle ilişkili hastalıklar dünya çapında hızla ilerledikçe 
büyük bir güncelliğe sahip olacaktır.

Dr. Asiye Gök Yurttaş



Preface

Cancer is one of the most common and feared diseases of modern society. 
In recent years, its incidence has been gradually increasing. Studies have 
concentrated on targeted therapy as a result of the understanding of the 
molecular characteristics of cancer. The aim of this book is to analyze the 
literature on new targeted therapeutic approaches to cancers. This book 
covers areas such as basic science, cancer-specific molecular approaches 
and signaling pathway, targeted drugs, clinical trials and psychotherapy. 
Cancer, or multiple stress responses, underlie many human, animal, and 
plant diseases, and this is an important component of our book content. 
The range of topics of this book will have a great deal of relevance as cancer-
related diseases progress rapidly in the world’s environment.

Asiye Gök Yurttaş, Ph.D
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Chapter 3

Photodyanamic Therapy in the Cervical Cancer 

Asiye Gök Yurttaş1

Abstract

Cancer is one of the most common and feared illnesses in modern society. 
Its prevalence has been gradually rising in recent years. The fourth most 
common malignancy in women worldwide is cervical cancer (CC). Surgery, 
chemotherapy, and radiotherapy are examples of conventional treatments, 
but they are invasive and have negative side effects. In addition, metastasis 
is observed in roughly 70% of individuals with late-stage CC due to limits 
and treatment resistance. In addition to treating primary CC, photodynamic 
therapy (PDT) is an alternate CC treatment strategy that has been clinically 
shown to reduce subsequent metastasis. Because PDT is a non-invasive 
focused treatment with less adverse effects and reduced resistance to dose 
repetitions, it is believed to be much more beneficial. This review study’s 
objective is to examine the studies on PDT’s efficacy in treating cervical 
cancer.

INTRODUCTION

An international health issue is cervical cancer (CC). Cervical cancer (CC) is 
one of the most prevalent oncological conditions nowadays and a significant 
public health issue. In most countries, this sickness is the main reason why 
women die [1].

The International Organization for Research on Cancer estimates that 
there were 603,863 new cases of cervical cancer worldwide in 2020, of which 
341,680 were fatal [2]. The 5-year survival rate for cervical cancer patients 
in various nations varies from 37% to 77% in 2020 [3]. The disease’s stage, 
the occurrence of relapses, and the development of tumor metastases all play 
a significant role in the suggested treatment modalities [4]. Epidemiology 
research on cervical cancer has revealed a 12.66% increase in cases over 

1	 Assistant professor, Affiliations :Department of Biochemistry, Faculty of Pharmacy, Istanbul 
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the past ten years [5]. With specific goals for the years 2020–2030, the 
World Health Organization (WHO) developed a draft worldwide strategy 
to hasten the elimination of the CC in 2019. 90, 70, and 90 key points 
make up the overview, according to the WHO worldwide plan. HPV is 
the primary factor in the emergence of CC [6].  By the age of 15, 90% 
of girls should have had the HPV vaccine in its entirety. Around 35 and 
45 years old, 70% of women should have another high performance test 
screening. For disorders characterized by cervical malignant diseases, 90% 
of women should obtain treatment.  Conventional CC treatments such 
radiation, chemotherapy, and surgical excision are intrusive and have negative 
side effects [7].  Despite increasing developments, metastasis affects 70% of 
patients with late-stage CC because of the limitations of all surgical excision 
procedures and the resistance of cervical cancer stem cell (CCSC) to repeated 
therapies [8, 9].  As a result, the research is needed to develop alternate 
treatment combinations. PDT is an alternate therapeutic approach that has 
the potential to both prevent secondary metastasis of CCSC and provides 
clinical evidence for the initial eradication of CC [10]. Furthermore, PDT 
is known to be a highly targeted, non-invasive, localized treatment with less 
side effects, quicker recovery times, and lower resistance to repeated dosage 
treatments when compared to traditional treatments [11]. Recent clinical 
trials [12,13] have shown that PDT therapy utilizing 5-aminolevulinic acid 
(ALA) is an effective and well-tolerated therapeutic option for CC. These 
clinical trials still need to be improved in order to investigate the use of 
cutting-edge PDT therapy to trigger particular immune responses and 
entirely stop CC secondary migration [14].

Cervical cancer

Human papillomavirus (HPV) infection is frequently linked to cervical 
carcinoma (CC) (HPV).   The HPV family which includes more than 
200 distinct DNA viruses, can be split into subgroups with low and high 
infection risk [15]. 99% of occurrences of cervical cancer are caused by high-
risk HPV, the most common of which being HPV-16 [16].

The results revealed that HPV is the primary cause of cervical cancer; 
thus, while other risk factors may raise the likelihood of developing cervical 
cancer, this particular type of cancer cannot arise in the absence of HPV 
[17]. The three kinds of possible cofactors in the pathogenesis of cervical 
cancer include host risk factors, viral risk factors, and environmental 
risk factors.  Hormonal birth control, smoking, and sexual activity are all 
environmental risk factors [18-20].  A history of HPV infection with 
several strains, viral load, and integration of various viruses are all viral risk 
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factors [21]. Endogenous hormones, genetically associated variables and 
essentially any element that may influence the immune system response are 
all considered hosts risk factors [22].

CC is a cancerous type of tumor that develops in the cervix. Squamous 
cell carcinoma (SCC) and adenocarcinoma (AC) are the two subtypes 
recognized histologically (SCC) [23]. The formation rate of SCC is almost 
70% higher than that of AC [23]. Women are frequently diagnosed with CC 
all over the world, but mainly in low- and middle-income nations like South 
Africa, India, China, and Brazil. In 2020, a total of 604,127 new cases of CC 
were reported worldwide, of which 341 831 resulted in death [24].

Re-infection with cervical cancer is conceivable as a result of the 
existence of HPV in the vaginal mucosa, which is necessary for the virus’ 
resistant persistence [25].  Thus, the discovery of therapeutic approaches 
that enable the eradication of the virus from all genital tract mucosal 
surfaces where HPV is found represents the primary challenge. It is not 
possible to simultaneously destroy and/or ablate relatively large areas on the 
surface of the cervix, vagina, and vulva due to the risk of infection at these 
anatomical locations. The benefit of PDT is the ability to eradicate HPV 
in all localizations. A non-invasive alternative approach for treating cancer 
is photodynamic therapy (PDT). PDT is effective in getting rid of HPV. 
Squamous intraepithelial lesions and cervical cancer recurrence are primarily 
caused by HPV persistence. According to studies, HPV persistence accounts 
for 40% of recurrences following surgery [26]. There was no discernible 
change in the incidence of recurrence following surgery in the 5-year follow-
up trial. It has been demonstrated that surgical methods cannot completely 
eradicate HPV [26, 27].

Lack of access to medical care for successful treatment plans, public 
awareness, smoking, oral contraceptive use, and HIV co-infections are 
additional variables that may affect the overall incidence rate of CC. Atypical 
vaginal discharge, vaginal bleeding (especially after intercourse), pelvic 
discharge, and pain following intercourse are typical signs and symptoms of 
CC [23]. It is expected that 11 million women would be diagnosed with CC 
in the next 10 to 20 years, necessitating greater study into early diagnosis 
and therapies [23].

Cervical Cancer Stages and Treatments

There are four stages of CC: stage I, where the cancer is limited to the 
cervix; stage II, where the cancer has spread to the upper two-thirds of 
the vagina or to the tissue surrounding the uterus; and stage IV, where the 
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cancer has extended to the lower two-thirds of the vagina. Stage III cancers 
have spread to the lower third of the vaginal or pelvic wall, as well as to the 
kidneys, lymph nodes, or both; Stage IV refers to cancer that has spread 
outside of the pelvis or to the lining of the bladder, rectum, or other bodily 
areas [28].

Surgery, radiation therapy, chemotherapy, targeted therapy, and 
immunotherapy are the currently available 5 standard kinds of conventional 
treatment for CC.

The stage of the CC at the time of diagnosis determines the type of 
treatment used alone or in combination [29].  Conization or internal 
radiation therapy, as well as a total or partial hysterectomy, are surgical 
procedures used to treat stage 1 CC. [29]. Following a combination radical 
hysterectomy and excision of the pelvic lymph nodes in stage II CC, radiation 
and chemotherapy are frequently taken into consideration. Treatments for 
stage III CC include low-level chemotherapy with fol excision of the pelvic 
lymph nodes and combination radiation and chemotherapy. The tumor 
is then reduced with internal radiation therapy before a complete surgical 
hysterectomy [29].  Chemotherapy and radiation therapy may be used as 
palliative care in stage IV colorectal cancer to relieve discomfort and recurrent 
cancer symptoms [29]. Nonetheless, concentrated immunotherapies or 
clinical trials of severe surgical pelvic exenteration may be additional viable 
treatment options for stage IV CC.

The long- and short-term adverse effects of these conventional therapy 
techniques are significant, notwithstanding their promise. Surgery is 
extremely invasive and uncomfortable at any stage of CC [28]. It is well 
recognized that radiation therapy damages normal, healthy cells’ DNA 
unintentionally, impairing their ability to repair and causing irreversible 
harm. Similar to how chemotherapy is poisonous to healthy tissues, it has 
immediate adverse effects include hair loss, nausea, vomiting, diarrhea, 
coughing, swollen legs, and weight loss [30]. Radiation or chemotherapy 
can have long-term adverse effects, such as persistent leg, back, or stomach 
pain, trouble urinating, and fatigue [30]. Also, new therapeutic options like 
targeted immunotherapies are still being tested in clinical settings, so it is 
unclear how effective they will be in the long run.

The early diagnosis of CC is still very poor, and CC in women frequently 
goes misdiagnosed until the late stages due to a lack of health and education 
facilities (particularly in developing nations), asymptomatic patients, and 
poor diagnostic pap test accuracy [31]. 38% of CC patients are diagnosed at 
stage III or IV, compared to 44% of those that are detected at stage II [31]. 
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As a result, one of the top main examples is Advanced CC. Inadequate early 
detection, a lack of effective treatment regimens brought on by treatment 
resistance, and recurrence are the main contributors to cancer-related 
mortality in low- and middle-income countries.

Alternative Photodynamic Therapy for the Treatment of Cervical 
Cancer

Surgery, radiation therapy, and chemotherapy are all part of the standard 
anticancer treatment for colorectal cancer (CC), yet they all have drawbacks 
[32].

Damage to normal tissues, structural deformations, scarring, 
hyperpigmentation, and systemic adverse effects are all possible complications 
following surgery or radiation therapy. Moreover, the use of traditional 
medicines may result in multidrug resistance, which could result in treatment 
failure and illness recurrence. Many therapy strategies have been proposed 
to lessen toxicity and reduce side effects. The systematic exploration has 
recently begun to focus on non-traditional therapies that can effectively cure 
CC while reducing the invasiveness, unpleasant side effects, recurrence rate 
and metastasis of conventional therapies. 

Photodynamic therapy (PDT) is a tried-and-true alternative treatment 
method for curing primary CC and eliminating CCSC to halt secondary 
metastases [10]. Since PDT is a highly targeted, non-invasive, localized 
treatment with few side effects, a speedy recovery, and no aftereffects, it has 
numerous advantages over conventional therapies. Due to the fact that PDT 
enables women to keep their fertility, it can also be viewed as an alternate 
kind of treatment for patients. Because patients’ infertility is frequently 
brought on by surgery, chemotherapy, and radiation therapy [10]. A light-
sensitive substance (photosensitizer, PS) is systemically applied as part of 
the treatment, and after that, the patient is exposed to a light source with a 
specific wavelength. Targeted cell death results from the oxidative damage 
caused by this [33]. Three essential elements—PS (topically or systemically 
viable), light (often generated by laser sources), and molecular oxygen—
are necessary for PDT activity. PS preferentially accumulates in malignant 
tissue. It is triggered by local illumination of the lesion with visible light 
calibrated to activate the PS; this results in cell death [34].  In tumor tissues, 
PS has minimal accumulations. They are promptly expelled from the body 
or the target tissue after a brief time in the bloodstream. Penetration and 
retention into tissues significantly increase when administered in precisely 
designed nanoparticle compositions [35,36]. This is as a result of better 
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photosensitizer targeting and defense [37,38]. A therapeutic strategy 
utilizing photosensitizers with nanoparticles and light activation could 
potentially go beyond the restrictions of photodynamic therapy for the 
treatment of carcinomas in light of these processes [39]. 

Mechanism of Action of PDT for the Treatment of Cervical Cancer

In PDT procedures, a patient is given a light-stimulating photosensitizer 
(PS), also called a photosensitizer [40]. We give the patient’s body enough 
time for the PS to disperse. A PS can passively and specifically accumulate 
in tumor cells due to the enhanced permeability and retention effect (EPR) 
that cancer cells have [12]. A laser source is used to apply irradiation of a 
specific wavelength to the localized tumor in the patient’s cervical region 
during hysteroscopy when selective accumulation of PS develops. Red laser 
stimulation causes localized tumor PS to transition from its single baseline 
state to an induced triple state [40]. Reactive oxygen species (ROS) and 
other free radicals are produced in the type I reaction when PS in the excited 
ternary state combines with biomolecules, molecular oxygen, and water in 
the vicinity of tumor cells [40]. In type II reactions, excited triple state PS 
and excited triple state oxygen (3O 2) combine to form reactive single oxygen 
(1O2).

Oxidative stress caused by the production of cytotoxic ROS and 1O2 
free radical species causes cell death by necrosis or apoptosis in primary and 
secondary CC tumor cells [40]. These types of cell death, which are triggered 
by oxidative stress in tumor cells, kill a primary CC tumor by destroying a 
variety of internal biomolecules, such as DNA, proteins, and ligands.

PDT causes DNA damage and oxidative stress in cancer cells by inducing 
apoptosis and autophagy [41].  A type of programmed cell death known 
as apoptosis is brought on by excessive or insufficient stimulation for cell 
growth, proliferation, and even cell damage [42]. An intracellular catabolic 
degradative process is called autophagy. As a result of oxidative stress, protein 
recycling occurs and aids in cancer cell survival as well as programmed cell 
death [43].  Recent research has revealed that apoptosis and autophagy 
frequently take place in the same cell. Both types of cell death can be brought 
on simultaneously by the ROS produced by PDT [44,45]. This particular 
PDT treatment may also cause other anticancer immune reactions, which 
could damage the vascular system of the tumor. CCSC removal should be 
increased to prevent secondary spread [10].

PDT produces hemostasis, artery narrowing and breakdown when it 
targets a tumor’s vascular nature. This reduces the amount of oxygen and 
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nutrients that a tumor receives, assisting in the main and secondary CCSC 
breakdown [10]. As a result, CC PDT treatment can force the destruction 
of localized tumor tissue as well as crucial anti-tumor responses and an acute 
inflammatory process. Both of that assist eradicate primary CC and stop its 
secondary spread.

Recent PDT Clinical Studies for the Treatment of Cervical Cancer

The PS deposition in the afflicted tissue and singlet oxygen quantum yield 
are the two main factors that determine PDT’s effectiveness. Moreover, PS 
has a significant impact on the drug’s pharmacodynamics and pharmaceutical 
cokinetics [46]. For usage in PDT, porphyrins, chlorines, bacteriochlorolines 
and phthalocyanins have all been thoroughly investigated. Clinical approval 
has been granted to a number of substances [47, 48]. Bacteriochlorophyll 
derivatives with strong absorption in the long wavelength portion of the 
spectrum have lately been investigated for the treatment of big or deep-
seated cancers [49]. Many experimental research has been carried out to 
investigate the tissues and cellular targets of PS as well as its methods of 
action [50, 51].

During PDT, targeted and microencapsulated delivery of cytotoxic and 
antibacterial drugs enhances cancer therapy outcomes. Poor encapsulation 
and insufficient medication dose frequently thwart the success of this 
technology. Thus, it is crucial to create novel, trustworthy microencapsulated 
dosage forms that have a high level of therapeutic efficacy. 168 randomized 
clinical studies for the treatment of PDT in CC were conducted in 2018, 
according to a comprehensive review by Zhang et al. [52]. 

The remission rate of patients was reported to have increased greatly 
by PDT by 82%, although it was emphasized that additional clinical 
research is required to identify the PS that is the most efficient and least 
hazardous. One of the important studies referenced in this review said 
that PS (Photofrin®) PDT successfully treated 50 early-stage CC patients 
with a 95% improvement, however the patients also suffered unfavorable 
photosensitivity and inflammation. In clinical situations where CC 
metastasizes, researchers have also proposed that combination chemo-PDT 
is required [52,53]. In contrast, the researchers looked into PDT treatment 
using the strong FDA-approved prodrug hexaminolevulinate (HAL) in 
56 CC patients. They found that 90% of the patients had a full response 
to treatment with no recurrence, progression and/or lesions 2 years after 
treatment [54]. Most recently, researchers reported 45 patients had effective 
PDT for CC using Photoditazine® and PhotolonTM, and 86% of those 
patients did not experience a relapse 5 years following treatment [11]. 
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However, when using FDA-approved ALA as PS in the treatment of PDT 
in the most notable and final preclinical CC patient, researchers found that 
there was minimal morbidity, a low incidence of side effects, and a 94.81% 
remission rate after a year of treatment [55,56]. Scientists also observed that 
PDT utilizing ALA in clinical phase trials has emerged as the most efficient 
and risk-free therapy option for the current control of CC. Prior to this 
medication being made available to the public health system, more research 
is required due to the constraints of reducing secondary spread [12,13].

Limitations and Future of PDT for Cervical Cancer Treatment

Low-dose PDT regimens may allow CC tumor survival and may also 
produce anti-tumor immunity, but medium-dose PDT therapy may induce 
positive apoptotic tumor cell death and cause necrotic tumor ablation of 
high-dose PDT, according to clinical and preclinical CC PDT studies [55, 
56].

Consequently, to control the local main tumor and achieve 
immunosuppression of secondary spread to CCSC, moderate-to-high-dose 
PDT is typically needed in the treatment of CC. Overall, mounting data 
point to CC PDT’s success being based on its ability to affect tumor-host 
interactions while tipping the scales in favor of the activation of specific 
immune responses and vascular closure to halt cancer dissemination. 
Therefore, additional research is needed to determine how to achieve 
controlled high dosing, immune responses that can completely stop secondary 
spread and clinical trial phases with improved light sources to induce deep 
tissue phototoxicity and limited skin photosensitivity in comparison to CC 
PDT [14]. There is still space for improvement, according to additional 
preclinical investigations despite the fact that the most recent clinical trials 
have shown the huge potential of CC PDT [57]. In a more recent study, 
combined PDT therapy suggested methods that need further study to be 
fully effective in CC [57]. According to some recent combination studies, 
PDT for colorectal and breast cancer has been shown to be effective when 
combined with cannabidiol (CBD) which also inhibits migration for the 
main cell cancer development ablation and secondary spread [58-60]. 

Conclusion

CC is one of the most successfully treatable types of cancer when the 
disease is detected at an early stage.  Thus, it is crucial to create efficient 
substitute therapies that may cure HPV-related squamous intraepithelial 
lesions of cervical cancer and preinvasive cervical cancer without 
endangering the patient’s fertility. The major conclusions from this analysis 
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are that conventional CC treatments such surgical excision, chemotherapy, 
and radiotherapy are invasive and have adverse side effects [7]. Due to the 
constraints of surgical excision and CCSC resistance to recurrent radiation 
and chemotherapy, over 70% of late-stage patients still experience recurrence 
or metastasis despite advancements in standard CC treatments [8, 9]. As a 
result, there is a critical need to investigate alternate therapeutic pairings.

PDT is a complementary cancer therapy that has been shown to treat 
primary CC while also removing CCSC to stop secondary metastases [10]. 
PDT is a far more beneficial treatment for CC since it is highly targeted, non-
invasive, localized, has few side effects, heals quickly without leaving scars, 
and is also acceptable for repeated dosing with little to no resistance [11]. 
According to certain studies, PDT, which is employed as PS and is reported by 
ALA (5-aminolevulinic acid), has emerged as the most efficient and risk-free 
therapy method for the current control of CC. However, additional research 
must be conducted before this drug may be offered [12,13]. Moreover, the 
most recent CC PDT clinical trials have demonstrated remarkable promise, 
suggesting that additional preclinical trials can still be developed [57]. The 
investigation of controlled high dosing, light source transmission to induce 
deep tissue phototoxicity with limited skin photosensitivity and advanced 
studies aimed at inducing particular immune responses to completely 
eradicate secondary propagation are just a few examples of these CC PDT 
clinical trials improvements [14].

This awareness has pushed research on CC PDT and conventional 
medicines to the fore to examine these synergistic therapies that enable 
the targeting of numerous cell death pathways. In order to stop primary 
tumor growth and fight secondary metastasis, this synergistic treatment 
will stimulate host immune responses. The application of PDT aids in the 
successful treatment of pathological foci on the mucous membrane of the 
cervix; the method’s efficacy and safety are guaranteed by its selective action 
on the tissues [61,62]. PDT provides for the preservation of the normal 
anatomical and functional aspects of the cervix because normal surrounding 
tissues are not destroyed during treatment, there are no obvious scars, and 
there is no cervical canal stenosis. PDT enables the preservation of the normal 
anatomical and functional aspects of the cervix while using the procedure 
without causing any harm to the surrounding healthy tissues. 
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