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1 Introduction

In the management of cancer, both surgery and
radiotherapy are essential local forms of treat-
ments that are directed towards primary tumours
and any loco-regional disease. Chemotherapy is a
systemic modality and can treat distant metasta-
ses. Chemotherapy is used to improve the prog-
nosis in majority of cancers, but is curative only
in the minority of cancers. Chemotherapy is well
known to cure lymphomas, leukemias, testicular
cancers, and choriocarcinoma.

The main aim of delivering anti-neoplastic
drugs is to eradicate cancer cells without causing
excessive toxicity to normal cells. But anti-
neoplastic drugs have considerable toxicity as it
cannot easily differentiate between malignant
cells from normal cells.
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2 Basic Principles

Chemotherapy agents are grouped into different
categories based on the mechanism of action.
These categories include:

. Alkylating agents

. Topoisomerase inhibitors
. Antimicrotubule agents

. Antimetabolites

. Plant alkaloids

. Anthracyclines
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In addition to the site of primary tumour and
diagnosis, individual patient-related factors such
as organ function, age, performance status, con-
current medical illness, and residual toxicities
from the receipt of prior therapies also influence
the selection of chemotherapy regimens.
Depending on the goals of treatment and previ-
ous treatments the patient may require dose
adjustments. Treating oncologist who is pre-
scribing anticancer agents should understand the
intent of care for the individual patient (curative
vs. palliative) as well as the metabolism and tox-
icities of the chemotherapeutic agents pre-
scribed. Patients and their families should be
informed about the expected toxicities and aim
of therapy.
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3 Growth of Tumour Cell

Tumour growth is a complex and intricate pro-

cess that is governed by genetic abnormalities

within the cell and the interaction of tumour with

its microenvironment. The understanding of can-

cer has accelerated significantly over the past

decade, and Hanahan and Weinberg [1] have

defined the distinguishing features of cancer

detailing the following hallmarks in addition to

genomic instability as an underlying premise of

the make-up of cancer cells:

1. Promotion and
signaling,

. Activating invasion and metastasis,

. Resisting cell death,

. Allowing replicative immortality,

. Induction of angiogenesis,

. Evading growth suppressors,

. Immune surveillance evasion,

. Altered Energy reprogramming.

sustaining  proliferative
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The proliferation and growth control of nor-
mal cells are not well understood, but the mito-
genic signaling of cancer cells is increasingly
better understood. Cancer cells acquire the ability
to proliferate unchecked by several different
mechanisms: self-production of growth factor
ligands; control of the tumour microenvironment
by signaling local stromal cells, which in turn
produce factors leading to cancer growth; overex-
pression or enhanced signaling of transmem-
brane receptors; and growth factor independence
via constitutive activation of tyrosine kinases
within the receptor and/or downstream signaling
molecules [2]. Enabling characteristics of cancer
cells that allow the above changes to occur
include overall genomic instability and the can-
cer cell’s ability to avoid immune destruction [3].

4 Log Kill Hypothesis

Cell kinetics was originally described based on
murine models, but later on it was seen that
most human solid tumours do not grow expo-

nentially. The log kill hypothesis was based on
the L1210 murine leukemia model, which is
fast-growing leukemia where 100% of the cells
are actively progressing through the cell cycle
[4]. Logarithmic kill hypothesis states that a
given anticancer drug should kill a constant
proportion or fraction of cells in contrast to a
constant number of cells, and cell kill is propor-
tional regardless of the bulk of tumour. For
example, if a drug can lead to a 3 log kill of
cancer cells and can reduce the cancer burden
from 10° to 10°, the same drug and dose can
also reduce the tumour burden from 10° to 103,
However, solid tumours tend to follow the
Gompertzian model of tumour growth because
most solid tumours do not grow and expand
exponentially [5]. The Gompertzian model
(Fig. 1) predicts that cell growth is faster at the
start of the growth curve when a tumour is
small compared to a larger tumour existing in
the slower part of the growth curve, which thus
has a lower growth fraction. The Gompertzian
model also predicts that the sensitivity of can-
cer to chemotherapy depends on where the
tumour is in its growth phase and that growth
decreases exponentially over time. Similarly,
the log kill produced by chemotherapy is higher
in small-volume tumours than large-volume
tumours because of the differences in growth
kinetics.
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Cancer: Rapid growth
followed by continuous
but slowed proliferation
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(Cell birth = cell death)
Time

Fig. 1 Gompertzian growth curve. (Adapted with
Permission from 2014 Pan Stanford Publishing Pte. Ltd
through email communication)
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5 Resistance to Chemotherapy

Resistance occurs with all cancers except for those
that are curable. Multiple mechanisms are there,
new mechanisms are also being discovered, and
overlapping mechanisms can occur in tandem;
tumour resistance to drug therapy results primarily
from tumour growth and selection of existing
resistant clones while sensitive cells are killed [6,
71]. One of the original hypotheses explaining drug
resistance is the Goldie and Coldman hypothesis
reported initially in 1979, which served as the
basis for drug regimens used in hematologic
malignancies and more recently in gynaecologic
malignancies [8]. The tenets of the Goldie and
Coldman hypothesis include the following:

1. Treatment should be started as soon as possi-
ble to treat the smallest amount and bulk of
the tumour,

2. Multiple non-cross-resistant drugs should be
used to avoid selection of resistant clones, and

3. Drugs should be used as frequently as possi-
ble and in doses that are higher than mini-
mally cytotoxic doses.

In clinical trials that examine features of the
Goldie and Coldman hypothesis, adjuvant breast
cancer therapy has shown improvements in out-
come by using this theory, but in the upfront
treatment of ovarian cancer, the use of sequenc-
ing non-cross-resistant agents did not result in
improved progression-free survival or overall
survival [9]. Examples of mechanisms of drug
resistance include alteration of drug movement
across the cell membrane with respect to both
influx and efflux, increased repair of DNA to off-
set damage done by certain agents, defective
apoptosis so cancer cells are not receptive to drug
effects, alteration of drug targets such as topoi-
somerase II alteration by point mutation, dele-
tions or overexpression, and other mechanisms.
The mechanisms of resistance associated with
specific agents are discussed within the individ-
ual drug descriptions [6, 10]. Newly described
drug resistance mechanisms include the identifi-
cation of secondary mutations that restore the
wildtype BRCA reading frame, which is likely a

mediator of acquired resistance to platinum-
based chemotherapy [11].

6 Dose Intensity

The therapeutic selectivity of chemotherapy is
reliant on the outcome of dose-response between
normal tissue and cancer tissue. Dose intensity is
the amount of drug delivered per unit of time, and
the dose intensity of each regimen is based on the
time period during which the treatment is admin-
istered. Calculations can be made regarding the
intended dose intensity as well as the actual dose
intensity that the patient receives in total. By
reducing the dose intensity to decrease toxicity,
clinicians may compromise the predicted out-
come of a patient, and therefore, clinicians must
state the upfront intended outcome of administer-
ing chemotherapy (i.e., curative vs. palliative).
The importance of maintaining dose intensity has
been demonstrated in early-stage breast cancer
patients using adjuvant cyclophosphamide, meth-
otrexate, and 5-fluorouracil, as well as cyclophos-
phamide and doxorubicin. In gynaecologic
cancers, the importance of dose intensity has been
observed in older patients with ovarian cancer
who may have worse outcomes compared to
younger patients because of reduced dose inten-
sity and less aggressive dosing of chemotherapy
in older patients [12]. In another example,
EMA-CO regimen is the most commonly used
combination chemotherapy among other regi-
mens that have been used in the management of
high-risk GTN. Combination chemotherapy is
often administered at 2- to 3-week intervals and
timely administration is essential. Unnecessary
treatment delays and dose reductions should be
avoided as they may lead to tumour resistance and
treatment failure. Several mechanisms to deliver
chemotherapy in a dose-intense fashion are avail-
able to clinicians. First, doses of drugs can simply
be escalated. Second, the same doses of drugs can
be given in a reduced interval of time (i.e., “dose-
dense administration”). For example, adjuvant
cyclophosphamide and doxorubicin followed by
paclitaxel in early breast cancer administered
every 2 weeks rather than every 3 weeks demon-
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strated improvements in the dose-dense regimen
[13]. The prophylactic use of growth factors has
enabled chemotherapy to be delivered at higher
doses safely without excess risk of neutropenic
events and has enabled chemotherapy to be deliv-
ered in a dose-dense manner.

7 Single Versus Combination
Therapy

Decisions regarding optimal choice of single agent
versus combination therapy should be based on the
objectives of therapy (curative vs. palliative treat-
ment), published regimens for specific indications
and dosing of agents, and predicted toxicities.
Specific doses chosen should be based on pub-
lished studies, but dose alterations can occur based
on objectives of treatment; renal, hepatic, or bone
marrow function; toxicities experienced by the
patient during previous cycles; current perfor-
mance status and comorbidities of the patient;
direct measurement of drug levels in the individual
patient when possible; and potential interactions
with other concomitant medications. Although
combination chemotherapy typically yields higher
response rates overall compared to single agents,
toxicities are usually higher; outcomes such as
overall survival and progression-free survival may
be better with combinations [14]. Scheduling of
drugs is such that the most myelosuppressive
agents are given on day 1 and scheduled every
2—-4 weeks depending on the timing of the myelo-
suppression nadir. This allows for the recovery of
bone marrow, gastrointestinal, dermatologic, and
other organ toxicities without allowing significant
tumour growth to occur. Mechanisms of action of
the drugs and duration of infusion can also influ-
ence drug sequencing and toxicities.

8 Different Chemotherapy
Types

Primary Therapy In which chemotherapy is
the primary modality of treatment, e.g.
Methotrexate in treatment of choriocarcinoma.

Adjuvant Therapy It is defined as the usage of
systemic chemotherapy after surgery and/or
radiotherapy with radical intent in patients who
have subsequent high risk of recurrence.

Concurrent Chemoradiation Usage of che-
motherapy in combination with radiation with
curative intent to sensitize the tumour cell.
Chemotherapy is used during radiation therapy
to eradicate micrometastases within the radia-
tion field and to increase the radio-responsive-
ness of tumour cells. Regimens using alternate
radiation and chemotherapy aims to reduce
toxicity to normal tissues and enhance tumour
sensitivity by delivering each agent when the
first agent has induced enhanced sensitivity to
the other. The initial reduction of the tumour
mass by chemotherapy results in improved
tumour’s blood supply, thus improving re-oxy-
genation, and improving radiation-induced
tumour cell kill. Chemotherapy also plays an
essential role in the segregation of the tumour
cells in a favorable manner, permitting radia-
tion to be more effective in a particular phase
of the cell cycle. Conversely, radiation therapy
may decrease the tumour mass, leading to
improved blood supply [15] and optimal drug
delivery. Few cancer chemotherapy agents
function as radiation sensitizers, showing syn-
ergistic cancer cell kill when combined with
radiation while having a lesser relative side
effect on normal tissues.
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Neoadjuvant Chemotherapy Defined as the
use of chemotherapy in the treatment of the
locally advanced disease that will assist in subse-
quent definitive treatment.

Induction Chemotherapy Initial systemic che-
motherapy used in patients with the disseminated
disease for which local modality (i.e., surgical
resection or radiotherapy) is incomplete or not
indicated.

Salvage Chemotherapy When chemotherapy
is given for recurrence after initial treatment with
chemotherapy or second-line chemotherapy if it
does not respond to initial induction therapy.
Generally, the intent is palliation.

Consolidation Chemotherapy Additional che-
motherapy for more than the usual regimen.

Palliative Chemotherapy Chemotherapy when
it is used for symptomatic relief in incurable
cancer.

9 Routes of Administration

Intravenous Most chemotherapeutic agents
are available only in an intravenous prepara-
tion, requiring venous access. Venous access
can be temporary during chemotherapy admin-
istration or prolonged by surgically implanted
intravascular devices, type of access must be
chosen carefully for the anticipated duration,
complexity, types of drugs (vesicants or non-
vesicants), and anticipated need of fluid
replacement, blood products, and antibiotics.
Patient preference and quality of life issues
also play a role.

Oral and Local Drug application intra-arterial
(i.e., hepatic infusion, limb perfusion), intra-
thecal (meningeal metastasis), intraperitoneal
(ovarian cancer, peritoneal carcinomatosis),
intrapleural (pleurisy/pleural metastases), and
intrapericardial (malignant pericardial effu-

sion) are other routes of administration. Various
agents are available in oral form, making intra-
venous access unnecessary. Besides their every-
day use in various chemotherapy regimens, oral
agents, have ease and convenience, also play a
vital role in palliative therapy [16], where the
quality of life issues are paramount. The use of
oral agents is to be restricted in patients with
functional or anatomical barriers for ingestion
and absorption.

Intraperitoneal Therapy Direct intraperito-
neal instillation of chemotherapy drugs provides
a two- to five-fold and higher concentration
advantage over systemic intravenous adminis-
tration. It exposes tumour cells to both higher
peak drug concentrations and area under the
[17] concentration-time curve drug levels.
Intraperitoneal therapy is typically accomplished
through a surgically implanted intraperitoneal
catheter, which may be either exteriorized or sub-
cutaneous. Intraperitoneal therapy is best used to
treat small-volume, diffuse intraperitoneal [18]
disease, and has thus been used mainly in ovar-
ian cancer, with less common application in intra-
peritoneal [19] gastrointestinal malignancies or
mesothelioma. Drugs such as cisplatin, carbopla-
tin, 5-fluorouracil (5-FU), and paclitaxel are used
in intraperitoneal therapy.

10 Chemotherapeutic Drugs
Used in the Treatment
of Gynaecological Cancer

Majority of anticancer drugs cause damage to
DNA with the help of various mechanisms,
including disruption of cell cycle checkpoints,
growth factors, growth factor receptors, and sig-
nal transduction.

10.1 Alkylating Agents

Alkylating agents are considered as one of the
earliest chemotherapy agents that started to be
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used in the early 1940s. These agents block DNA
replication by forming covalent bonds with DNA
bases (cross-linking the DNA strands). Examples
are cyclophosphamide, ifosfamide, melpha-
lan, procarbazine, busulfan, etc. Chlorambucil
can be given by mouth and is the least toxic.
Cyclophosphamide and ifosfamide produces an
acrolein metabolite that causes hemorrhagic cys-
titis. Use of mesna and hydration has largely over-
come the hemorrhagic cystitis. Mesna inactivates
the acrolein metabolites in the urine and is rapidly
excreted in the urine. Cyclophosphamide can be
used in patients with renal impairment. However,
ifosfamide can cause cumulative renal tubular
damage and resulting in Fanconi syndrome.

10.2 Platinum

The first platinum-based chemotherapy drug is
cisplatin that was approved in 1978. Platinum can
be considered as the most important chemother-
apy drug used in gynaecological cancer. Platinum
compounds form DNA cross-links by an action
similar to the alkylating agents. Cisplatin, carbo-
platin, and recently oxaliplatin are platinum-
based cytotoxic drugs. Cisplatin has more
nephrotoxicity and ototoxicity than carboplatin.
Carboplatin is a second generation and oxalipla-
tin is the third-generation platinum-based cyto-
toxic agent.

10.3 Anti-tumour Antibiotics
and Anthracylines

Anti-tumour antibiotics have a variety of modes
of action, including DNA cross-linking and
topoisomerase inhibition. Some of these drugs
intercalate between base pairs of DNA and RNA,
inhibit RNA and DNA polymerase, generate
oxygen-free radicals, and alter cell membrane
function. The most important and commonly

used members of this drug are doxorubicin and
epirubicin. Doxorubicin is isolated from a
mutated strain of streptomyces. Actinomycin D
is also anti-tumour antibiotic (polypeptide antibi-
otic), which is isolated from the bacteria of the
genus streptomyces. Doxorubicin, epirubicin,
and idarubicin are also known as anthracycline
drugs (anthracycline antibiotics). The short-term
dose-limiting side effects of anthracycline drugs
are myelosuppression and mucositis.
Cardiomyopathy is also a dose-limiting side
effect and can be prevented by controlling the
total dose and the use of chemoprotection car-
dioxane (dexrazoxane) before treatment.
Liposomal doxorubicin is the customized form of
doxorubicin to enhance efficacy and reduce tox-
icity. The doxorubicin is encapsulated inside the
liposome; liposome allows the doxorubicin to
remain in the body for a longer duration.
Encapsulated doxorubicin is also considered to
reduce exposure of the active metabolite to myo-
cardial tissue and therefore, decreasing myocar-
dial toxicity. Currently, there are two types of
liposomal doxorubicin available (differ in their
lipid component), i.e. pegylated liposomal doxo-
rubicin hydrochloride and Myocet. Myocet is
indicated as a combination with cyclophospha-
mide in metastatic breast cancer. Bleomycin is
also an anti-tumour antibiotic, discovered in the
1960s. Bleomycin acts by creating free oxygen
radicals which break DNA strands, similar to
anthracycline. These drugs are commonly used in
the treatment of breast cancer, uterine sarcoma,
and ovarian cancer.

10.4 Antimetabolites

Antimetabolites are cytotoxic agents which have
structurally resemblance with naturally occur-
ring purines, pyrimidines, and nucleic acids.
They inhibit the key enzymes which are involved
in DNA synthesis. They can add into the DNA or
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RNA of the cancer cells and interfere with the
cell division process. Examples are Methotrexate,
5-fluorouracil, 6-mercaptopurine, gemcitabine,
etc. Methotrexate is an anti-folate drug, which is
structurally similar to folic acid and inhibits the
activity of DHFR enzyme leading to inhibition
of DNA and RNA synthesis. Gemcitabine is a
deoxycytidine analogue, a pyrimidine antime-
tabolite related to cytarabine. Gemcitabine is a
pro-drug and metabolized intracellularly to the
active forms known as dFdCDP and
dFdCTP. Both active metabolites will incorpo-
rate into DNA and inhibit DNA synthesis result-
ing in apoptosis.

10.5 Vinca Alkaloids

Vinca alkaloids are plant derivatives (from the
periwinkle plant), Vinca rosea (catharanthus
roseus) that have been traditionally used by the
natives of Madagascar to treat diabetes. Vinca
alkaloids falls into the category of tubulin-
binding drugs jointly with taxanes. Examples are
vincristine, vinblastine, vinorelbine, and vinde-
sine. Vinblastine and vincristine bind to tubulin
dimers and prevent their assembly into microtu-
bules. These are highly vesicant. This should be
injected into a central venous line or cannula
where there is no resistance to injection and
where blood can be freely drawn back.
Vinorelbine is a synthetic vinca alkaloid which is
available both intravenously and orally.

10.6 Topoisomerase Inhibitors

Topoisomerase inhibitors (I and II) are a group
of enzymes which allow unwinding and uncoil-

ing of supercoiled DNA. Both Topoisomerase
inhibitor I and II act by interfering with DNA
transcription, replication, and function to pre-
vent DNA supercoiling. Topoisomerase I inhibi-
tors are extracted from the bark and wood of
the Camptotheca accuminata, they form a
complex with topoisomerase DNA. Topotecan
and Irinotecan are topoisomerase inhibitor
I. Topoisomerase II inhibitors are extracted
from the alkaloids found in the roots of May
Apple plants. Topoisomerase Il enzyme binds
covalently to complementary strands of dou-
ble-strand DNA, cleaving both strands. The
inhibitors of this enzyme will reseal these
breaks. Examples are etoposide, teniposide,
and amsacrine. They are also classified under
epipodophyllotoxins  chemotherapy agents.
Hematological toxicity are the main side effects
of topoisomerase inhibitors. These are excreted
by the liver and renal tubules; hence, dose
adjustment may be necessary with renal and
hepatic impairment.

10.7 Taxanes

Taxanes are plant alkaloids which were initially
developed for therapeutic use in 1963. These are
extracted from the yew tree. Paclitaxel is the first
taxane to be discovered in 1971 and was made
available for clinical use in 1993. Paclitaxel is
isolated from the bark of the Western Pacific yew
tree. Docetaxel is the semi-synthetic second gen-
eration of taxanes derived from the needles of the
European yew trees. Both drugs work in the
M-phase of the cell cycle and stop the function of
microtubules by binding with them resulting in a
sustained block in mitosis. Summary of mecha-
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Fig.2 Mode of action of chemotherapy agents used in Gynaecological Malignancies. (Adapted with Permission from
2014 Pan Stanford Publishing Pte. Ltd through email communication)

nism of action of different chemotherapeutic
agents are shown in Fig. 2.

11 Targeted Therapies

The principal tenets of optimal disease manage-
ment in women with gynaecologic malignancies
have been the strategic utilization of surgery,
cytotoxic chemotherapy, hormonal therapy, and
radiotherapy. Although substantial progress has
been realized from these practices, disease-
specific mortality from gynaecologic malignan-
cies still accounts for about 9% of all
cancer-related deaths and underscores the need
for the development of new therapeutic modali-
ties. Investigation into the mechanisms govern-
ing cancer initiation, proliferation, metastases,
autophagy, and apoptosis have uncovered a
wealth of new opportunities, many of which har-

bor the potential of reversing the malignant phe-
notype, selectively inducing cancer cell death,
overcoming primary and induced drug resis-
tance, and optimistically improving overall out-
comes for patients. The ability to
pharmacologically and pharmacodynamically
interact with these new ‘“targets” has fostered
rapid drug development, some of which is begin-
ning to show merit in the treatment of women
with gynaecologic malignancy. Because the
biology of cancer growth often shares homology
across different tumour types, targeted therapies
are being investigated where the pathway of
aberration is suspected to play an important or
dominant role in disease pathogenesis. Although
an “Achilles’ heel,” or a solitary activated path-
way, is not present in most solid tumours, the
opportunity to selectively target key regulatory
and survival mechanisms in the tumour microen-
vironment holds great promise in expanding our
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therapeutic armamentarium for these women.
We review some of these pathways and agents in
this section.

11.1  Mechanisms of Action

One of the most common events defining the can-
cer process is the dysregulation of protein kinases
that govern normal cellular function. In light of
this observation, proteins are frequently the tar-
gets of anticancer agents. Although there are
many ways to affect protein kinase function,
including small molecules, monoclonal antibod-
ies, antagomirs, antisense, RNA interference,
immuno- and receptor drug conjugates, decoy
receptors, allosteric inhibitors, and nanotubes,
the intent is to target these aberrancies either
restoring normal host function or inducing cell
death. The principle challenge is to affect tumour
cells without impacting the function of normal
host cells. Three relevant mechanisms are impor-
tant to review.

11.2 Interruption of Signal

Transduction Pathways

Signal transduction is the process where a ligand,
usually lipophobic (e.g., a growth factor), meets a
receptor or channel on the cell surface and initi-
ates a cascade of events such as kinase activity or
dissociation of G-coupled proteins resulting in
some cellular response. In contrast, lipophilic
ligands (e.g., steroids) can penetrate the cell
membrane and may affect cellular functions by
direct binding to cytoplasmic or nuclear targets.
Many of the “small molecules” being developed
for cancer therapy involve blocking the tyrosine
kinase activity of membrane-bound receptors
that are usually influenced by a number of pro-
moting ligands. The prototypical example of a
relevant ligand-receptor signal transduction path-
way in carcinogenesis is the epidermal growth
factor receptor (EGFR). This receptor family is
overexpressed and activated in many tumour
types, including gynaecologic malignancies, and
appears to play a key role in disease pathogene-

sis. Binding of the epidermal growth factor (EGF)
ligand to the receptor induces tyrosine kinase
activity, which leads to receptor dimerization and
activation of the pathway driving multiple cellu-
lar functions such as cellular proliferation,
enhanced cellular motility, resistance to apopto-
sis, and angiogenesis. Because of the broad spec-
tra of activity, there has been intense interest in
developing therapeutics against this pathway.
Typically, these targeted agents are classified in
two broad categories: competitive adenosine tri-
phosphate (ATP)—pocket small-molecule inhibi-
tors and monoclonal antibodies to the receptor’s
extracellular domain. The clinical experience of
these molecules in gynaecologic cancer will be
discussed later; however, the crafted directive of
these targeted agents is to disrupt ligand/receptor
activation in the hopes of blocking the signal
transduction pathways leading to cancer cell sur-
vival. This receptor family is overexpressed and
activated in many tumour types, including gynae-
cologic malignancies, and appears to play a key
role in disease pathogenesis [20].

11.3 Induction of Apoptosis

Normal development and functional physiology
are dependent on tight regulation of cellular
growth and death. The representation of cancer as
“uncontrolled cellular proliferation” attests to the
importance dysregulated cellular programmed
cell death, or apoptosis plays in human disease.
Phenotypical transformation of a normal cell to a
cancer cell is likely highly influenced by the loss
of apoptotic function. In addition, resistance to
chemotherapy-induced cytotoxicity is frequently
the result of cellular escape from apoptotic
inducement. Two dominant pathways govern cel-
lular apoptosis: extrinsic, induced via a receptor—
ligand interaction (death receptor), and intrinsic,
induced via mitochondria-apoptosome signaling.
The converging points for both pathways are the
effector caspases, which are closely regulated by
upstream signaling proteins either inducing
apoptosis or preventing it. A caspase-independent
pathway also exists and appears to be mediated
through apoptosis-inducing factor (AIF), which
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is released from mitochondrial pores under con-
trol of Bcl-2 and induces nuclear chromatin
clumping. The ultimate declaration of apoptosis
is largely the balance of proapoptotic proteins
(BAX, BID, BAK, and BAD) and anti-apoptotic
proteins (Bcl-XI and Bcl-2). Numerous ligands
have been identified as substrates for the death
receptor including TNF, TNF-related apoptosis-
inducing ligand (TRAIL), and Fas. Recently,
novel targeted agents harboring agonist activa-
tion of this pathway at both the ligand and recep-
tor levels have entered clinical trials [21]. p53,
the most commonly mutated gene in human
malignancy, functions as a transcription factor
regulating downstream genes involved in DNA
repair, cell cycle arrest, and both the intrinsic and
extrinsic apoptotic pathways. p53, when acti-
vated, promotes the proapoptotic genes of the
BCL-2 family, which inhibit Bcl-2 at the mito-
chondrial membrane, as well as activate expres-
sion of the death receptors, such as DRS5 [21]. In
this manner, cross-talk between the intrinsic and
extrinsic pathways is extensive. When p53 is dys-
functional, one or both of these pathways may
drive carcinogenesis; thus, this serves as a ratio-
nale to consider combinatorial treatment
approaches, such as targeted therapy of the death
receptor ligand in combination with cytotoxic
chemotherapy.

11.4 Stimulation of the Immune
Response

The immune system is a highly complex and
interactive network of specialized cells and
organs working in conjunction to maintain health.
It is of no surprise that attempts at leveraging
innate response or inducing a heightened
response to cancer cells have been the subject of
cancer therapeutic investigation for decades. The
slow, albeit measured, clinical progress in this
regard is a reflection of the complexity of the sys-
tem, the evasiveness of cancer cells, and the
imperfect models to preclinically study the sys-
tem. However, the efficiency, selectivity, and sen-
sitivity of the immune response make it one of

the most promising avenues of targeted therapy
and worthy of the effort. Key effectors of the
immune response include cytokines, such as
interferons and interleukins, and antibodies.
Contemporary understanding of the interplay
between cancer and the immune system suggests
that although cancer cells are immunogenic, they
do not always elicit a response. This “immunotol-
erance” is not well understood but may be medi-
ated in part by local anti-inflammatory tumour
cytokine production, which may prevent den-
dritic cells from properly processing tumour cell
antigens for a robust immune, anticancer
response. Nevertheless, several avenues of inves-
tigation have been pursued, the agents used in
this regard are called biologic response modifiers
(BRMs). The first BRMs to be created and used
in cancer therapy were the interferons. As dis-
cussed earlier, this class of compounds has both
direct and indirect activity on cancer cells. For
example, the interferons can slow cancer cell
growth or induce phenotypic transformation into
normal cell behavior. Interferons also stimulate
NK cells, T-cells, and macrophages, which may
increase the efficiency of the immune response to
effect better anticancer treatment. Several inter-
feron compounds (a, B, and y) have been US
Food and Drug Administration (FDA) approved
for cancer therapy, and many have entered mature
clinical investigation, including for gynaecologic
cancers, albeit with mixed results. For instance,
an Austrian phase 3 study randomized 148
women with International Federation of
Gynaecology and Obstetrics stage IC-IIIC dis-
ease to cisplatin/cyclophosphamide with or with-
out subcutaneously administered interferon-y.
PFS at 3 years was significantly improved (17 vs.
48 months; Relative Risk (RR), 0.48; 95% CI,
0.28-0.82), and toxicity was considered compa-
rable between the arms. However, a much larger
phase 3 study conducted by the GRACES clinical
trial consortium investigating combination pacli-
taxel/carboplatin with or without interferon-y-1b
in women with advanced-stage ovarian cancer
was terminated early due to an interim futility
analysis suggesting detrimental effects in the
experimental cohort [22]. The second class of
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cytokines being investigated as cancer therapeu-
tics is the interleukins (IL). These naturally
occurring families of compounds have a vast
cache of activities in multiple host systems,
including lymphoproliferative organs and angio-
genesis and immune system effectors, such as
lymphocytes and platelets. Currently, IL-2
(aldesleukin), an IL that stimulates growth and
differentiation of the T-cell response, is FDA
approved for the treatment of metastatic renal
cell carcinoma and melanoma. However, in light
of the numerous functions ILs drive in the
immune and host response to cancer cells, inves-
tigators continue to search for key treatment
opportunities. For example, it has been known
that IL-6, a proinflammatory cytokine that
impacts hematopoietic stem cells, is a poor prog-
nostic factor (associated with advanced disease,
chemotherapy resistance, early recurrence, and
short survival) of several solid tumours, includ-
ing the gynaecologic cancers, and is closely
linked to angiogenesis, particularly in ovarian
cancer, where high levels are also identified in
ascites [23]. It also may be an important mediator
of the paraneoplastic thrombocytosis phenotype,
which is commonly identified in patients with
advanced-stage ovarian cancer.

Molecular pathways most commonly targeted
in solid tumours are:-

(a) Epidermal growth factor receptors (EGFR),
(b) Vascular endothelial growth factors (VEGF),
(c) HER-2/neu.

The following pathways can be repressed at
multi-levels: (a) binding and neutralizing ligands,
(b) occupying receptor-binding sites, (c) block-
ing receptor signaling within the cancer cell, and
(d) interfering with downstream intracellular
molecules.

There are two types of targeted agents:

(a) Monoclonal antibody with larger mole-
cules (large-molecule inhibitors): It targets
extracellular component such as ligand and
receptor. The route of administration of
this group is intravenous. The examples of

large-molecule inhibitors are bevacizumab,
trastuzumab, alemtuzumab, cetuximab, gem-
tuzumab ozogamicin, panitumumab, and
rituximab.

(b) Small-molecule inhibitors: They enter cells
and inhibit receptor signaling (mainly tyro-
sine kinase) and interfering with downstream
intracellular molecules. Tyrosine kinase sig-
naling initiates a molecular cascade that
leads to cell growth, proliferation, migration,
and angiogenesis in normal and malignant
tissues. As compared to large-molecule
inhibitors, small-molecule inhibitors are
commonly administered in oral form and are
cheaper than large-molecule inhibitors. The
examples of small-molecule inhibitors are
bortezomib, dasatinib, erlotinib, gefitinib,
and others such as imatinib, lapatinib,
sorafenib, and sunitinib. Epidermal growth
factor receptors are also present in normal
cells; therefore, EGFR inhibitors can cause
dermatologic complications such as skin
rashes and gastrointestinal complications
such as diarrhea and abdominal pain.

Anti-VEGF is also known as anti-
angiogenesis; without new vessel formation, the
tumour cannot grow. Due to better blood supply
in the remaining tumour, the delivery of antican-
cer drugs will be more efficient. However, anti-
VEGEF will also affect normal blood vessels lead-
ing to bleeding, thrombosis, and proteinuria due
to alteration in glomerular infiltration, bowel per-
foration, and hypertension. Bevacizumab is a
humanized MoAb against VEGFA that is
approved by the FDA for the treatment of meta-
static colorectal, non-small-cell lung, renal cell,
and breast cancers. Several phase 2 trials of this
VEGFA antibody have been performed to assess
its activity in gynaecologic cancers. Bevacizumab
has been most extensively studied in recurrent
ovarian cancer patients, where response rates
have ranged from 16% to 24% and median over-
all survival is 10.7—17 months when administered
either as a single agent or in combination with
metronomic cyclophosphamide [24-26]. It has
also been shown to have activity in the patient
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with recurrent or persistent endometrial cancer
and patients with progressive or recurrent cervi-
cal cancer [27, 28]. Majority studies of bevaci-
zumab in gynaecologic cancer have been
performed in patients with recurrent or progres-
sive disease. Following encouraging data in
phase 2 studies compared with historical con-
trols, two randomized phase 3 studies in untreated
advanced ovarian cancer patients have been
conducted: GOG 218 (NCT00262847) and
ICON-7 (NCTO00483782). Each of these trials
included an experimental arm with a mainte-
nance treatment phase, which was placebo-
controlled in GOG 218 and open label in [CON7.
Both trials showed enhanced clinical activity
(hazard for progression) over control and, in the
case of GOG 218, over combination of pacli-
taxel, carboplatin, and bevacizumab followed by
placebo maintenance. Of interest, the PFS of
these “winning” arms is substantively less than
that reported by earlier phase 2 data despite a
similar proportion of suboptimal stage IIIC
patients.

11.5 PI3K/mTOR/Akt Pathway

PTEN (phosphate and tensin homolog detected
on chromosome 10) is a tumour suppressor gene,
which is important for normal cellular function.
Mutations in PTEN can cause decreased apopto-
sis and these are seen in up to 83% of endometri-
oid carcinomas of the uterus. Due to mutation,
there is decreased transcription which leads to
less phosphatidylinositol 3-kinase (PI3K) inhibi-
tion, enhanced activity of Akt, and uncontrolled
function of mammalian target of rapamycin
(mTOR). Elevated activity of mTOR is seen in a
vast majority of endometrial cancers as well as
approximately 50% of cervical adenocarcinomas
and 55% of ovarian carcinomas [29]. mTOR is a
kinase that regulates cell growth and apoptosis
[30]. Temsirolimus, ridaforolimus, and everoli-
mus are mTOR inhibitors that have been tested as
single agents in phase 2 studies and found to pro-
mote stable disease in 44% of patients with meta-
static or recurrent cancer of the endometrium
[31]. Myelosuppression, hyperlipidemia, hyper-

cholesterolemia, and fatigue are most commonly
seen side effects of these drugs. Because aberra-
tions in the PI3K/Akt/mTOR pathway are pro-
lific in gynaecologic cancers, drug discovery is
keeping pace with several new agents entering
the clinical domain. These drugs are being stud-
ied as single agents and in combination with che-
motherapy and hormonal therapy [30].

11.6 Poly(ADP-Ribose) Pathway

There are a total of 17 members of the poly
(ADP-ribose) polymerase (PARP) family, of
which PARP-1 and PARP-2 orchestrate repair of
single-stranded breaks in DNA [32]. These bind
to DNA where there is damage and then start
repair by ribosylation of nearby proteins, leading
to base-excision repair at the site of damage and
downstream effects on transcription and differen-
tiation. Blocking of PARPs through competitive
inhibition of the catalytic domain results in accu-
mulation of DNA damage and cell death. BRCA1
and BRCA2 are tumour suppressor genes which
plays important in DNA repair at sites of double-
stranded breaks. Homologous recombination at
DNA-damaged sites is an error free method of
DNA repair mediated by Rad51 which is depen-
dent on normal BRCA function. Mutations of
BRCA genes drive the cellular machinery to rely
on higher error prone methods of DNA repair and
in turn promote genomic instability. The primi-
tive studies of PARP inhibitors in BRCA-
deficient tumours noted that, although mutations
in BRCA increased tumour sensitivity to certain
cytotoxic therapies, PARP inhibition causes cell
death in this population which is approximately
three-fold over conventional treatment. By letting
single-stranded breaks unchecked by PARP inhi-
bition, double-stranded DNA breaks are increased
in cells that already lack DNA repair capability, a
process which is known as synthetic lethality.
Normal cells who have intact BRCA function
will repair their double-stranded DNA breaks,
making these tumour cells more prone to this
treatment as compared to normal tissue.

PARP inhibitors are now being used in patients
with BRCA-positive ovarian cancer. Among
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patients with BRCA mutations and ovarian carci-
noma treated with olaparib, a response rate of
41-53% was noted [33]. Side effects of olaparib
include secondary myeloid leukemias, GI com-
plaints, fatigue, and myelosuppression. The
activity of PARP inhibitors may not be limited to
patients with germline BRCA mutations.
Approximately 50% of undifferentiated and
high-grade serous ovarian cancers have a loss of
BRCA1 function [34]. Some tumours have
BRCA-like functional losses by inactivation of
BRCA genes or defects in other genes required
for BRCA-associated DNA repair that give in a
clinical outcome which is similar to cancers with
BRCA mutations. Many evidences highlight that
PARP inhibitors results in increased cytotoxic
effects of chemotherapy and radiation without
regard to BRCA function. These substitute mech-
anisms of propagating cytotoxic DNA damage
has resulted in expansion of the usage of PARP
inhibitors in substantial number of malignancies.
PARP inhibitors are currently being tested alone
and in combination with chemotherapeutic
agents, which may induce a susceptible tumour
homologous recombination phenotype, to evalu-
ate the potential risks and benefits of these drugs
among patients who have impaired and normal
BRCA function.

11.7  Principles of Inmunotherapy
11.7.1 Tumour Immunbiology
and Immunotherapy

As stated by Rushdan Noor, Eng Hseon Tay, and
Jeffrey Low in the handbook of gynaecologic
oncology “it is an important aspect of cancer
biology is the tumour microenvironment, which
contributes to tumour initiation, tumour progres-
sion and responses to therapy. Cells and mole-
cules of the immune system are basic parts of the
tumour microenvironment. Tumour cells express
majority of the same cell surface antigens (e.g.
HLA antigen) as seen in normal cells. Many
tumour cells express specific antigens that are not
found in similar normal cells.” These are termed

as tumour-associated antigens (TAAs). See
Fig. 3.

Recognition of antigen by T-cells involves
binding of the T-cell receptor to specific major
histocompatibility = complex (MHC)-peptide
combination. By studying the T-cells that iden-
tify tumours, many TAAs have now been discov-
ered. Tumour-associated antigens can be
classified into five broad groups: (1) mutated
antigens (e.g. mutated beta-catenin, caspase,
k-ras, in CML, (2) -cancer-testis antigens
(restricted to testis germ cells, ovary and tropho-
blast, e.g. MAGE, BAGE, etc.), (3) overexpressed
antigen (can be found in normal cell, e.g. p53,
Her2/neu), (4) differentiation antigens (only
expressed on particular tissue types, e.g. prostate
specific antigen, tyrosinase, etc.), (5) oncogenic
viral products (in virally induced cancers, e.g.
Epstein—Barr virus antigens in lymphomas, HPV
virus antigens E6, E7 in anogenital cancers, etc.).

Arguable evidences which suggest humans
have tumour limiting factors
(immunosurveillance):

1. Spontaneous regression has been reported
rarely in cancers such as melanoma, renal can-
cer, and neuroblastoma. Many have observed
that this tumour regression was preceded by
surgical intervention (e.g. biopsy, partial resec-
tion), infections, administration of bacterial
vaccines, transfusion reaction, etc.).

2. Self-healing melanomas.

3. Regression of metastases after resection of
primary neoplasms.

4. Regression of tumour after non-cytotoxic
doses of chemotherapy.

5. Reappearance of metastases after a long
latent period.

6. Frequent failure of circulating tumour cells
to form metastases.

7. Infiltration of tumours by mononuclear cells.

8. Higher incidence of tumours after clinical
immunosuppression.

9. High incidence of tumour in immune defi-
ciency diseases.

10. Increased incidence of malignancy with

aging.
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Fig.3 Tumor-
associated antigens are
additionally expressed
on the tumor cell
surface. (Adapted with
Permission from 2014
Pan Stanford Publishing
Pte. Ltd through email
communication)
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The first report of successful immunotherapy
was in 1881 by William Coley, who treat sarco-
mas by administrating bacterial toxins [35]. The
ultimate goal of immunotherapy is the complete
annihilation of all neoplastic cells. Effectiveness
of immunotherapy is seen in neoplasms that are
highly antigenic, such as Burkitt’s lymphoma,
malignant melanoma, and neuroblastoma.
Tumour can change their antigenic profile and
diminish the immune response. Some tumours
can down-regulate many of the molecules that
are involved in the processing and presentation of
the peptide on MHC class I, and that changes
occur in the antigenic profile of tumours as they
progress and metastasize. The tumour microenvi-
ronment has also immunosuppressive properties
because of hypoxia, induction, and recruitment
of suppressor cells, oxidative stress, etc. This is
why many immunotherapies have failed. They
may be combined with radiotherapy or chemo-
therapy. Cancer vaccine has also shown quite a
promise in immunotherapy. However, there are
three main limitations: firstly, to identify the
“correct antigen” that is dissimilar from a normal
cell to minimize self-destruction, secondly to
find the right adjuvant to enhance an immune
response [at present only two adjuvants, alumi-
num-based salt and squalene oil-water—emulsion
(MF56)]; other potential adjuvants are cytokines,
bacterial products, heat shock protein, viral-like

particles, etc., and finally to induce the right
immune response, which is efficient in eradicat-
ing tumour cells, sustainable and excellent
immune memory. The eventual goal of vaccine-
based cancer immunotherapy is to obtain a robust
immune response which will result in the eradi-
cation of the tumour as well as generate a long-
term memory response in order to keep cancer in
check.

12 Clinical Practice
in Gynaecologic Oncology
12.1 Suitability for Inmunotherapy

The outcome for patients can be improved by
making primary therapy more effective or by
exploring the application of “consolidation” or
“maintenance” approaches to patients in a com-
plete primary or subsequent remission. One
important issue in evaluating immunotherapeu-
tic approaches in ovarian cancer is to decide
where the novel agent should be evaluated in the
disease course. In general, the minimal disease
state is sought, and the remission populations
are best suited. The utility of additional treat-
ment in patients who are in clinical complete
remission was first recognized in acute leuke-
mia, and additional “consolidation” or “mainte-
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nance” chemotherapy significantly enhanced
the outcome for some of these patients. However,
these concepts have not shown similar results in
solid tumour therapy, and hence the nomencla-
ture remains puzzling. Consolidation therapy is
best applied to those strategies that are of lim-
ited duration, such as a fixed immunization
course, and “maintenance” is best used to
describe interventions that continue for years
(or until progression) such as with trastuzumab.
In ovarian cancer, there were no statistically sig-
nificant improvement in overall survival, which
was seen in randomized consolidation study.
Negative randomized consolidation approaches
include both subcutaneous and intraperitoneal
interferon-a, high-dose chemotherapy, contin-
ued intravenous carboplatin versus whole
abdominal radiotherapy (WART), chemother-
apy versus observation versus WART, intraperi-
toneal radioactive phosphorus (phosphorus 32),
“non-cross-resistant” chemotherapy in the form
of cisplatin and 5-fluorouracil for three cycles or
topotecan for four cycles, the monoclonal anti-
body oregovomab, which targets CA-125, and
the SMART study [36-38]. Consolidation strat-
egies have generally been used in the first remis-
sion population; investigational strategies in the
second and third remission groups have been
rare and all likewise negative to date [39].
Patients with ovarian cancer in remission are
ideal candidates for an immunotherapeutic
strategy. Recent data highlight the homogeneity
of the second and third remission groups who
have a progression-free survival (PFS) interval
of fewer than 12 months so that hints of efficacy
from a given immunotherapeutic approach
could be recognized with a shorter follow-up
interval than that required in the first remission.
The number of therapeutic strategies under
investigation for immunotherapy in patients
with ovarian cancer is large. Most trials are pilot
studies or phase 1 trials that has assessed safety
and immunogenicity. Some of them have shown
improved outcomes with surrogates such as an
antibody or T-cell response, and most current
trials aim to produce cellular responses. The
number of adequately powered randomized tri-

als is few, however, and none has shown defini-
tive efficacy to date.

12.2 Antibodies Used
as Immunogens

Although some antibodies are administered in
the treatment of patients with cancer to convey
passive immunity, they may also be used as
immunogens and can elicit a complex immune
response. Oregovomab (MAb B43.13), which is
an IgG1lk subclass murine monoclonal antibody
that binds with high affinity (1.16 x 10'%/M) to
circulating CA-125, has been evaluated. Both
cellular and humoral immune responses have
been seen with the production of anti-oregovomab
antibodies (Ab2), T-helper cells, and cytotoxic
T-cells in addition to the human anti-mouse anti-
body (HAMA) response. Nonrandomized studies
have consistently shown longer overall survival
with immune response. A randomized placebo-
controlled trial in patients with stage III or IV
epithelial ovarian cancer in first clinical remis-
sion receiving oregovomab or placebo showed no
benefit using the intent-to-treat population.
However, a favorable subgroup of patients
showed a time to progression advantage favoring
vaccination of 24 months versus 10.8 months
(hazard ratio, 0.543; 95% CI, 0.287-1.025). This
subgroup was appropriately considered to be
hypothesis-generating, and a follow-up study
enrolled 354 patients using the characteristics of
this group as eligibility criteria. The median time
to progression was 10.3 months (95% CI, 9.7—
13.0 months) for the oregovomab group and
12.9 months (95% CI, 10.1-17.4 months) for the
placebo group, showing no benefit to oregov-
omab immunotherapy [38]. Another antibody
strategy is immunization with an anti-idiotype
vaccine. The hypothesis is that the antigenicity of
the immunogen can be increased by presenting
the desired epitope to the now tolerant host in a
different molecular environment. The “immune
network hypothesis,” which provided the founda-
tion for this approach, was initially proposed in
the early 1970s and explains an interconnected
group of idiotypes that are expressed by antibod-
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ies. The proposed mechanism assumes that
immunization with a given antigen will generate
the production of antibodies against this antigen
(termed Abl). Abl can generate anti-idiotype
antibodies against Abl, classified as Ab2. Some
of the anti-idiotypic antibodies (Ab2) express
the internal image of the antigen recognized by
the Abl antibody and can be used as surrogate
antigens. Immunization with Ab2p (the anti-
idiotype antibody) can cause the production of
anti-anti-idiotype antibodies (classified as Ab3)
that recognize the corresponding original antigen
identified by Abl. Ab3 antibodies are also
denoted Ab1’ to show that they may differ in their
other epitopes compared with Abl. A previous
phase 1/2 study of abagovomab, the anti-idiotype
monoclonal antibody whose epitope mirrors
CA-125, suggested that Ab3 production was
associated with overall survival. Other studies
have shown an increase in interferon-y expres-
sion of CA-125-specific CD8 + T-cells following
immunization, but there has been no specific cor-
relation between the induction of Ab3 and fre-
quencies  of  CA-125-specific  cytotoxic
T-lymphocytes and T-helper cells. The efficacy of
abagovomab in patients in the first remission was
evaluated in an international phase 3, random-
ized, double-blind, placebo-controlled study
ongoing in approximately 120 study locations
(MIMOSA Trial). Outcomes were recurrence-
free survival, overall survival, and safety.
Preliminary blinded immunogenicity results
were reported with 888 patients enrolled in the
study and showed that 68% and 69% of all
patients were positive for Ab3 (median values,
62,000 ng/mL and 337,000 ng/mL, respectively),
whereas 53% and 63% of patients were positive
for HAMA (median values, 510 ng/mL and
644 ng/mL, respectively).

12.3 Cancer-Testis Antigen

Vaccines

Cancer-testis antigens represent a distinct class
of differentiation antigens. The family has grown
from the original melanoma-associated antigen 1
(MAGE-1) identified in a melanoma cell line to

100 cancer-testis genes or gene families identi-
fied in a recent database established by the
Ludwig Institute for Cancer Research [40]. These
antigens share several characteristics, including
preferential expression in normal tissues on the
testis and expression in tumours of varying his-
tology (including ovarian cancer), and many are
members of multigene families that are mostly
encoded on chromosome X. Cancer-testis anti-
gen expression has been correlated with clinical
and pathologic parameters in a variety of tumours.
MAGE-A4 expression shows an inverse correla-
tion between expression and patient survival, for
example, in ovarian cancer. The NY-ESO-1 anti-
gen, initially defined by SEREX in esophageal
cancer, is expressed in several tumours, including
40% of epithelial ovarian cancers. NY-ESO-1
MHC class I and Il-restricted epitopes (recog-
nized by CDS8 + cytotoxic and CD4 + helper
T-cells) have been characterized, including those
recognized in conjunction with human leukocyte
antigen (HLA)-A2 as well as with other haplo-
types. Both NY-ESO-1 peptides and full recom-
binant protein have been administered to patients
on protocols with immunogenicity as the primary
endpoint with various adjuvants. Vaccination has
been shown to induce both humoral and T-cell
responses [41]. In a phase 1 trial in patients with
epithelial ovarian cancer in the first remission
immunized  with ~ HLA-A*0201-restricted
NY-ESO-1b peptide with montanide ISA-51 as
the adjuvant [42], treatment was well tolerated.
Seven (77%) of nine patients showed T-cell
immunity by tetramer and ELISPOT analyses.
Multiple approaches have been used to try and
enhance the inherently limited immunogenicity
of these peptide vaccinations. Some have
included amino acid substitution at different
anchor positions of Melan-A/MART-126-352L;
terminal alteration of MART-127-35; replace-
ment of cysteine residues for NY-ESO-1; modifi-
cation of T-cell receptor-interacting amino acid
residues for carcinoembryonic antigen; and load-
ing of peptides onto autologous dendritic cells. In
addition, cytokines and costimulatory molecules
have been administered.
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12.4 Dendritic Cell-Based Vaccines

Dendritic cells act as antigen-presenting cells.
They endocytose, process, and then present
tumour antigens to T-cells. Many strategies are
currently underway to manipulate the dendritic
cell for use in immunotherapy. Dendritic cells
have been pulsed with tumour-associated peptides
or proteins and mRNA-encoded receptors such as
folate receptor-a [43]. Other vaccines have been
developed by the viral transduction of dendritic
cells with tumour-specific genes or through trans-
fection with liposomal DNA or RNA. Another
strategy that has been tried to avoid the need to
specifically define the effective tumour-associated
antigens is to pulse them with tumour lysates or
tumour protein extracts. In many cases, preclini-
cal models have suggested protective immunity to
subsequent tumour challenge, which supports fur-
ther interest in investigating the approach. A spe-
cific example includes a study by Czerniecki et al.
[44] in which advanced breast and ovarian cancer
patients were treated with dendritic cells pulsed
with HER-2/neu or MUC-1—derived peptides. In
50% of patients, peptide-specific cytotoxic T-cell
lymphocytes were generated. Side effects were
minimal. Gong and colleagues [45] fused human
ovarian cells to human dendritic cells and like-
wise showed the proliferation of autologous
T-cells, including cytotoxic T-cell activity with
lysis of autologous tumour cells by an MHC class
I restricted mechanism (i.e., demonstrating that
the effector cells had the desired activity). Heat
shock proteins, which are molecular chaperones
that facilitate protein folding, have also been iso-
lated, along with accompanying peptides and
used as immunogens. Heat shock peptide com-
plexes have been shown to interact with dendritic
cells via the CD91 receptor. The heat shock pro-
teins are taken up by endocytosis, are cross-pre-
sented by MHC-I molecules on the dendritic cells,
and result in activation of naive CD8 + cells along
with upregulation of costimulatory molecules and
the production of cytokines. Many reported stud-
ies have similar immunologic endpoints, but the
clinical interpretation is often difficult from phase
1/2 trials without comparators.

12.5 Vaccines Designed
to Generate Antibody
Responses

Most current vaccines seek to generate cellular
responses (often with an accompanying humoral
response), but a vaccine is currently in phase 2
randomized trial in ovarian cancer (Gynaecology
Oncology Group [GOG] Study 255) that evalu-
ates a vaccine approach primarily designed to
augment antibodies. Techniques for the chemical
and enzymatic synthesis of carbohydrate and gly-
copeptide antigens have allowed the develop-
ment of a range of synthetic vaccines that depend
on antibody production and ADCC as the pri-
mary effectors. A variety of options such as dif-
ferent adjuvant therapies, schedules, and methods
of conjugation have been tried to enhance immu-
nogenicity. A proposed optimal construct has
consisted of an antigen (single or multiple) with
the carrier protein keyhole limpet hemocyanin
(KLH) and the saponin adjuvant QS-21 (or OPT-
821) [46].

12.6 Adoptive Cellular Therapy

Using the adoptive cellular therapy approach,
one selects and activates many lymphocytes and
introduces them into a modified host environ-
ment with a selected target. One way T-cells may
be modified to recognize tumour-associated anti-
gens is to introduce ex vivo a gene encoding arti-
ficial T-cell receptors termed chimeric antigen
receptors (CARs) against a specific tumour-
associated antigen. The first phase 1 study in
patients with epithelial ovarian cancer using
gene-modified autologous T-cells with reactivity
against ovarian  cancer-associated antigen
a-folate receptor (FR) has been reported [47].
Cohort 1 received T-cells with IL-2 and cohort 2
received dual specific T-cells followed by alloge-
neic peripheral blood mononuclear cells. There
was no reduction which was seen in tumour bur-
den of any patient. Polymerase chain reaction
examination showed that gene-modified T-cells
were present in the circulation 2 days after trans-
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fer but thereafter declined. An inhibitory factor
was developed in the serum of 3 out of 6 patients
tested over the treatment period significantly
reduced the ability of gene-modified T-cells to
respond against FR-positive tumour cells. Further
studies are needed to use strategies to increase
T-cell persistence. The chimeric receptor
approach continues to evolve in specificity
against targets expressed in ovarian cancer such
as the LeY carbohydrate antigen (expressed on
70% of ovarian cancer cells) or HER-2/neu. Most
recently, receptors have been engineered to target
the extracellular domain (termed MUC-CD) of
MUCI16 (CA125), which is expressed in most
ovarian carcinoma [48]. In vitro, these CAR-
modified, MUC-CD-targeted T-cells showed
MUC-CD-specific cytolytic activity against ovar-
ian cell lines, and infusion into severe combined
immunodeficiency (SCID)-beige mice bearing
orthotopic human MUC-CD-positive ovarian
carcinoma tumours showed delayed disease pro-
gression or eradication. Clinical trials are
planned. One necessary challenge to overcome is
how to circumvent the multiple mechanisms in
the tumour microenvironment that inhibit
tumour-targeted T-cells. Options under investiga-
tion include administering T-cells after lym-
phodepleting chemotherapy, antibody-based
blockade of inhibitory ligands, and infusion of
proinflammatory cytokines such as IL-12.

12.7 Whole Tumour Antigen
Vaccines

This strategy seeks to overcome some of the
potential problems associated with trying to gen-
erate specific immune responses. In the latter
case, the response may simply miss the target, it
can be limited to only the epitopes provided on
the stimulating antigen and drive variants of
tumour cells that can evade the immune response
(immunoediting), or it may be restricted to small
numbers of patients of a certain HLA type, as in
the case of using HLA-restricted peptides [42].
The reason for using whole tumour antigen vac-

cines is that it allows one to immunize without
needing to define the tumour-associated antigens.
They can be derived from autologous tumour
cells or using an allogeneic strategy. One obvious
challenge in using whole tumour antigen vac-
cines is that the tumour is currently residing in a
host where tolerance to the tumour is already
present. This tolerance is likely produced in mul-
tiple ways, including the production of IL-10 and
transforming growth factor (TGF)-p to inhibit
T-cell and dendritic cell functions, VEGF to
inhibit dendritic cell maturation and differentia-
tion, and soluble Fas ligand, which induces lym-
phocyte  apoptosis. The whole tumour
immunogen, therefore, is processed or modified
in some way in an attempt to overcome this.
Strategies have included using apoptotic whole
tumour cells (developed with a lethal dose of irra-
diation), using necrotic tumour cell lysates (cre-
ated with repetitive freezing and thawing and
often administered as pulsed dendritic cells), and
constructing dendritic cell/tumour fusion vac-
cines [49]. The issue of how to increase the
immunogenicity of whole tumour vaccines
remains a priority. One effective approach has
been the use of a replication-deficient herpes
simplex virus to infect tumour cells, which are
subsequently engulfed and show enhanced abil-
ity to both activate NK cells and provide a
costimulatory signal for T-cells.

12.8 Immune Checkpoint

Inhibitors

Immune checkpoint synapses consist of several
co-inhibitory molecules that are primarily
responsible for limiting T-cell receptor signal-
ing and abrogating immune responses. This
strategic process set in place by the immune
system is useful to halt immune responses in
individuals after microbial infections are
resolved, or in the development of self-tolerance
to limit autoimmune disease. However, in can-
cer, high levels of immune checkpoint mole-
cules on immune cells or on tumour cells are
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often associated with exhausted T-cells, which
are incapable of developing aggressive anti-
tumour responses, as well as with resistance to
several classes of therapy [50-52]. .Immune
checkpoints (IC) present potent immune-sup-
pressive mechanisms in cancer, and blocking of
two of these pathways in particular has provided
useful therapeutic alternatives to improve sur-
vival in many cancer types. Briefly, the binding
of CD28 on T-cells to B7-1/B7-2 (CD80/CD86)
on antigen-presenting cells (APC) results in
costimulatory anti-tumour responses. However,
co-inhibitory molecule CTLA-4 on T-cells has a
higher affinity for B7-1/B7-2 molecules than
does CD28, and the preferential binding of
CTLA-4 to B7-1/B7-2 blocks IL-2 release from
T-cells and limits T-cell proliferation.

12.9 Immune Checkpoint Blockade
Therapy in Endometrial

Cancer

Immune checkpoint inhibitors have shown effi-
cacy in multiple advanced solid tumours, pre-
dominantly among MMRd and MSI-H cancers
and those with a high tumour mutational burden,
such as endometrial cancer. The phase II
KEYNOTE-158 study evaluated the anti-tumour
activity and safety of pembrolizumab in previ-
ously treated, advanced non-colorectal MSI-H/
MMRd cancers. Patients were treated with a
fixed dose of pembrolizumab 200 mg IV once
every 3 weeks for 2 years or until disease pro-
gression, unacceptable toxicity, or patient with-
drawal. Among patients with a broad range of
solid tumours including 27 tumour types, there
were 49 patients with endometrial cancer (21%
of the treatment population). In the cohort of
patients with endometrial cancer, the ORR was
57.1%, with eight patients (16%) achieving a
complete response and 20 patients (41%) achiev-
ing a partial response. The median PFS was
25.7 months. In the entire study cohort of 233

patients, 64.8% of patients had treatment-related
adverse events and 14.6% had grade 3-5
treatment-related adverse events, with one grade
5 event related to pneumonia. The most common
treatment-related adverse events were fatigue,
pruritus, diarrhea, and asthenia. This study fur-
ther indicated that MSI/MMRA status could be a
predictor of the response to PD-1 blockade in
endometrial cancer [53]. KEYNOTE-146/Study
111 was a single-arm, open label, phase Ib/Il
study to evaluate the safety and efficacy of lenva-
tinib plus pembrolizumab in advanced solid
tumours, including endometrial carcinoma.
Patients received lenvatinib 20 mg once daily
orally plus pembrolizumab 200 mg I'V once every
3 weeks, based on the recommended dosing from
the phase Ib portion of the study. The final pri-
mary efficacy analysis was reported for the
patient cohort with advanced endometrial carci-
noma. The primary endpoint was ORR at
24 weeks (ORRWk24). The ORRWk24 was 38%
in the cohort of 108 patients who were previously
treated with conventional therapy. For 94 patients
with MSS/MMRp tumours, ORR as measured by
immune-related RECIST (irRECIST) was 37.2%
versus 63.6% for 11 patients with MSI-H/MMRd
tumours [54].

12.10 Immune Checkpoint Blockade
Therapy in Cervical Cancer

Conventional treatment options for metastatic/
recurrent cervical cancer additionally includes
radiotherapy and chemotherapy, and this treat-
ment is most often not sufficiently effective for
disease management at this late stage. In a
phase II KEYNOTE-158 trial, pembrolizumab
was investigated in a single cohort trial of 98
patients with recurrent/metastatic cervical can-
cer. Of 77 patients, the ORR was 14.3% (95%
CI: 7.4, 24.1), with 11.7% partial responses
and 2.6% complete responses, whereas no
responses were found in patients with tumours
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not expressing PD-L1 (NCT02628067). With

this outcome,

pembrolizumab was subse-

quently approved in 2018 for recurrent/meta-
static cervical cancer patients with PD-LI
positive tumours [53].
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