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Preface

Cervical cancer is a heterogeneous disease composed of multiple distinct molecular
and clinical subtypes. Improvements in the ability to target the underlying drivers

of ovarian cancer, combined with advances in surgical techniques, are crucial for
developing effective treatments for patients with ovarian cancer. This book addresses
recent advances, new perspectives, and applications in the treatment of cervical
cancer.

Chapter 1, “Molecular and Cell Biology of Cervical Cancer” by Natalia Garcia-Becerra
etal., discusses the molecular and cell biology of cervical cancer in detail, empha-
sizing the disease’ etiology, epidemiology, risk factors, hallmarks, and the main
signaling pathways involved. The chapter delves into the characteristics of cancer,
such as changes in cell cycle regulation, apoptosis, and cell differentiation, as well

as the tumoral microenvironment. It also highlights signal pathways like the PI3K/
AKT/mTOR pathway and the Wnt/beta-catenin pathway for their significance in the
development of cervical cancer. The chapter thoroughly explains the molecular and
cell biology underlying this terrible illness.

Chapter 2, “Radiotherapy in Cervical Cancer” by Shraddha Srivastava et al., exam-
ines the important role of radiotherapy in the treatment of cervical cancer. In recent
decades, there have been several advancements in radiation therapy treatment
techniques. Moving from conventional two-dimensional techniques to advanced tech-
niques like 3D conformal radiation therapy (3D-CRT), intensity-modulated radiation
therapy (IMRT), and volumetric-modulated radiation therapy (VMAT) hasled to
improvement in treatment outcomes. These advanced techniques deliver optimal
tumoricidal doses to tumor volumes and minimal doses to the normal tissues around
the tumor and can reduce toxicity more effectively than conventional techniques.
These external beam radiotherapy (EBRT) techniques, along with brachytherapy,
play a significant role in the treatment of gynecological cancer. Compared to point-
based dose brachytherapy planning, advanced image-based brachytherapy is associ-
ated with better local control and lower toxicity.

Chapter 3, “The Costs of Cervical Cancer Treatment with a Social Focus” by Johanna
Melissa Aguayo Joza, focuses on the value creation system in the strategic manage-
ment of costs associated with diseases, showing the need to focus the analysis on

the activities involved in management, since they detail all the interrelated actions

to achieve efficiency in treatment, particularly in cervical cancer. The design of the
value chain is important in the economic context in which it is created and for the
agents involved in its achievement, since the user, the provider, and the financer of
health care have different health, economic, and political interests. Quantifying the
value chain’s economic impact on society is relevant for its economic evaluation,
reducing uncertainty and optimizing the design of public policies. There are theoreti-
cal and methodological weaknesses in the methods for estimating indirect costs of the
value chain, including market imperfections and the postulates of economic theory.



The chapter designs the value chain for cervical cancer and the calculation of its costs,
which is specified by highlighting the activities that contribute value to the disease’s
treatments and the activities considered to be supportive for the beneficiary of the
treatments, that is, the patient.

Chapter 4, “Cytologic Monitoring, Management of Cervical Cancer, and Control

of Human Papillomavirus” by Zakariyya Muhammad Bello discusses the role of
cytologic monitoring, the management of cervical cancer, and the control of human
papillomavirus (HPV) infections. Cervical cancer is the second most common cause
of cancer-related death among women. It is caused by HPV, a double-stranded virus
that leads to cellular alterations in the cervical squamocolumnar junction. Most HPV
infections are cleared by the host immune system, while very few cases progress to
invasive carcinoma due to persistent infection and other contributory risk factors.
Several screening techniques have been devised over the years to detect HPV atan
early stage, the most common being the Pap smear test, which can detect benign
cellular changes and squamous intraepithelial neoplasias. Other important techniques
involve visual inspection with acetic acid (VIA), colposcopy, and HPV DNA testing.
In addition, recent advances have led to the development of new techniques such as
biosensor and bioreceptor technology, and loop-mediated isothermal amplification
(LAMP). Several methods have been in place to prevent the increased incidence of
cervical cancer. Among these are prophylactic HPV vaccines, which elicit a humoral
immune response against about 15 HPV genotypes. These vaccines do not cure estab-
lished cancer, however. Several trials are underway to develop a therapeutic vaccine
that will be effective in curing cervical cancer.

Michael Friedrich

Department of Obstetrics and Gynecology,
Helios Hospital,

Krefeld, Germany
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Chapter1

Molecular and Cell Biology of
Cervical Cancer

Natalia Garcia-Becerra, Carlos A. Garcia-Becerra,
Leonardo Fernandez-Avila, Jose Roberto Cruz-Lozano,
Veronica Soltero-Molinay, Isabel Arvias-Gallardo,

Sofia Briseida Leyva-Delgado, Angel E. Chdvez-Torres,
Dalia I. Murillo-Geraldo and Jesiis E. Juarez-Garcia

Abstract

The molecular and cell biology of cervical cancer will be covered in detail in this
chapter, particularly emphasizing the disease’ etiology, brief epidemiology, risk
factors, cervical cancer hallmarks, and the main signaling pathways involved. The
chapter will go in-depth about the characteristics of cancer, such as changes in cell
cycle regulation, apoptosis, and cell differentiation, as well as the tumoral micro-
environment. Signal pathways like the PI3K/AKT/mTOR pathway and the Wnt/
beta-catenin pathway will be highlighted for their significance in the development of
cervical cancer. The chapter will thoroughly explain the molecular and cell biology
underlying this terrible illness.

Keywords: cervical cancer, molecular biology, cancer biology, cancer cells, tumor
niche, tumor microenvironment, cancer signaling, hpv, cancer hallmarks

1. Introduction

Cervical cancer (CC) is a cellular alteration that originates in the cervix due to the per-
sistent infection of oncogenic genotypes of the human papillomavirus (HPV) and initially
manifests itself through precancerous lesions of slow and progressive evolution [1].

CC progression takes around 20 years to generate an invasive carcinoma; it begins
with the precancerous lesions called cervical intraepithelial neoplasias (CIN) [2]. It is
estimated that around 30% of women with advanced CIN premalignant lesions who
do not receive treatment can progress to CC [3].

CC is recognized as a significant health burden in low- and middle-income
countries, where it is ranked as the fourth most common type of female cancer [4, 5]
and the second leading cause of cancer death in women worldwide [6]. In 2020, there
were an estimated 604,000 new cases of cervical cancer and 324,000 deaths world-
wide, with almost 90% of these cases occurring in low- and middle-income countries
[6]. CC prevention is derived from vaccination schemes against HPV, the use of
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condoms, and timely detection of precancerous lesions through cervical cytology and
HPYV detection tests [7].

In October 2019, the World Health Organization (WHO) reported that 124
countries already had a timely and free vaccination program for 10-year-old girls.
However, this is still insufficient to significantly reduce CC cases, given that the distri-
bution of vaccines barely covers 30% of the world population, and screening schemes
are not usually applied in all health sectors in low- and medium-income countries [8].
Because of this situation, in 2020, the WHO committee supported the Global Strategy
towards the Elimination of Cervical Cancer, and it marked a significant milestone as
it became the first-ever elimination strategy for a cancer in the history of the WHO.

The strategy sets forth three specific global targets aimed at preventing and treat-
ing CC; by 2030, 90% of girls should receive complete HPV vaccination before reach-
ing 15 years of age; screening using a high-performance test should be conducted
on 70% of women by age 35 and again by age 45; and 90% of identified CC patients
should receive the suitable treatment [9]. These targets serve as measurable indicators
to gauge progress in preventing and managing cervical cancer globally.

Known risk factors for developing CC are HPV, low socioeconomic status, smok-
ing, young age at first intercourse, unprotected sexual intercourse, polygamy, long-
term use of hormonal contraceptives, and multiple births [7, 10-13]. However, it has
been shown that the most critical risk factor for CC development is persistent infec-
tion by high-risk HPV genotypes, which is essential for cell transformation and can be
detected in 99.7% of CC cases [14, 15].

HPVs belong to the Papillomaviridae family, which are small, non-enveloped,
double-stranded DNA viruses of about 50-60 nm diameter [16]. HPVs possess
tropism for mucosal and cutaneous keratinocytes, and according to Papillomavirus
Episteme, there are over two hundred genotypes that can be subclassified according
to their oncogenic potential as high-risk and low-risk.

Low-risk HPVs, such as genotypes 6, 11, 42, 43, and 44, are classified as such
because they commonly cause only benign epithelial lesions, such as warts and papil-
lomas. On the other hand, high-risk genotypes, including 16, 18, 31, 33, 34, 39, 45, 52,
53, 58, 68, and 70, are strongly linked to the development of CC [17, 18]. Genotypes 16
and 18 are considered of the most significant clinical relevance due to their associa-
tion with approximately 70% of the CC cases worldwide, in addition to their great
oncogenic potential [19, 20].

The oncogenic nature of high-risk HPV is attributed to the activity of E6 and E7
oncoproteins, which are the only ones that remain active even when the transforma-
tion process of cervical cells has already begun [21]. Continuous expression of the E6
and E7 oncoproteins is essential to initiate and sustain the transformation of infected
cells since they activate immunological and carcinogenic pathways to favor tumori-
genesis and modulate local immunity [22, 23].

2. Oncogenes, tumor suppressor-genes, and mutations

Cancer develops due to a series of events at the molecular level triggered by
genetic and epigenetic changes, which in turn modify the normal cellular biological
behavior [24-26]. The molecular events are associated with the altered function of
specific genes classified as proto-oncogenes and tumor suppressor genes (TSG); these
maintain a balance among the normal cell life cycle, growth, and proliferation with
programmed cell death (apoptosis) [26].
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The transition from proto-oncogenes (genes with normal biological functions in
cell homeostasis) to oncogenes (mutated proto-oncogenes with a gain in their nor-
mal biological function) is considered one of the first molecular events that trigger
subsequent carcinogenesis [24, 25]. Changes in function from proto-oncogenes to
oncogenes allow the appearance of key signs of cancer in a cell population, such as
loss of apoptosis, uncontrolled cell multiplication, angiogenesis, and metastasis to
distant organs [26].

Another fundamental molecular transformation for carcinogenesis is the loss of
function of TSG, which is the primary antagonistic mechanism of carcinogenesis
by maintaining cell homeostasis, promoting the repair of cell damage, and induc-
ing apoptosis when this repair fails to occur [24, 26]; it has been hypothesized that
the loss of function of both alleles of these genes is necessary to cause a phenotypic
change; this is known as Knudson’s phenomenon or the “two-hit theory” [27].

2.1 Cervical cancer and tumor suppressor genes

A sequence of steps in carcinogenesis onset related to high-risk HPV has been
hypothesized in CC, presumably beginning with the decrease in the activity of tumor
suppressor genes [26].

HPV infects the basal cells of the cervical epithelium, using the normal cycle of
epithelial cells, which replicate in the basal region (where the virus replicates mini-
mally), migrate to the apical region, and specialize (where viral replication increases)
[28-30]. The process of carcinogenesis secondary to infection entails a process of
several decades of persistent or repetitive infection, in which, also accidentally, the
viral genome integrates into the host genome [26, 28, 30, 31], which is not part of the
normal life cycle of the virus [30].

Upon integration into the genome, various molecular processes take place.
These processes have two outcomes: Firstly, they interfere with the E2 gene from
inhibiting the E6 and E7 viral oncogenes [32, 33], and secondly, they contribute to
an increase in genomic instability of neighboring sections of the host DNA. This
instability is caused by mechanisms such as insertion into fragile regions, rear-
rangement or duplication of contiguous genes, and the specific way viral genes are
inserted [30, 31, 34]. Regarding TSG, E6 induces ubiquitin-mediated degradation
of p53 protein, so its protective action against genetic damage is inhibited [22, 28];
E7 interacts with the LXCXE motif segment of the amino-terminal end of the Rb
family of proteins (Rb, p110, p130, and p107 mainly), suppressing them and allow-
ing the unopposed expression of E2F transcription factor, progressing from G1 to S
phase in the cell cycle (Figure 1) [22, 28].

2.2 Proto-oncogenes and oncogenes

Once genomic instability and cell immortalization are established by mechanisms
that will be described further, it is considered that oncogenesis continues with the
transition from proto-oncogenes to oncogenes. One of the main pathways described
in more than 90% of cells with CC is mediated by PI3K/Akt [35], which promotes
mechanisms of cellular proliferation; the activation of this pathway has been
described secondary to the suppression of the PTEN gene [35] or to the overexpres-
sion of PI3KCA [25].

Other important oncogenes related to the proliferation of CC are the ¢-myc tran-
scription factor, the ERB2 tyrosine kinase receptor, and the “HaRAS” oncogene [35].
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Schematic representation of the main action of E6 and E7 viral oncoproteins on tumor suppressor genes. E6
blocking the function of the tps3 protein and inducing its degradation. E7 blocking the function of the RB protein
and inducing its degradation.

3. Cell survival and immortality in cervical cancer

In CC, cancer cells survive by avoiding apoptosis and acquiring the capacity to
replicate indefinitely. These characteristics and other hallmarks of cancer allow its
uncontrolled proliferation and the formation of tumor masses in the cervix [36].
Apoptosis is a crucial physiological mechanism that limits the expansion of the cell
population, to maintain tissue homeostasis by eliminating aged cells or cells that
have outlived their useful life and allowing cell renewal or by eliminating potentially
malignant cells that are experiencing irreparable damage caused by internal or
external factors [37].

It is thus a well-recognized fact that resistance to apoptosis is a hallmark of cancer
in general, a requirement for the persistence of transformed cells that, through vari-
ous strategies, manage to evade it [36].

Nevertheless, what allows CC cells to overcome apoptosis? Aforesaid, HPV
infection is a necessary and predisposing factor for developing and progressing
CC. Interestingly, HPV E6 and E7 oncoproteins have been shown to enable cancer
cells to escape apoptosis by disrupting or modifying pathways that precipitate this
mechanism and that are finely regulated by pro- and anti-apoptotic proteins [38]. The
ubiquitin-mediated degradation of p53 by E6 oncoprotein prevents cell cycle arrest
and, ultimately, the apoptotic machinery, mediated in part by transcriptional activa-
tion of BAX and PUMA [39]. Given this fact, it is worth mentioning that the presence
of E6 leads to a significant increase in the activity of the survivin promoter, a protein
that prevents apoptosis. Survivin expression is negatively regulated by p53, and since
E6 negatively regulates p53, it is likely that it also influences the regulation of survivin
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transcription. This suggests that the survivin gene is relevant to the anti-apoptotic
function of E6. In addition, E6 can also bind directly to BAK protein, causing its
degradation, thus blocking the intrinsic or mitochondrial pathway of apoptosis. The
binding capacity of E6 to this protein is similar in HPVs considered high or low risk,
suggesting that the inactivation of BAK is essential for the virus replication cycle
[40]. E6 also prevents an extrinsic receptor-mediated response to apoptosis. In vitro
studies have shown that E6 protein protects cells from TNF-mediated death through
a p53-independent mechanism. It has been observed that E6 binds to a specific part
of the TNF-R1 receptor, preventing apoptotic signal transduction [41]. Likewise, it
has been pointed out that E6 can bind to the DED domains of the adaptor protein
FADD and pro-caspase 8, critical elements of the extrinsic pathway, stimulating their
degradation [42]. These findings show that E6 promotes survival by exerting multiple
effects that inhibit apoptosis.

Regarding E7 oncoprotein, its role in cell cycle has been previously described;
however, concerning apoptosis, it plays a dual role; it can induce or inhibit this
process depending on its interaction with different proteins and mechanisms and
significantly depending on the HPV present [43].

Moreover, considering that the E5 oncoprotein does not usually receive much
attention due to its elimination at later stages of infection, it is essential to mention
that its presence in early stages is crucial for survival and propagation of the virus
in the cervical epithelium [44]. It modulates the epidermal growth factor signaling
pathway, which induces the degradation of BAX, which is essential for triggering
the intrinsic apoptosis pathway [45]. A relationship has also been found between its
presence and the downregulation of death receptors such as CD95 in cervical tumors
leading to impaired apoptosis [46].

Given that CC cells have effectively evaded the apoptosis mechanism, it is essen-
tial to mention that this enables them to achieve immortality, that is, an unlimited
replication potential, thus contributing to the development and progression of cancer.
Usually, as cells replicate, the ends of the chromosomes that protect the DNA dur-
ing cell division, called telomeres, shorten with each successive cycle. This is part of
cellular aging. However, in cancer cells, it is necessary to prevent the telomeres from
shortening so the tumor can continue growing [47].

Telomerase is an enzyme responsible for telomere replication and is overexpressed
in cancer cells but inactive in healthy cells [48]. In this regard, it has already been
reported that HPV E6 and E7 persistently drive the expression of a catalytic unit in
telomerase called hTERT, which gives these cells unlimited replicative capacity [49].
This is possible because E6 and E7 activate the hTERT promoter with the help of pro-
teins such as c-myc and Spl that act as positive regulators and NFX1. NFX1 normally
represses hTERT expression but is degraded by E6/E6AP, which activates the hTERT
promoter [50].

4. Main signaling pathways (JAK/STAT, Ras/MEK/Erk, PI3K/Akt/mTOR,
WNT/b-catenin)

Giving continuity to the critical regulation of external and internal factors on cell
function, space is given to understand the signaling that makes this possible at the
molecular level. Below are four signaling pathways relevant to the development of CC
since their inappropriate regulation allows the cell to experience anabolic, prolifera-
tive, growth-promoting, and cell-survival effects.
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4.1]Janus Kinase/Signal Transducer and Transcription Activator (JAK/STAT)
signaling pathway

The Janus Kinase/Signal Transducer and Transcription Activator (JAK/STAT)
signaling pathway is characterized by its physiological contribution to cell prolifera-
tion, differentiation, and death by causing a final gene transcription reaction in the
cell nucleus. Its dysfunction can cause alterations in immune regulation and tumor
processes [51].

The sequence of events begins with the interaction of cytokines and growth fac-
tors with their respective receptors, types I and II, on the cell membrane. The intra-
cellular portion of the receptor interacts with the inactive JAK [52], which undergoes
dimerization and oligomerization [53]. In both cases, a conformational change is
induced in the cytoplasmic domain [52]. The described effect is the juxtaposition
of JAKs for their phosphorylation and transphosphorylation by other JAKs or other
families of tyrosine kinases.

Activation of JAKs phosphorylates the cytoplasmic domain, creating a binding site
for other signaling molecules such as STAT proteins [51]. Cytoplasmic STAT binds to
phosphorylated receptors, thus becoming substrates to be phosphorylated by JAKs.
After phosphorylation, STATs form homodimers or heterodimers capable of trans-
locating to the nucleus and activating gene transcription [23, 51]. Regulators of this
pathway have been identified as suppressor signaling cytokines (SOCS), activated
protein inhibitors of STAT (PIAS), and protein tyrosine phosphatases (PTP) [54].

4.2 Mitogen-activated protein kinase (MAPK) signaling pathway

Similarly, the dysfunction and incorrect regulation of the mitogen-activated pro-
tein kinase (MAPK) signaling cascade has been linked to carcinogenic events since it
is also involved in cell proliferation, survival, differentiation, and migration [55, 56].
This cascade begins with stimuli, including growth factors, tumor-promoting sub-
stances, and differentiation factors. There is a stimulation of Ras-GDP to convert
to Ras-GTP, resulting in its activation resulting in its activation and subsequent Raf
phosphorylation. In turn, Raf is responsible for the phosphorylation of MEK1. MEK1
phosphorylates ERK, an extracellular receptor kinase responsible for regulating
cytosolic proteins, transcription factors, and metastasis [55, 56].

4.3 PI3K/AKT/mTOR signaling cascade

The PI3K/AKT/mTOR signaling cascade also affects energy metabolism. The
negative effects related to CC lie in the contribution to the creation and proliferation
of malignant cell phenotypes [55, 56]. The cascade begins with a lipid kinase, PI3K,
activated by the effect of extracellular stimuli recognized by receptors associated with
G proteins (GPCRs) or receptor tyrosine kinases (RTKs), also using Ras-GTPases
[55, 56]. The stimuli in question are given by growth factors or cytokines, which
cause receptor dimerization and transphosphorylation. Once the receptor is phos-
phorylated, it is ready to bind to and activate proteins, in this case, PI3K. Activated
PI3K produces PIP3, from PIP2, and PI(3,4)P2. PIP3, in turn, attracts the AKT
molecule to the cell membrane, which is then phosphorylated and activated by
PDK1 and mTORC?2 [57]. AKT is responsible for activating mTORC1, the molecule
responsible for the anabolic effects in the cell. This signaling cascade is important
in regulating cell functions such as cell growth, motility, survival, metabolism, and
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angiogenesis [55, 56]. Dysfunction of this cascade, particularly its overactivation, is
implicated in carcinogenesis.

4.4 WNT/beta-catenin signaling pathway

Lastly, the fourth relevant signaling pathway in the pathogenesis of CC is Wnt/
beta-catenin, also called canonical. Wnt is proteins incorporated into exosomes for
transport and have target-specific genes that can be transcribed through beta-catenin
stabilization [58]. Beta-catenin in its inactive state is bound to the so-called destruc-
tion complex consisting of Axin, CKI, GSK3, APC, Dvl (or Dsh), and Beta-TrCP
(Figure 2), which regulates it by degradation [59]. Beta-catenin phosphorylation
serves as a stimulus for beta-TrCP to ubiquitinate it, resulting in its proteasomal.

The effects of beta-catenin can be evidenced only by avoiding its degradation when its
levels in the cytosol are high.

The beginning of the cascade occurs when Wnt activates its receptor complex
formed by the Frizzled receptor and co-receptor LRP5/6; this induces the phos-
phorylation of LRP6 by CK1 and GSK3, allowing the translocation of the destruction
complex from the cytosol to the membrane [58]. This process activates the Dvl (Dsh)
component, which in its active state induces the sequestration or degradation of
Axin in such a way that it inhibits the destruction complex by stabilizing cytosolic
beta-catenin [59]. Wnt has target genes within the DNA in the nucleus and requires
a molecule called TCF for its transcription. In the inactive Wnt state, TCF in the
nucleus is inhibited by Groucho, preventing it from binding to DNA and starting gene
transcription [60, 61]. In its active state, Wnt triggers the steps mentioned above,
culminating in the increase in intracellular beta-catenin. As beta-catenin accumulates
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Schematic representation of the molecular components taking part in the Wnt/beta-catenin pathway.
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in the cytosol, it enters the nucleus, removes Groucho from its inhibitory position,
and binds to TCF [60, 61]. This accumulation leads to the transcription of Wnt target
genes. The effects of Wnt/beta-catenin signaling in CC promote epithelial-mesenchy-
mal transition, migration, growth, and cell proliferation [62].

The beginning of the cascade occurs when Wnt activates its receptor complex
formed by the Frizzled receptor and co-receptor LRP5/6; this induces the phosphoryla-
tion of LRP6 by CK1 and GSK3, allowing the translocation of the destruction complex
from the cytosol to the membrane [58]. This process activates the Dvl (Dsh) compo-
nent, which in its active state induces the sequestration or degradation of Axin in such
away that it inhibits the destruction complex by stabilizing cytosolic beta-catenin [59].
Wt has target genes within the DNA in the nucleus and requires a molecule called
TCF for its transcription. In the inactive Wnt state, TCF in the nucleus is inhibited by
Groucho, preventing it from binding to DNA and starting gene transcription [60, 61].
In its active state, Wnt triggers the steps mentioned above, culminating in the increase
in intracellular beta-catenin. As beta-catenin accumulates in the cytosol, it enters the
nucleus, removes Groucho from its inhibitory position, and binds to TCF [60, 61].

This accumulation leads to the transcription of Wnt target genes. The effects
of Wnt/beta-catenin signaling in CC promote epithelial-mesenchymal transition,
migration, growth, and cell proliferation [62].

5. Cell cycle alterations and genomic instability

Viral infections are related to about 9.9% of cancers worldwide as they contribute
to the oncogenesis of host cells [63]. The transformative process of the HPV-infected
cell could be classified as a multifactorial process in its virulence mechanisms, which
ensure the survival and proliferation of the virus at the expense of the integrity of
the human genome, implying a loss of genomic stability through a mutation or an
oncogenic exposure, thus being the center point of cancer [36].

The intrinsic HPV proteins that are especially important in the transformative
process of the cell are initially the E1 and E2 proteins and the E6 and E7 [64]. The
process begins with the integration of the viral genome through the E1 helicase and
the E2 binding protein; likewise, E1 facilitates the recruitment of DNA damage
response (DDR) mechanisms, a set of proteins that signal the locations of damage
to its repair and the signaling response by the ATM, which occurs in the event of a
break in the double chain [65, 66]. Added to the expression of E1 and E2, it causes
the formation of free radicals that damage DNA, causing changes in guanine to
tyrosine kinase [67].

Finally, once the viral genome integrates with the host’s DNA, the hybrid gene
presents alterations such as duplications, deletions, translocations, and inversions.
Likewise, the integration of the viral genome itself can theoretically act as a de novo
mutation and can promote recombination errors [64, 68]. The integration of the
viral genome in a cell previously altered by HPV infection causes the E2 protein to
be truncated or removed, and this causes overexpression of E6 and, therefore, of its
genes, which derives into p53 degradation, as mentioned previously [64]. The E6 and
E7 oncoproteins target p53 and Rb, respectively, predisposing the cell to remain in the
proliferative amplification stage without the possibility of exiting the cell cycle, which
leads to the accumulation of mutations. However, E7 individually can transform a cell
into a cancer cell [69].
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Ubiquitin-mediated degradation of p53 by E6 promotes genomic instability and
the subsequent birth of cancer [64], since the absence of p53 activity allows the cell to
proceed to the S phase of the cell cycle without having repaired the damaged areas of
the DNA [21].

The progression from G1 to S without previous DNA revision and repair results in
the accumulation of errors in the chromosomes [64]. E7 is the primary mediator for
DDR activation, which is localized to the junction foci of the viral genome with the
host genome. It is theorized that this DDR hijacking prevents the repair of further
DNA damage [70]. In response to DDR, targeted transduction of the viral genome
mediated by homologous recombination reduces the capacity to repair DNA double-
strand breaks by 50% [71].

Other pro-carcinogenic activities of the E6 and E7 oncoproteins are the association
with centrosome amplification and shortening, increasing cell cycle defects [71, 72].
This process drives the proliferation of infected cells from infected keratinocytes
[22, 73]. The effect of E6 and E7 on telomeres causes lengthening and sometimes
shortening capable of driving arrangements such as bridging in anaphase and “breakage-
fusion-bridge” cycles or replication indefinitely [64, 74]; in CC, 64% of the cases show a
high expression of alteration in telomeres [64, 75].

6. Metabolic switch

The “metabolic switch” or deregulation of cellular metabolism is considered one of
the hallmarks of cancer and refers to the metabolic mutation that tumor cells pres-
ent with an affinity for “aerobic” glycolysis to obtain energy and favor the synthesis
of macromolecules for the cellular replacement [76-78], which will be explained in
detail later.

Under normal conditions, healthy body cells in the presence of oxygen obtain
energy through aerobic metabolism, that is, the citric acid cycle or Krebs cycle, where
carbohydrates, amino acids, and lipids are metabolized [77]. Due to the oxidations in
this cycle, three molecules of nicotinamide adenine dinucleotide (NAD) and one of
flavin adenine dinucleotide (FAD) are produced (generating 2.5 ATP each NADH and
1.5 ATP each FADH) [77]. Those molecules (NADH and FADH) subsequently enter
the respiratory chain and oxidative phosphorylation, resulting in a total of up to 36
ATP molecules through these aerobic routes [77].

Additionally, there is glycolysis, a metabolic pathway that occurs in normal cells
without oxygen, where glucose is catabolized, obtaining 2 ATP molecules and two
pyruvate molecules for each glucose molecule [79]. Both routes end with the same
goal: to satisfy the energy needs of the tissues.

Most malignant cells alter these metabolic pathways to obtain energy (Figure 3),
presenting greater glucose uptake compared to normal cells and metabolizing it through
glycolysis, most of which is converted into lactate even in the presence of a high oxygen
level. This metabolic deregulation is known as the Warburg Effect, where Otto Warburg
postulated that malignant cells obtained their energy from “aerobic” glycolysis [76].
This restructuring favors and fosters an environment suitable for the use of cancer
cells [76, 78]. Although glycolysis is less efficient to produce enough ATP molecules,
cancer cells alter metabolic pathways using glycolysis as the main pathway and oxidative
phosphorylation to a lesser extent, resulting in a fast production of ATP to meet the
exuberant energy demands of cancer cells during their proliferation [80].
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Figure 3.
Comparison of cancer cell metabolism vs. normal cell metabolism, both in the presence of oxygen.

In glycolysis, there is a leak of substrates useful for other metabolic routes with inter-
mediate products that will serve for the subsequent synthesis of proteins, nucleic acids,
and lipids that are fundamental for the development and division of malignant cells
[81, 82]. In turn, this dysregulation prompts cellular adaptation to metabolic stress and
protects cancer cells from reactive oxygen species (ROS)-related damage [82].

The specific role of HPV occurs in the microenvironment after the infection by
this virus helps to evade the immune response and promote local immunosuppression
[80]; in addition, it contributes to the restructuring of the metabolism of infected
cells in the immune microenvironment. There is evidence of metabolism changes
related to glutamine, taurine, and lysine in positive cases of HPV, which are related to
the interaction of this pathogen and normal cellular metabolism [83]. Also, E6 and E7
may favor the Warburg effect by contributing to chemoresistance [29, 84].

When lactate accumulates in abnormal cells, the acid environment facilitates the
deregulation of normal metabolism and signaling pathways of immune cells such as
dendritic cells, macrophages, and T lymphocytes, producing the immune response.
While all these changes are favorable to continue viral propagation and the persis-
tence of the malignant cellular process, T lymphocytes are forced to change by such a
high lactate environment, decreasing their functionality [80].

7. Cervical cancer and immune system

CC has two essential elements for its establishment and progression: the paren-
chyma, comprised of cancer cells, and the stroma, which includes connective tissue,
blood vessels, extracellular matrix (ECM), nutrients, and the immune system [77].
These elements contribute through three situations: immune escaping, angiogenesis
activation, and tumor progression (proliferation, invasion, and metastasis) [85].
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The tumor microenvironment (TME) is defined as a complex ecosystem sur-
rounding a tumor inside the body; the TME is in a constant battle between a tumor
suppression response and a tumor-promoting response [86].

Cancer cells represent the core of the TME, and they are responsible for manipu-
lating the cell and non-cell components through signaling mechanisms to take
advantage of the non-tumoral cells to promote carcinogenesis and metastasis [87].

Intercellular communication is generated by the synthesis of cytokines, chemo-
kines, growth factors, and inflammatory mediators, among others, but novel mecha-
nisms recently reported include cell-free DNA, exosomes, circulating tumor cells, and
apoptotic bodies [88-91].

Near the tumoral cell core, cancer-associated fibroblasts (CAFs) are located; these
populations play a crucial role in carcinogenesis as they promote the proliferation,
migration, and survival of cancer cells [91]; however, it is essential to acknowledge
that as a heterogeneous cell population, some are related to antitumoral activities. In
the tumoral niche, some CAFs promote the recruitment of immunosuppressive cells
through the synthesis of ECM proteins [92], and others promote angiogenesis by
producing fibroblast growth factor 2 (FGF2) and vascular endothelial growth factor
A (VEGFA); they also offer nutrients to tumoral cells such as ketone and cytokines
necessary for mitochondrial biogenesis and autophagy [93].

Among the non-malignant cells located at TME are the tumor-infiltrating lym-
phocytes (TILs), which comprise one of the primary mediators of the dynamic yet
ambiguous immune response. This group comprises T cell subsets such as CD4+,
CD8+, regulatory T cells (Tregs), and Natural Killer (NK) cells [94]. Even though
most of these cell populations are specialized in antitumoral functions, the overall
action is insufficient to eradicate the tumor effectively due to the low levels of anti-
tumoral cells, and the TME promotes an immuno-suppressor stimulus that induces a
senescent state among those cells. In CC, the presence of cytotoxic CD8+ T cells acti-
vated by tumoral antigens is recognized as an excellent prognostic marker due to their
killing activities and suppression of angiogenesis through IL-2 and IFN-y secretion.
On the other hand, CD4+ T cells coordinate an ambiguous immune response; Thl
cells synthesize potent modulators of cell-mediated immune responses [95]. However,
recent studies have demonstrated that CIN or CC patients had a lower proportion of
Th1 subtype and a higher proportion of Th2, Th17, and Treg cells when compared
against healthy controls, and this imbalance aggravates along with the progression of
the disease [96].

Finally, it is essential to mention the role of macrophages since they represent one
of the significant components of tumor infiltrates and are responsible for produc-
ing high amounts of inflammatory molecules, IL-1f, IL-6, IL-23, and TNF-a, ROS,
hypoxia-induced factor (HIF), necessary for inflammatory processes [97]. At the
TME, macrophages are identified as Tumor-Associated Macrophages (TAMs) and
are often associated with tumor progression and worsening of CC patients. TAMs can
polarize into two phenotypes, M1 macrophages that release inflammatory factors,
promote immune responses, and inhibit the CC occurrence [98], and the M2 phe-
notype, which is correlated with poor prognosis, chemoresistance, and diminished
patient survival [99].

The growing evidence demonstrates the relevance of the TME in CC progression
since the interaction between tumoral cells and their surroundings promotes their
proliferation, resistance to apoptosis, chemoresistance, aggressiveness, and immune
evasion. Thus, TME is crucial in determining CC patients’ therapeutic response and
clinical outlook.

11
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8. Angiogenesis

Angiogenesis is the formation of new blood vessels as an essential mechanism for
the growth, survival, and spread of solid tumors [100]. This process not only occurs
in neoplasias but also is involved in the growth of the endometrium and fetal develop-
ment, among other processes [101, 102].

For the formation of new vessels, in tumor development, there is an imbalance
between stimulating and inhibitory factors, where there is an increase in angiogenic
factors such as vascular endothelial growth factor (VEGF), fibroblast growth factor
(FGF), platelet-derived growth factor (PDGF), and angiopoietins (Ang), which
are produced by the same tumor cells, macrophages, and lymphocytes that may be
attached to the tumor [103, 104]. In addition, a decrease in antiangiogenic agents such
as Thrombospodin-1 (TSP-1) is detected, allowing the transition from an avascular
phase to a vascular phase, also called “angiogenic switch” [105-107].

This imbalance begins in the tumor cells, where there are areas with little irriga-
tion and, therefore, low oxygenation; this tumoral tissue starts producing HIF1,
which is a regulator of the recruitment of endothelial progenitor cells (EPC), pericyte
progenitor cells (PPC), and monocytes, and thus carries out vascular restructuring; it
also increases VEGF activity [108-110].
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Schematic representation of the intracellular vesponse to VEGF stimulation, in tumor angiogenesis.
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VEGEF, the major angiogenic factor, consists of a family of proteins, VEGF-A,
VEGF-B, VEGF-C, VEGF-D, VEGF-E, and the placental growth factor. These proteins
interact with three tyrosine kinase receptors, with VEGFR1 and VEGFR?2, to trigger
the signaling cascade promoting migration, proliferation, and survival of endothelial
cells, also increasing the permeability of existing blood vessels, and this allows the
leakage of multiple plasma proteins and the formation of new vessels (Figure 4).
VEGEF also inhibits apoptosis of newly formed blood vessels [111, 112].

FGF-1 and FGF-2 are also important angiogenic factors; FGF-2 increases the
expression of other angiogenic agents, such as VEGF, and regulates the balance of Ang,
leading to a predominance of Ang-2 [113-115]. On the other hand, Ang-2 is secreted by
endothelial cells at sites of active vascular remodeling and engages in tumor initiation.
Multiple studies indicate that the imbalance of Ang-2 and Ang-1 is associated with
vascular instability, a key point in the initiation of angiogenesis in tumors [115, 116].

In recent years, efforts have been made to inhibit the signaling cascade in CC as
a possible therapeutic target. There are several drugs in use, such as bevacizumab,
which is a drug that inhibits the formation of new vessels by neutralizing VEGF activ-
ity, among others. However, these drugs must be in conjunction with chemotherapy
or radiation therapy [117-120].

9. Epithelial-mesenchymal transition & metastasis

As the fourth most common cancer among females worldwide, lymph node
metastasis (LNM) is a key prognostic factor and a leading cause of death in patients
with CC [121]. In metastasis, the ability to undergo reversible cellular and phenotypic
changes is crucial for disseminating cancer cells to adapt to the changing microen-
vironments and stress during this pathological process. One main form of cellular
plasticity is the epithelial-mesenchymal transition (EMT); in this process, epithelial
cells lose tight cell-cell connections and polarity, which confers migratory and inva-
sive properties (Figure 5); in its reverse process, mesenchymal-epithelial transition
(MET) cells loose migratory freedom; they begin expressing junction complexes and
adopt apicobasal polarity. This form of cellular plasticity may occur in physiological
processes like human embryonic development (e.g., neural crest formation) and

pathological conditions such as organ fibrosis, cancer progression, and metastasis
(122, 123].

9.1 Metastasis cascade

Tumor cells that have undergone EMT exhibit stem-cell-like properties, including
the ability to self-renew, tumor-initiation properties, and resistance to chemotherapy
and radiotherapy, which explains why metastasis is the primary cause of death in
cancer patients and why advances in tumor expression markers can help identify and
prevent metastasis from happening [123, 124].

There are different markers to identify the state in which a tumor cell can be
found; in the case of tumor cells in the epithelial state, researchers look out for the
expression of E-cadherin, EpCAM, claudins, occludins, and cytokeratins; in the case
of cells in the mesenchymal state, they can look for expression of vimentin (VIM),
fibronectin, and a-SMA [125].

While EMT does not require changes in DNA sequence and can be reversible [124],
the same cannot be said about other pathways; for example, due to high energy demand
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St;gpwise epithelial-mesenchymal transitions. 1. Tumor cells acquire the ability to dissociate themselves from the
primary tumor mass through EMT; these epithelial cells lose their cell-cell junctions to become motile. 2. Now
these cells can migrate and invade through the ECM. 3. Intravasation into blood vessels or lymphatic vessels

occur; in this phase, tumor cells pass through the endothelial lamina and enter systemic circulation. 4. During
extravasation, tumor cells extravasate through the capillary endothelium of distant organs into its pavenchyma. 5.
Tumor cells establish themselves and proliferate, forming micrometastases. 6. Colonization of distant organs and
re-activation of epithelial properties occur at the secondary site via the MET where these cells become malignant
secondary tumors; EMT facilitates cancer cells to invade, intravasate, and survive in circulation; cancer cells need
to undergo MET to colonize efficiently at distant organs.

during EMT, several morphological and metabolic changes are made by 5’AMP-
activated kinase (AMPK), which is a cellular energy homeostasis sensor that controls
the balance between energy intake and demand; it modulates processes such as carbo-
hydrate and lipid metabolism, biosynthesis, autophagy, and cell cycle.

Specifically, in the case of CC metastasis, a study by Konieczny et al. demonstrated
that AMPK expression is related to malignant behavior in CC cells [126]. Another
example is the case of protein tyrosine phosphatase receptor type M (PTPRM); Liu
et al. demonstrated that PTPRM was upregulated in CC with LNM; as a result, it
promoted tumor cell proliferation, migration, and lymphangiogenesis (a critical early
metastasis event important in LNM and a prognosis factor in patients with cervical
cancer), as well as EMT via the activation of Src-AKT signaling pathway and induced
lymphangiogenesis in a VEGF-C-dependent manner [121]. Research on the EMT and
MET has also uncovered numerous novel signaling pathways, including TGF-$, Wnt,
Notch, Hedgehog, and PI3K pathways, that facilitate EMT in tumor cells [121].

10. Conclusion

In the previous chapter, the currently known mechanisms that promote CC
oncogenesis were explained. It is essential to emphasize the evident relationship
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between infection by high-risk HPV serotypes and the development of CC. There are
well-defined molecular mechanisms by years of research since the relationship was
discovered by Zur Hausen et al. regarding CC and HPV. Although there are still other
mechanisms pending elucidation, what is clear is that the more its etiopathogenesis
and the complexity of its molecular mechanics are known, the more are the possibili-
ties of developing effective treatments.

Appendices and nomenclature

ADC adenocarcinoma

ADSC adenosquamous carcinoma

AMPK 5’AMP-activated kinase

Ang angiopoietins

CC cervical cancer

CIN cervical intraepithelial neoplasia
DDR DNA damage response

EMC extracellular matrix

EMT epithelial-mesenchymal transition
EPC endothelial progenitor cells

FAD flavin adenine dinucleotide

GFGF fibroblast growth factor

GPCR receptors associated with G protein.
HIF-1 hypoxia-induced factor-1

HPV human papillomavirus

hTERT human telomerase reverse transcriptase
JAK/STAT janus kinase/ signal transducer and transcription activator
LMN lymph node metastasis

MAPK mitogen activated protein kinase
MET mesenchymal-epithelial transition
NAD nicotinamide adenine dinucleotide
PDGF platelet-derived growth factor

PIAS activated protein inhibitors of stat.
PPC pericyte progenitor cells

PTP protein tyrosine phosphatase
PTPRM protein tyrosine phosphatase receptor type M
ROS reactive oxygen species

RTKs receptor tyrosine kinase

SCC squamous cell carcinoma

SOCS suppressor signaling cytokines.
TAM tumor-associated macrophages
TILs tumor-infiltrating lymphocytes
TME tumor microenvironment

Tregs regulatory T cells

TSG tumor suppressor genes

TSP-1 Thrombospondin-1

VEGF vascular endothelial growth factor
VIM vimentin

WHO World Health Organization
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Abstract

Radiotherapy plays a significant role in the management of cervix cancer. In
recent decades, there have been several advancements in radiation therapy treatment
techniques. Moving from conventional two-dimensional techniques to advanced
techniques like 3D conformal radiation therapy (3D-CRT), intensity-modulated
radiation therapy (IMRT), and volumetric modulated radiation therapy (VMAT)
has led to improvement in the treatment outcomes. The aim of radiation therapy is
achieved by these advanced techniques, which deliver optimal tumoricidal doses to
tumor volumes and minimal doses to the normal tissues around the tumor and can
reduce toxicity more effectively than the conventional techniques. These external
beam radiotherapy (EBRT) techniques along with brachytherapy play a significant
role in the treatment of gynaecological cancer. Compared to point-based dose
brachytherapy planning, better local control and lower toxicity have been associated
with advanced image-based brachytherapy.

Keywords: radiotherapy, 3DCRT, IMRT, cervical cancer, brachytherapy

1. Introduction

Cervical carcinoma is the fourth most common malignancy in women worldwide
[1]. According to GLOBOCAN 2020 statistics, estimated new cases of cervix cancer
worldwide are 604,127 (3.1%) estimated deaths are 341,831 (3.4%). In India, the
incidence of cervix cancer is 123,907 (9.4%), while mortality in such cases is 77,348
(9:1%) [2]. Cervical cancer cases are predominant in Asia, Africa, and Central and
South America due to lesser frequency of screening, multiparity, low-socioeconomic
status, poor hygiene, low immunity and nutritional problems [3]. Most cases are in
Africa because of fewer screening measures and the chances of immunodeficiency
because of the human immunodeficiency virus (HIV). More than 90% of cervi-
cal cancers are related to human papillomavirus (HPV) infection and are sexually
transmitted [4]. Intrauterine exposure to diethylstilbestrol (DES) is related to the
development of adenocarcinoma.

Radiotherapy plays a significant role in the management of cervix cancer. The
standard mode of definitive treatment in patients of locally advanced cervical
carcinoma involves both components of radiotherapy: External beam radiotherapy
(EBRT) and brachytherapy [5, 6].
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2. Rationale for the use of radiotherapy in cervical cancer

To achieve excellent locoregional control (LRC), disease-free survival (DFS)
and overall survival (OS), surgery or radiotherapy alone is recommended for FIGO
stage I, with tumor size less than 4 cm. Radiotherapy alone has also helped to achieve
excellent survival and pelvic disease control rates in patients with stage IB cervical
cancer. Eifel et al. reported 5-year disease-specific survival and pelvic control rates
of 90 and 98%, respectively, for 701 patients treated with radiation alone for stage
IB1 disease [7].

Concurrent chemoradiotherapy (CCRT) is the standard treatment of choice
for locally advanced cervical cancer (LACC) ((FIGO (International Federation of
Gynecology and Obstetrics) stage IIB to IVA). The survival outcome with CCRT is
better when compared to radiotherapy alone [8-11].

3. External beam therapy
3.1Indications and target volumes

External beam therapy (EBRT) is part of the routine treatment of Carcinoma
Cervix FIGO stages IB2 to IVA and in some earlier stages if the patient is not fit for/
willing for surgical treatment [12, 13]. In patients with an intact uterus, EBRT is
planned to treat the primary tumour with its local extensions as determined by clini-
cal examination and diagnostic imaging, i.e. Gross tumour Volume (GTV), along with
the entire uterus, the cervix, 2-3 cm of vagina below the inferior most extent of the
disease, the parametrium and uterosacral ligaments. This forms the Primary-Clinical
Target Volume (CTV - P). EBRT also targets the draining lymph nodal groups, i.e.
the pelvic group of lymph nodes, which includes the internal, external, common iliac
nodes, obturator and presacral lymph nodes. This forms the Nodal—Clinical Target
Volume (CTV - N). In certain cases, the para-aortic or inguinal group of lymph nodes
may also be treated by EBRT [14-16].

Para-aortic group of lymph nodes may be treated electively in cases where multiple
pelvic nodes are involved (i.e. > 2 pathological LN or involvement of common iliac
region). Therapeutic para-aortic irradiation is done in FIGO stage IIIC2 patients. In
patients where the lower one-third of the vagina is involved, i.e. FIGO stage IIIA, the
inguinal group of nodes must also be treated electively [13].

When EBRT is administered in patients post-hysterectomy, the radiation field
includes the CTV-P, which comprises the tumor bed and any possible uterosacral,
parametrial, uterine extension, and the CTV-N. Indications of adjuvant EBRT could be
the presence of intermediate-or high-risk pathological features such as lymphovascular
space involvement or stromal invasion, the large size of the tumor, involvement of
lymph nodes or parametria and gross/microscopic residual disease post-surgery [9, 17].

3.2 EBRT treatment techniques
3.2.1 Two-dimensional conventional radiotherapy technique
Conventionally, EBRT is planned and administered based on bony anatomy as

seen on X-ray simulation and as per clinical judgment of tumour location and exten-
sion, i.e. 2-D treatment planning.
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Since there is limited soft tissue contrast seen on radiographs, treatment planning is
done based on knowledge of tumor position relative to bony landmarks and anatomical
structures visible with the aid of contrast agents such as barium which may be used
to visualize small bowel or lower extent of disease in the vagina. For the treatment of
gynecological malignancies, patients are generally simulated in the supine position as it
is easily reproducible and more comfortable for the patient. A prone position may also
be used for obese patients to reduce radiation dose to the bowel. It is important to ensure
that patients are simulated and treated daily with a full bladder to reduce bowel toxicity.

When anteroposterior (AP) patient thickness is <20 cm, patients are treated
by two fields (AP-PA) (Figure 1(a) and (b)), and when AP thickness is >20 cm,
patients are treated by four fields (AP-PA and bilateral, i.e. box field technique)
(Figure 2(a) and (b)). Figures 1(b) and 2(b) represent Beam’s eye view for AP and
AP-lateral field respectively. Box field technique is to be strongly considered for AP
thickness > 20 cm and treatment on Cobalt teletherapy units. For conventional whole
pelvic radiotherapy (WPRT), the superior border of the field is placed at L4-L5
interspace while the inferior border of the field is at the lower border of the obturator
foramen or 2-3 cm below the vaginal extent of disease, whichever is lower. The lat-
eral borders of the AP/PA field extend 1.5-2 cm lateral from the widest point of the
pelvic brim. The lateral fields cover the sacral hollow posteriorly, extending 0.5-1 cm
anterior to the pubic symphysis. Shielding blocks may be placed at the corners of the
field to reduce the dose to the small bowel, femoral heads and sacrum.

For para-aortic field irradiation, the pelvic field may be extended superiorly
uptoT12-L1 interspace, in continuation with the pelvic field, or a separate para-aortic
field may be set up with a gap from the superior border of the pelvic field to maintain
dose homogeneity. Four fields technique (including AP-PA and two lateral fields)
are used to treat para-aortic nodal involvement to reduce small bowel dose. When
the inguinal group of lymph nodes is to be irradiated, the lateral extent of the AP/

PA fields is extended up to the greater trochanter. When indicated, a parametrial
boost dose may be administered after making a midline shielding block, although this
technique is largely being replaced by interstitial brachytherapy [18].

Even though modern guidelines recommend the use of CT/MRI/PET-based plan-
ning, due to resource constraints, several treatment centres in Low-Middle-Income
Countries (LMIC) still use 2-D treatment planning.

Figure 1.
(a) Two field conventional AP-PA plan, (b) Beam’s eye view-AP field.

29



Cervical Cancer — Recent Advances and New Peyspectives

STRUCTURE

I 107%
Il 104%
B 55%

Figure 2.
(a) Four field conventional box-field plan (b) Beam’s eye view-AP and lateral.

3.2.2 Three-dimensional conformal radiotherapy

Several studies have shown that planning on CT/MRI gives better coverage of
CTV-N and CTV-P as compared to 2-D treatment planning, where geographical
blunders can quickly happen, especially for CTV-N. Thus, CT-based planning (along
with the incorporation of MRI/PET when available, preferably taken with the patient
in treatment position) has now become the standard for EBRT in cervical cancer
treatment planning in most developed countries.

For 3D-Conformal Radiotherapy (3D-CRT), the patient is simulated after admin-
istration of intravenous contrast as the vasculatures serve as a surrogate for the
delineation of CTV-N. At the time of CT simulation, radio-opaque markers are placed
for identification of the vaginal extent of disease and at the introitus of the vagina and
anal verge to help delineate normal structures. Patient position during simulation is as
explained earlier. Administration of oral contrast 30 minutes before simulation may
help in better delineation of the small bowel. The CTV-P, CTV-N and organs at risk
(OARs) are contoured on the axial CT sections acquired at the time of simulation as
per standard guidelines and the clinician’s judgment. Superiorly, the CTV-N extends
from the bifurcation of the common iliac vessels as visualized on the CT scans, which
may lie at a higher vertebral level compared to the conventionally placed superior bor-
der of the 2D technique. Inferiorly, CTV-N extends to cover the external iliac, internal
iliac, presacral and obturator groups of lymph nodes. Planning target volumes (PTVs)
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Figure 3.
(a) Two field AP-PA 3D-CRT plan (b) DRR- AP field.

are created for each CTV (CTV-P and CTV-N) as per institutional standards. The
common organs at risks (OARs) used in treatment planning are the bowel, bladder,
rectum and femoral heads.

Similar to the 2D treatment technique, the patient can be treated with two fields
(AP-PA) (Figure 3(a) and (b)) or box fields (Figure 4(a) and (b)), arrangement of
beams of 6 and/or 15 MV depending on the patient’s AP thickness and disease. When
indicated, para-aortic/parametrial boost volumes may also be included in the plan-
ning volumes [18]. Figures 3(b) and 4(b) represent digitally reconstructed radio-
graphs (DRR) of AP and AP-Lateral field respectively.

Moderns LNACs are equipped with multileaf collimators (MLCs), which are small,
individually motorized leaves that can be used to shape the treatment field and block
normal tissues such as skin, soft muscle tissue, anterior small bowel, parts of anorec-
tum to reduce normal tissue toxicity as compared to 2D treatment planning [18, 19].

3.2.3 Intensity-modulated radiation treatment

2D and 3D radiation techniques have several limitations, such as encompassing
large volumes of normal tissues in the treatment fields, which leads to several acute
and long-term complications such as gastrointestinal, hematological and genito-
urinary complications and also the difficulty to deliver higher doses higher and
potentially more efficacious doses to select patients at increased risk of recurrence, for
example, those with involved lymph nodes and gross unresectable disease [20, 21].

The use of Intensity Modulated Radiation Therapy (IMRT)/Volumetric Modulated
Arc Therapy (VMAT) is now being recommended by international guidelines for
EBRT for cervical cancer as several studies have shown reduced treatment-related
toxicities and improved survival for patients treated with these treatment techniques.
With the aid of IMRT, it is possible to deliver complex dose distributions for target
volumes and facilitate rapid dose fall-off outside the target volume. Unlike the
convex-shaped dose distribution given by a 3D-CRT plan, an IMRT plan involves the
superposition of multiple-segmented fields from different directions, which results in
a dose distribution that is concave in shape around the OARs when PTVs are in close
proximity to them thus aiding in reducing the dose delivered to the former [22].
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Figure 4.
(a) Four field 3D-CRT plan (b) DRR- AP and lateral field.

When patients with intact uterus are planned for IMRT treatment, patients are
simulated with a full bladder as well as an empty bladder, and both the CT simulations
films are fused to estimate internal target volume (ITV) margins. Custom immobi-
lization devices such as body mold that fixes the position of the upper body, trunk
and proximal legs are recommended to reduce set-up error. After CT simulations
and contouring of target volumes and organs at risk on axial sections, multiple (5-7)
non-coplanar treatment beams are placed for the IMRT process, which could be placed
manually by treatment planners or could be automatically shown in Figure 5. The next
steps in IMRT treatment planning involve determining the plan objectives, i.e. target
dose and coverage and normal tissue doses, followed by optimization of intensity dis-
tribution, dose calculation by inverse planning and treatment plan evaluation. MLCs
shape or modulate the intensity of the treatment field and help in the delivery of IMRT
while improving the therapeutic ratio [19].

3.3Image-guided radiotherapy

Image-guided Radiotherapy (IGRT) is recommended along with IMRT/VMAT
to limit PTV margins and ensure safe dose delivery. IGRT is important for target
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Figure 5.
IMRT of cervix cancer with beam arrangement.

delineation as well as for treatment delivery. The most commonly used IGRT treat-
ment delivery technology is electronic portal devices (EPIDs), followed by kilovoltage
(kV) and megavoltage (MV) CBCT and helical tomotherapy. IMRT/VMAT can also
be used to safely deliver boost doses to pathological pelvic or para-aortic lymph nodes
safely as compared to 3D-CRT. IMRT-SIB can be used in such patients, i.e. FIGO stage
ITIIC to deliver adequate doses without increasing overall treatment times (OTT).
EBRT delivered by IG-IMRT in adjuvant settings has reduced toxicity with no differ-
ence in disease outcomes. Although IMRT is not considered an alternative to brachy-
therapy, in certain patients where brachytherapy is not an option due to the extensive
nature of the disease, IMRT/SBRT boosts have been used as a last resort [23, 24].

3.4 Radiation dose and treatment schedule

Patients are treated by EBRT to a dose of 45Gy/25 fractions or 46Gy/23 fractions
[13]. An additional boost dose of up to 60 Gy can be delivered to grossly involved
nodes. A parametrial boost of 5-10 Gy may be given to bulky parametrium/pelvic
sidewall disease after completion of WPRT [13, 25].

When treating with curative intent, EBRT should include concurrent cisplatin-
based chemotherapy administration, as several trials and meta-analyses have shown
benefits in locoregional control as well as overall survival [26]. EBRT is followed by
brachytherapy for optimal tumor control.

3.5 Role of EBRT in salvage and palliative

In patients with locoregional recurrent disease, CTRT can be offered to radio-
therapy naive patients. EBRT can be combined with brachytherapy in pelvic centrally
recurrent disease.

Palliative EBRT may be given to patients with painful local disease, symptomatic
bone metastases or vaginal bleeding [13].
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4. Brachytherapy

Brachytherapy is a technique to deliver radiation at a short distance using an
encapsulated source. The sources are placed close to or into the treatment volume. It
can be delivered in different ways. The most common technique used in the treatment
of cervical cancer is intracavitary brachytherapy. In cases where intracavitary brachy-
therapy is not feasible, interstitial brachytherapy is used for the treatment. These
techniques have been discussed below.

4.1 History of brachytherapy

In the beginning, radium was the only radionuclide used for intracavitary treat-
ment, which was later discontinued due to reasons concerning radiation safety. It was
replaced with other radionuclides like Cs-137, Ir-192 and Co-60. Ir-192 and Co-60
are the most popular gamma-emitting source used in ICBT. Initially, manual after-
loading techniques were used for the treatment, which caused radiation exposure
to the personnel involved in the procedure, but with the introduction of remote
after-loading units, the personnel exposure was eliminated. These machines have a
mechanism to move and retract the source automatically. The source moves in steps
and irradiates each position for a planned dwell time. The dose rate has been a crucial
parameter in determining the impact of radiation on target and normal structures.

Low-dose rate brachytherapy machines with Cs-137 sources have been used for
the treatment of cervix cancer for decades. However, they have gradually been phased
out due to high patient bulk and lengthy treatment duration. The use of high dose
rate (HDR) machines for intracavitary brachytherapy treatment has increased due to
several advantages like shorter treatment time, increased patient treatment, etc. Due
to these profound differences, HDR machines have become predominant worldwide.

In earlier times, when treatment planning was not based on computers and com-
putation of absorbed dose was limited, to determine the number of sources, their
arrangement, strength and the dose distribution, it was necessary to define some rules.
Therefore, different dosimetric systems were developed for brachytherapy. Stockholm
system in 1914, the Paris system (1919) and the Manchester system in (1938) were
the systems used for intracavitary brachytherapy [27]. However, Stockholm and Paris
systems did not gain popularity as they were based on the description of absorbed
dose based on mg-hrs of radium used and did not assess absorbed dose well in tumors
and organs at risk. Manchester system came to be used worldwide as it involved clear
specification of absorbed dose at point A and to critical structures.

With the introduction of the Manchester system, the concept of absorbed dose
point prescription came into existence. The purpose of dose points was to obtain a
method of dose prescribing and reporting which was reproducible on orthogonal
radiographs in terms of anatomy or applicator. Taking this into consideration, Point A
was defined by Tod and Meredith in 1938, and was later modified in 1953 [28]. They
defined it as a point located 2 cm superior to the last intrauterine source and 2 cm
lateral to the cervical canal. Manchester system also considered Point B, which repre-
sented the dose to internal iliac and obturator lymph nodes. Since the bladder and rec-
tum were the critical structures that were most affected during ICBT of cervix cancer,
it was necessary to record the doses received by them. Therefore, besides the point
A dose, the dose to bladder and rectum points, pelvic wall point [29] and lymphatic
trapezoid [30] were also estimated. The doses to points representing the bladder and
rectum were recommended to be below 80% of the dose prescribed to Point A.
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4.2 Treatment techniques
4.2.1 Intracavitary brachytherapy (ICBT)

Intracavitary brachytherapy (ICBT) is a technique where sources are placed in
body cavities [31]. It has been widely used in the treatment of gynecological malig-
nancies [32]. The technique employs specific applicators inserted in the uterus and
vagina to deliver high-dose radiotherapy [33] by creating a volumetric dose distribu-
tion around the tumor. It has an important role in the management of cervical cancer.
ICBT can be used either solely for treatment in the early stages or in combination with
EBRT (locally advanced cases). Since a very high dose to the primary cervical tumor
and a relatively lower dose to the nearby critical structures can be delivered by ICBT,
better local control and less toxicity can be achieved using intracavitary brachyther-
apy [34-36]. In fact, a decline in survival rates has been observed in patients where
brachytherapy after EBRT is not given [37, 38]. Therefore, ICBT becomes a necessary
part of the whole treatment regime. Ir-192 is the most common source used for HDR
brachytherapy in cervical cancer. However, recently, Co-60-based HDR brachyther-
apy has gained popularity for ICRT in cervix cancer as it reduces the cost of frequent
source replacement due to its longer half-life [39].

4.2.2 Interstitial brachytherapy

It is a method where radioactive sources are implanted directly into the tumor tis-
sue. This technique can be used in sites where head and neck, prostate and soft tissue
sarcoma. In cervical carcinoma cases where intracavitary technique is not feasible
due to various factors such as involvement of medial parametrium, bulky tumor (size
>4 cm) and recurrent disease, interstitial brachytherapy is a preferred technique [40].
Interstitial implants use trans-perineal [41] or trans-vaginal templates [42]. Martinez
Universal Perineal Interstitial Template (MUPIT) is one such template designed to
deliver brachytherapy doses [43]. Dose prescription points in interstitial brachy-
therapy are defined using the rules of Paris system.

4.3 Image-based brachytherapy
4.3.1 Two-dimensional image-based brachytherapy

Initially, applicators used in the Manchester system consisted of two ovoids, an
intrauterine tube (made of rubber), and a low-dose-rate brachytherapy machine were
used for treatment. However, with the evolution in technology, the HDR machines and
modern applicators like Fletcher Williamson stainless steel applicators consisting of
two ovoids (diameter 20, 25 and 30 mm) and a uterine tandem (angles 15°, 30° and 45°)
came into existence (Figure 6).

In the ICRT technique, the tandem is inserted in the uterine canal, and ovoids
are placed in vaginal fornices in OT. After the completion of the application, treat-
ment planning of patients is done on anterior-posterior and lateral orthogonal x-ray
images in the treatment planning system (TPS). This involves reconstruction of the
applicator, loading the source positions and calculation of the doses to Point A, ICRU
bladder point and ICRU rectal points. Reporting doses to ICRU bladder and ICRU
rectal points are recommended by ICRU report 38 [44]. The ICRU bladder point is
identified with the help of a contrast-filled Foley’s bulb. While ICRU rectal point
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Figure 6.
Fletcher Williamson applicator.

was defined as 5 mm behind the posterior vaginal wall, which was localized with
the help of a rectal retractor containing radiopaque material. In addition to these
points, the dose to two other points, which are 1.5 cm superior and inferior to the
ICRU bladder points should also be recorded. In a study by Srivastava et al. [45], it
was observed that the dose at a point 1.5 cm above the ICRU bladder point was higher
than the ICRU bladder point dose. This means that the ICRU bladder point is not the
true representation of the maximum point dose to the bladder (Figure 7). A three-
dimensional pear-shaped isodose distribution is obtained and displayed in the TPS. A
dose of 7 Gy per fraction for three fractions is prescribed in brachytherapy treatment.
Optimization is done by changing dwell positions in plans where bladder or rectum
doses are observed to be high. These plans are then exported to the treatment console
for treatment on a brachytherapy machine.

Treatment planning on 2D images, however, has limitations. The target volume
could not be delineated, so the clinical target volume (CTV) covered by the reference
isodose could not be identified. Moreover, maximum doses to the organs at risk, such

Figure 7.
Lateral and AP radiograph showing ICRU bladder and ICRU rectum point.
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as bladder and rectum, could not be evaluated as 2D image-based treatment planning
gave information about only the point doses to these OARs, which was insufficient to
predict the toxicities. This gave path to the need to express dose distribution in three
dimensions (3D), giving rise to the emergence of 3D image-based brachytherapy.

4.3.2 Three-dimensional image-based brachytherapy

In earlier decades, two-dimensional imaging (orthogonal radiographs) was widely
used for treatment planning in brachytherapy. This treatment planning method
provided limited information about the tumor dimensions and dose to the target and
OARs. Since this method relied on point-based dose prescription, it resulted in under
dosage in case of bulky tumors and overdosage in small tumors. With the advent of
3D imaging modalities like CT, MRI and USG, knowing the true extent of a tumor has
become easy. 3D imaging helps in tumor volume assessment and delineation of OARs.

Image-based brachytherapy gives a basis for understanding the relationship
between absorbed dose and volume. 3D image-based planning helps in the evaluation
of dose-volume parameters and their correlation with clinical results. It is useful for
individualization of dose distribution as per patient’s anatomy and tumor extent with
the help of the information obtained from the dose-volume histogram (DVH). This
helps improve the coverage of the target and reduce the dose to OARs.

In 2005, recommendations on terms and parameters used in 3D image-based
brachytherapy were published by the GYN GEC-ESTRO Working Group, which
emphasized the use of sectional imaging for tumor volume assessment. After a year,
the Working Group developed another guideline that focused on 3D dose-volume
parameters in treatment planning. Instead of point, the volume-based prescription
was used, and dose to target and OARs were evaluated in terms of these dose-volume
parameters [46, 47].

Image-based brachytherapy has several benefits, which include knowing the
tumor extent clearly, target-based prescription instead of a point-based prescription,
evaluation of dose received by tumor and OARs, and optimizing the dose when neces-
sary verifying the position of applicators and facility to use interstitial brachytherapy
in combination with intracavitary brachytherapy.

Two CTVs are recommended for delineation in brachytherapy of the cervix. The
first target is defined based on GTV at the time of diagnosis, called as intermediate
risk CTV, to which a dose of 60 Gy is prescribed. The second target is defined based
on GTV at the time of brachytherapy, known as High-Risk CTV. A dose of 80-90 Gy
is prescribed to the second target. Dose-volume parameters for target volumes and
OARs can be obtained from cumulative dose volume histogram (DVH) analysis in
the 3D image-based treatment plan. The parameters for the target are the minimum
dose delivered to 100% volume (D100) and 90% of the volume of interest (D90),
respectively, and the volume enclosed by 100% of the prescribed dose. For OARs,
parameters D2cc, Dlcc and D0.1cc representing minimum dose to maximum irradi-
ated tissue volumes of 2 cc, 1 cc and 0.1 cc are evaluated from DVH.

In three-dimensional ICRT planning, 3D images like CT and MRI are used.
Patients undergo CT or MRI after the ICRT application. These images are then
transferred to TPS for contouring and planning. CTV and OARs like bladder, rectum
and bowel are delineated. After the delineation, applicator reconstruction and source
loading are done. A dose of 7 Gy per fraction for three fractions is prescribed. The
dose to target and OARs are calculated using the dose calculation algorithm in the
TPS. A three-dimensional pear-shaped isodose distribution is obtained and displayed
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Figure 8.
Isodose distribution of an ICBT patient in (a) coronal view (b) sagittal view.

in the TPS (Figure 8). DVH parameters of the CTV, including D90, V100 and D100
and of the OARs, including D2cc, Dlcc and DO0.1cc, are evaluated from DVH. The
plans are optimized for good target coverage and reduced OAR doses. These plans are
then exported to the treatment console for treatment on a brachytherapy machine.

5. Toxicities of radiotherapy

Estimates of the risk of late complications of radical radiotherapy vary accord-
ing to the grading system, duration of follow-up, method of calculation, treatment
method, and prevalence of risk factors in the study population. However, most
reports quote an overall risk of significant complications (requiring transfusion,
hospitalization, or surgical intervention) of 5 to 15%. Complication rates may be
higher in patients with very locally advanced disease partly because of tissue destruc-
tion caused by an infiltrative tumor.

Acute: During pelvic radiotherapy, most patients have mild fatigue and mild-
to-moderate diarrhea that usually is controllable with antidiarrheal medications;
some patients have mild bladder irritation, which may be symptomatic of a urinary
tract infection. When extended fields are treated, patients may have nausea, gastric
irritation, and depression of peripheral blood cell counts. Haematologic and gastro-
intestinal complications are significantly increased in patients receiving concurrent
chemotherapy. Unless the ovaries have been transposed, all premenopausal patients
who receive pelvic radiotherapy experience ovarian failure by the completion of
treatment.

Perioperative complications of intracavitary brachytherapy include uterine perfo-
ration, fever and the usual risks of anesthesia.

Late: During the first 3 years after treatment, rectal complications (Radiation
proctitis) are most common and include bleeding, stricture, ulceration and fistula.
In the study by Eifel et al. [7], the risk of major rectosigmoid complications was
2.3% at 5 years. Major gastrointestinal complications were rare 3 years or more after
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treatment, but a constant low risk of urinary tract complications persisted for many
years. The actuarial risk of developing a fistula of any type was 1.7% at 5 years. Small
bowel obstruction is an infrequent complication of standard radiotherapy for patients
without special risk factors.

Numerous psychological and physical factors can influence sexual function after
pelvic radiation therapy. Most patients who received definitive radiation therapy for
cervical cancer have some telangiectasia of the apical vagina. More significant vaginal
shortening can occur, particularly in elderly, postmenopausal women and those with
extensive tumors treated with a high radiation dose. Hypoestrogenism can enhance
vaginal atrophy and dryness, contributing to dyspareunia. Intravaginal or systemic
estrogen may reduce these symptoms. Vaginal dilatation and vaginal dilation may
help prevent vaginal stenosis or improve quality of life.

6. Conclusion

Cervical carcinoma is the fourth most common malignancy in women worldwide,
and it is most prevalent in Asia, Africa, and Central and South America. Radiotherapy
plays a significant role in managing cervical cancer, with the standard mode of defini-
tive treatment in locally advanced cervical carcinoma patients.

EBRT is part of the routine treatment of cervical carcinoma, targeting the draining
lymph nodal groups and, in some cases, the para-aortic or inguinal group of lymph
nodes. Intensity-Modulated Radiation Therapy (IMRT) is now recommended for
EBRT due to its potential to reduce treatment-related toxicities and improve survival.
Image-guided Radiotherapy (IGRT) is recommended along with IMRT/VMAT to
limit PTV margins and ensure safe dose delivery. IMRT/VMAT can also safely deliver
boost doses to pathological pelvic or para-aortic lymph nodes safely.

External beam radiotherapy along with brachytherapy is the standard treatment
for cervical cancer with FIGO staging IIB-IIIB. The most common brachytherapy
technique used in the treatment of cervical cancer is intracavitary brachytherapy, but
in cases where intracavitary techniques are not feasible, interstitial brachytherapy is
used. Image-based brachytherapy planning has emerged as a solution to the limita-
tions of 2D image-based treatment planning. Image-based planning helps evaluate
dose-volume parameters and their correlation with clinical results, improving tumor
coverage and reducing the dose to organs at risk. Toxicities of radiotherapy vary
according to the grading system, duration of follow-up, method of calculation, treat-
ment method and prevalence of risk factors in the study population.
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Abstract

The study of the value creation system in the strategic management of costs
associated with diseases shows the need to focus the analysis on the activities that
make it up, since they detail all the interrelated actions to achieve efficiency in their
treatment, particularly in cervical cancer. The design of its value chain is important
in the economic context in which it is created and the agents involved in its achieve-
ment, since the user, the provider and the financer of health care have different
health, economic and political interests. Quantifying its economic impact on society
is relevant for its economic evaluation, reducing uncertainty and optimizing the
design of public policies. There are theoretical and methodological weaknesses in the
methods for estimating their indirect costs, market imperfections and the postulates
of economic theory as their main foundations. The objective of the article is to design
the value chain of the disease and the calculation of its costs, which will be specified
by highlighting which activities will be considered as contributing value to its treat-
ments and which others will be considered as supporting activities for the beneficiary
of its treatments, who will be the patient.

Keywords: cervical cancer, value chain, direct costs of disease, indirect disease costs,
unit cost of illness

1. Introduction

The International Union Against Cancer diagnoses twelve million people world-
wide each year and 7.6 million die from cervical cancer. In Latin America, this disease
is the second leading cause of death in women, especially affecting the lower socio-
economic levels [1].

Cervical cancer, or cancer of the cervix, is a disease in which cancerous (malig-
nant) cells are found in the tissues of the cervix. It develops slowly, beginning with a
precancerous lesion called dysplasia. The most frequent cause of cervical cancer is the
human papillomavirus (HPV), which is transmitted through sexual intercourse [2]. In
Ecuador for some years, it has been one of the leading causes of death among women.
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This disease, like many others, requires a large expenditure of resources on the
part of both state and private health authorities. Managing them within the institu-
tions that provide health services, while respecting their characteristics, becomes an
important challenge for this type of organization.

1.1 The direct cost of disease treatment

The cost of treatment of diseases is a partial evaluation within health economic
evaluations; these types of studies analyze the direct health and non-health costs
generated by these, as well as the indirect costs associated with them [3-5].

However, after a review of several of these studies, it was determined that there
was no standard methodology for the treatment of costs associated with the disease
and essentially classifying them in terms of the object of costs—the disease—into
direct and indirect [4, 5].

This problem is coupled with the fact that there are two points of view on how
to cost illness: one approach taken from the treatment given by accountants, using
concepts from management accounting, and another from the vision held by health
economists who essentially differ in the treatment that indirect costs receive. However,
the authors acknowledge after an extensive literature search that a large majority of
these studies use the health economists’ version of the cost of illness [5, 6].

In many studies, direct health costs are estimated by multiplying a vector of
quantities of resources consumed by a vector of prices [7, 8]. For this purpose, both
vectors are constructed by considering all the inputs used in the care process and the
market prices associated with each one, respectively. Among the resources com-
monly considered, some authors [9, 10] highlight outpatient care, medical consulta-
tion, hospitalization costs, medication and laboratory tests, as well as resources
consumed in emergency services, nursing homes and home care. However, other
authors also consider those resources consumed in rehabilitation and specialized
care [11-13].

Likewise, direct non-health costs include the expenses of patients, relatives,
friends and non-profit institutions in terms of payments for transportation, food,
hygienization, caregivers, medications and other inputs borne by these agents [14]. In
order to value them correctly and obtain satisfactory results in their management, it
becomes necessary to broaden the range of analysis, from the formation of their value
chain to the information resulting from the calculation of their costs [15-17].

One of the main problems in cost-of-illness studies is the distribution of indirect
costs to direct activities, since most studies on this subject are devoted to adding up
independently both direct health and non-health costs and the indirect costs associ-
ated with these [4].

In addition to these elements, health care nowadays has become a market where
various health care providers are present and compete to obtain a larger number
of clients. This strategic competition ranges from having better trained human
resources, medical procedures with the latest advances in medical sciences to efficient
cost management that provides a target cost necessary to maintain an expected profit
margin [4].

Hence, health care institutions must borrow three essential elements from the
strategic management of business systems: achieving strategic positioning in health
care markets, designing value chains for key factors such as disease and manag-
ing their costs efficiently associated with the activities that generate value in their
treatments.
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1.2 The disease treatment value chain

The design of the disease treatment value chain is a novel element in its management.
It is recognized as the interrelated double value chain, which links both healthcare and
non-healthcare activities in the conception and delivery of value that makes it possible to
achieve efficiency in the use of human, technological and material resources, resulting
in the improvement of the quality of life of patients or in their definitive cure [6, 18].

The health chain of the disease has as by all the supplies that companies focused or
not on health services provide, i.e., medical, primary care and indirect supplies to the
health service [6, 19].

Direct health activities are the medical procedures that directly influence the
provision of services in the entity, such as outpatient consultations, hospitalization,
diagnostic tests, among others. The support activities help the main activities to
develop satisfactorily, including the actions carried out by the administrative devel-
opment department, where the areas of planning, accounting, finance, investment
management, human resources management, technological development, purchasing
and supply, among others, are grouped together [6, 19].

The non-health value chain of cervical cancer treatment, as for many other
diseases, includes all the costs, skills and knowledge that social agents such as family
members, friends and non-profit institutions contribute to improving the quality of
life of patients afflicted with this disease within a given social environment (14,18]
[20-22]. This disease, it integrates social values, which are nothing more than human
values that are part of the social culture such as ethics, morality, solidarity, humanity,
survival, etc., with the costs borne by patients, families, friends and social organiza-
tions, state prevention policies, the medical culture of the population and ancestral
knowledge and with the beneficiaries of the services, the patients.

This value chain is composed of core and support activities linked to the social
agents that support the disease. Among the main activities are expenditures for trans-
portation, food, sanitation, payments to caregivers and other activities carried out by
families, friends and non-profit institutions involved in improving the quality of life
of patients. Support activities include activities that describe the results of policies for
the prevention of cervical cancer carried out by health authorities and other social
organizations, the activities they develop, the medical culture and the patient-health
institution relationship, as well as the ancestral knowledge of the population that has
survived from generation to generation regarding the treatment of this ailment [6, 19].

The margin of advantage in the fight against cervical cancer treatments could be
understood as the contribution of value generated by all the main activities within its
value chain as well as the value that emerges in the relationships between them that
should guarantee efficiency in the use of available resources by the social agents as
well as the design of policies by the state in terms of decreasing the incidence of this
disease on the agents involved [6, 19].

Now, having an adequate design of the value chain, for any process, contributes
to developing a cost leadership strategy that allows the achievement of efficiency
and savings of all types of resources [23, 24], but which cost system will be the most
appropriate to achieve the organization’s strategies?

Traditional systems have the disadvantage of not providing sufficient information
for decision-making, they only use quantitative data, they emphasize production or
service costs and they use limited criteria for the distribution of indirect costs, which
makes it necessary to use other procedures that meet current information needs for
management and decision making [6, 23-26].
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To solve these problems, Activity Based Costing (ABC) and Activity Based
Management (ABM) have emerged, although their design and application predate the
development of the conceptualization of the value chain, the authors agree with the
specialists consulted [6, 23-29] that the analysis of the value chain makes it easier for
the organization to define a better structure by activities.

It is necessary to emphasize that the objective of this article is to design the value
chain of the disease and the calculation of its costs, so it will be specified in highlighting
which activities will be considered as value contributors to their treatments and which
others will be considered as support for the beneficiary of their treatments, who will
be the patient. In the same way, the procedure to cost their activities and some relevant
elements in their illustration in SOLCA Manabi, Portoviejo, Ecuador, is presented.

2. Materials and methods
2.1 Research universe

A retrospective-descriptive cross-sectional study was conducted in 2016, measuring
the prevalence of exposure of patients and their expenses associated with cervical
cancer, family members, friends and their outcomes (treatment costs) in the period
that the study was developed.

A total of 189 records were reviewed, which were all the patients attended in one
year, having been necessary the design of an annotation sheet per patient. It should be
noted that in the case of SOLCA Manabi, Nicleo de Portoviejo, the patient’s logbook
(clinical history) is in a database where the physician updates the information result-
ing from all the medical procedures undergone by the patient, an element that greatly
facilitates the statistical work. In addition, a survey was carried out to determine the
costs associated with the disease for 122 people, including 61 patients suffering from
cervical cancer, 46 family members and 15 friends.

2.2 The cervical cancer value chain

The cervical cancer treatment value chain consists of two chains that comple-
ment each other (Figure 1): a health chain and a non-health chain. The two chains
are linked together and show the activities that add value to the treatments for the
disease.

2.2.1 Health cave value chain for cervical cancer treatments

First, the design of the chain required a representation of each link in the process
using the relevant techniques for this case, such as a bibliographic study and the
expertise of the working group or other specialists when necessary to define the
hierarchies of the processes, especially the disease protocol.

Following the sequence of the tasks described above, the input of the chain is
composed of both state and private companies, mainly from the province of Manabi
and its neighbor Guayas, mainly from its capital Guayaquil, which provides primary
care medical supplies for the health service, companies such as Simed, Magnamedical,
Sumelab, Ecuador Overseas, among others.

To define the main activities, outpatient consultations, hospitalization and clinical
laboratory were established, including DNA testing for Human Papilloma Virus
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Value chain of cervical cancer treatments in SOLCA, Manabi. Source: Adapted from Michel Potter from his book
“Competitive Advantage” [30].

(HPV), vaginal autotomy, Papanicolaou screening (Pap smear), among others; and
oncological medical procedures such as radiotherapy and chemotherapy.

Among the support activities are the actions carried out by the administrative
development department, which includes the areas of planning, accounting, finance,
investment management, human resources administration, technological develop-
ment, purchasing and supply, among others.

The output of the health value chain is the interrelationships of the main activities
(outpatient consultations, hospitalization, diagnostic tests and medical procedures
for oncology patients) with their support activities (administrative, logistic, etc.)

49



Cervical Cancer — Recent Advances and New Perspectives

that allow an advantage in the application of the treatment for the improvement of
the quality of life of patients with cervical cancer. The beneficiaries of the healthcare
value chain are the patients with this type of ailment.

2.2.2 Non-healthcare value chain of cervical cancer treatments

The inputs of the cervical cancer non-health value chain were defined by social
values prevalent in society such as love of family, solidarity and humanity.

The main activities in the cervical cancer non-health value chain were essentially
defined by food, sanitation, transportation, caregivers and drugs.

Support activities were identified with the medical culture acquired by patients,
family and friends, as well as with the result of the prevention policies of the health
authorities against cervical cancer; and, with the ancestral knowledge transmitted
from generation to generation that favors the improvement of health.

2.3 Procedure

The procedure for calculating the health and non-health costs that determined the
total cost of cervical cancer treatments was based on the financial statements of the
selected entity and the expenses of its patients, family members and friends associ-
ated with their treatments.

The following tasks were carried out to determine the health costs of treatment:

1.Select the key direct and indirect areas of responsibility or sub-areas of health
services.

2.Make the secondary distribution of indirect costs from the support areas to the
direct areas in the provision of health services, selecting the appropriate basis for
their allocation.

3. Calculate the rates of indirect expenses of the direct areas to the provision of
services.

4. Calculate the unit costs of medical procedures.

* The total number in each area of responsibility or key sub-area with its total
allocated costs was taken.

* The corresponding distribution coefficient or other appropriate method was
determined and multiplied by the number of specific procedures to obtain
their unit costs.

* The unit costs were multiplied by the units of measure (cost drivers) for each
activity per patient.

5.Calculate sanitary costs for each direct activity.
6. Determine the costs by health stages of cervical cancer.
7.Calculate the total health care costs of cervical cancer treatments.

8. Calculate the average unit health costs per patient.
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The following steps were taken to determine non-health costs:

1.Develop and apply a questionnaire to obtain the information necessary to deter-
mine the costs of direct non-health activities:

* Make a selection of the patients, family members and/or friends involved in
the selected time period.

* Collect the information needed to prepare the questionnaire.

* Prepare and apply the questionnaire to calculate the costs of non-health
activities.

2. Calculate non-health costs for each direct activity designed.

* Calculate the non-health costs of each direct activity per respondent.

3. Calculate the coefficient of salaries of patients, relatives and friends involved in
the research and indirect non-health expenses.

* Obtain the salary of patients, relatives and friends.
* Calculate the salary coefficients of patients, relatives and friends.
¢ Calculate non-health indirect costs.
4. Define cost drivers to allocate non-health indirect costs.
¢ Define the cost drivers for each of the direct non-health activities.
5. Distribute indirect costs to direct non-health activities.
6. Estimate the non-health costs of cervical cancer treatments.

7.Calculation of total and unit costs of cervical cancer treatments.

In addition, as a relevant element, the cost per stage of the treatment of the disease
is shown, taking into account the approved protocols [31].

* Stage O (Insitu): In situ cases with carcinomas that are cured only with the cone
leep and periodic check-ups, do not require further treatment for cure.

* Stage 1: The disease is limited to the cervix only.

* Stage 2: It goes beyond the cervix, but does not affect the pelvic wall or the lower
third of the vagina.

* Stage 3: There is an incidence in the pelvic wall and/or involvement of the lower
third of the vagina and/or causes hydroureteronephrosis or renal failure.

* Stage 4: There is already metastasis or involvement of other organs such as blad-
der, rectum, lung, liver and brain.
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It is important to note that the study was approved by SOLCA’ Board of Directors,
which determined its scope and the time horizon of the research. Its results were
discussed and are presented below.

3. Results

As indicated above, the costs of cervical cancer treatments at SOLCA Manabi,
Portoviejo, Ecuador, were calculated taking into account the expenses incurred by the
entity in one year. The following tables (Tables 1-3) present the calculations derived
from the application of the procedure. The total health care cost for the treatments
was US$ 1,296,510.27, while the average unit cost per patient attended was US$

6859.84.

The activities that generated the most expenses were hospitalization and outpa-
tient consultation, respectively, while the activity that generated the least expenses
was other oncological procedures.

Another element to highlight is that the stages of treatment that generated the
most expenses were stages 3 and 4, which shows that these are the stages where most
resources are allocated to treatment.

Tables 4-8 presents the calculations derived from the application of the procedure
for non-health costs. The total non-health cost for the treatments was US$1,586,736.60,
while the average non-health unit cost per patient attended was US$ 8395.43.

Total sanitary costs
Direct activities Costs
Outpatient 56.369,92
Hospitalization 1'170.742,70
Clinical laboratory 54.413,24
Other oncologic procedures 14.984,41
Total health care costs 1'296.510,27
Table1.
Total health cost per activity of cervical cancer treatments.
Total unit sanitary costs
Direct activities Costs
Outpatient 298,25
Hospitalization 6.164,41
Clinical laboratory 28790
Other oncologic procedures 78,28
Total sanitary average unit costs 6.859,84

Table 2.

Average unit health cost per activity of cervical cancer treatments.
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Direct Stage 0 Stage1 Stage 2 Stage 3 Stage 4 Costs
activities
Outpatient 14.360,30 2.188,24 2.598,53 15.299,17 25.929,48 56.369,92
Hospitalization 31.429,65 4.789,28 21.671,97 415.773,00 697.078,80 1'170.742,70
Clinical 20.210,87 4.637,19 10.405,93 12.978,53 6.180,72 54.413,24
laboratory
Other oncologic 3.817,30 581,68 690,75 4.066,92 5.827,76 14.984,41
procedures
Total costs per 69.818,12 12.196,39 35.367,18 448.117,82 731.010,76 1'296.510,27
treatment stage

Table 3.

Cost by stages of health activities in the treatment of cervical cancer.

Main activities Costs
Feeding 833.562,67
Transportation 114.074,67
Hygienization 116.162,47
Caregivers 48.605,83
Medications 202.270,83
Laboratories 247336,17
Total 1'562.012,63
Table 4.

Direct non-health activities costs.

Activities Activity-based cost drivers Cost drivers
Feeding Times of food consumption 1157
Transportation Times of transportation utilization 541
Hygienization Number of toilets 10.411
Caregivers Number of care 554
Medications Number of doses 305
Laboratories Number of tests 1.032
Tables.

Non-sanitary cost drivers.

Once the health and non-health costs have been calculated, the tables (Tables 9 and 10)
show the average total and unit costs for cervical cancer treatments. The total cost of
treatments was US$2'883.246,87, while the average unit cost per patient treated was

US$15.255,27.
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Direct non-sanitary activities costs

Main Costs % Indirect Cost Fees
activities expenses drivers
Feeding 833.562,67 0,533,646,559 13.193,86 1157 11,4,035,104
Transportation 114.074,67 0,073030566 1.805,61 541 33,375,3331
Hygienization 116.162,47 0,074367175 1.838,65 10.411 0,17,660,665
Caregivers 48.605,83 0,031117439 769,35 554 13,887,1234
Medications 202.270,83 0,129,493,724 3.201,60 305 10,4,970,458
Laboratories 247336,17 0,158,344,537 3.914,91 1.032 37,935,1315
Total 1'562.012,63 1,00 24.723,97

Table 6.

Distribution of indivect non-health care expenses.

Main activities Costs Indirect expenses Total direct non-health activities
Feeding 833.562,67 13.193,86 846.756,53
Transportation 114.074,67 1.805,61 115.880,27
Hygienization 116.162,47 1.838,65 118.001,12
Caregivers 48.605,83 769,35 49.375,18
Medications 202.270,83 3.201,60 205.472,43
Laboratories 247.336,17 3.914,91 251.251,07
Total 1'562.012,63 24.723,97 1'586.736,60

Table7.

Total non-sanitary costs.
Main activities Total direct non-health activities Number of patients Unit Cost
Feeding 846.756,53 189 4.480,19
Transportation 115.880,27 189 613,12
Hygienization 118.001,12 189 624,34
Caregivers 49.375,18 189 261,24
Medications 205.472,43 189 1.087,16
Laboratories 251.251,07 189 1.329,37
Total 1'586.736,60 189 8.395,43

Table 8.

Average non-sanitary unit costs per patient.
Total sanitary costs Total non-sanitary costs Total disease costs
1296.510,27 1'586.736,60 2'883.246,87

Tableg.

Total costs of cervical cancer treatments.
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Total disease costs Total patients Unit costs of disease
2'883.246,87 189 15.255,27
Table 10.

Average unit costs for cervical cancer treatment.

4. Discussion

The research determines the total and unit costs of cervical cancer treatment at
SOLCA Manabi, Portoviejo, Ecuador. An essential element in the management of the
costs associated with the treatment of the disease was the use of the value chain in its
design, which made it possible to associate it with the activities that, according to its
protocol, allow it to cope with the disease.

Although there are many studies that calculate the direct costs of the treatment of
diseases in health institutions, those that use the tools of strategic cost management
are limited. This is a novel approach within these types of studies since it is based
on the idea that health services are provided in a healthcare market where there are
several agents such as private, state or non-profit entities that compete for them.

Health services have a fundamental characteristic, which is that their ethical
content of trying to save or maintain the quality of life of patients, regardless of the
resources allocated to their treatment, should be the guiding principle. However, this
ethical conflict is threatened in many cases by whether or not to provide patients with
the necessary resources if they do not have health insurance to cover them.

This article is not intended to stir up controversy about health systems in many
countries, but to show the tools of cost management to enable the efficiency of many
providers of these services. Health is no stranger to the realities of the treatment of
expenditures in many sectors of the economy and the calculation of the costs of their
products or services. Traditional cost systems tend to overestimate or underestimate
the costs of their products or services due to the defective treatment of the indirect
costs associated with them. By managing them by activities, it is possible to correct
them according to their cost generators, which make them more competitive, no mat-
ter the market where they are developed.

In the particular case of health services in the treatment of cervical cancer in
SOLCA Manabi, Portoviejo, Ecuador, they have a particular treatment since it is a
non-profit service provider. This does not mean that it does not need to make profits
to invest in maintaining and increasing the quality of the services it provides. To this
end, it charges the various insurances established in the Ecuadorian financial system
the corresponding amounts according to the Tariff of benefits for the national health
system approved by the Ministry of Public Health of Ecuador [32], so SOLCA, since it
does not set the prices of the services, control of its costs will be objective in order to
obtain the profit it requires, as shown in Figure 2.

It is important to clarify that, although the purpose of the research is not to design
a tool to achieve a target cost, it can serve as a basis to achieve it, adapting to the
realities of the environment of SOLCA Manabi, Nucleo de Portoviejo in setting the
necessary utility for the quality of its services. Hence, the authors agree with Capasso
[33] he states that the target cost “is not a costing methodology, it is a management
tool that allows ordering, adapting and assembling the activities of the organization
and its consequent costs to achieve a level of profitability in accordance with the
objectives set by the management”.
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Rate of benefits for the
national health system

SOLCA Utility

SOLCA costs

Figure 2.
Target costs in SOLCA.

In the same way, this procedure would serve as a basis for the control of the
resources involved in cervical cancer treatments, since it would make it possible to
detect deviations both in the costs of materials, personnel salaries and others directly
or indirectly involved between their plan—the result that paid for the research—and
the actual record in subsequent periods. The causes of these deviations should be
detected and corrected to help achieve the organization’s goals [19].

On the other hand, the calculation of non-health costs links health service
providers with society, since its purpose is to assess the impact caused by the
disease on patients, their families and other social agents. This will make it possible
to articulate state policies that minimize the impact of the disease on the patients
directly involved, not only for the health service providers but also for society as a
whole [19].

To achieve an analysis of the results of non-health costs, the authors refer to the
National Survey of Urban and Rural Household Income and Expenditures of Ecuador
(ENIGHUR) where household expenditures are described for various items such as
food and transportation, among others [34]. However, the last survey conducted was
in 2011-2012 [35], well before the study presented here, so it was not possible to con-
trast the results of the research. The aim was to analyze the incidence of household
expenses with those highlighted in the care of patients with cervical cancer.

But yes, with the data available in 2011-2012, it can be confirmed that since that
date, food expenses have been the most relevant in Ecuadorian households with
24.40%, showing an increase in relation to previous studies [34], which reaffirms the
authors’ proposal. Hence, the results of non-health costs provide SOLCA Manabi,
Nucleo de Portoviejo and the State, through its institutions, with a basis for assess-
ing the impact of the disease on a relevant social sector such as women as essential
members of Ecuadorian households.

5. Conclusions

Cervical cancer is a disease with a severe impact on the quality of life of the
patients who suffer from it in many cases. The disease manifests itself with the
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appearance of cancerous (malignant) cells in the tissues of the cervix. It develops
slowly, beginning with a precancerous lesion called dysplasia. The most common
cause of cervical cancer is the human papillomavirus (HPV), which is transmit-

ted through sexual intercourse. Cervical cancer can also impose a financial burden
on healthcare systems. Although there are many studies that estimate the costs of
treating disease in healthcare institutions, few use strategic cost management to
determine these costs. This is a novel approach within these types of studies since it
is based on the idea that the provision of health services is provided in a healthcare
market where there are various agents such as private, state or non-profit entities
that compete for it. In the same way, the inclusion of the non-health component in
the costing methodology values the importance of the expenses of patients, their
families and friends in achieving the quality of life of the patient with this ailment.
It also provides relevant information for health authorities to propose state policies
that minimize the impact of the disease on society through public policies. This study
is an example of applying these tools in SOLCA Manabi, Portoviejo, Ecuador, which
is trying to make the calculation of costs associated with cervical cancer treatments
more efficient.
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Human Papillomavirus
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Abstract

Cervical cancer is the second most common cause of cancer-related death among
women that is caused by Human Papillomavirus, a double-stranded virus that
leads to cellular alterations in the cervical squamocolumnar junction. Most HPV
infections are cleared by the host immune system, while very low cases progress to
invasive carcinoma due to persistent infection and other contributory risk factors.
Several screening techniques have been devised over the years to detect Human
Papillomavirus at an early stage, the most common being the Pap smear test, which
is capable of detecting benign cellular changes and also squamous intraepithelial
neoplasias. Other important techniques involve visual inspection with acetic acid
(VIA), colposcopy, and HPV DNA testing. In addition, recent advances have led to
the development of new techniques such as biosensor and bioreceptor technology and
loop-mediated isothermal amplification (LAMP). Several methods have been in place
to prevent the increased incidence of cervical cancer. Among these is the development
of Prophylactic HPV vaccines, which elicit a humoral immune response against about
15 HPV genotypes but have the limitation of not curing an established cancer. Several
trials are underway on developing a therapeutic vaccine that will be effective in cur-
ing cervical cancer.

Keywords: cervical cancer screening, cervical cancer management, HPV vaccine,
HPYV prevention, cervical cancer control

1. Introduction

Cervical cancer is the second-leading cause of global gynecological cancer-related
deaths in women [1]. Human papillomavirus (HPV), a double-stranded DNA tumor
virus, is the major cause of cervical cancer. Even though a strong immune system
can normally fight off HPV infections, chronic infections with high-risk (HR) HPVs
lead to cervical cancer [2]. However, in recent years, cancer patient assessment
methods have changed from actual decision-making, based on the clinic-pathological
characteristics of the patient, to biomarker-driven treatment plans, focusing on
genetics and specific targeted medicines. Furthermore, the molecular alterations that
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occur during the development of cervical carcinogenesis have been examined using
high-throughput technologies and gene expression profiling based on microarrays.
The found genes with abnormal expression may aid in the diagnosis of cancer, the
subtyping of cancer, and the design of chemotherapy [3, 4]. Also worthy of mention-
ing is the Papanicolaou (Pap) test that has been the primary option for gynecological
screening for almost 60 years due to its ease of use, low cost, and lack of major side
effects, which has likely contributed to its success in recent years in lowering overall
incidence and mortality in the world [5]. Despite this, recent screening studies from
several nations have showed the advantages of HPV testing over the Pap test for
detecting cervical cancer, as HPV-based screening was 70% more efficient in reducing
the incidence of invasive cervical carcinomas than cytology-based screening [6]. This
study’s goal is to highlight the importance of cytologic surveillance, cervical cancer
treatment, and HPV prevention.

2. Current cervical cancer screening initiatives

HPV viral gene integration in the host genome promotes the expression of E6 and
E7, with subsequent deadly genetic changes leading to neoplastic transformation.
HPV-infected cells can advance from normal to preinvasive to invasive cancer in
about 10 years or more [7]. However, this lengthy timeframe allows for the detection
of early preinvasive neoplastic lesions and the prevention of cancer development
through screening. Cervical cancer screening can be done in three ways, namely, VIA,
Pap smear, and HPV DNA testing.

2.1Pap test

George Papanicolaou established the Pap smear test in the early 1940s. A qualified
cytotechnologist or pathologist will collect a liquid biopsy from the squamocolumnar
junction and smear it on a glass slide for microscope examination. With a sensitiv-
ity of 70-80%, it is the earliest screening technique that became widely used in the
1960s [8]. The adequacy of the specimen is absolutely essential for the accuracy of the
Pap test [9]. The cellular changes are reported in accordance with the “The Bethesda
System for Reporting Cervical Cytology,” which establishes consistent and reproduc-
ible criteria for detecting preinvasive and invasive cancer [10]. The most significant
benefit of a traditional Pap smear technique is its cheapness and affordability [11].
Although the Pap test is successful in cities, it has failed in rural areas because it is an
extremely competent personnel-intensive scheme. Key drawbacks include the low
sensitivity to detect early preinvasive lesions, the complex logistical and care network
necessary for executing quality control, and the succeeding relevant medical manage-
ment (like colposcopy, histology, and endocervical curettage) of women who screen
positive [12]. As a result, there is an urgent need to develop a reliable, highly sensitive,
and cost-effective cervical cancer screening technique.

2.2 Visual inspection with acetic acid

Visual examination of the cervix while using 3% acetic acid offers an alternate,
economically advantageous screening method [7]. The cervical dysplastic regions
are highlighted by the application of acetic acid, which causes instantaneous color
changes that are evident to the unaided eye. Any alteration in hue is considered a sign
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of cervical cancer that has not yet spread. Since the 1990s, visual inspection with
acetic acid (VIA) has been employed, particularly in rural and remote areas. Itisa
straightforward, user-friendly method. The VIA technique has the distinct advan-
tage that care providers can fulfill their duties without the need for sophisticated
infrastructure or equipment [13]. According to the findings of Arbyn et al., VIA has

a specificity of 81-89% as well as a sensitivity of 73-85% for identifying high-grade
cervical preinvasive lesions [14]. Nevertheless, the VIA technique has limitations such
as provider dependence and subjectivity, as well as lower sensitivity for women over
the age of 40. This necessitates immediate action to develop an alternative approach
with greater sensitivity, specificity, and noninvasiveness.

2.3 HPV DNA testing

The only circulating tumor DNA tests that have received clinical approval to date
are quantitative PCR-based tests; however, other studies have shown that digital
PCR and sequencing are preferred due to their enhanced capacity to identify uncom-
mon variations. By finding variations without knowing their precise sequence,
sequencing-based approaches dramatically boost flexibility. Due to the high expense
and complexity of NGS, especially those approaches used for low-abundance muta-
tions, sequencing studies must frequently concentrate on narrower regions of the
genome where mutations are likely to occur [15]. Despite this, targeted assays have
no sensitivity to mutations that they are not targeted to study; NGS approaches have
a distinct benefit in that they discover variants with little to no prior information of
the mutation’s existence or position. This benefit is less pronounced when taking into
account a number of prospective uses for ctDNA, such as companion diagnostics,
where the pertinent mutations and related cautions are well-known and scarce [16].
In these circumstances, focused assays may outperform sequencing, especially if they
can be carried out quickly, easily, and affordably. This is corroborated by the fact that
digital PCR (dPCR), despite being virtually exclusively utilized for singleplex tests,
is currently quite popular in preclinical research of ctDNA [17]. However, The Cobas
4800 HPV/DNA automated PCR equipment was effectively used in previous research
from Sri Lanka to show that HPV-DNA testing can be used as a primary screening
tool in low-resource settings [18]. Rapid molecular point-of-care assays for identify-
ing HPV DNA have been developed recently [19]. While the HPV-DNA test is highly
sensitive, it is less specific. Thus, it may be able to identify clinically inconsequential
infections in women who are at risk of developing cervical cancer. Therefore, in order
for these procedures to be truly effective in a diagnostic set, they ought not to be time-
consuming and expensive. Also, they need to be highly specific.

2.4 Biosensor and aptamer technology

The most crucial aspect of a biosensor is likely selectivity. The capacity of a
bioreceptor to identify a particular analyte in a sample that contains various admix-
tures and impurities is known as selectivity. The relationship between an antigen
and an antibody provides the best illustration of selectivity. Traditionally, antibod-
ies function as bioreceptors and are immobilized on the transducer’ surface. The
antigen-containing solution is then exposed to the transducer, where antibodies
only interact with the antigens. The solution is typically a buffer including salts.
Selectivity is the primary factor to be taken into account when selecting biorecep-
tors for a biosensor [20]. Furthermore, reproducibility, or the biosensor’s capacity to
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produce the same results under equal experimental conditions, is another quality of

a successful biosensor. The transducer and electronics in a biosensor are precise and
accurate, which defines reproducibility. When a sample is tested more than once,
accuracy refers to the sensor’s capability to offer a mean value that is close to the true
value, while precision refers to the sensor’s ability to produce identical findings every
time. The inference made on a biosensor’ response is highly reliable and robust when
the signals are reproducible. A biosensor’ sensitivity is one of its key characteristics.
Besides this, a biosensor’s limit of detection (LOD), or sensitivity, is determined

by the smallest amount of analyte that it can detect. Additionally, the stability of a
biosensing system determines how susceptible it is to environmental disturbances
both inside and outside of it. A biosensor under measurement may experience a drift
in its output signals as a result of these disruptions. This could skew the concentration
being measured and compromise the biosensor’ precision and accuracy. In applica-
tions where a biosensor needs lengthy incubation periods or ongoing monitoring,
stability is the most important component. The reaction of electronics and transduc-
ers may be temperature-sensitive, which could affect a biosensor’s stability. To achieve
a steady response from the sensor, proper tuning of the electronics is necessary as
shown in Figure 1. Likewise, linearity is the property that demonstrates the precision
of the measured response to a straight line for a measurement set with various analyte
concentrations. It is mathematically represented as y = mc, where c is the analyte
concentration, y is the output signal, and m is the sensitivity of the biosensor. The
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Figure 1.

A;;g illustration of a biosensor in diagrammatic form. 1. The analyte E6/7 oncoproteins are particularly recognized
by the aptamer molecule. Upon the engagement of the bioreceptor with the analyte, the process of bio-recognition
occurs, during which a signal is produced (in the form of light or pH). 2. The transducer converts the bio-
recognition event into a measurable signal. 3. The transduced signal is processed by the electronics and made
ready for display. It is made up of intricate electrical civcuitry that carries out signal conditioning tasks like signal
amplification as well as conversion from analog to digital form. 4. The display produces user-friendly numerical
vesults.
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resolution of the biosensor and the range of analyte concentrations under test can
both affect the biosensor’s linearity. The smallest change in an analyte’s concentration
necessary to cause a change in the biosensor’s response is known as the resolution of
the biosensor. A strong resolution may be necessary depending on the application
since biosensor applications call for the detection of analyte concentrations over a
large operating range [20]. Generally, there are different ways that biosensors can be
used to enhance the quality of life. This area includes their application for a variety of
purposes, including environmental monitoring, disease detection, food safety, and
drug development. The detection of biomolecules that are either disease indicators or
medication targets is one of the main uses for biosensors. For instance, clinical tools
for the detection of protein cancer biomarkers can be developed using electrochemi-
cal biosensing techniques [21]. Yet these methods have the ability to use aptamers

to detect these biomolecules [22]. Aptamers are easily synthesized and available for
purchase once they have been created. Aptamers not only have a high affinity and
specificity for their target while undergoing a conformational change, but they can
also maintain the majority of their functionality even after going through several
regeneration steps [23]. Moreover, they are easily adaptable to other functional
groups, allowing for a wider range of applications [24]. Electrochemical biosensors
have always been a hot topic in research because of their ease of use, low cost, high
sensitivity, quick turnaround, and resilient nature. They also only need basic appa-
ratus. There are numerous studies in the literature on impedimetric aptasensors that
take advantage of the aptamers’ conformational change capabilities as well as other
elements that alter the system’s impedance [25].

2.5 Loop-mediated isothermal amplification

Digital PCR and NGS have often been preferred for ctDNA studies. However,
LAMP could be used to replace these approaches because it has proven to be inex-
pensive, efficient, and highly specific, in addition to having reasonable sensitiv-
ity. Meanwhile, the method begins with cell-free DNA extraction and analysis as
described in earlier studies [26]. As the HPV ctDNA can be amplified without the
DNA extraction stage, therefore this step can be avoided. Even though PCR was
employed to amplify the HPV ctDNA genes disclosed in the listed papers, LAMP
can be used as its substitute. Milan et al. recommended the use of an electrochemi-
cal LAMP-based test to identify HPV16/18 infection in cervical samples. The LAMP
reaction was performed in the aforementioned study using a premixed mixture of
WarmStart LAMP 2 Master Mix, DIG-dUTP, 100 ng of DNA template, and LAMP
primers. They performed the process at 66°C for 40 min, following a polymerase
inactivation at 80°C for 5 min. Subsequently, Agarose gel electrophoresis was used
to detect the LAMP reaction on 1.5% agarose gel stained with GelRed nucleic acid.
Nevertheless, based on the identification of the amplicons, there are numerous LAMP
models available. Anton et al., on the other hand, preferred to combine electrochemi-
cal measurements with a geomagnetic technique, using streptavidin magnetic beads
to assess DIG-labeled LAMP amplicons in a working electrode [27]. In yet another
work by Mudhigeti et al. the LAMP mixture with sample-containing tubes was placed
in a water bath that had been preheated to 63°C for 60 minutes [28]. Following a brief
exposure to blue light, 11 of SYBR Green I was added to each tube, gently mixed, and
checked for bright green fluorescence. Bright green fluorescence denotes the presence
of the target (HPV) or successful amplification, while no fluorescence denotes the
target’s absence. Likewise, Yu et al. used digital LAMP assays on a self-digitization
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Figure 2.

En%ploying LAMP in the diagnosis of HPV ctDNA Summary of the procedure. About smls of blood will be
collected. 2. Sample will be separated, it can either be extracted or amplified directly. 3. LAMP mixture will be
added to an Eppendorf tube containing the sample. 4. At a single temperature of about 6ooc the HPV ctDNA will
be amplified 5. The positive sample can be viewed with the naked eye either through turbidity of color intensity
using fluorescent dye.

chip to detect 14 high-risk human papillomaviruses [29]. All of these studies used
LAMP to detect HPV DNA in the cervical sample, but so far, no report has yet been
published on the detection of HPV ctDNA using LAMP. The summary of this proce-
dure is depicted in Figure 2.

3. Cervical cancer control

The global strategy developed by WHO for cervical cancer elimination has pro-
posed three essential ways to fight HPV; 90% of girls fully vaccinated with the HPV
vaccine by the age of 15 years, high-performance cervical screening of 70% of women
at 35 and 45 years of age, and 90% treatment of infected women with confirmed
cervical cancer. These targets must be met by 2030 for countries to be on the path
toward cervical cancer elimination [30]. To achieve this goal, WHO with its partners
is developing a global strategy toward the elimination of cervical cancer. Given the
substantial global burden of cervical cancer, the increasing inequalities, and oppor-
tunities for effective and cost-effective primary and secondary prevention, the WHO
Director-General made a global call in May 2018 for action toward eliminating cervi-
cal cancer as a public health problem [31]. A comprehensive national or sub-national
surveillance system for elimination would encompass long-term surveillance of both
processes and outcomes across the three core activities of vaccination, screening, and
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treatment as outlined in the WHO Global Strategy toward eliminating cervical cancer
as a public health problem [32].

3.1 HPV vaccine

Large international randomized control clinical trials have proved that HPV
vaccines are safe and highly effective against vaccine-type infection and cervical
precancerous lesions in women (with vaccine efficacy >93%). These vaccines target
high-risk HPV types that cause about 70% (bivalent and quadrivalent vaccines: HPV
types 16 and 18) and 90% (9-valent vaccine: HPV types 16, 18, 31, 33, 45, 52, and 58) of
cervical cancers [31]. Large-scale international randomized control clinical trials have
demonstrated the safety and great efficacy of HPV vaccinations in preventing vaccine-
type infections and cervical precancerous lesions in females (vaccine efficacy of 93%).
These vaccines target high-risk HPV types that account for 70% (HPV types 16 and
18 in the bivalent and quadrivalent vaccines) and 90% (HPV types 16, 18, 31, 33, 45,
52, and 58 in the 9-valent vaccine) of cervical malignancies, respectively [31]. The
currently available HPV vaccines were created using the virus-like particles (VLPs) of
the primary papillomavirus capsid protein L1, which are essentially empty viral shells
made up of one or more different polymeric shells or capsid proteins [33]. All three
HPV vaccines were developed based on L1 VLP [33]. VLPs are not infectious or carci-
nogenic because they lack a viral genome that is capable of eliciting a humoral immune
response with significant and persistent neutralizing antibodies [33].

Early genes are thus targeted during the viral life cycle and aid in regulating the
emergence of HPV-related premalignant and malignant abrasions. Because E6 and
E7 proteins are continually produced and connected to the malignant development of
HPV-linked malignancies, they provide two promising targets for therapeutic HPV
vaccines. Other proteins E1 (viral helicase) and E2 are useful for focusing on early
viral abrasions, and these proteins are expressed at a faster rate than E6 and E7 before
viral genome incorporation at early stages [34].

The three HPV prophylactic vaccines currently available are, respectively,
Gardasil®4, a quadrivalent vaccine available in 2006 [35]; Cervarix™, a bivalent
vaccine available in 2007 [36]; and Gardasil®9, a nonavalent vaccine available in
2014 [37]. Both the quadrivalent and bivalent vaccines show varying degrees of
protection against oncogenic HPV types not included in the vaccines [38]. Data from
clinical trials showed that these three vaccines all achieved good preventive effects
on people infected by HPV from different regions, of different races, and in different
age groups. Moreover, the majority of trial data for several vaccines provided vaccine
titers data against advanced cervical cancer precursors (CIN 2, CIN 3, and adenocar-
cinoma in situ) [33].

To eliminate tumors or lesions, the vaccine unleashes T-cell immunity by directly
targeting HPV antigens exposed around infected and malignant cells [34]. These
proteins can be good targets for therapeutic vaccines since vaccines can target cyto-
toxic T lymphocytes (CTLs) and cancer-specific T cell type 1 that can destroy cancer
and infected cells [34].

3.2 Health education

The World Health Organization (WHO), as well as numerous studies and clinical
registries on cancer survival, claims that developed nations with well-managed cervi-
cal cancer programs have seen a significant decline in cervical cancer incidence and
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mortality, but developing nations with low vaccination rates and weak cervical cancer
screening programs have not [30]. For the past few decades, mortality and incidence
rates have decreased in the majority of the world’s regions. The decreases are attrib-
uted to elements that are associated with either rising socioeconomic averages or a
declining risk of persistent infection with high-risk HPV as a result of advances in
genital cleanliness, decreased parity, and a declining prevalence of sexually transmit-
ted diseases [39]. Even though there are currently efforts to expand HPV vaccination
as a means to prevent cervical cancer, in most African countries, it is still limited to
research settings or poorly organized and with a slow rollout. In some countries, it is
unavailable due to inadequate infrastructure, finances, and availability of healthcare
workers. There are few countries that offer HPV vaccination through subsidized
national immunization programs [40].

Many studies have suggested that low levels of public health education and
knowledge of the disease, inadequate and inaccessibility of cervical cancer screen-
ing services, cultural beliefs, and perceived susceptibility contribute to the low
cervical cancer screening rates [41, 42]. Lack of knowledge and awareness has been
identified as one of the main reasons associated with low cervical cancer screening.
Nonadherence to cervical cancer screening has been associated with a knowledge
deficit [40]. Women living in rural settlements are mostly of low socioeconomic
status, and this has been shown to be associated with a higher risk of cervical cancer,
poor health knowledge, and poor access to health services [43].

Interventions utilizing peer health educators and culturally tailored methods were
the most effective in improving screening uptake. Innovative approaches such as
self-collected HPV testing can also be employed as they demonstrate the potential to
influence changes in the uptake of screening [40]. Olubodun and coworkers reported
that there is a need for increased cervical cancer awareness and promotion campaigns.
Women’s partners should also be targeted for health education. Improving access to
cervical cancer prevention services is also crucial among this underserved population.
Health education interventions increased knowledge and awareness of cervical cancer
and boosted cancer screening. Therefore, a comprehensive approach to cervical cancer
prevention and control should therefore include health education interventions [43].

4, Conclusion

Several efforts have been made to curtail the surge of cervical cancer incidence
worldwide including early screening, vaccination, health education, HPV DNA
testing, phylogenetic studies, and new molecular diagnostic techniques such as loop-
mediated isothermal amplification and DNA-Aptamer-based biosensors. However,
most of the new techniques are impracticable in resource-limited settings. Due to
this, several efforts have been placed including health education and development of
therapeutic HPV vaccines with ongoing clinical trials that lasted almost 20 years to
date. It is expected that these vaccines will be able to cure or cause the regression of
established cervical cancer, in addition to preventing recurrence. Therefore, hands on
deck are needed to prevent the increased incidence of cervical cancer.
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Acronyms and abbreviations

VIA visual inspection with acetic acid
LAMP loop-mediated isothermal amplification
HPV human papillomavirus

Pap papanicolaou test

PCR polymerase chain reaction

NGS next-generation sequencing

LOD limit of detection

VLPs virus-like particles

CIN cervical cancer intraepithelial neoplasia
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