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ABSTRACT

The deadliest type of gynecological carcinoma is still EOC, which is identified by its late-stage identification and
silent proliferation. To increase survival rates, it is essential to identify the illness early on and with accuracy. The
use of tumor markers in the diagnosis and therapy of OC has become increasingly important. This paper explains
whether serum concentrations of cancer antigen 125 (CA-125) and human epididymis protein 4 (HE-4) could
predict the surgical outcome of EOC. It also examines the diagnostic significance of tumor markers such as CA-
125 and HE-4. We also talked about the tumor marker's (HE-4) value in ovarian cancer (OC)patients, both during
and after treatment. When used alone, the tumor marker CA-125 is related to poor specificity and low sensitivity,
particularly in premenopausal women, for early or stage | disease. Serum HE-4 is a useful biomarker for
differentiating benign ovarian disease from ovarian cancer, although it can be influenced by a number of variables,
such as age, smoking, and pregnancy. Combining these indicators, or at least two or three of them, is advised for a
high sensitivity and specificity early stage EOC diagnosis. HE-4 might be an efficient marker to monitor both
during and following OC treatment. For follow-up observations, a complementary role for HE-4 and CA-125
measures was proposed. Numerous researches assessed the predictive role of HE-4 for surgical outcome in primary
cytoreductive surgery. Based on results of all studies, HE-4 a high potential biomarker for surgical outcome may be
useful in predicting primary treatment.
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1. INTRODUCTION

Cancer is any of a large number of diseases characterized
by the development of abnormal cells that divide
uncontrollably and can infiltrate and destroy normal
body tissues. It is one of the causes of death in the
developed Nations.® Despite the availability of several
cancer medications for both prevention and control,
cancer remains uncontrollable.®™ Selective therapies are
based on a better understanding of the biology and
molecular genetics in the tumor progression utilized for
the prospective treatments. These are in addition to
common cancer treatments including surgery, radiation
therapy, chemotherapy, combination therapy, and laser
therapy. Chemotherapy remains a viable therapeutic
option for cancer today, despite these advancements.
Currently, the invasion and metastasis phases account for
90% of treatment failures.”® Initial identification of
cancer increases survival. But when they are discovered,
almost 50% of tumors are already advanced. Early
intervention is possible to try to reduce or prevent the
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Fig. 1: The percentage of India's top 10 cancer sites by gender, estimated for 2022.1%

growth and lethality of cancer. Before all cancers can be
identified at an early stage, a number of challenges must
be overcome.

The study in 2022 investigated the cancerincidence rate
in India.(Fig. (1) & Fig. (2)) The purpose of this study is
to present a report on the anatomical sites, age groups,
and sex-specific cancer incidence predicted for India in
2022. Theincidence of cancer for the years 2012-2016
from 28 PBCRs was reported in the National Cancer
Registry Programme Report 2020. The aim of assigning
PBCRs to the nation's States and regions was to improve
our comprehension of the epidemiology of cancer. To
calculate the cancer case count in India for 2022, the
incidence rate for each age group distinct anatomical site
of cancer was applied to the expected population. In
India, the prevalence of cancer is still rising. Planning
initiatives for early identification, risk reduction, and
treatment of cancer will be made easier with the aid of
these updated estimations.['**!
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Fig. 2: Incidence and mortality for cancer: India.™*"!

2. EPITHELIAL OVARIAN CANCERS

The most typical kind of cancer in ovaries is epithelial.
Ninety percent of ovarian tumors are epithelial in
nature.™**! Ovarian cancer that began in the outer layer
of the ovary is known as epithelial ovarian cancer. The
majority of ovarian cancers are carcinomas, which arise
from the surface epithelium of the ovary.*®

It has been suggested in the past that postovulatory
inclusion cysts or the ovarian surface epithelium, which
arise following follicular rupture and healing, are the

source of the majority of ovarian carcinomas.!®*"!
Regarding the incidence of OC in women, numerous
hypotheses exist. The "incessant ovulation” theory states
that every ovulation creates a wound, which causes an
increase in cell proliferation to repair the epithelial cells.
This could lead to a higher threat of malignant mutation
and DNA damage."®**! According to a different theory
involving gonadotropin-based stimulation, gonadotropin
levels rise after menopause, increasing the prevalence of
ovarian cancer.”®?? The inflammatory hypothesis
postulates that inflammation may contribute to the
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ovulation process, which is strongly linked to OC.[*!

However, progesterone stimulation has shown a
protective effect and lowers the probability of carcinoma.
In the meantime, the hormonal hypothesis suggests that
excess androgen stimulates the ovarian surface
epithelium, increasing the hazard of OC.[*

2.1 Ovarian epithelial carcinoma: Types

Thinking about their histopathology and molecular
genetic alterations, the subgroups of EOCs are as
follows: (1) High-grade serious, (2) Endometrioid, (3)
clean cellular, (4) Mucinous, (5) low-grade serous
carcinomas. (Fig. (3)} EOCs represent more than 95% of
all OC instances.[**®

Ovarian Cancer

Germ cell

Epithelial >95%

Sex cord stromal

-

.

High-grade serious,
Endometrioid
Clean cellular

Mucinous

Low-grade serious

carcinomas

Fig. 3: Classification of ovarian malignancies.!

EOC is divided into two categories by the dualistic
model, which are called type | and type [1.[57
Additional histopathological, molecular, and there has
been genetic study made possible by an improved model
of the two main kinds of ovarian carcinogenesis, known
as type-l and type-1l. (Fig. (4))® Type-I cyst are
indolent, slow-growing neoplasms that develop from a
distinct precursor called atypical hyperplasia. At the time
of diagnosis, these tumors were limited to the ovary and
did not exhibit TP53 mutations within a stable genome.
Conversely,somatic alterations are often linked to

Epithelial ovarian

malignancy

specific genes when it comes to type | tumors.” Low-
grade serous, mucinous, clear cell carcinoma, and
endometrioid adenocarcinoma are examples of type |
tumors. Clinically, type 11 tumors are higher grade, more
aggressive neoplasms with extremely unstable genetic
makeup. Most of these cancers have TP53 mutations and
are detected at an advanced stage. Type Il tumors, which
include  high-grade  serous  malignancy,  have
demonstrated their origins in the ovarian surface
epithelium and/or the fimbrial part of the fallopian
tube.[3%2

Low-grade serious
carcinoma

Mucinous
carcinoma

Clear cellular

Endometrioid

High grade
serious carcinoma

Fig. 4: Different types and subtypes of EOC.[#!
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Two stages of OC development are possible. First-stage
inclusion cysts, which are thought to arise as a result of
repetitive injury and remodeling of the ovarian epithelial
surface brought on by regular ovulations, entrap the
ovarian surface epithelium in the stroma. In the second
stage, hormones cause the inclusion cysts to
progressively change into tumor cells. Excessive
stimulation by luteinizing hormone is one hormonal
component that is strongly implicated. This factor can
function directly by activating genes that respond to
luteinizing hormone, or indirectly by overstimulating the
production of androgens by the ovaries. Women with
polycystic ovarian syndrome—who often have higher
pituitary luteinizing hormone secretion had a higher
hazard of developing ovarian cancer.™!

Ovarian cancer ranks 3rd in inflicting gynecological
cancer losses, and it remains the lethal form of
gynecological cancer.®***! According to estimates from
the American Cancer Society, 22,430 women are
expected to get an ovarian cancer diagnosis in 2007,
with 15,280 deaths will report due to the disease. The
majority of these females will present with an adnexal
mass, with or without confirmation of metastatic disease.
specially, an adnexal mass or an ovarian cyst will be
diagnosed in about 20% of all females at some point in
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Fig. 5: Beginning of an EOC and the microenvironment of OC.

their life, yet only a small probability of these masses
represents an ovarian malignancy.The circumstance of
EOC is about 60-90 % of all malignant ovarian cancer;
the five years of survival for EOC has changed from 30
% to 40 %.5% The poor rate of survival to occurrence in
EOC results from the high probability of cases diagnosed
at an advanced stage.™*”

Ovarian cancer is considered to cause around 114,000
deaths and 190,000 new cases annually. The topmost
rates are documented in the USA, Scandinavia, Eastern
Europe, and Canada.Asia and Africa have lower rates.
The threat of epithelial tumours increases with age, being
generally in peri- and postmenopausal women. Tumours
of germinal or embryonic root are more frequent in
adolescent.*?

Ovarian carcinoma (Fig. (6) & Fig. (7))is a diverse set of
neoplasms that make up the seventh most deadly cancer
in the world for women. In the western world, it is a
leading cause of mortality from gynecological
carcinoma. It has been suggested in past that
postovulatory inclusion cysts or the ovarian surface
epithelium, which develop after follicular rupture and
healing, are the source of the majority of ovarian
carcinomas. (Fig. (5)).
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Fig. 6: Pathogenetic pathways of EOC of different histologic types.™*"!
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Fig. 7: The components and roles of cells inside the tumor microenvironment (TME).B"%!

The two main characteristics of ovarian cancer (OC) are
silent  progression and  late-stage  diagnosis.
Astronomically, there are three divisions of OC
grounded on the types of ovarian cells involved. Surface
epithelial cells are the cell type in division one, and can
cover the ovary and be subdivided into numerous
subtypes. The alternate division consists of germ cells,

which are the cells that ultimately transform into ova.
Yolk sac tumors, immature teratoma, and dysgerminoma
are OC subtypes associated with germ cells. Eventually,
sex cord — stromal cells comprise the third division.
These tumors include malignant granulosa cells and
Sertoli — Leydig cells.(Fig. (8)) Among all forms of
ovarian cancer, EOC occurs constantly.")
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Fig. 8: Relative frequencies of ovarian carcinoma sub-types.t

In the USA in 2020, there were 1,806,590 new instances
of tumor and 606,520 cancer-related deaths. Specifically,
OC seems to be the primary motive of death for female
reproductive tract cancers. There were 21,750 new cases
and 13,940 deaths related to OC in 2020. Post-
menopausal womens are taken into consideration at a
high hazard of developing OC due to the fact the
likelihood of developing a sophisticated level ailment
will increase with age.*"

OCs are diagnosed with a complicated stage for around
70% of the instances, resulting in a five-year survival
rate of 30%. The 5-year survival rate can exceed 90%
while OC is detected early. It is crucial to gain deep
knowledge of the molecular causes of OC in the final 25
years. Crucially, new biomarkers ought to aid in the
timely diagnosis pathway. 4%

2.2. Significance of Early Diagnosis

Among gynecological malignancies, malignant epithelial
tumors are the fatal forms of OC. Presently, the only
criteria used to categorize ovarian epithelial tumors was
the tumor cells' morphology.6 to 9 cases per 100,000
women is the global incidence rate of these cancers.*’!

Up to 90% of individuals can be treated with currently
available surgery and chemotherapy if their ovarian
cancer is stage I, meaning it has not progressed beyond
of their ovaries. On the other hand, approximately 30%
or less of patients with illness that has progressed from
the pelvis (stages Il11-1V) can be treated. Only 25% of
ovarian tumors are currently identified as stage I. A
higher percentage of patients at stage | may be found,
which would be beneficial for survival.* The absence
of early detection strategies and the restricted
effectiveness of widespread chemotherapy are the
principal elements contributing to this vulnerability.(Fig.
(9))E There are strict requirements for an efficient
screening technique because OC is so common. A
positive predictive value of 10% indicates that there will
be ten surgeries for every instance of OC that is
discovered, since the disease is typically diagnosed

27]

during surgery. A high sensitivity of 75% or higher for
early-stage disease and a very high specificity of 99.6%
are needed to obtain a positive predictive value of 10%
with a prevalence of 1 in 2,500.

OC is a complex and various group of sicknesses. Even
though its occurrence is less than that of breast cancers,
the outcome of OC is disproportionally higher with large
number of deaths. OC proves deadly for the great
majority of patients having the diagnosis of advanced
(stage IIl) ovarian tumors. OC is regarded as the
deadliest gynecological cancer worldwide. By improving
the efficacy of screening methods, consisting of checks
for specific biomarkers, the chances of detecting OC at
early stage can elevated.?"

There are strict criteria for an efficient screening
technique since ovarian cancer has become so prevalent.
As diagnosis of ovarian cancer is generally made at
surgery, a positive predictive value of 10% implies ten
operations for each case of ovarian cancer diagnosed. A
high sensitivity of 75% or higher for early-stage disease
and a very high specificity of 99.6% are needed to obtain
a positive predictive value of 10% with a prevalence of 1
in 2,500,144

Biomarkers may want to have the finest impact on
survival in 4 areas: screening, diagnosis, monitoring, and
prognostication. During the last 30 years, Cancer
Antigen 125 (CA-125) has exhaustively evaluated in
most of these regions of EOC.1*!

In the past decade, Human Epididymis Protein 4 (HE-4)
has emerged as a precious biomarker for EOC.
Compared with CA-125, HE-4 is a superior biomarker to
differentiate benign  from  malignant  ovarian
cancer.(Table 1& Table 2) Many studies propose that
HE4 has the advantage in terms of diagnosis and
detecting recurrent ovarian cancer.Moreover, combining
CA-125 and HE-4 was a superior predictor of
malignancy than a single biomarker.(Fig. (9))1*¢*")
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Table 1: Test effectiveness formalevolent disease.”!

N (34) Mean | Sensitivity (%) | Specificity (%) | PPV (%) NPV (%)
CA-125 >35U/mL 12 29.68 35.29 58.82 46.15 47.62
HE-4 >70pmol/L 25 144.56 73.53 100 100 79.07
HE-4 >150 pmol/L 9 26.47 100 100 57.63
Table 2: CA-125 + HE-4 accuracy in detecting recurrent ovarian cancer."”!
Sensitivity (%) | Specificity (%)
CA-125 >35 U/mL + HE-4 >70 pmol/L 76.47 100
CA-125 >35 U/mL + HE-4 >150 pmol/L 44,11 100

2.3 Evaluation and management of ovarian epithelial cancer

TAH/BSO or USO,
or debulking/
cytoreductive surge;

Operable  — !

A

Evaluation and
work-up:
Family History
Laboratory test:
CBC.

chemistry profile
with LFTs and
tumour markers
(CA-125 or
others that are
clinically indicated)
Pathology review
of available
tissue or cytology
imaging to evaluate

P
surgical candidates -

\

Fig. 9: Evaluation and mandgement of EOC.

> Stage III/ IV poor

3. TUMOR MARKERS

A tumor marker isl®%

e A substance produced via a tumor or by the host in
response to most cancers mobile;

e Found in bodily fluids, tissues, or cells; and

e Measured qualitatively or quantitatively by way of
methods inclusive of chemical, immunological,
molecular, and mass spectrometry to pick out the
presence of cancer.

Biomarkers, also known as oncomarkers, play a crucial
role in cancer studies and treatment. These molecular
signatures encompass genes, proteins, and different
molecular functions that could function as objective
clinical signs. (Table 3.) Biomarkers serve two primary
purposes: firstly, they assist in verifying the chance of
disorder development or pathological process, and
secondly, they aid in evaluating the response to healing
interventions. Cancer biomarkers are molecules

Neoadjuvant
chemotherapy:
carboplatin/

taxane <4 cycles —3 cytoreductive

/ 1A/1B Grl/2 o Follow-g:

¢ kY
1B G2/3 or CC1 Adjuvant carboplatin/ J
\ all grade 3 taxane 3-6 cycles ]

11/ 11/ IV \ f Adjuvant carboplatin/ \‘

taxane 6 cycles or IP J}

in certain patients
Survelience

folow-up

or

Maintanance
therapy. PARPi

Bevacizumab (BV):
PARPi + BV

‘/rAdjuvam carboplatin/ |
T taxane 3 cycles

\ T
‘ Debulking/

surgery

chemotherapy or |

best supportive g

care

J
50,51]

produced by neoplasm cells or cells of their place and
can quantified in frame fluids and blood in cancer
screening, diagnosis, and treatment tracking. Biomarkers
include antigens, cytoplasmic proteins, enzymes,
hormones, receptors, oncogenes, and  their

byproducts. >

According to NACB, tumor markers are Tumor markers
are "surrogate indicators that increase or decrease the
clinician's suspicion that future clinically important
events, such as cancer development, recurrence, or
development or death of a patient, will or will not
happen, and/or that a specific treatment will decrease the
risk of such events”. These molecules can act as a signal
of the existence of a tumor by being produced and
discharged by the tumor host cells and found in serum or
other bodily fluids.®*!
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3.1 Tumor markers classification
Table 3: Tumor markers classification.

Class Examples
Enzymes, isoenzymes PSA, LDH, and neuron-specific enolase
Hormones hCG, calcitonin, ACTH, gastrin, and VIP

B2-Microglobulin, NMP22, progastrin-

Proteins/peptides

releasing peptide, and thyroglobulin

Oncofetal antigens

AFP and CEA

Carbohydrates CA 125, CA 15-3, and CA 27.29

Blood group antigens CA19-9and CA72-4

Receptors Estrogen and progesterone

Gene mutations and overexpression | BRCA1, BRCA2, and HER-2/neu

Other Circulating tumor cells, and cell-free nucleic

acids

3.2 FDA Approved Biomarker

For many years, CA125 was the only ovarian cancer
marker that FDA provided permission for use in
monitoring  treatment outcomes and identifying
recurrence of the disease. But in recent years, three novel
serum-based tests/algorithms for the treatment of OC
have been approved owning the explosion of high-
throughput technology-driven biomarker discovery trials.
The FDA authorized HE4 in 2009 in order to monitor
treatment and identify recurrences of disease. Soon after,
the FDA approved the OVA1™ and the Risk of Ovarian
Malignancy Algorithm (ROMA) tests to assess the risk
of malignancy in women who were postmenopausal and
premenopausal and who presented with an adnexal
tumor.*!

3.3 The following list of characteristics represents

what a perfect tumor biomarker should have™

e It should be very specific, meaning it should only
target a single kind of tumor.

e Needs to be highly sensitive; benign or
physiological tumors shouldn't be detected up on.

e Levels should correspond with the size and features
of the tumor.

e It is important to understand the prognostic and
predictive value of tumor biomarkers.

e  There should be frequent, short half-lives, and serial
monitoring is possible.

e Simple to use and inexpensive.

e  Suitable for a screening examination.

e It should be simple to take samples.

Considering their nature, the potential biomarkers for OC
can be classified as ?ene, protein, metabolite, or mMiRNA-
based biomarkers.*®

Perfect biomarkers own ideal standards like high
sensitivity and specificity to a particular tumor type,
affected person recognition, positive and negative
predictive values for predictive and prognostic benefits,
and clinical validation through potential trials. (Fig. (10))
However, presently, no biomarker fulfils all these ideal
standards. Biomarkers are categorized primarily based on
their application, including screening, detection of tumor
presence or absence, analysis, and identification of
molecular goals for novel treatments.**"!

Biomarker

i —_—
testing

Fig. 10: The use of biomarker testing to inform treatment choices for cancer patients with metastases."
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The exploration for tumor biomarkers is more suitable
via the evaluation of frame fluids similarto saliva, urine,
and blood/serum/plasma using minimally invasive and
non-invasive ways. Presently, there could be a selected

— |

( ProTEOMICS |
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VASP, STATHMIN,

Fig. 11. Recent and advanced technology have revealed biomarkers for a variety of cancers from saliva.

Those urine-based biomarkers maintain promising
prospects for the detection and monitoring of OC, force
possibilities for more desirable diagnostics,and greater
powerful control of the disorder.[®*%]

3.4 Technologies for detecting biomarkers in OC
Numerous cancer forms have their gene expression
linked to different characteristics of disease through
high-throughput  cellular  transcriptome  analysis
approaches.  Technologies  including  expression
microarrays, CGH, real-time PCR, and next-generation
sequencing (NGS), which arebeing used at present in
ovarian cancer research, enable genome-wide scanning
and the discovery of changed genes linked to cancer.®”

emphasis on urine as an important waste material this is
effortlessly accessible, gives a bigger volume, and
possesses a lower proteome complexity compared to
blood.(Fig. (11)).5°5¢%

(METABOLOMICS | METABOLOMICS |
cTC miRNA
OVARIAN CANCER
SIALIC ACID l l

'COLORECTAL CANCE

OVARIAN
CANCER

PROSTASTE CANCEE
PANCREATIC CANCER

[58,61]

Depending on the type of analyte, tumor markers in
bodily fluids or tissue can be quantified or qualitatively
assessed using a variety of techniques. In addition to
molecular approaches, they could be enzyme assays,
immunoassays, immunohistochemistry, receptor assays,
flow cytometry, or mass spectrometry. The invention of
monoclonal antibodies and the RIA and ELISA
techniques in the 1960s and 1970s greatly aided in the
identification and study of tumor markers as well as their
clinical application. Therefore, immunoassay is utilized
to measure the most of the tumor markers now utilized in
urineand serum. (Fig. (12)).%%

Saliva+ blood samples from 400 individuals

(200 cancer

+ 200 control)

Discovery pahse
(140 cancer + 140 control)

Saliva samples Blood samples

RT-qPCR analysis
and mRNA
biomarker selection

CEA analysis and biomarker
selection

Data analysis
(p-value + ROC)

Biomarker panel selection (e.g..
p<0.05, AUC>0.7)

Machine learning model training

Validation phase
(60 cancer + 60 control)

Biomarker panel
confirmation and
model prediction

Sensitivity and specificity
assessment

Fig. 12: Flowchart to identify ovarian cancer.™

www.ejpmr.com | Vol 12, Issue 3,2025. |

ISO 9001:2015 Certified Journal | 589




Shinymol et al.

European Journal of Pharmaceutical and Medical Research

3.5 Measurement of serum CA-125 and HE4 levels

The HE4 and CA125 electrochemiluminescent
immunoassays were utilized to measure the serum levels
of HE4 and CA125, respectively. The required controls

were within the manufacturers' ranges, and all assays
were conducted and collected according to the
manufacturer's instructions.®®

Cys
B. . /
e Cys CA-125 antigen [r Goat anti-rabbit
D N — .
Free Antigen Asaay pgg " . . ﬁ | antibody
| Goat anti-rabbit & \
(! & antibody High CA-125Low CA-125
7\ / Rabbit anti-CA-125
Rabbit anti-CA-125 . antibody
antibody N
—— CA-125 antigen
S 10na1 N 42 from serum Immune complexes from
-125 monoclona & s
2 patient serum
antibody from mouse
T Slide 7 CA-125 monoclonal

Immune Complexes Assay
B —os
,J } \\ Goat anti-human
C A antibody

Immune complexes froni
patient serum ——

CA-125 monoclonal
antibody from mouse

antibody from mouse

Fig. 13: Evaluation procedure for CA125 in immune complexes and CA125 free antigen based on antigen

captureprinciple.[*¢

A nanoparticle slide is coated with mouse mAbs against
CA125, and patient serum is then added. Goat anti-rabbit
antibody with Cy5 tag is added after washing, then rabbit
anti-CA125 antibody.(Fig. (13))

(A) Rabbit anti-CA125 antibodies may be blocked when
CA125 binds to human anti-CA125 in an immunological
complex.

(B) Goat antihuman IgG Abswhich have been Cyb-
tagged are added to CA125 immune complexes right
away the sera are incubated.

(C) When comparing an invasive serous instance with a
CA125 concentration of 3331 kilounits/L to another with
a CA125 concentration of 26.7 kilounits/L, the insets of
panels A—C show the array-based antigen and immune
complex reactions. For the high-CA125 case, the free-
antigen assay is greatly positive; for the low-CA125
case, it is just marginally positive. With the CA125 CIC
test, the opposite is true. Green areas serve as orientation
marks and are BSA controls. A mouse mAb to GSTA1
was then introduced into the array as a negative control,
enabling the determination of a "normalized" intensity
for the CA125 CIC.

4. CA-125 (Carbohydrate Antigen 125)
CA-125, sometimes named as Cancer Antigen-125 or
Tumor Antigen 125, is a glycoprotein produced by the

mucin 16 (MUC16) genes(Fig. (15)) and may be
recognized using OC-125 monoclonal antibodies in
cancerous ovarian tissues. It has been applied in the early
1980°s when Bast et al. especially separated the
monoclonal antibody OC-125 in cancerous ovarian tissue
compared to healthy ovarian tissue. The upper limit for
CA-125 is 35.0 U/mL in each premenopausal and
postmenopausal patient.[66,67]CAL125 is used clinically
to monitor cancer progression and is a prime candidate
for a screening biomarker.!®®

The FDA guidelines advise CA-125 as a valuable protein
biomarker for evaluating treatment action and
monitoring ovarian cancer patients. CA-125 levels
correlate with medical stage and survival outcomes,
presenting insights for scientific choice-making.
However, CA-125 alone does not accurately replicate
tumor burden owning to potential secretion by non-tumor
cells in an inflammatory surrounding.®!
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Fig. 14: MUC16(CA-125) structure and its role in ovarian cancer.’*

MUCL16 has various O- and N-glycosylation sites in its
cytoplasmic,  transmembrane, and  extracellular
components. MUC16's peptide component has about
22,152 amino acids. MUC16's 12,000 amino acid N-
terminal domain was the only region where O-
glycosylation is present. The tandem repeat region,
which consists of more than 60 repeats of 156 amino

(SEA) domains are present in MUC16. Mucins all share
the SEA domain, which is essential for the cleavage and
binding of MUC16 subunits. A cytoplasmic tail
consisting of 32 amino acids and perhaps
phosphorylation sites come after the transmembrane
domain.About 12 amino acids from the cytomembrane
are required for MUC16 to be cleaved from an

acids, makes up a sizable amount of the peptide

extracellular location.(Fig. (14)& (15)).1°¢™
component. About 56 sea-urchin, enterokinase, and agrin

Tandem repeats
>60 |
(heavily glycosylated)

N-terminal domain
| (heavily glycosylated)

SEA modules e
(approximately 56 —_
modules) — e
Putative —

cleavage site o

Cytoplasmic tail
(31 amino acids)

COOH
Fig. 15: Schematic structure of MUC16 mucin.['*"?

Ovarian cancer cells or healthy coelomic epithelial cells
produce CA-125. Although used to predict pelvic mass,
using CA-125 alone has significant drawbacks. Initially,

low sensitivity for stage I illness. Alternatively, it lack of
specificity, especially in women with pelvic mass who
are not yet menopausal.l’>"
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Approximately 20% of EOC patients do not exhibit
elevated CA-125 levels, while lower CA-125 situations
are connected with previous stages and enhanced
outcomes. Circulating immune complexes (CICs) by
binding antibodies may contribute to lower CA-125
concentrations and inhibiting accurate discovery.?"

The PLCO trial proved that combining CA-125
screening with ultrasound didn't significantly improve
early discovery or mortality issues compared to routine
care. Also, false-positive results led to severe post-
operative complications in 15% of cases. Also, the
UKCTOCS trial set no significant mortality benefit in
the CA-125 screening group assimilated to the control
group.[24’75]

Post-surgery, an elevated CA-125 level (>35 U/mL)
indicates residual ailment, reduced chemotherapy
sensitivity, and better tumor malignancy. The
Gynecologic Cancer Intergroup (GCIG) proposes
standards for assessing tumor remission and recurrence
based on CA-125 level. A minimal 50% decrease
sustained for four weeks classifies patients as responders,
while complete responders have CA-125 levels in the
regular range (<35 U/mL). Ovarian cancer development
or recurrence is indicated using CA-125 level doubling
with a one-week interval. Appreciably, chronic CA-125
levels below 35 U/mL do not rule out residual ailment
and recurrence.?*7®

The sensibility of CA-125 in identifying ovarian cancer
is limited. About 50 percentage of individuals
experiencing early-stage OC have increased levels of CA
125; this indicates that CA 125 has a particularly low
sensitivity for OC that has not yet manifested symptoms.
Additionally, 90% of individuals with second stage
cancer and over 90% of patients in stages Il and IV
disease had increased CA 125. Tumor size and stage are
correlated with the concentration of CA 125. When
ovarian cancer is detected with CA 125, particularly in
its early stages, it commonly results in false negative
results that have significant clinical implications. It
follows that individual who receive false negative results
may not receive the necessary care or the right
medication for their condition. The measurement of CA
125 may therefore be helpful in assessing the state of the
disease in individuals with advanced endometriosis, but
it is not helpful in OC screening in the population that
don’t exhibit any symptoms."®

Post-initial  cycle measurement and  subsequent
normalization of CA-125 beneath 35 U/mL by the 3rd
cycle are crucial for analysis. Decreased CA-125 levels
and quicker normalization suggest a good chemotherapy
reaction and extended progression-free survival.
Throughout first-line chemotherapy, routine CA-125
monitoring aids in identifying patients with decreased
drug sensitivity, allowing for prompt treatment
modifications. CA-125 predicts disease progression
following chemotherapy but has no impact on survival

afterward. Insulin signaling-induced CA-125
oversecretion suggests capability in predicting chemo-
resistance.’”"® The most important predictor factors for
predicting OS and PFS in patients with metastaticOC
were absolute CA125 levels evaluated after the first
chemotherapy cycleand restoration of CA125 levels to
normal until the third cycle of treatment.[70]Reliability
in predicting the progression of the disease during first-
line treatment monitoring was provided by CA 125.I"!

5. HE4 (Human epididymis protein 4)

HE-4 is a glycoprotein produced by the WFDC2 (WAP
four-disulfide core domain protein 2)gene(Fig. (16)) and
acts as a serine proteinase inhibitor. It serves as a
putative biomarker for OC and detected in blood and
urine of cases using enzyme immunoassay.*”! It was
detected by Kirchhoff et al. in 1991 in the epididymal
duct. (Table 4.)*84

Roles of WFDC
family in ovarian
cancer

Fig. 16: Roles of WFDC family in overian cancer.[*”

HE-4 exhibits over-expression in specific OC subtypes,
with a 100% occurrence in endometroid tumors and 93%
in serious OC. This characteristic enables its usefullness
in distinguishing between various tumor types,
supporting in process differential diagnosis.*!

Women with OC had a high concentration of HE4, while
lung adenocarcinoma showed a moderate level of HE4.
Additionally, gastric, pancreatic, breast and transitional
cell carcinomas had the lowest levels of HE4.™

Women who were pregnantshow reduced levels of HE4
than non-pregnant women. In addition, the HE4
concentration were considerably higher among older
women, smokers, and women who menarched later than
the control group. Moreover, the use of E and P
contraceptives, endometriosis, and the menstruation did
not alter the HE4 serum level [

HEA4 protein value explosively depends on the case’s age
and smoking. The serum attention of HE4 marker
increases with the duration of gestation. Understanding
the normal range of HE4 protein enables the exact
interpretation of marker measures. This may affect in an
earlier and further effective diagnosis of OC.B4 It is
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regarded as among the most promising biomarkers in
oncology and gynecology.®>&!

5.1 Functions of HE-4
HE4's exact functions are unknown as of yet, latest
studiespoint to its involvement in the immune system's

HE4 gene has been shown to advance ovarian cancer.
(fig. (17) and fig.(18)) Furthermore, through a No. of
oncogenic signalling channels, such as ERK/mitogen-
activated protein kinase (MAPK), hypoxia-inducible
factor 1 alpha (HIFla), and matrix metalloproteinases,
HE4 drives EOC progression, cancer cell motility and

proinflammatory response and resistance against adhesion, invasion, and metastasis. (Table 4.)
proteolytic enzymes.Crucially, overexpression of the Additionally, HE4 is involved in estrogen signalling.[gol
Table 4: Pathways and functions that connect OC oncogenesis to HE4.["]
Pathway HE4 Influence
ERK/MAPK (extracellular  @Regulation of proliferation and invasionof SOC cells
signal-regulated kinases/ * ERK activation with HE4 overexpression
mitogen-activated protein e Decrease in proliferation when HE4 wassilenced in SKOV3 cells.
Kinase) e ERK/MAPK pathway activation following to HE4-EGFR/EGGF interaction
PI3K/AKT o AKT increase pré)motlng cell growth in OVCARS cells when HE4 is
(phosphoinositide 3- kinases/ OVETExpressed.
Protein kinase B) oWhrzr;) :3514 is knocked down, AKT decreases and OVCARS3 cells grow less
e HDACS3 expression or knockdown lead to a corresponding increase or decrease
. in HE4 expression
;DAC3 (histone deacetylase eHE4 and HDACS3 binding activates the PI3K/AKT signaling pathway
e Potential therapeutic benefits might result from inhibiting the interaction
between HDAC3 and HEA4.
.. . e HE4-HIF 1o interaction is yet not well understood
HIF1a (hypoxia-inducible e Decrease in HE4 levels in SKOV3 cells treated with HIF 1o sirna or with HIF1a
factor 1-alpha) nhibitors
JAKI/STAT HE4 knockdown inhibits the action of the JAK/STAT3 pathway in-vivo and in-
(Janus Kinases/signal vitro
transducer and activator of HE4 knockdown inhibits ovarian cancer's malignant development and
transcription proteins) proliferation of cells.
Apperance
of
symptoms | ————
Fig. 17: HE-4 as a disease checkpoint.”!
Immune
y ‘ \K"““«»:-,
\
| i
Metastasis
>>>>>>> r\ and EMT ?1
iy | T - ./
Fig. 18: HE4 interaction network in OC oncogenesis: Schematic representation.”
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5.2 Diagnostic value of HE-4

In 2018, a study examined the predictive value of HE-4
marker readings in patients receiving first-line treatment
for ovarian cancer. It was discovered that HE4 levels
predicted platinum sensitivity and were linked to overall

Table 5: Median range of serum HE-4 and CA-125.

survival (OS), progression-free survival (PFS), and
surgical outcome. HE4 showed promise as a relevant
biomarker for OC treatment response evaluation and
outcome prediction. (Table 5 and Fig. (18)).k®

Prognostic factor

HE-4 [pmol/1]

CA-125 [U/ml]

Age

Premenopausal, n = 12

172 [35.8-1116.3]

114.2 [33-4638]

Postmenopausal, n = 78

311 [41.1-3608]

323.5 [11.3-14199]

FIGO stage

land Il,n=17 120.7 [41.1-345] 74.5[11.3-1441]
lland IV, n=73 543 [35.8-3608] | 535.1 [15.9-14199]
Tumor grade

land2,n=41 226 [35.8-1500] 198 [11.3-1639]
3n=49 521 [41.1-2556] | 521.8[15.9-14199]
Surgery

Optimal, n = 65 226 [35.8-3608] | 198.5[11.3-14199]

Suboptimal, n = 25

543 [53.9-2556]

543 [20.4-10000]

2-year survival

Yes, n =65

239 [35.8-1500]

227.6 [11.3-10000]

No, n =25

385.2 [53.9-3608]

536 [20.4-14199]

In order to determine how well the preoperative plasma
tumor markers HE-4 and CA-125 predicted cancer death
in women experiencing EOC, a new study was carried
out at the University Hospital of Quebec City.
Significant relationships between HE-4 levels and key
prognostic variables were seen during both training and
validation cohorts. In the training cohort, HE-4
outperformed CA-125 in terms of predicting mortality,
and in the validation cohort, a significant correlation was
seen.Nevertheless, the connection lost significance when
preoperative predictive factors were taken into account.
There was a stronger link founds between HE-4 and
death in females diagnosed with serous ovarian cancer.
In particular, in situations of serous ovarian cancer, HE-4
and other prognostic variables might provide helpful
details for predicting death in EOC.[”!

Higher levels of HE-4 at diagnosis, during cytoreductive
surgery, and during first-line chemotherapy were linked
to an increased risk of recurrence, according to a single-
center scrutiny involving 188 individuals with ovarian
cancer. Patients who experienced platinum resistance and
those who possesses larger residual tumors following
first surgery both showed elevated HE-4 levels.
Furthermore, when the second recurrence diagnosis,
patients with neoplastic leftovers larger than 10 mm had
noticeably higher levels of HE-4.[5!

The predictive power of HE4, CA-125, the ROMA, and
the RMI for OC in patients having pelvic masses was
examined in a different diagnostic investigation. The
models with the highest overall accuracy were HE4, CA-
125, RMI, and ROMA. When compared to CA-125, HE4
and ROMA demonstrated superior detection of benign
tumors. HE4 and ROMA demonstrated greater

specificity and negative  predictive value in
premenopausal women, while HE4 showed the highest
specificity in postmenopausal women.!*%

Preoperative blood HE4 levels above 500 pM were
substantially related with a decreased 5-year overall
survival rate (27% vs. 59%), according to a retrospective
analysis of 89 EOC patients. These outcomes show the
potential of HE-4 as a predictor for forecasting treatment
response, survival rates, and OC recurrence.®"

In ovarian cancer, the diagnostic utility of serum
concentration ofHE-4, carbohydrate antigen-125 (CA-
125), the ROC curve, and the ROMA index were
investigated. The HE-4 serum level and the ROMA
index are significant markers in discovering ovarian
cancer, according to thestudy of 158 individuals.
Nevertheless, the ROMA index is very helpful in
enhancing the diagnostic efficacy of ovarian cancer in
addition to HE-4 and CA-125 detection.!*”

In 2019, an investigation was carried out tostudy the
function of HE4 in prognosticating and monitoring
ovarian cancer recurrence by predicting 149 patients' OS
and PFS. Of the patients, 68.5% (n = 102) showed
recurrence. The recurrence rate was detected with 85.3%
sensitivity and 91.5% specificity using serum HEA4.
When compared to CA125, HE4 levels are more specific
but have a similar sensitivity for detecting recurrent
ovarian cancer.®?

6. Dual Biomarkers
The effectiveness of using multiple biomarkers to obtain
high specificity and sensitivity has been demonstrated by
numerous researches.
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Important roles are played by CA125, HE4, and CA125
in combination with HE4 in the diagnosis of OC,
especially EOC. Compared to HE4 in combination with
CA125, HE4 is more sensitive, making it useful for
diagnosis. On the other hand, in some particular
histological forms of cancer, combined HE4 and CA125
identification of late-stage ovarian cancers may have
substantial clinical diagnostic importance.*

Analysing EOC individual’s serum HE4 concentration
revealed performance indicators that were similar to
CA125. (Table 7) Compared to utilizing either marker
alone, the combination of HE4 and CA125 increased
negative predictive value, sensitivity, and accuracy.
According to the study's findings, HE4 and CA125 are
comparable for tracking EOC patients, and using both
markers together offer better tracking potential.**)

Table 6: Performance of CA125, HE4 and HE4+CA125.%

CA-125 HE-4 CA-125 + HE-4

Sensitivity 58.6% 54.5% 70.5%
(95%Cl: 48.8-67.8%) | (95%CI: 44.8-63.9%) | (95%CI: 61.2-78.8%)

specificity 92.5% 95.0% 88.8%
(95%Cl: 87.3-96.1%) | (95%CI: 90.4-97.8%) | (95%CI: 82.8-93.2%)

- 84.4% 88.4% 81.4%
(95%Cl: 74.4-91.7%) | (95%CI: 78.4-94.9%) | (95%CI: 72.3-88.6%)

NPV 76.3% 74.9% 81.1%
(95%Cl: 69.7-82.1%) | (95%CI: 68.3-80.7%) | (95%CI: 74.5-86.6%)

Accuracy 78.6% 78.3% 81.3%
(95%Cl: 73.2-83.3%) | (95%CI: 72.9-83.1%) | (95%CI: 76.1-85.7%)

The serum levels of CA125 and HE-4 were measured in
30 EOC patients and healthy women in a study
comparing the two tests for the identification of benign
gynecological disorders and epithelial ovarian cancer
(EOC). When compared to the healthy controls, the
serum concentrations of CA-125 and HE-4 were
considerably greater in ovarian cancer patients. When
HE4 and CA125 were combined, the sensitivity and PPV
increased to 96.7% and 97%, respectively. HE4 also
exhibited greater specificity (95% vs. 85%), NPV
(92.7% vs. 87.2%), PPV 593.1% vs. 80.7%), and
sensitivity (90% vs. 83.3%).1°

In a multicentred prospective analysis, 531 pelvic mass
patients planned for surgery were included. Serum levels
of HE4 and CA125 were assessed before to surgery to
categorize individualswith varying levels of risk for
EOC. Patients with benign tumors, EOC, tumors with
LMP, non-EOC tumors, and non-ovarian malignancies
were incorporated into the research. The postmenopausal
and premenopausal groups both showed good specificity
and sensitivity for the model. It was successful in
classifying patients into high- and low-risk groups,
properly identifying a sizable percentage of EOC cases
as high-risk.1*"

When  compared to healthy controls, HE4
concentrationhaveconsiderably higher inovarian and
endometrial cancer patients, serous carcinomas showing
the highest values. When distinguishingindividuals who
haveOC from healthy controls and those with ovarian
endometriosis, the hybrid of HE4 and CA125 yielded the
best results in terms of accuracy and sensitivity.

Elevated levels were found in baseline samples of
patients with advanced high-grade serious EOC, a
prospective study assessing CA125 and HE4
measurements in the blood and ascites found that these

indicatorswere not able to distinguish between patients
with complete and incomplete resection or residual
disease. Tumor markers decreased after surgery, most
likely as a result of the lengthy half-life of CA125 and
the reduction in ascites volume. However, previous
studies have shown that evaluations of CA125 and HE4
both prior to and during the start of chemotherapy can
forecast treatment outcome and survival.[*!

Blinded tests were performed in 2003 on sera from 65
healthy asymptomatic controls, 19 people with benign
ovarian illness, and 37 ovarian cancer patients (7 early
stage and 30 late stage). Serous ovarian carcinoma was
the most prevalent histology seen in the patients with
ovarian cancer (21 cases), and stage Il was the most
common stage (24 instances). When applying a 95%
specificity criterion for positivity, HE4 was only able to
detect 7 cases of ovarian cancer, while CA125 was only
able to identify 8 cases. These results demonstrate the
limitations of both markers as ovarian cancer
predictors.*”!

In a prospective analysis, HE-4 outperformed CA-125 in
terms of specificity for benign illness, and the
combination of the two markers yielded the best
sensitivity for differentiating between benign ovarian
neoplasms  and invasive  epithelial ovarian
malignancies.?®

Using the ECLIA immunological approach, Chen et
al.obtained a specificity of 65.7% with a cut-off value for
HE4 of 140 pmol/L. In an alternative investigation
employing an alternative method to evaluate serum HE4,
the correlation between CA125 and HE4 had a
significantly higher specificity (80%). The correlation
between HE4 and CA125 is a helpful diagnostic method
for ovarian cancer.[0%:102]
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In cases of suspected benign ovarian tumors, to assess
both markers: an increasing value of the two markers is
predictive of ovarian cancer. It appears better to use
limits of 70 and 140 pmol/l based on menopausal status
and 35 Ul/ml for CA125, as proposed in a recent study
by Goff et al. Additionally, as demonstrated by Urban et
al., the use of this combination HE4 and CA125 assay
may also be very beneficial for ovarian cancer screening
in the general population. %3104

7. Usefulness of tumor marker during and after
treatment in OCpatients

Research done in 2023 on Japanese patients treated at a
hospital between 2014 and 2021with an OC diagnosis.

Table 7: Sensitivity, specificity, PPV and NPV in follow-up period.!

The clinical utility of the tumor marker HE4 in the
follow-up of OC patients was assessed in this study.
They examined 48 individuals, comprising 31
postmenopausal and 17 premenopausal patients, 27 with
recurrence and 21 without, with a median age of 57 years
(range 42-80) and a median observation time of 20.8
months.(Table 8) In brief, variations in the values of the
tumor marker HE4 during follow-up, either during or
after OC treatment, were in accordance with the clinical
assessment of the disease state in Japanese patients.
Therefore, HE4 may be used in addition to CA125 for
follow-up evaluation both during and after OC
treatment. %!

105]

Criteria N Sensitivity (%) | Specificity (%) PPV (%) NPV (%)
Post-treatment follow-up

HE4 > 2-fold elevation 96 39.4 93.7 76.5 74.7
HE4 >70 pmol/L 140 77.8 75.8 60.3 87.8
HE4 >140 pmol/L 140 46.7 92.6 75.0 78.6
CA125 >35 U/mL 140 86.7 82.1 69.6 92.9
Follow-up during drug treatment

HE4 >70 pmol/L 163 83.3 49.0 16.9 95.9
HE4 >140 pmol/L 163 77.8 75.2 28.0 96.5
HE4 >25% elevation 163 44.4 96.6 61.5 93.3
HE4 >14% elevation 163 50.0 92.4 45.0 93.7
CA125 >35 U/mL 163 100.0 51.7 20.5 100.0
Recurrence (patients)

HE4 >70 pmol/L 48 77.8 85.7 87.5 75.0
HE4 >140 pmol/L 48 44.4 100.0 100.0 58.3
CA125 >35 U/mL 48 85.2 90.5 92.0 82.6
HE4 >70 pmol/L or CA125

35 U/mL 48 92.6 76.2 83.3 88.9

A prospective study that investigated at the predictive
significance of serum HE4 in advanced peritoneal,
fallopian tube, and ovarian cancerpatients in 2020. Based
on the results, advanced patients had noticeably greater
serum concentration of HE4 and CA125 than controls
with benign diseases. While HE4 was less sensitive than
CA125, it was more specific. Additionally, there was a
strong correlation between blood HE4 and both treatment
response and recurrence; HE4 demonstrated a higher
effective response rate to therapy than CA125 did.!%!

Plotti et al. in 2019 conducted a retrospecific study
aimed to evaluate the importance of HE4 in OC patients
with negative CA125 at diagnosis for recurrence
detection. The study comprised eight patients in total. 53
was the average age (with a range of 40 to 75). Upon
diagnosis, they all had normal CA125 values, however
seven (87.5%) had abnormal HE4 levels. seven patients
are recurred. HE4 levels in patients initially diagnosed
with normal CA125 may be employed as a recurrence
marker. Subsequent research is required to assess the
importance of HE4 levels in the early identification of
recurrent ovarian cancer.['’]

According to a retrospecific study conducted in 2010 by
Anastasi et al., HE4 was discovered to have a sensitivity
of 96.9%, whereas CA125 had a sensibility of 85.7%.
HE4 was investigated as a novel prospective early
biomarker for the OC recurrence. Furthermore, for 5-8
months, a greater HE4 might detect an ovarian cancer
recurrence more quickly than CA125.1¢!

Each patient provided three serum samples, each
obtained three months apart, for the Manganaro et al.
study: time interval | (1-3 months after surgery), time
interval 1l (4—6 months after surgery), and time interval
Il (7-10 months after surgery). A rise in HE4 was
observed in 22, 78, and 89% of patients with EOC
recurrence within time periods I, I, and 111, respectively.
Only 44% of patients had positive levels for CA125, and
these were observed later in the disease (at time interval
I1). As a result, the authors came to the conclusion that
elevated HE4 levels may occur around three months
before an increase in CA125 in the event of a disease
recurrence.**®

In the Angioli et al. study, CA125 and HE4 were
assessed at three distinct intervals: prior to the first
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chemotherapy cycle, at the third and sixth cycles, and
every three months following the sixth cycle until the
sixth month of follow-up. While the CA125 readings did
not appear during chemotherapy to be statistically
significant in terms of predicting the platinum action,
they find that the HE4 profile was strongly related with
the response to platinum-based chemotherapy. They
deduced that the time required for HE4 normalization
during initial chemotherapy may allow the identification
of non-responders after the third cycle."%!

With a higher sensitivity in the early stages, specificity,
and efficiency than CA 125, HE4 is the preferred tumor
marker in ovarian cancer. The primary way to enhance
this method would be to apply it to patients whose results
are CA 125 positive but HE4 negative. Utilizing this
combination results in an increased sensitivity of 90.1%
(95% in non-mucinous tumors) and specificity of 82.1%
for tumor marker use in the identification of pelvic
masses.! '

A validated supplementary biomarker for HGSC to
cancer antigen 125 (CA125) is human epididymis protein
4 (HE4). For the purpose of prognostic stratification and
therapy monitoring in patients with HGSC, HE4 is a
viable biomarker. In particular, patients’ survival was
connected with their seerum level of HE4 at the time of
their first relapse, could be a helpful supplementary
measure for choosing second-line therapies.™**"!

In a cohort of 30 EOC patients (260 samples),
Havrilesky et al. carried out a prospective pilot study
with the goal of determining the prognostic efficacy of a
panel of three biomarkers, including HE4, MMP7, and
Glycodelin, as compared to the conventional CA-125
alone. This biomarker panel achieved 100% sensitivity
as compared to CA-125 (96%) alone, according to a
longitudinal examination of 27 patients who experienced
iliness recurrence. It is noteworthy that section of the
enrolled patients (n=14), minimum of three biomarkers,
including HE4, was shown to be elevated prior to CA-
125 positive and the identification of clinical recurrence
by 6 to 69 weeks.?

Schummer et al. evaluated the utility of four biomarkers
(HE4, CA-125, Mesothelin, and MMP7) to track the
recurrence of EOC in a prospective trial with n=23
participants. HE4 outperformed CA-125 in identifying
recurrences in ﬂ)atients both before and after they show
this antigen.***! After the first round of therapy, blood
levels of HE4 and CA125 dropped, but they spiked
another time resulting from a relapse.*'

The highest risk of disease occurrence was shown to
occur in people between the ages of 51 and 60, according
to a study using HE4 to predict the recurrences of
EOCinstances for a period of 22 months. The most
prevalent illness that recurred was serous carcinoma.
There were 47 instances are participated. A total of 23
cases, 48.9% of recurrent cases. HE-4 was able to predict

recurring cases after treatment and had a higher
sensibility than CA125. The efficiency of CA125 and
HE4in predicting repeated instances, however, did not
differ (p value=0.8314), however for a period of three to
six months, HE4 might identify recurring episodes more
quickly than CA125. Furthermore, a greater HE-4 could
identify an OC recurrence more quickly than CA-125 for
5 to 8 months. 01!

The integrate of HE4 and CA125 may aid in identifying
individuals who are at disease risk reoccurring, as
perresearch by Nassir et al. They also came to the
conclusion that HE4 seems to be a useful biomarker for
anticipating recurrence following the end of second-line
treatment. (Fig. (19) & (20))®

The HE4 gene is not exclusive to ovarian cancer. It could
contribute to the diagnosis of certain illnesses, such as
cancer. However, it is still unknown how its biology,
genetics, and pathological condition are related. The
review's most significant finding advises caution when
utilizing HE4 to diagnose ovarian cancer and to keep in
mind any additional conditions that may affect our
assessment. In addition, given the growing field of HE4
application in various illnesses, we may wonder if it
applicable to syndromes that are currently
unidentified.[*"*1#!

CONCLUSION

Although tumor markers,CA-125 in particularare widely
utilized to diagnose ovarian cancer, their sensitivity and
specificity are limited, especially when the disease is still
in its early stages. The FDA has already approved the
biomarker HE-4 for monitoring the progression of the
disease in EOC patients. However, HE-4 is still not as
popular in cancer practice as CA-125, despite having
superior follow-up accuracy.

A novel EOC biomarker called HE-4 has been used to
identify ovarian cancer in its early stages and in cases of
recurrence. The primary sources of HE-4 are the tumor
environment and cancerous ovarian cells. Tumor
elimination should be correlated with a drop in HE-4
after surgery, and HE-4 itself should serve as a
biomarker for predicting surgical outcome. The tumor
marker CA-125 has low sensitivity and poor specificity
when used alone. A helpful biomarker for distinguishing
between benign ovarian illness and ovarian cancer is
serum HE-4. In follow-up evaluations, HE-4 and CA-125
indicators that were positive prior to treatment could be
employed in addition to one another. Combining CA-125
with HE-4 improves risk stratification and diagnostic
accuracy, increasing the usefulness of tumor markers in
the diagnosis of EOC.

In ovarian cancer, HE-4 is the preferred tumor marker
due to its superior sensitivity, specificity, and efficacy
over CA-125. Cytoreductive surgery is the current
standard treatment for EOC, and it is followed with
systematic chemotherapy. Numerous studies assessed
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