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Abstract: Gamma secretase inhibitors (GSIs), for Alzheimer's disease treatment, have been repurposed as anticancer agents
because they inhibit receptor cleavage. Preclinical studies suggested that GSls effectively promote the differentiation and apoptosis
of cancer stem-like cells while obstructing epithelial-to-mesenchymal transition and increasing sensitivity to conventional
chemotherapy and radiotherapies. However, their clinical application remains limited, as GSIs have shown minimal efficacy in the
majority of solid tumors, with significant exceptions including central nervous system malignancies and desmoid tumors. It highlights
several unresolved questions, including their overall impact on anticancer immune responses and whether targeting tumor-intrinsic
compensatory pathways would be necessary for achieving optimal results. Advancing our understanding of GSI mechanisms is
critical for effectively integrating these inhibitors into combination therapies and addressing Notch-dependent cancers. This review
aims to provide a comprehensive overview of GSI mechanisms, analyze their clinical effects thus far, and propose future research
directions. It emphasizes the importance of evaluating GSlIs' effects on immune responses in cancer patients and overcoming
tumor-intrinsic resistance to unlock their full therapeutic potential, paving the way for more effective combinatorial strategies in
oncology.

Keywords: GSls, Notch signaling, Cancer stem-like cells, EMT, Immune responses in cancer, Combinatorial cancer therapy

*Corresponding Author

Dr. Abikesh Prasada Kumar Mahapatra , Research Received On 23 November 2024

Scholar, School of Pharmacy, OPJS University, Churu, Revised On 10 December 2024
Rajasthan, India Accepted On 16 December 2024

Published On 6 January 2025

Funding This research did not receive any specific grant from any funding agencies in the public, commercial or not for profit sectors.

Citation Dr. V. Aruna, Dr. Anand Mohan Jha, Dr Riffat A Fatima And Dr. Abikesh Prasada Kumar Mahapatra , Gamma Secretase Inhibitors
in Cancer.(2025).Int. J. Trends in OncoSci.3(1), 1-7 http://dx.doi.org/10.22376/ijtos.2025.3.1.1-7

This article is under the CC BY- NC-ND Licence (https://creativecommons.org/licenses/by-nc-nd/4.0)

Copyright @ International Journal of trends in OncoScience, available at www.ijtos.com @@@ @
Int. J. Trends in OncoSci., Volume3., No | (January) 2025, pp |-7



https://crossmark.crossref.org/dialog/?doi=10.22376/ijtos.2025.3.1.1-7&amp;domain=www.ijpbs.net

ijtos 2025; doi 10.22376/ijtos.2025.3.1.1-7

1. INTRODUCTION

Initiatives to reduce the formation of amyloid beta in
Alzheimer's disease have prompted the creation of GSls,
several of which have advanced to phase Il clinical trials.
However, these drugs have faced challenges, including side
effects and insufficient efficacy, despite the widespread activity
of the protease involved. The shared processing mechanisms
of amyloid beta and the Notch family have contributed to off-
target effects. Consequently, several compounds have been
repurposed extensively to suppress the Notch signaling
pathway. This article analyzes the capacity of GSIs to rectify
dysregulated Notch signaling in cancer. Reutilizing these
inhibitors to focus on the Notch pathway has demonstrated
promise in addressing such dysregulation. By influencing Notch
signaling and amyloid beta processing, GSIs may offer a
therapeutic approach to improve outcomes for cancer
patients. This review focuses on the therapeutic potential of
gamma-secretase inhibition for correcting Notch pathway
dysregulation in oncology.

I.I. Gamma Secretase Inhibitors (GSI) in Targeting the
Notch Pathway

The Notch signaling pathway is a well-preserved system
among species that facilitates intercellular communication to
govern cell fate decisions. Its components include four Notch
receptors and several ligands, comprising three delta-like (DlI)
ligands and two jagged ligands. GSI activation occurs through
interactions within the same cell cis-activation or trans-
activation between adjacent cells '. Ligand binding triggers
proteolytic cleavages facilitated by ADAM and the y-secretase
complex, leading to the liberation of the NICD. This domain

* Receptors: Four Notch receptors
are involved.

* Ligands: The pathway features
three Delta-like (DIl) ligands and
two Jagged ligands.

Notch

migrates to the nucleus, interacting with the RBP-J/CSL
transcription factor and recruiting mastermind-like (MAML)
coactivators, altering gene expression’. The pathway's
versatility in regulating embryonic development and cellular
homeostasis stems from ligand glycosylation and dynamic
binding behaviors, activating specific target genes. Notch
signaling also preserves progenitor cell populations by
inhibiting differentiation and facilitating their division. It plays
essential roles in developing various tissues, including muscle,
vascular, cardiac, hematopoietic, neural, and pancreatic
systems. Nonetheless, the function of Notch signaling in
cancer is intricate and sometimes necessitates other
oncogenic modifications for transformation. Adding oncogene,
such as EIA, is essential for the in vivo transformation of rat
renal cells *. The activation of NICDI alone is insufficient to
produce cancer; however, it can synergistically interact with
other oncogenic pathways to promote prostate
adenocarcinoma in murine models and augment aggressive
characteristics in human prostate cancer cells * In solid
tumors, aberrant Notch signaling often results from changes
in regulatory proteins, signaling partners, or expression levels
rather than direct mutations in Notch itself. Its oncogenic
effects are influenced by the cellular context and
microenvironment, making it particularly impactful in
transformation-prone cells. Beyond tumor initiation, Notch
signaling facilitates cancer progression by sustaining
populations of cancer stem cells, promoting EMT, and
facilitating invasion and metastasis °. Dysregulated Notch
signaling facilitates disease progression in malignancies such as
glioblastoma and breast and colorectal cancers through
interactions with the TME . Furthermore, Notch acts as a co-
regulator of multiple tumorigenic pathways. It can directly
regulate intracellular processes in its nontraditional capacity,
further complicating its role in cancer.

*  GSI (Gamma-secretase inhibitor)
activation occurs via cis-activation or
trans-activation.

* Ligand binding triggers proteolytic
cleavages, involving ADAM and y-
secretase complex.

* Cleavage releases the Notch
Intracellular Domain (NICD).

Signaling

* The NICD translocate to the nucleus,
and recruits mastermind-like
(MAML) coactivators.

* Activates the target genes and
changes in gene expression.

» Specific gene activation by factors
such as ligand glycosylation and
dynamic binding behaviors, allowing

Fig 1: Core Components of Notch Signaling

1.2. Structure and Function of Gamma Secretase

Gamma secretase (GS) is an essential heterotetrameric
protein complex within the cell membrane. It consists of four
equimolar ratios. GS consists of a 19-pass transmembrane
architecture with a central cleft. Surrounded by its
components, while Nct's large ectodomain sits above the cleft
7. Nct plays a key role in recognizing and positioning substrates
into this intermembrane cleft, adjacent to the catalytic site of
PS, following an initial "ectodomain shedding" process. One

well-known substrate of GS is the Notch receptor. Its cleavage
liberates to drive transcriptional activity. Beyond Notch
signaling, GS processes over 90 substrates, including a
substantial portion of human receptor tyrosine kinases,
integral to cell growth, differentiation, and survival. The
precise mechanism by which GS and Nct identify and cleave
substrates implies their significance in controlling signaling
pathways. This understanding reveals the broader functional
scope of GS, emphasizing its pivotal role in regulating cellular
processes and determining cell fate.
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1.3. Gamma Secretase Inhibitors in Cancer Therapy

Gamma-secretase (GS) cleaves Notch receptors | to 4;
nevertheless, pharmacological suppression with GSIs does not
occur consistently to block the activation of all Notch
receptors. Each clinical GSI has distinct pharmacological
properties, resulting in unique inhibition profiles °®.
Interestingly, GSIs can enhance the cleavage of specific Notch
receptors at low doses. These differences likely contribute to
their varying therapeutic effectiveness. However, the
molecular understanding of GSls remains incomplete, partly
due to observational bias, as many studies have focused
primarily on Notch or APP cleavage. Further investigation is
needed to explore the distinctive features of GSls, including
their half-maximal inhibitory concentration values for several
Notch receptors and APP across various developmental
stages. Broadening the scope of research to include a wider
range of molecular interactions while addressing observational
bias is essential in understanding the therapeutic potential of
GSls fully.

1.4. Investigating the Mechanisms of Gamma Secretase
Inhibition in Oncology

The inhibition of the Notch signaling system using gamma-
secretase inhibitors (GSIs) has been associated with
dysfunction, as this pathway is significantly elevated in several
cancer models, contributing to tumor growth and cell
proliferation. However, this impact can be attenuated by the
enforced expression of NICD via transfection. Enhanced
apoptosis after GSI therapy is believed to stem from
proteasome suppression. The integration of GSI-XII with the
proteasome inhibitor bortezomib has demonstrated the ability
to cause apoptosis in several multiple myeloma cell lines and
primary patient samples in vitro, irrespective of other factors
of NICD overexpression °. Edaravone has been found to
restore proteasome activity and reduce apoptosis in human
breast carcinoma cell lines '°. In Glioblastoma, tumor-initiating
cells demonstrated efficient apoptotic induction following GSI-
| therapy. These data indicate that proteasome inhibition may
assume a more critical function than Notch pathway inhibition
in these contexts, highlighting a need for more clarity
regarding the specificity of Notch-targeted inhibitors.

1.5. Using Gamma Secretase Inhibitors to Combat
Treatment Resistance

GSIs can obstruct tumor advancement through various
pathways and may augment the effectiveness of standard
therapies by diminishing resistance linked to Notch
upregulation. The sequential administration of cisplatin
demonstrated significant growth suppression in vitro, in
contrast to concurrent therapy or reverse sequencing, and
showed potential efficacy in vivo '". In human NSCLC cells,
radiation applied before GSI therapy more successfully
inhibited Notch-I or Notch-3 overexpression, contingent
upon the specific cell line, thus postponing tumor progression
2. These mixed outcomes may reflect differences in baseline
Notch signaling, with resistant cell lines potentially exhibiting
increased Notch signaling in the development of platinum
resistance. Additional research is needed to unravel the
intricate role of Notch signaling in cancer therapy. The variable
responses across cell lines highlight the potential need for
tailored therapeutic approaches targeting the Notch pathway
to achieve optimal outcomes. Furthermore, modulating Notch

signaling could offer a strategy to overcome resistance to
standard chemotherapeutic agents in certain cancer types.

2, GAMMA SECRETASE INHIBITOR CLINICAL
TRIALS

Stem cells have shown the potential to promote tumor cell
differentiation and reduce malignancy, enhancing tumor
sensitivity to standard chemoradiotherapy. This capability has
led to clinical trials investigating gamma-secretase inhibitors
(GSls) use across various cancer types. Preliminary findings
from these trials suggest that GSIs can improve the
effectiveness of conventional cancer therapies and patient
results. By focusing on cancer stem cells and encouraging their
differentiation, GSIs may represent a promising strategy for
addressing cancer and overcoming resistance to treatment.
However, additional research and clinical validation are
required to ascertain their therapeutic potential
comprehensively.

2.1. Lung Cancer

Critical elements of the Notch signaling system, including
DLL3 and HESI, were associated with unfavorable prognoses
in individuals with NSCLC ". Notch inhibition in NSCLC
through GSlIs has shown the potential to enhance the
sensitivity of NSCLC cells to standard chemotherapy while
delaying the development of resistance '* In phase | trials, a
small group of lung cancer patients were administered as
monotherapies for advanced solid tumors resistant to
standard treatments; nevertheless, these medications have
shown little therapeutic benefit in patients with NSCLC .
Phase I/ll research Investigated the combination of erlotinib in
patients with NSCLC to assess potential resistance to
erlotinib. Among them, one patient exhibited a partial
response, four achieved stable illness, and the median
progression-free survival (PFS) for those who had previously
experienced disease progression on erlotinib '®. The limited
efficacy observed in these trials may be attributed to the
inclusion of heavily pretreated patients with advanced disease.

2.2. Pancreatic Cancer

The protein APHIA, a constituent of the GSIs complex, is
significantly overexpressed in malignant pancreatic tissue
compared to normal tissue and may be linked to poorer
patient outcomes. Notch receptors |—4 and their downstream
effector Hes| are also notably upregulated in pancreatic ductal
adenocarcinoma (PDAC) ". This pronounced expression and
the established role of these pathways in tumor progression
have prompted the exploration of therapeutic interventions
targeting GS. In the phase Il clinical trial, eighteen individuals
with metastatic, treatment-resistant pancreatic ductal
adenocarcinoma (PDAC) were administered the gamma-
secretase inhibitor of the evaluable patients; three exhibited
stable illness '®. Tumor biopsies demonstrated a marked
decrease in HeylL expression throughout treatment.
Nonetheless, several phase | trials examining GSls restricted
clinical efficacy in individuals with advanced solid tumors,
including PDAC. Preclinical studies indicate that combining
GSIs and gemcitabine may augment antimetastatic effects,
necessitating more exploration "°. In a phase | experiment, one
out of three individuals with PDAC attained stable disease by
a combination of gemcitabine. A separate phase | trial
concentrating solely on stage Ill or [V PDAC determined that
the clinical efficacy in conjunction with gemcitabine was
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comparable to gemcitabine alone, leading researchers to
recommend against further evaluation of this combination.
These findings highlight the need for additional research to
understand better the potential benefits of combining GSls
with gemcitabine in treating PDAC. Continued investigation
into innovative therapeutic strategies is essential to improve
survival rates and results for those afflicted by this complex
ailment.

2.3. Melanoma

A Phase | trial with GSls in melanoma patients evaluated for
advanced stages, treatment-resistant solid tumors. Significant
improvement was observed in melanoma patients, including
one case of nearly complete remission . While RECIST
criteria revealed only one weak response, another was
detected using fluorodeoxyglucose—positron  emission
tomography 2'. Four out of 24 melanoma patients experienced
clinical benefit. Encouraged by these results, a Phase Il trial was
launched to evaluate monotherapy in chemotherapy-naive
individuals with metastatic melanoma. Of the patients
assessed, one exhibited a partial response. In contrast, eight
cases demonstrated stable illness compared to those in the
Phase | trial, which scientists believe may account for the
reduced number of responses.

2.4. Gliomas

Notch signaling is often active in human gliomas and is crucial
for maintaining the self-renewal properties of glioma stem
cells. Notch-1 expression correlates with worse survival rates
in patients with proneural and conventional glioblastomas .
Elevated articulation of the elements of Notch signaling is
intricately linked with the response of glioma tumor-initiating
cells to gamma-secretase inhibitors (GSIs) 2. These findings
have paved the way for the clinical advancement of GSls for
Gliomas and other central nervous system cancers. A Phase |
trial of GSls, including pediatric patients with solid tumor-
resistant central nervous system malignancies, showed an
adequate safety profile *. However, none of the nine glioma
patients experienced significant responses, with only one
showing extended stable disease. Hes| and Hes5 staining was
consistently observed in all the tumors, indicating considerable
Notch signaling activation in pediatric brain cancers . The
study sponsor retracted support before the conclusion.
However, better outcomes were reported in adult glioma
patients treated with alone. In a cohort study of GSIs in glioma
patients, complete remission was noted in cases of anaplastic
astrocytoma beyond one year. In contrast, stable disease
lasting over a year was observed in glioblastoma multiforme .
Ten patients, or 24% of the study group, demonstrated stable
disease.

2.5. Breast Cancer

Notch signaling has been linked to breast cancer, which
accounts for around 30% of all new cancer diagnoses in
women in the United States. Elevated levels of Notch-I and
Jagged| correlate with reduced overall survival . This link
prompted an examination of the feasibility of GSIs as a
treatment option, specifically for breast cancer, and found no
significant therapeutic benefit in breast cancer. Similar phase |
trials showed no substantial efficacy for advanced solid tumors.
Despite their limited effectiveness as monotherapies, GSls
have demonstrated preclinical potential in reducing cancer
stem cell proliferation and overcoming chemotherapy

resistance, leading to the exploration of combination
therapies. A phase Ib trial of GSls of combined Exemestane for
estrogen receptor-positive metastatic breast cancer has
demonstrated modest efficacy, with one partial response, six
instances of stable disease, and seven cases of disease
progression 2. A particular phase | experiment of GSls
evaluating the combination of gemcitabine in patients with
advanced solid tumors, which had five persons with breast
cancer, did not exhibit efficacy for breast cancer alone YA
phase Ib trial in combination with docetaxel had moderate
clinical efficacy in advanced triple-negative breast cancer, with
four partial responses among 25 evaluable patients and a
median progression-free survival of 4.1 months *°. A phase |
trial on GSls combining docetaxel for breast cancer patients
resulted in || partial responses, 9 cases of stable disease, and
3 instances of disease progression among 24 evaluable patients
3!, This combined therapy decreased breast cancer stem cells
and inhibited mammosphere proliferation in a patient cohort.
Despite the current moderate response rates, extensive
patient screening and customized combinatorial approaches
may enhance the future effectiveness of GSls in breast cancer
treatment.

2.6. Ovarian Cancer

Cytoplasmic NICDI| demonstrates significant expression in
human ovarian carcinoma correlates with diminished overall
survival prognosis .. Encouraging results from preclinical
studies showing extended responses to cyclical GSI inhibition
has led to the implementation of similar strategies in various
Phase | clinical studies aimed at patients with advanced ovarian
carcinoma exhibiting resistance to conventional treatment *.
These methodologies encompass the utilization of, either
independently or in conjunction with, gemcitabine,
temsirolimus, a mTOR inhibitor, or cediranib, a VEGF
antagonist. The trials demonstrated that these therapies, both
separately and together, displayed an acceptable safety profile.
It demonstrated therapeutic benefits from monotherapy,
followed by temporary stabilization or disease progression. A
phase Il trial of GSIs with 45 patients suffering from recurrent
or metastatic platinum-resistant ovarian cancer showed no
objective responses, resulting in a median progression-free
survival of 1.3 months, leading researchers to determine that
GSI monotherapy is unsuccessful for ovarian cancer **. The
delivery of enoticumab, a fully human immunoglobulin GI that
targets DII4 to inhibit Notch signaling, resulted in one partial
response, six instances of stable disease, and two incidences
of reduced cancer antigen-125, meeting response criteria in
ovarian cancer patients *. These data suggest that enhancing
the regulation of Notch signaling, either independently or in
conjunction with other therapies, could offer a more
promising approach to ovarian cancer therapy.

2.7. Colorectal Cancer

The nuclear localization of NICDI and NICD3 signaling,
observed through immunohistochemistry, is linked to
recurrence and negative outcomes in patients with stage |l and
lll colon cancer; nevertheless, Notch 2 signaling may provide
protective advantages *. The increased expression of Notch
target genes, such as Hesl, Heyl, and Sox9, which are
downstream of the Notch receptors, correlates with
chemoresistance to 5-FU, increased activation of the Wnt
pathway, metastasis at diagnosis, and reduced overall survival
¥ In patient-derived xenografts treated with increased
activation, the Notch and Wnt pathways corroborated data

4
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from clinical studies. A Phase | trial of advanced solid tumors
comprising colorectal cancer showed that PF-03084014
monotherapy significantly reduced Hes4 expression, although
it resulted in a median progression-free survival of only 1.6
months *. Clinical trials with other Notch inhibitors exhibited
no antitumor engagement. A phase Il trial as a monotherapy
for metastatic, resistant colorectal cancer revealed no
objective responses, six instances of stable disease, and
twenty-one cases of disease progression, yielding a median
progression-free survival of 1.8 months, which indicates the
treatment's limited efficacy. Due to the inadequate
effectiveness of monotherapy, combination therapies have
been explored. A Phase | trial of combination therapy with
cediranib in patients with advanced solid malignancies, which
included six colorectal cancer patients, recorded one partial
response and stable disease in eleven patients *°. The
combination of dalotuzumab for blocking the Insulin-like
growth factor | receptor was ineffective since all colorectal
cancer patients demonstrated disease progression during the
initial radiologic evaluation “°. A phase | trial of GSIs with 30
advanced-stage patients, including 18 with colorectal cancer,
revealed that the combination with capecitabine produced two
partial responses out of three, suggesting potential benefits for
fluoropyrimidine-resistant metastatic colorectal cancer?'.

2.8. Desmoid Tumors

Desmoid cancers frequently develop due to disturbances in
the Whnt signaling pathway, with the growing acknowledgment
that augmented Notch signaling contributes toward disease
progression “. A Phase | clinical trial investigating advanced
solid tumors resistant to current therapies has nine
participants with desmoid tumors, 43 of which seven were
assessable. The findings revealed that five patients
demonstrated partial responses per RECIST criteria, while
two demonstrated extended illness stabilization. Among those
who attained partial responses, all sustained their Response
duration, which ranged from 47.9 to 73.6 months, with just
one out of seven patients demonstrating illness relapse. The
mean duration of clinical improvement was 64 months, in
contrast to only |13 months with other therapy. A Phase Il trial
commenced to further assess |7 patients with unresectable
desmoid tumors that have advanced despite various treatment
regimens *. Among the 16 assessable patients, 5 (29%) had a
partial response according to RECIST criteria, whereas ||
exhibited stable diseases, with no progression observed.
Owing to the promising efficacy of the Phase Il trial, GSI
(Nirogacestat) for adults with desmoid tumors was
commenced, and the medicine received breakthrough
approval from the U.S. Food and Drug Administration, in
addition to orphan medication classification from the
European Commission *. Comprehending the molecular
alterations triggered by GSls, particularly tumors, may
facilitate their application in treating other malignancies.

3. CURRENT LIMITATIONS

A significant constraint in comprehending the potential and the
absence of immune-competent models in their research is a

7. REFERENCES

l. McCaw TR, Inga E, Chen H, |askula-Sztul R, Dudeja V,
Bibb |A, Ren B, Rose |B. Gamma secretase inhibitors in
cancer: a current perspective on clinical performance.
The oncologist. 2021 Apr 1;26(4):e608-21.

limitation of these drugs. Inhibiting Notch signaling may hinder
tumor proliferation, and GSIs might reduce the effectiveness
of the anticancer immune response. CD8 T cells, crucial for
antitumor immunity, rely on Notch signaling to produce
essential effector molecules such as interferon-y and granzyme
B. Reduced Notch-1/2 levels in CD8 T lymphocytes in tumors
were associated. At the same time, cytotoxicity was
diminished, enhanced Notch-I signaling increased cytotoxicity,
and facilitated tumor control. GSIs can suppress the activation
of human T cells and the proliferation of murine CD8 T cells
in a dose-dependent manner. Another challenge comes from
regulatory T cells (Tregs), key immune suppressors in the
TME. Initially, Notch signaling can suppress the Treg program,
but GSIs may increase Treg-mediated immune suppression,
further impairing antitumor immunity. While boosting Notch-
| signaling could enhance tumor control by improving CD8 T
cell cytotoxicity, using GSIs might inhibit T cell activation and
expansion. The presence of Tregs in the TME adds to the
challenge, as GSIs may increase their suppressive effects,
further dampening the immune response. These findings
underscore the complexity of the relationship between Notch
signaling, Tregs, and immune responses in the TME,
highlighting the need for careful consideration when targeting
these pathways in cancer therapy.

4. CONCLUSION

Addressing significant knowledge gaps is crucial to advancing
the development of gamma-secretase inhibitors (GSls). While
these drugs have demonstrated promising preclinical efficacy
in reducing tumor growth, their potential still needs to be
realized in clinical settings, apart from desmoid tumors. A
deeper understanding of GSIs and tumorNotch expression
profiles will be critical for selecting optimal patient
populations. Designing effective combination therapies can
enhance the sensitivity of tumors to conventional
chemotherapeutics while reducing their ability to develop
treatment resistance. These findings highlight the substantial
potential of GSIs to improve patient outcomes and address
treatment resistance across various cancer types. By refining
our knowledge of GSls and their interactions with tumor
Notch pathways, treatments can be more precisely tailored to
individual patients. Developing combinatorial strategies will be
vital to maximizing the effectiveness of these therapies and
improving overall survival rates for cancer patients.

5. AUTHORS CONTRIBUTION STATEMENT

Dr. V. Aruna, Dr. Anand Mohan Jha wrote the initial draft. Dr
Riffat A Fatima And Dr. Abikesh Prasada Kumar Mahapatra
contributed to critical revision and supervision. All authors
reviewed the manuscript.

6. CONFLICT OF INTEREST

Conflict of interest declared none.

2. You WK, Schuetz T|, Lee SH. Targeting the DLL/Notch
signaling pathway in cancer: challenges and advances in
clinical development. Molecular cancer therapeutics.
2023 Jan 3;22(1):3-11.



ijtos 2025; doi 10.22376/ijtos.2025.3.1.1-7

3.

Ip WH, Dobner T. Cell transformation by the
adenovirus oncogenes El and E4. FEBS letters. 2020

lun;594(12):1848-60.

Zhang Z, Lu YX, Liu F, Sang L, Shi C, Xie S, Bian W,
Yang |C, Yang Z, Qu L, Chen SY. IncRNA BREA2
promotes metastasis by disrupting the WWP2-
mediated ubiquitination of Notch|. Proceedings of the
National Academy of Sciences. 2023 Feb
21;120(8):€2206694120.

Meisel CT, Porcheri C, Mitsiadis TA. Cancer stem cells,
quo vadis? The Notch signaling pathway in tumor
initiation and  progression. Cells. 2020 Aug
11;9(8):1879.

Li X, Yan X, Wang Y, Kaur B, Han H, Yu |. The Notch
signaling pathway: a potential target for cancer
immunotherapy. |ournal of hematology & oncology.
2023 May 2;16(1):45.

McCaw TR, Inga E, Chen H, |askula-Sztul R, Dudeija V,
Bibb |A, Ren B, Rose |B. Gamma secretase inhibitors in
cancer: a current perspective on clinical performance.
The oncologist. 2021 Apr 1;26(4):e608-21.
Lopez-Nieva P, Gonzalez-Sanchez L, Cobos-Fernandez
MA, Cérdoba R, Santos |, Fernandez-Piqueras |. More
insights on the use of y-secretase inhibitors in cancer
treatment. The Oncologist. 2021 Feb 1;26(2):e298-305.
Motais B, Charvatova S, Hrdinka M, Hajek R, Bago |R.
Anti-BCMA-CAR NK cells expressing soluble TRAIL:
promising therapeutic approach for multiple myeloma
in combination with bortezomib and y-secretase
inhibitors. Blood. 2022 Nov 15;140(Supplement
1):12683-4.

Duranti E, Cordani N, Villa C. Edaravone: A Novel
Possible Drug for Cancer Treatment?. International

lournal of Molecular Sciences. 2024 [an 29;25(3):1633.

Ma K, Li S, Huo X, Guo M, Du X, Li C, Liu X, Lv |, Chen
Z. Exploring the mechanism of cisplatin resistance by
transcriptome  sequencing and reversing the
chemoresistance by autophagy inhibition in small cell
lung cancer. Biochemical and Biophysical Research
Communications. 2020 Dec 10;533(3):474-80.

Sun |, Dong M, Xiang X, Zhang S, Wen D. Notch
signaling and targeted therapy in non-small cell lung
cancer. Cancer Letters. 2024 |an 30:216647.

Tendler S, Kanter L, Lewensohn R, Ortiz-Villalon C,
Viktorsson K, De Petris L. The prognostic implications
of Notchl, Hesl, Ascll, and DLL3 protein expression
in SCLC patients receiving  platinum-based
chemotherapy. PLoS One. 2020 Oct
26;15(10):e0240973.

Feng M, Santhanam RK, Xing H, Zhou M, Jia H.
Inhibition of y-secretase/Notch pathway as a potential
therapy for reversing cancer drug resistance.
Biochemical Pharmacology. 2023 Dec 20:115991.
Riudavets M, Sullivan |, Abdayem P, Planchard D.
Targeting HER2 in non-small-cell lung cancer (NSCLC):
a glimpse of hope! An updated review on therapeutic
strategies in NSCLC harbouring HER2 alterations.
ESMO open. 2021 Oct 1;6(5):100260.

Riess |W, Reckamp KL, Frankel P, Longmate |, Kelly
KA, Gandara DR, Weipert CM, Raymond VM, Keer
HN, Mack PC, Newman EM. Erlotinib and analepsis
lactate focused on EGFR exon 20 insertions non-small
cell lung cancer (NSCLC): a California Cancer
Consortium Phase I/ll Trial (NCI 9878). Clinical lung
cancer. 2021 Nov 1;22(6):541-8.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Moore G, Annett S, McClements L, Robson T. Top
notch targeting strategies in cancer: a detailed overview
of recent insights and current perspectives. Cells. 2020
Jun 20;9(6):1503.

Sardesai S, Badawi M, Mrozek E, Morgan E, Phelps M,
Stephens |, Wei L, Kassem M, Ling Y, Lustberg M,
Stover D. A phase | study of an oral selective gamma-
secretase (GS) inhibitor RO4929097 in combination
with neoadjuvant paclitaxel and carboplatin in triple-
negative breast cancer. Investigational new drugs. 2020
Oct;38:1400-10.

Ghanbari-Movahed M, Ghanbari-Movahed Z, Momtaz
S, Kilpatrick KL, Farzaei MH, Bishayee A. Unlocking the
secrets of cancer stem cells with y-secretase inhibitors:
A novel anticancer strategy. Molecules. 2021 Feb
12;26(4):972.

Ferrarotto R, Metcalf R, Rodriguez CP, Muzaffar |, Even
C, Perez CA, Van Herpen CM, Oliva M, Xia B, Bowles
DW, Popovtzer A. Results of ACCURACY: A phase 2
trial of AL10I, a selective gamma-secretase inhibitor, in
subjects with recurrent/metastatic (R/M) adenoid cystic
carcinoma (ACC) harboring Notch activating
mutations (Notchmut).

Yokose T, Kitano M, Matsusaka Y, Masugi Y, Shinoda
M, Yagi H, Abe Y, Oshima G, Hori S, Endo Y, Toyama
K. Usefulness of |8F-fluorodeoxyglucose positron
emission tomography/computed tomography for
predicting the prognosis and treatment response of
neoadjuvant  therapy for  pancreatic  ductal
adenocarcinoma. Cancer medicine. 2020
lun;9(12):4059-68.

Kipper FC, Kieran MW, Thomas A, Panigrahy D. Notch
signaling in malignant gliomas: Supporting tumor
growth and the vascular environment. Cancer and
Metastasis Reviews. 2022 Sep;41(3):737-47.

Feng M, Santhanam RK, Xing H, Zhou M, Jia H.
Inhibition of y-secretase/Notch pathway as a potential
therapy for reversing cancer drug resistance.
Biochemical Pharmacology. 2023 Dec 20:115991.

Lato MW, Przysucha A, Grosman S, Zawitkowska |,
Leiman M. The new therapeutic strategies in pediatric
T-cell acute lymphoblastic leukemia. International
Journal of Molecular Sciences. 2021 Apr 26;22(9):4502.
Adachi T, Miyashita S, Yamashita M, Shimoda M,
Okonechnikov K, Chavez L, Kool M, Pfister SM, Inoue
T, Kawauchi D, Hoshino M. Notch signaling between
cerebellar granule cell progenitors. eneuro. 2021 May
1;8(3).

Mattei V, Santilli F, Martellucci S, Delle Monache §,
Fabrizi |, Colapietro A, Angelucci A, Festuccia C. The
importance of tumor stem cells in glioblastoma
resistance to therapy. International Journal of
Molecular Sciences. 2021 Apr 8;22(8):3863.

Mijailovic I, Nikolic N, Dijinic A, Carkic ], Milinkovic I,
Peric M, lankovic S, Milasin |, Aleksic Z. The down-
resulation of Notch | signaling contributes to the
severity of bone loss in aggressive periodontitis. Journal
of Periodontology. 2020 Apr;91(4):554-61.

Serrano D, Gandini S, Thomas P, Crew KD, Kumar NB,
Vornik LA, Lee ||, Veronesi P, Viale G, Guerrieri-
Gonzaga A, Lazzeroni M. Efficacy of alternative dose
regimens of exemestane in postmenopausal women
with stage 0 to Il estrogen receptor-positive breast
cancer: a randomized clinical trial. JAMA oncology.
2023 May 1;9(5):664-72.



ijtos 2025; doi 10.22376/ijtos.2025.3.1.1-7

29.

30.

31.

32.

33.

34.

35.

36.

Lee |S, Yost SE, Yuan Y. Neoadjuvant treatment for
triple-negative breast cancer: recent progresses and
challenges. Cancers. 2020 May 29;12(6):1404.

Arrieta O, Barron F, Ramirez-Tirado LA, Zatarain-
Barron ZL, Cardona AF, Diaz-Garcia D, Ramos MY,
Mota-Vega B, Carmona A, Alvarez MP, Bautista Y.
Efficacy and safety of pembrolizumab plus docetaxel vs
docetaxel alone in patients with previously treated
advanced non—small cell lung cancer: The PROLUNG
phase 2 randomized clinical trial. JAMA oncology. 2020

lun 1;6(6):856-64.

Swain SM, Miles D, Kim SB, Im YH, Im SA, Semiglazov
V, Ciruelos E, Schneeweiss A, Loi S, Monturus E, Clark
E. Pertuzumab, trastuzumab, and docetaxel for HER2-
positive metastatic breast cancer (CLEOPATRA): end-
of-study results from a double-blind, randomized,
placebo-controlled, phase 3 study. The Lancet
Oncology. 2020 Apr 1;21(4):519-30.

Glibo M, Serman A, Karin-Kujundzic V, Vlatkovic IB,
Miskovic B, Vranic S, Serman L. The role of glycogen
synthase kinase 3 (GSK3) in cancer with emphasis on
ovarian cancer development and progression: A
comprehensive review. Bosnian journal of basic medical
sciences. 2021 Feb;21(1):5.

Clara |A, Monge C, Yang Y, Takebe N. Targeting
signaling pathways and the immune microenvironment
of cancer stem cells—a clinical update. Nature Reviews
Clinical Oncology. 2020 Apr;17(4):204-32.

Ma H, Tian T, Cui Z. Targeting ovarian cancer stem
cells: a new way out. Stem Cell Research & Therapy.
2023 Feb 14;14(1):28.

Goenka A, Khan F, Verma B, Sinha P, Dmello CC,
logalekar MP, Gangadaran P, Ahn BC. Tumor
microenvironment signaling and therapeutics in cancer
progression. Cancer Communications. 2023
May;43(5):525-61.

Sabol HM, Ashby C, Adhikari M, Anloague A, Kaur |,
Khan S, Choudhury SR, Schinke C, Palmieri M, Barnes

37.

38.

39.

40.

41.

42.

43.

44,

45.

CL, Ambrogini E. A NOTCH3-CXCLI2-driven
myeloma-tumor niche signaling axis promotes
chemoresistance in multiple myeloma. Haematologica.
2024 Feb 22;109(8):2606.

Brisset M, Mehlen P, Meurette O, Hollande F. Notch
receptor/ligand diversity: contribution to colorectal
cancer stem cell heterogeneity. Frontiers in Cell and
Developmental Biology. 2023 Oct 4;11:1231416.
Ghosh A, Mitra AK. Metastasis and cancer-associated
fibroblasts: taking it up as a NOTCH. Frontiers in Cell
and Developmental Biology. 2024 |an 10;11:1277076.
Hubbard |M, Yin |, Schenk EL, Qin R, Reid |M, Strand
C, Fiskum |, Menefee M, Lin G, Doyle LA, lvy P. Phase
| study of cediranib, an oral VEGFR inhibitor, in
combination with selumetinib, an oral MEK inhibitor, in
patients with advanced solid malignancies.
Investigational new drugs. 2022 Feb 1:1-9.

Tufail M, Wu C. Targeting the IGF-IR in prostate and
colorectal cancer: reasons behind trial failure and
future directions. Therapeutic Delivery. 2022 Mar
1;13(3):167-86.

Borah AK, Singh CS. 13 The Emerging Role of the.
Handbook of Proteases in Cancer: Therapeutic
Aspects. 2024 Dec 17:162.

Gao |, Fan L, Zhao L, Su Y. The interaction of Notch
and Whnt signaling pathways in vertebrate regeneration.
Cell Regeneration. 2021 Dec;|0:1-7.

Kasper B, Baldini EH, Bonvalot S, Callegaro D, Cardona
K, Colombo C, Corradini N, Crago AM, Dei Tos AP,
Dileo P, Elnekave E. Current Management of Desmoid
Tumors: A Review. |]AMA oncology. 2024.

Mangla A, Agarwal N, Schwartz G. Desmoid tumors:
current perspective and treatment. Current Treatment
Options in Oncology. 2024 Feb;25(2):161-75.

Keam S|. Nirogacestat: First Approval. Drugs. 2024
Mar;84(3):355-61.





