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PATHOPHYSIOLOGY

• Targeted therapy means there is a target and a medicine that works
against that target.

• The target may be receptors present on cancer cells, such as estrogen
receptor and Her-2 receptor on breast cancer cells; Or a receptor present
on blood vessels supplying the cancer, such as VEGF or VEGFR.

• Other targets include mutations on cancer cells, such as EGFR, ALK and
ROS-1 mutations found on lung cancer cells which make the cancer cells
more sensitive to EGFR and ALK inhibitors, respectively.

• But sometimes, presence of a mutation makes cells more resistant such as
kras or nras mutations present on colon cancer cells make them less
sensitive to EGFR inhibitors.

• Other mutations that can be targeted include PIK3CA, BRCA1 and BRCA2,
and possibly ATM and PALB2 in breast and ovarian cancers.
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PATHOPHYSIOLOGY

• Immunotherapy is mostly a group of drugs comprising immune
checkpoint inhibitors (PD-L1 and PD-1 inhibitors) and CTLA4 inhibitors.

• In the human body, T-cells are activated by the cancer cell. These
activated T-cells circulate, locate the cancer cells and attack the cancer
cells.

• However, when PD-1 on the activated T-cell binds with the PD-L1 on the
cancer cell, the T-cell becomes inactivated. Immune checkpoint inhibitors
block the PD-L1 on the cancer cell, so the T-cell remains activated.

• Currently, immunotherapy is being used in kidney cancers, melanoma,
bladder cancer, oesophageal cancer, lung cancer, head and neck cancer,
endometrial cancer, certain types of breast cancer, and cancers that are
microsatellite instable (MSI high).

• In targeted therapies, individual patients are treated by agents targeting
the changes in tumor cells that help them grow, divide, and spread.
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Emerging role of Biomolecules 
and Immunotherapy
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• Currently in gynecological malignancies, potential targets include tumor-intrinsic
signaling pathways, angiogenesis, homologous-recombination deficiency (HDR)
hormone receptors, and immunologic factors.

• The corresponding targeted agents include signaling pathway inhibitors,
antiangiogenic agents, poly (ADP-ribose) polymerase (PARP) inhibitors, selective
estrogen receptor down regulators, and Immune checkpoint inhibitors.
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ANTIANGIOGENIC PATHWAY



ANTIANGIOGENIC PATHWAY

• Vascular endothelial growth factor (VEGF), a major driver of angiogenesis in
solid tumors, binds to the VEGF receptors (VEGFR, including VEGFR-1/2/3)
on target cells and initiates the signaling pathway through intracellular
tyrosine kinases.

• The VEGF pathway also interacts with the PI3K/AKT/mTOR pathway.
Upregulation of the VEGF pathway can therefore cause tumour growth and
spread and signal a poor prognosis.

• A number of antiangiogenic agents, such as bevacizumab, pazopanib,
sunitinib, sorafenib, vandetanib, aflibercept, axitinib, regorafenib,
ramucirumab, and lenvatinib are FDA-approved (e.g., colorectal cancer, lung
cancer, renal cell carcinoma, and thyroid cancer).

• For gynecological cancers, bevacizumab was the first and only FDA-approved
anti-VEGF drug. Role in Recurrent Ovarian cancers.
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Most trials 
are OC or 

EC
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Most studies reported so far showed that antiangiogenic agents led to no significant
improvement in OS for patients with gynecological cancers.

Thus, identification of predictive biomarkers for antiangiogenic agents and development
of other targeted drugs is anticipated.

Pazopanib: limited data of clinical trials for patients with CC or EC. 
Nintedanib: limited clinical data of phase II/III trials in EC and CC. One phase II trial, 
GOG0229K (NCT01225887), showed modest activity with ORR 9.4% in advanced, recurrent, or 
metastatic EC. 
Sunitinib: In metastatic or recurrent EC, promising activity in a phase II trial (NCT00478426) 
with ORR 18.1%
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BASE-EXCISION REPAIR / SINGLE-STRAND BREAK 
PATHWAY

Inhibition of PARP-1 causes the accumulation of DNA SSBs and
ultimately results in DSBs during DNA replication. In cells with HRD,
DSBs are left unrepaired or repaired by the error-prone Nonhomologous
end joining (NHEJ) pathway, which result in genomic instability and
ultimately cell death



• In gynecological cancers, germline and somatic BRCA1/2 mutations
(gBRCAm and sBRCAm) occur in ~10 even more frequently in patients
with high-grade serous OC (HGSOC), which is the most common type –
15% of OC.

• Comprehensive genomic analysis has identified that ~50% of high-grade
serous tumors (including OC and EC) exhibit HRD.

• Presence of HRD predicts a favorable response to platinum therapies and
to PARP inhibitors. PARP inhibitors are also known to sensitize DNA-
damaging agents, including carboplatin. Are an exciting new option for
patients with OC by significantly increasing both PFS and OS, especially
for those with HRDs.

• Olaparib is the first PARP inhibitor applied in clinic and approved by FDA
for cancer treatment, followed by rucaparib and niraparib. In other
gynecological cancers, only clinical case reports of benefit found in
literature.
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Olaparib: newly diagnosed OC had significantly improved median PFS with olaparib plus
bevacizumab maintenance treatment, following first-line chemotherapy (5.5 months longer, P
< 0.0001). Also PFS benefit in subgroups of patients with BRCAm and patients with other
HRD was even more obvious.
Rucaparib: FDA approved for maintenance treatment of recurrent OC patients who are in a
complete or partial response to platinum-based chemotherapy.
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PI3K/AKT/mTOR PATHWAY

• The phosphatidylinositol 3-kinase / protein kinase B / mammalian target of
rapamycin (PI3K/AKT/mTOR) signaling is one of the critical intracellular pathways
that regulates important cell activities, such as cell growth, survival, proliferation,
differentiation, metabolism, apoptosis, and angiogenesis.

• mTOR is a serine/threonine protein kinase and the best-described downstream
target of AKT, composed of mTOR Complex 1 (mTORC1) and mTOR Complex 2
(mTORC2).

• The most tested drugs in the PI3K/AKT/mTOR pathway are those blocking mTOR
activity. Temsirolimus, everolimus, and ridaforolimus are the most-studied mTOR
inhibitors in gynecological cancers. But there is modest effect of mTOR inhibitors
as monotherapy in OC and CC based on current clinical evidence.

• Currently, no specific predictive biomarker has been recognized. Tumors with PI3K
or PTEN mutations don’t necessarily respond to mTOR inhibitors.

• The role of the PI3K/AKT/mTOR pathway inhibitors in gynecological cancers is not
yet clear. The reasons for the unsatisfactory results may be related to the feedback
loops and compensatory activation of Ras pathway.

19



20



21

HER SIGNAL TRANSDUCTION PATHWAY



• Structural features of HER proteins include extracellular ligand binding
domain, transmembrane domain, and intracellular protein tyrosine kinase
domain.

• HER-targeted drugs include monoclonal antibodies and small molecule inhibitors.
Monoclonal antibodies against the extracellular domain of the HER receptor
include cetuximab, nimotuzumab, trastuzumab, pertuzumab, and ado-
trastuzumab emtansi.

• HER2 is an important oncogene in high grade and stage EC, especially in uterine
serous carcinoma.

• In OC, the rate of HER2 overexpression is highly variable (ranging from 2% to
66%), and the rate of EGFR overexpression is 30–70%.

• In CC, the rate of EGFR overexpression ranges from 6% to 90%.

• However, clinical significance of EGFR/HER2 gene amplification or protein
overexpression and the efficacy of HER-targeted therapy are still controversial in
gynecological cancers
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HER SIGNAL TRANSDUCTION PATHWAY



23



• Lapatinib had limited activity in unselected cases in EC, as well as in OC and CC.

• For CC, a phase II trial evaluated the efficacy of erlotinib combined with
chemoradiation in treating patients with locally advanced CC, showing a promising
activity with a complete response of 94.4%.

• Other HER-targeted TKIs (e.g., gefitinib, canertinib, and vandetanib) showed minimal

clinical activities in gynecological cancers in current clinical trials.

Other Molecular Pathways
• In the Ras/Raf/MEK signaling pathway, Ras activation is the first process in

activation of the mitogen-activated protein kinases (MAPKs) cascade.

• Then, Raf is recruited to the cell membrane where subsequent changes in Raf
phosphorylation status result in activating MEK kinases (MEK1 and MEK2). MEK1 and
MEK2 furtherly trigger Erk1 and Erk2.

• Inhibition of Ras/Raf/MEK signaling has promising potent as an antitumor targeted
therapy, the clinical efficacy of this strategy in gynecological cancers is currently
limited.

• The Janus Kinase/signal transducer and activator of the tran-ions (JAK/STAT)
pathway has been proved to mediate the action of cytokines, interferons and growth
factors, and their control of gene expression and activation of this is seen in many
cancers.
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THE HGF/C-MET SIGNAL TRANSDUCTION PATHWAY

Aberrant MET signaling
derives from the
upregulation of HGF
transcription, leading to
receptor and ligand
overexpression

hepatocyte growth factor (HGF) can trigger important cellular processes

In OC, MET overexpression was detected in more than 20% (range from 22% to 41%) ovarian
clear cell adenocarcinomas. And increased expression of HGF and -Met signaling is
associated with a poor prognosis of EC patients. Therefore, targeting the interaction of c-
MET and HGF would be beneficial in treating gynecological cancers. But currently there is no
FDA-approved indication of this targeted therapy in cancers.
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• Sarcoma proto-oncogene
tyrosine kinase (Src) is a
downstream component of
many growth factor receptors,
such as VEGFR, EGFR, and c-
MET.

• Src is thought to increase
chemotherapy resistance
through activating Ras and
AKT.

Notch pathway is
associated with the
epithelial–mesenchymal
transition (EMT)
processes in OC and CC

The activities of ATR
inhibitors (e.g., AZD6738)
and Wee1 inhibitors (e.g.,
AZD1775) investigated in
early-phase trials in
gynecological cancers



• Programmed death protein-1 (PD-1) is an immune checkpoint molecule which is more
commonly studied in immunotherapy researches of gynecological cancers. It plays an
important role in T-cell co-inhibition and exhaustion, and subsequently helps tumor cells
evade immune surveillance.

• Expression of immunosuppressive PD-1 ligands (PD-L1 or PD-L2) on the surface of tumor
cells is an important predictive biomarker of response to PD-1 blockade.

• Mismatch repair-deficient (dMMR) tumors, including dMMR EC, are sensitive to PD-1
blockade.
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ANTIBODIES AND PD/L - 1 INHIBITORS

By binding to the antigens 
on the tumor cell surface, 
the ADCs release the drug 
components intracellularly 
and lead to the death of 
tumor cell.
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Molecular markers in Risk identification and 
Prognosis
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PORTEC-4a: Molecular Profile-based Versus Standard Adjuvant
Radiotherapy in Endometrial Cancer : started 2016

• multicenter, phase III RCT in endometrial cancer with high-intermediate
risk features.

• Aims to investigate the role of an integrated clinicopathological and
molecular risk profile to determine if participants should receive no
adjuvant therapy, vaginal brachytherapy or external beam radiotherapy
based on a favourable, intermediate or unfavourable profile compared to
standard adjuvant vaginal brachytherapy.

• To Measure Vaginal recurrence rates as primary outcomes; 5y-RFS, QOL,
Toxicities, OS as Secondary outcomes
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TRIALS IN ENDOMETRIAL CANCERS
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TRIALS IN CERVICAL CANCERS
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TRIALS IN CERVICAL CANCERS
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• From the Cancer Genome Atlas Network, detailed genomic analyses revealed
amplifications of PD-L1 and PD-L2 in cervical cancer tissues.

• Radiation therapy impacts tumor immune microenvironment and modulates immune
system. Several clinical trials are ongoing, with combination regimen of concurrent
chemoradiation therapy plus ICIs (pembrolizumab or durvalumab) for advanced cervical
cancer patients.

• Other immunological approaches include adoptive cell therapy, which involves the
systemic infusion of therapeutic T cells.
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VACCINE THERAPY FOR OVARIAN CANCERS

• New York esophageal squamous cell carcinoma-1 (NY-ESO-1) has demonstrated
durable cellular and humoral immune responses in a majority of patients with NY-
ESO-1-positive tumors.

• Several studies evaluating the effect of NY-ESO-1 vaccination in ovarian cancer
patients demonstrate vaccine-elicited CD4+ and CD8+ T cell responses, persistence
of NY-ESO-1+ lymphocytes and survival benefit among NY-ESO-1 vaccinated
patients compared to non-vaccinated patients. (NCT01567891, NCT002650986,
NCT03017131).

• Preliminary investigation using autologous dendritic cell-based vaccine with whole
tumor lysate for 25 patients with recurrent ovarian cancer demonstrated ORR of
8%.

• In CAN-003 phase II study: mucin 1 targeted-dendritic cell maintenance therapy in
recurrent EOC, improved OS in patients in remission after second-line therapy with
vaccination compared to controls (42 vs. 26 months, p = 0.004)
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VACCINE THERAPY FOR CERVICAL / ENDOMETRIAL 
CANCERS

• Role of ACT in endometrial cancer has largely remained uninvestigated. Currently
one ACT-based clinical trial recruiting patients with metastatic endometrial cancer
(NCT01174121).

• Evaluation of therapeutic vaccination of preinvasive cervical lesions using a DNA
vaccine, pNGVL4a-CRT/E7(detox) demonstrated regression in 30% of patients with
increased CD8+ T cell infiltration among women who received intralesional
administration.

• Clinical trial using ACT published by Stevanovic and colleagues using single infusion
of HPV E6 and E7 reactive tumor infiltrating lymphocytes after lymphodepletion.
Five of 18 patients experienced objective response.

Stevanović S, et al. Journal of Clinical Oncology. 2015;33(14):1543.
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CONCLUSIONS

• According to current clinical evidence, PARP inhibitors have made a
remarkable progress in treatment of OC depending on the identification of
disease with HRD (e.g., BRCAm).

• As for EC, given the identification of hormone-dependent histological type
and POLE/MSI molecular subtypes, the activity of PI3K/AKT/mTOR, PD-1, and
hormone receptor-targeted therapies might be promising in treatment of
patients with EC.

• Some studies suggesting higher benefit in MSI-H and POLE mutated tumors,
others reporting efficacy regardless of molecular profile, especially when ICIs
are combined with oral TKIs with antiangiogenic properties.

• Since CC is mostly associated with persistent infection of virus, immune
targeted therapies (anti-PD-1/PD-L1 agents) show promise.
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