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Abstract. – OBJECTIVE: Pancreatic cancer 
(PaCa) is a disease that is extremely difficult to 
treat and is associated with a high fatality rate. 
The majority of patients present to hospitals 
with metastatic or end-stage cancer, making the 
ultimate cure impossible. End-stage PaCa has 
no specific treatment, though surgery, irradia-
tion, and chemotherapy can help patients live 
longer. Consequently, it is vital to accumulate all 
information on potential targeted therapies for 
this cancer into a single report. 

MATERIALS AND METHODS: This review has 
been compiled using relevant keywords and 
a thorough web search utilising PubMed, Sci-
enceDirect, GoogleScholar, Scopus, MEDLINE, 
and SpringerLink. 

RESULTS: Conventional medicines that tar-
get various biological processes have a signif-
icant negative impact on normal cells. As a re-
sult, targeted therapies are required, which in-
clude the use of small-molecule inhibitors and 
monoclonal antibodies to target cancer cell sur-
face receptors, growth factors, and other pro-
teins involved in disease progression. In this 
review, we summarize the known targeted Pa-
Ca therapies, which include inhibitors of the 
KRAS, mTOR, and PI3K/AKT signaling path-
ways, as well as PARP, hedgehog, EGFR/ErbB, 
and TGF-β signaling pathways, along with inhib-
itors of the neurotrophic tropomyosin receptor 
kinase (NTRK). 

CONCLUSIONS: An adequate understanding 
of PaCa pathogenesis and the adoption of tai-
lored medicines can increase patients’ overall 
survival. We believe targeted therapy can help 
patients with PaCa to have a better prognosis. 
As such, more research is needed to find appro-
priate biomarkers to aid in early tumor diagnosis 
and to discover novel prospective therapeutics 
based on the drugs listed in this article.
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Introduction

Pancreatic cancer (PaCa) is a difficult-to-treat 
disease and associated with high mortality1. 
About 90% of PaCa cases are adenocarcinomas2. 
Neuroendocrine tumors such as gastrinoma, in-
sulinoma, somatostatinoma, glucagonoma, and 
non-functional islet cell tumors are less com-
mon. PaCa mainly affects the head and neck 
of the pancreas3. Globally, PaCa is the seventh 
leading cause of cancer-related deaths4, with 
the highest incidence rates in Europe, North 
America, and Australia/New Zealand, and it 
is estimated to become the third leading cause 
of cancer death by 20255. As the incidence and 
mortality rates are following an upward trend, 
it has been estimated that PaCa will be the 
fourth leading cause of cancer-associated death 
in males while in the females, it will be the third 
in the US by 20406.

About 53% of diagnosed patients present with 
metastatic or end-stage disease7,8. PaCa is a very 
aggressive type of cancer with a low 5-year rela-
tive survival rate (5-9%)9. In the face of a lack of 
effective and safe treatments options, late diagno-
sis in advanced tumor stages and the aggressive 
behavior of PDAC, there is high mortality of the 
disease. Therefore, the discovery and develop-
ment of precision medicine for pancreatic cancer 
patients has become an urgent research area 
to address9. PaCa usually shows no symptoms 
at the early stage10. As the tumor grows, some 
symptoms that are not specific to PaCa manifest; 
these include jaundice, light-colored stool, pain in 
the abdominal area, reduction in weight, and fa-
tigue11. Pre-existing diagnostic tests may appear 
nonspecific, thereby overlooking patients with 
onset stages of the disease7. There is no specific 

European Review for Medical and Pharmacological Sciences 2022; 26: 367-381

O. NGOZI NWAEFULU1, S. RAO SAGINEEDU2, M. KAISARUL ISLAM1,3, 
J. STANSLAS1

1Department of Medicine, Pharmacotherapeutics Unit, Faculty of Medicine and Health Sciences,
 Universiti Putra Malaysia, Serdang, Selangor, Malaysia
2Department of Pharmaceutical Chemistry, School of Pharmacy, International Medical University,
 Kuala Lumpur, Malaysia
3Department of Pharmaceutical Chemistry, Faculty of Pharmacy, University of Dhaka, Bangladesh

Corresponding Author: Johnson Stanslas, Ph.D; e-mail: rcxjs@upm.edu.my, jstanslas@yahoo.co.uk

Pancreatic cancer treatment with targeted 
therapies: are we there yet?



O. Ngozi Nwaefulu, S. Rao Sagineedu, M. Kaisarul Islam, J. Stanslas

368

treatment for advanced PaCa, although life is 
prolonged, and patients’ symptoms are reduced 
using surgery, radiotherapy, and chemotherapy12.

Although surgical resection may improve the 
patient’s survival, about 80% of patients with 
PaCa are diagnosed with unresectable (local-
ly advanced and/or metastatic) tumor because 
symptoms of PaCa manifest at a later stage. This 
leads to treatment failures and an extremely poor 
prognosis for advanced PaCa13. Chemotherapy 
is still the mainstay in the treatment of unre-
sectable PaCa14; according to the National Com-
prehensive Cancer Network’s recommendation, 
gemcitabine-based chemotherapy is a standard 
course for advanced or metastatic PaCa15. Recent 
studies have reported that targeted therapy is a 
better therapeutic strategy available for advanced 
or metastatic PaCa16,17. In the last 15 years, the 
treatment of solid tumor has shifted from the 
use of conventional anticancer chemotherapeu-
tics to more targeted therapies. It has been es-
tablished that small-molecule epidermal growth 
factor receptor (EGFR) inhibitors offer improved 
efficacy and better tumor control in the case of 
EGFR-mutated cancer compared to traditional 
anticancer chemotherapy, although it has yet to 
be established for PaCa14. The reasons for poor 
therapeutic efficacy and the aggressive nature of 
PaCa include the late presentation of symptoms 
in patients for diagnosis, cancer-cell-intrinsic al-
terations, and factors associated with the tumor 
microenvironment. In 2008, Jones et al8 conduct-
ed a detailed genetic analysis from 24 PaCa cell 
lines and reported 63 genetic alterations with a 
fundamental set of 12 cellular signaling pathways 
that are usually altered in PaCa1. Since that dis-
covery, several clinical trials have targeted these 

altered pathways. This review was planned and 
conducted to summarize some of these targeted 
approaches. The specific focus of this review 
is Pancreatic Ductal Adenocarcinoma (PDAC), 
which is the commonest subtype of PaCa, ac-
counting for about 90% of all cases. 

Materials and Methods

A detailed search has performed through 
PubMed, ScienceDirect, Google Scholar, Sco-
pus, MEDLINE, and SpringerLink. Research 
papers were searched using keywords such as 
pancreatic cancer and pathogenesis, pancreatic 
cancer, PDAC, treatment for pancreatic cancer 
and targeted therapy, EGFR inhibitors, PARP in-
hibitors, NTRK inhibitors, etc. Scientific papers 
that matched the keywords have reviewed and 
findings have noted herein.

Pathogenesis
Pancreatic carcinoma majorly originates from 

lesions associated with pancreatic intraepithelial 
neoplasia (PanINs), less frequently from intra-
ductal papillary mucinous neoplasm (IPMN), and 
rarely from mucinous cystic neoplasm19. PanIN 
is a microscopic lesion of dysplasia from which 
most PDAC arises. The progression of PanIN to 
invasive ductal adenocarcinoma is caused by the 
accumulation of genetic changes and progression 
of the characteristic microenvironment20 through 
PanIN-2 (atypical hyperplasia, papillary duct le-
sion with atypia) and PanIN-3 (grade 3 carcinoma 
in-situ)21 (Figure 1). The first driver of mutation 
in PaCa is the oncogenic activation of the Kirsten 
rat sarcoma (KRAS) gene, found in more than 

Figure 1. Schematic representation of pathological changes for the initiation of pancreatic carcinoma and changes in 
associated genes.
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90% of tumors22, which is generally mutated in 
low-grade PanIN lesions (PanIN-1A) and is the 
initial incident for PaCa formation23. Despite the 
complication associated with PDAC initiation, 
KRAS mutation has been confirmed as the major 
driver for cancer progression and maintenance of 
tumors7,20,24. PaCa demonstrates different types of 
mutations in crucial signaling pathways.

Other commonly occurring mutations include 
inactivation of cyclin-dependent kinase 2 (CDK2) 
and mothers against decapentaplegic homolog 4 
(SMAD4) protein as well as BRCA2, DNA repair 
associated (BRCA2), MutL homolog 1 (MLH1), 
or alteration in serine protease 1 (PRSS1) genes. 
Mutations in tumor protein 53 (TP53) occur later 
in PanIN, resulting in the progression of PDAC but 
not its initiation25. Based on the complete genome/
exome sequencing, Shain and co-workers disclosed 
that SWI/SNF, an ATP-dependant chromatin-re-
modeling complex, has tumor suppressor role and 
is also the fifth leading cause that drives mutations 
in PaCa26. TP53 is involved in DNA damage and 
regulates cell cycle checkpoints, cell cycle arrest, 
and apoptosis, and mutation in TP53 inactivates 
antiproliferative activity, and there is subsequent 
tumor growth and spread. However, an amazing 
study recently reported that, in some contexts, 
mutant p53 could function as a tumor suppressor27. 
Cyclin-dependent kinase 2A (CDK2A) is a regu-
latory protein responsible for the regulation of the 
G1/S-phase in the cell cycle. Inactivation by muta-
tion leads to loss of function and, hence, increased 
cell proliferation. Makohon-Moore et al28 reported 
that mutations in SMAD4 abnormally activate the 
transforming growth factor-beta (TGF-β) signal-
ing pathway, which functions in the growth and 
differentiation of cells29. In addition, it has been re-
ported that several other signaling pathways [e.g., 
Notch, Wnt, DNA damage response, sonic hedge-
hog (SHH)] or cellular processes (e.g., stem cell 
growth and maintenance, apoptosis, and epigen-
etic regulation) are affected by various mutations. 
For example, defective pathways and consequent 
deregulation of DNA damage can occur due to the 
mutations in epigenetic regulators or deletions in 
genes [e.g., AT-rich interactive domain-containing 
protein 1A (ARID1A)]30, which can lead to cellular 
survival and enhanced tumorigenic signals31.

Targeted Therapies
Conventional therapies are remedies that target 

various cellular processes; they cannot differen-
tiate between oncogenic cells and normal cells 
and thereby cause undesirable side effects. Con-

sequently, targeted treatments with small mole-
cule inhibitors (SMIs) and monoclonal antibodies 
(mAbs) are warranted. These compounds target 
receptors at the tumor cell surface, growth fac-
tors, or other proteins related to disease develop-
ment and advancement. Targeted therapy can be 
said to involve drugs that inhibit tumor cell pro-
liferation by interacting with important molecules 
in the cells needed for cancer development, rather 
than just interfering with the rapidly dividing 
cells, as is the case for traditional chemotherapy32. 
Targeted cancer therapy has drawn attention from 
many researchers because it is expected to take 
the place of systemic chemotherapy in the future. 
Researchers and clinicians have hypothesized it 
will lead to a better therapeutic outcome with less 
toxicity than systemic chemotherapy.

Targeted therapy inhibits certain pathways use-
ful in cancer initiation and proliferation through 
apoptosis of tumor cells, which leads to the 
inhibition of enzymes along with the growth 
factor receptors essential for the progression of 
oncogenic cells. With targeted therapy, cancer 
treatment may move from ‘cure’ to ‘manage-
ment’ in the future, and hair loss, which is the 
main side effect of systemic chemotherapy, may 
be reduced32. SMIs and mAbs are examples of 
targeted therapy33. 

Small Molecule Inhibitors
Small molecules are low-molecular-weight or-

ganic compounds that are designed to penetrate 
the cell membrane, bind specific targets in the 
cell, and interfere with signaling pathways. The 
discovery of SMIs was an outstanding achieve-
ment in cellular biology research. These com-
pounds allow several cellular pathways to be 
studied, to improve patient outcomes. For exam-
ple, protein kinases associated with the initiation 
and progression of cancer are an important target 
in cancer therapy because many SMIs target 
these kinases. Targeting different proteins and 
signaling or receptor pathways linked to cancer 
cells can lead to alterations in signal transduc-
tion cascades. Several SMIs have been reported 
so far with potent and efficacious activity; they 
include proteasome inhibitors, vascular endothe-
lial growth factor (VEGF) blocking molecules, 
immune system modulating agents, and histone 
deacetylase (HDAC) inhibitors34. 

Proteasome inhibitors include bortezomib, 
carfilzomib, and ixazomib (Figure 2). Such in-
hibitors cause PaCa cell death by induction of 
apoptosis through endoplasmic reticulum stress35, 
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upregulation of proapoptotic proteins (e.g., Noxa, 
an inhibitor of κB, inhibition of nuclear factor- 
kappa B (NF-κB) and its anti-apoptotic target 
genes, and suppression of many anti-apoptotic 
proteins (e.g., B-cell lymphoma-extra-large (Bcl-
xL), B-cell lymphoma 2 (Bcl-2), and Signal trans-
ducer and activator of transcription 3 (STAT-3)36.

VEGF-blocking molecules, including sorafenib 
and sunitinib (Figure 2), are tyrosine kinase in-
hibitors (TKIs) and are used in the treatment of 
PaCa. They have dual effects: blockade of cancer 

cell proliferation and pro-angiogenic signaling 
by inhibiting rapidly accelerated fibrosarcoma 
(RAF) kinase that controls cell division and pro-
liferation, VEGFR-2 and platelet-derived growth 
factor (PDGF) receptor beta (PDGFR-β) signal-
ing pathway that blocks angiogenesis37.

HDAC inhibitors include belinostat, vorinos-
tat, and romidepsin (Figure 2). They induce cell 
growth arrest and apoptosis38. There are several 
advantages of SMIs over chemotherapeutic drugs 
and RNA interference (RNAi) agents – SMIs al-

Figure 2. Small molecule inhibitors reported treating pancreatic cancer.
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low an extensive array for in vivo assays through 
varied temporal and titration designs that yield 
higher penetration in isolation and are useful in 
testing the combined effects with existing antitu-
mor drugs34.

Protein kinases have become important as 
drug targets due to their crucial role in most sig-
nal transduction pathways. A kinase is an enzyme 
known as a phosphotransferase that mostly cata-
lyzes substrate-level phosphorylation reactions34. 
Research on these enzymes35 has increased since 
it was discovered that mutation in and deregula-
tion of protein kinases directly affect the patho-
physiology of cancer39. Imatinib (Figure 2), a 
tyrosine kinase inhibitor, is used to treat chronic 
myeloid leukemia, inhibits the tyrosine kinase 
activity of BCR-ABL1, a tumor-promoting fusion 
protein that has been identified as a tumor-initi-
ating genomic event for subtypes of hematolog-
ical malignancy39. Similarly, sunitinib, another 
TKI, can target several receptors and growth 
factors, for example, stem cell factor receptor, 
PDGF receptor, VEGF receptor (VEGFR), glial 
cell line-derived neurotrophic factor receptor, 
colony-stimulating factor-1 receptor and Fms-
like tyrosine kinase-3 receptor40. Sorafenib is 
the first anti-angiogenic receptor tyrosine kinase 
inhibitor, targeting VEGFR-1/2/3, PDGFR-β, and 
c-Kit receptor41. In tumor cells, sorafenib can in-
hibit the Raf/MEK/extracellular signal-regulated 
kinase (ERK) pathway and subsequently leads 
to apoptosis through different mechanisms (e.g., 
blocking phosphorylation of eukaryotic transla-
tion initiation factor 4E).

Monoclonal Antibodies (mAbs)

Anti-EGFR and Anti-Human EGFR-2 mAbs
Currently, three anti-EGFR antibodies have 

been approved by the US Food and Drug Ad-
ministration (FDA) including cetuximab, pani-
tumumab, and necitumumab. A phase 2 study 
reported that cetuximab and bevacizumab to-
gether with gemcitabine, cisplatin and fluoroura-
cil prolongs overall survival by approximately 
6 months and Progression-Free Survival (PFS) 
by approximately 3 months in patients with ad-
vanced pancreatic cancer42. Nevertheless, a new 
systematic review and meta-analysis reports that 
administration of cetuximab with standard ther-
apy for the treatment of pancreatic cancer is not 
beneficial43. The cetuximab-gemcitabine combi-
nation reportedly showed no significant benefit in 

patients21. Trastuzumab, a humanized anti-human 
epidermal growth factor receptor 2 (HER2) mAb, 
has been studied in phase I and II clinical trials. 
In phase II clinical trials using gemcitabine, 
trastuzumab plus erlotinib as first-line treatment 
of metastatic pancreatic cancer, the combination 
showed effectiveness in terms of disease control, 
PFS and overall survival (OS). The safety profile 
was acceptable but a larger study to investigate 
this combination compared to the standard regi-
men is warranted44.

Anti-VEGF/VEGFR mAbs
Although the anti-VEGF mAb, bevacizumab, 

showed great activity in patients with different 
solid cancers, it was not efficacious in two large 
phase III studies in advanced PaCa42. Bevacizum-
ab binds to VEGF (Figure 3), thereby inhibiting 
interaction with its receptors and activation of 
downstream signaling pathways; this inhibition 
leads to vascular regression and tumor dormancy. 
It has been approved for PaCa, colorectal cancer, 
Non-Small Cell Lung Cancer (NSCLC), meta-
static renal cancer, and glioblastoma multiform. 
Cetuximab and nimotuzumab target EGFR, pani-
tumumab targets ABX-EGFR, and trastuzumab 
targets HER2 in PaCa45.

Upon binding to the cancer cell, the anticancer 
drug with a mAb becomes engulfed by the cancer 
cell, resulting in death. This process targets tu-
mor cells by reducing the potential adverse events 
caused by anticancer drugs towards normal cells 
and providing a wider therapeutic range. Based 
on clinical trials, median overall survival im-
proved with two chemotherapy regimens when 
compared with gemcitabine. Various preclinical 
and clinical studies on the effectiveness of many 
mAbs in PaCa treatment have been carried out46. 
mAbs are crucial to identify novel and over-
expressed cell surface antigens in human can-
cers and mAb-based products show therapeutic 
and diagnostic ability in cancer, which have not 
yet been tapped. However, despite the advances 
made, to date no antibody-based drugs have been 
approved for the treatment of patients with pan-
creatic cancer47.

Mucins (MUCs) involved in PaCa show higher 
expression of different MUC family members, 
like MUC148. Overexpression of MUC1 is asso-
ciated with cancer progression, invasion, and me-
tastasis in breast and PaCa cells49. Furthermore, 
MUC1 expression is related to anti-cancer drug 
resistance, leading to therapeutic failures50. Stud-
ies have reported that MUC1 is expressed more 



O. Ngozi Nwaefulu, S. Rao Sagineedu, M. Kaisarul Islam, J. Stanslas

372

in PaCa than on the luminal surface of a normal 
control pancreas48,49.

Targeted Therapy in Pancreatic 
Cancer: Signaling Pathways Involved 
and Associated Drugs

KRAS Pathway Inhibitors 
Kirsten rat sarcoma viral oncogene (KRAS) 

mutations are common in PaCa. As a matter of 
fact, more than 90% of the cases show mutation 
of the KRAS gene, which results in carcinogen-
esis and maintenance of an active state, con-
stantly induces downstream signaling pathways 
(e.g., mitogen-activated protein kinase (MAPK)/
ERK, phosphoinositide 3-kinases (PI3K)/AKT 
pathways), and thereby increases growth sig-

nals, invasiveness, and subsequent inhibition of 
apoptosis. Since KRAS inhibition did not give 
the expected result, proteins along the Ras signal 
transduction pathway can be targeted14 and used 
extensively7. There has yet to be an effective drug 
that targets the KRAS mutant, although several 
attempts have been made. Therefore, alternative 
approaches, like inhibition of Ras downstream 
signaling pathways (e.g., MAPK and PI3K path-
ways) have been the focus. With the failure of 
small molecules to produce an expected result, a 
new treatment option has been proposed, aiming 
at a novel ‘Achilles heel’ in KRAS, specifically 
the G12C oncoprotein, sadly, KRAS-G12C mu-
tation is rather uncommon in pancreatic ductal 
adenocarcinoma51. Optimization of 4-(piperaz-
in-1-yl)quinazoline series of compounds has giv-
en rise to a new generation of KRAS-G12C-spe-

Figure 3. Mechanism of action of bevacizumab, sorafenib, and sunitinib.
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cific inhibitors (e.g., ARS-1620; Figure 4), which 
possess anticancer activity52. Sakamoto et al53 
reported KRAS-G12D-selective inhibitors, KS-
58 which selectively binds to KRAS-G12D and 
exhibited in vitro antiproliferative activity on the 
human lung cancer cell line A427 and the human 

pancreatic cancer cell line PANC-1, both of which 
express KRAS-G12D. It also showed in vivo an-
ticancer activity.

Most of the efforts in targeting KRAS have 
failed, and mutated KRAS still remains an 
undruggable target, therefore there is current-

Figure 4. SMIs of the signaling pathway that are being used as targeted therapy in PaCa.
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ly no inhibitors used in clinical practice that 
directly target wild-type (WT) and/or mutated 
Ras53,54. Therefore, researchers have proposed 
inhibiting downstream targets of KRAS like the 
protein kinase MEK55. Single drugs that target 
PI3K, AKT, and mechanistic target of rapamycin 
(mTOR) have not been beneficial in PaCa with 
Ras mutation. Work is in progress to evaluate 
the inhibition of the PI3K and RAF/MEK/ERK 
pathways. A randomized phase II study revealed 
that MEK inhibitors (e.g., selumetinib; Figure 4) 
and AKT inhibitor (e.g., MK-2206; Figure 4) were 
not more beneficial over FOLFIRONIX (folinic 
acid, fluorouracil, irinotecan, and oxaliplatin) and 
the toxicity greater in patients in whom gemcit-
abine-based drugs were not effective56. Trame-
tinib (Figure 4), a MEK1/2 inhibitor, combined 
with gemcitabine57 and rigosertib (Figure 4), a 
PI3K inhibitor in combination with gemcitabine58 
have been tested in PaCa. 

mTOR and PI3K/AKT Pathway Inhibitors
Deregulation of the PI3K/AKT signaling path-

way has been estimated to occur in most pancreat-
ic cancer patients59. The PI3K pathway reportedly 
inhibits cellular apoptosis and thereby stimulates 
cancer cell proliferation60. Generally, the PI3K/
AKT pathway stimulates both PDAC in human 
and PaCa in KRAS-driven mouse models61. PI3K 
mutations are more common in other types of 
cancer than in PaCa and cause tumorigenesis in 
relatively few PaCa patients62. Van et al63 recently 
reported that the MAPK/MEK pathway is acti-
vated due to suppression of the PI3K/AKT/mTOR 
pathway. They also reported that a dual-purpose 
agent ZSTK474 (a PI3K inhibitor; Figure 4) and 
RO5126766 (a Raf/MEK inhibitor; Figure 4) can 
inhibit PaCa cell line viability63. mTORC1 is a 
downstream molecule of AKT and is activated 
by phosphorylated AKT. As a PDK2, mTORC2 
fully activates AKT by phosphorylating Ser47364. 
mTOR activation regulates the translation of dif-
ferent proteins, including cyclin D1, which regu-
lates cell cycle progression, and hypoxia-inducible 
factor 1- α (HIF-1 α), which regulates expression 
of pro-angiogenic VEGF59. Inhibition of mTOR 
signaling represses PDAC cell progression. Many 
substances regulate the behaviors of PDAC cells 
through the mTOR signaling pathway65, by regu-
lating metabolic pathways like those for glycolysis, 
amino acid and nucleotide metabolism; the pro-
motion of cyclin synthesis; induction of autophagy 
and apoptosis in PDAC cells; and inhibition of 
cyclin synthesis65. 

Rapamycin, an mTOR inhibitor, effectively 
blocked the proliferation and development of 
pancreatic cancer cells in mice with KRAS ac-
tivation and PTEN mutation66. However, clini-
cal studies have failed to demonstrate efficacy 
of mTOR inhibitors as a single agent or with 
chemotherapy in advanced PDA67. Feedback 
pathway upregulation likely mediates acquired 
resistance to these agents, and furthermore, 
their use is hindered by toxicities, including 
hyperglycemia, cytopenia, fatigue, and muco-
sitis/stomatitis68.

Conway et al69 used a double PI3K pathway 
inhibitor, AZD2014 (Figure 4), to inhibit growth 
and invasion in a particular PDAC model, the 
KPC (LSL-KRAS-G12D, LSL-Trp53R172H and 
Pdx1-Cre)-GEM PDAC model. 

AZD2014 (Vistusertib®) in combination with 
paclitaxel (PTX), was reported to effectively in-
hibit both in vitro and in vivo ATC cell migra-
tion, invasion, and growth. This study supports 
the result of a phase 1 clinical trial where both 
AZD2014 and PTX were used in solid tumors70.

Poly (ADP-ribose) Polymerase (PARP) 
Pathway and its Inhibitors

Mutation of the tumor suppressor gene 
BRCA2 leads to a hereditary inclination to 
breast cancer, ovarian cancer, and PC, there-
by inhibiting DNA damage repair, leading to 
genome instability71. DNA damage activates 
PARP1 and PARP2. Available PARP inhibitors 
(PARPi) are being tested clinically for efficacy. 
Phase III trials have reported that talazoparib, 
niraparib, olaparib, and veliparib (Figure 4) are 
efficacious and tolerable in cancer, although 
there is a need for more studies. Olaparib has 
received accelerated approval due to the effects 
it has shown clinically72. A recent phase II ran-
domized controlled trial investigated cisplatin 
and gemcitabine with or without Veliparib, 
a PARP inhibitor in patients with untreated 
advanced PDAC and a germline mutation of 
BRCA or PALB273. An unprecedented survival 
rates, with a 2-year survival rate of 30.6% and a 
3-year survival rate of 17.8% and high response 
rates for both arms of the study (74% with Veli-
parib, 65.2% without veliparib)73 were reported. 
With the success of PARP inhibitors in other 
BRCA-associated cancers, interest has risen to 
translating these findings to BRCA-associated 
PDAC. A phase II study has evaluated the effi-
cacy of PARP inhibitors in PDAC patients with 
germline BRCA mutations73.
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The clinical use of PARPi has been affected 
by their resistance, the main mechanism of which 
is the restoration of homologous recombination 
repair (HRR)74.

Hedgehog (Hh) Signaling 
Pathway Inhibitors

The hedgehog pathway is important in embry-
onic development and tissue homeostasis. Further-
more, it has been suggested that deviant activation 
of Hh leads to neoplastic transformations, malig-
nant tumors, and drug resistance in many can-
cers. Hh signaling encourages cancer by controlling 
cancer cell growth, malignancy, metastasis, and 
the expansion of cancer stem cells75. The two trans-
membrane protein receptors, Patched 1 and Patched 
2, act as tumor suppressors, slow down downstream 
signaling proteins (e.g., Smo and Gli), and prevent 
activation of downstream signaling components and 
thus transcription of target genes76. 

The dense stroma plays an important role 
in tumor growth, proliferation, epithelial-mesen-
chymal transition (EMT), immune evasion and 
resistance to various therapies77, therefore, many 
therapies have been targeted to modulate its inter-
action with the tumor. 

It has been established repeatedly that indis-
criminate targeting and near complete depletion of 
tumor stroma can cause more harm than good78.

PDAC tumor is characterized by the uncon-
trolled activity of the Hh pathway78, which ac-
tivates pancreatic stellate cells (PSCs) through 
paracrine effects and controls stromal abun-
dance79; this phenomenon is important in main-
taining cancer stem cells. In the tumor microen-
vironment, the Hh ligand is produced by tumor 
cells; Hh binds to its receptor (Patched 1) on 
PSCs and thereby activates intracellular signaling 
by abolishing the inhibitory effects of Smo. Gli1, 
a transcription factor, is therefore translocated to 
the nucleus, where it controls various target genes 
like extracellular matrix proteins. 

Activated PSCs then provide an appropriate 
microenvironment and promote cancer pro-
gression by altering four processes in pancre-
atic cancer models: (1) excessive fibrosis, (2) 
promoting tumor metastasis, (3) inducting re-
sistance of chemotherapy and radiotherapy and 
(4) immune modulation. Evidence80 confirmed 
the importance of PSCs in pancreatic cancer 
development. For example, a small molecule 
inhibitor, IPI-926 (Saridegib®, Figure 4) nega-
tively regulates the Hh pathway and a preclin-
ical study revealed that IPI-926 enhances the 

perfusion of gemcitabine in pancreatic tumors 
and improves survival79.

EGFR/ErbB Signaling Pathway Inhibitor 
Studies have demonstrated the EGFR/ErbB 

effects on normal cell growth, migration, cellular 
differentiation, adhesion, and apoptosis in the 
pancreas, heart, muscle, nervous system, and 
epithelia of various organs. EGFR activation up-
on malignant transformation can be because of 
upregulated receptor expression, enhanced au-
tocrine and paracrine production of activating 
growth factors, and altered intrinsic tyrosine ki-
nase activity because of mutations. EGFR activa-
tion is majorly due to combination of many fac-
tors, thereby complicating the search for suitable 
therapy81. Although EGFR inhibitors erlotinib 
and dacomitinib (Figure 4) have been approved 
for the treatment and improvement of PaCa prog-
nosis, the clinical benefit of EGFR-targeted ther-
apy is still limited82.

TGF-β Signaling Inhibitor
TGF-β signaling follows SMAD (signal trans-

ducers for receptors of the TGF-β superfamily, 
which is vital for controlling cell development 
and growth) and non-SMAD pathways, which are 
linked with several other factors like AKT, ERK-
1/2, and MAPK83. TGF-β signaling regulates 
cell cycle progression in pancreatic β-cells by 
controlling the nuclear localization of CDKI and 
p2784. In the noncanonical TGF-β signaling path-
way, TGF-β superfamily ligands activates Rho, 
extracellular signal-regulated kinase (ERK), Ja-
nus kinase/STAT3, and phosphoinositide 3-ki-
nase (PI3K)/AKT pathways in cancer associated 
fibroblasts85. 

Figure 5. TGF-β and other corresponding signaling path-
ways.
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The TGF-β pathway communicates with other 
signaling pathways and controls carcinogenesis 
(Figure 5).

Galunisertib (Figure 6) is an oral SMI that 
binds to TGF-β receptor I (TGFβRI) kinase in-
hibits its kinase activity, thereby blocking cancer 
cell proliferation86. Galunisertib in combination 
with checkpoint inhibitors (including nivolumab 
and durvalumab) is presently undergoing devel-
opment in patients with NSCLC, hepatocellular 
carcinoma (HCC), or pancreatic cancer87. A phase 
Ib/randomized phase II study (JBAJ) of galuni-
sertib in combination with gemcitabine showed 
improved overall survival (OS) vs. gemcitabine 
monotherapy in patients with unresectable pan-
creatic cancer88. Melisi et al89 reported that the 
combination of TGFβ and PD-L1 inhibition has 
the potential to act synergistically to induce 
immune restoration and improve anti-tumor re-
sponses in pancreatic cancer.

Neurotrophic-Tropomyosin Receptor 
Kinase Inhibitors

Neurotrophic-tropomyosin receptor kinase 
(NTRK) gene fusions are known for causing 
a form of PDAC, thereby providing a potential 
target for therapy with tropomyosin receptor 
kinase (TRK) inhibitors. NTKR fusions are 
very rare, observed in less than 1% of cancers; 
however, such a condition appears in the lung, 
colorectal, pancreatic, breast, and brain carci-
noma as well as cholangiocarcinoma, sarcoma, 
and melanoma90. FDA-approved NTRK inhibi-
tors are larotrectinib (Vitrakvi®) and entrectinib 
(Rozlytrek®) (Figure 6), which can block the ac-
tivity of TRK and other proteins that are respon-
sible for driving cancer growth. Targeted TRK 
inhibition with larotrectinib in PaCa harbouring 
a CTRC-NTRK1 gene fusion is well tolerated 
and can improve quality of life91. Entrectinib 
produced striking, rapid, and durable responses 

in all children with the refractory central ner-
vous system and solid tumors harboring ROS1, 
NTRK 1/2/3, or ALK fusions92.

Conclusions

Due to its aggressive nature and late detection, 
PaCa is extremely difficult to treat. The majority 
of patients have late-stage disease, making treat-
ment difficult. Although surgery, radiation, and 
chemotherapy are used to prolong survival and treat 
patients’ symptoms, there is no particular cure for 
late-stage PaCa. Standard medications that target a 
variety of cellular pathways are unable to discrim-
inate between cancer and healthy cells, resulting 
in substantial side effects. As a result, therapeutics 
based on SMIs and mAbs are required to target 
cancer cell surface receptors, growth factors, and/
or other proteins involved in disease development. 
Patients with PaCa may have a greater chance of 
surviving if the problem is identified early and 
targeted therapy is used. Although several targeted 
therapies have been tested for the treatment of PaCa, 
most of them have been shown to be ineffective. 
This could be due to the disease’s high molecular 
diversity and late discovery. The most crucial goal 
is to identify PaCa as soon as possible, as this will 
ensure that focused therapy is as effective as pos-
sible. Efforts should be undertaken to find relevant 
biomarkers to aid in early tumor detection and to 
expand therapeutic perspectives. To get the most out 
of these new drug candidates, particularly TGF-b 
signaling pathway inhibitors, it is critical to keep 
up with the newest scientific developments and be 
steered toward a fresh perspective on chemical scaf-
folds, design, and development of new molecules 
for chemotherapy. TGF-b signaling is regulated by 
SMAD, which is required for cell development and 
proliferation and is related to various other factors 
such as AKT, ERK-1/2, and MAPK. In addition, 
immunotherapeutic drugs are projected to play a 

Figure 6. TGF-β signaling and neurotrophic receptor tyrosine kinase (NTRK) inhibitors.
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larger role in cancer treatment in the near future. By 
analyzing and documenting existing data, this paper 
has gathered ideas to design and develop further 
novel specific drug candidates to treat PaCa, which 
will aid future researchers.
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