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Pancreatic cancer has one of the highest mortality rates among cancers, and a combination of nab-paclitaxel with
gemcitabine remains the cornerstone of first-line therapy. Nab-paclitaxel with gemcitabine in combination with other
therapeutic agents can be new treatment strategies in pancreatic cancer. Seven therapeutic agents (ibrutinib,

necuparanib, tarextumab, apatorsen, cisplatin, enzalutamide, and momelotinib) are found.

pancreatic cancer pancreas adenocarcinoma drug combination paclitaxel gemcitabine

cancer PDAC adverse effects clinical trial

| 1. Introduction

Pancreatic cancer continues to present challenges that have yet to be resolved by state-of-the-art medicine. The
worldwide incidence of pancreatic cancer among men (5.7 per 100,000 people) is higher than that among women
(4.1 per 100,000 people). This type of cancer is also the seventh leading cause of cancer death in both sexes and
is more deadly in men (4.9 per 100,000 people) than in women (4.5 per 100,000 people) L2BEIAIE]
Adenocarcinoma of the exocrine pancreas represents 90% of pancreatic cancer cases, and its most widely
accepted classifications are resectable, borderline resectable, and locally advanced pancreatic cancer B, The
staging system used most often for pancreatic cancer is the TNM (tumor/node/metastasis) system from the
American Joint Committee on Cancer (8th edition) WEIRILOM  pepending on the location of the tumor, most
patients become symptomatic late in the disease. Consequently, patients with previously untreated advanced
pancreatic ductal adenocarcinoma, who represent 50-55% of cases [, have a very short life expectancy 12,

Therefore, efforts are currently being made to improve the diagnosis and treatment of this disease 13,

Recently, advances have been made to detect metastatic pancreatic ductal adenocarcinoma (PDAC) using
molecular magnetic resonance imaging (MMRI) 141, Additionally, advances have been made in liquid biopsy 13
and in finding specific biomolecular or subcellular targets REIZIEIN  hew therapeutic agents (29 and
nanomedicine applications [21[221[23]1241[25][26][271[28] '\ oreover, the understanding of the molecular biology events of
pancreatic cancer cells has increased [22BJB1 At present, gemcitabine plus nab-paclitaxel is the preferred
treatment for patients with pancreatic cancer 32331341351 Several research groups proposed complementing this
treatment with other therapeutic agents seeking greater efficacy and safety. The advent of a therapy that decreases
adverse events and improves overall survival outcomes in pancreatic cancer patient populations will be a milestone

in medical research.
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Currently, the indicated treatment is based on the stage and health status of the patient. Despite efforts to advance
targeted therapy, immunotherapy 28, and nanomedicine [2123 chemotherapy remains one of the most important
therapeutic options, especially in PDAC. Over the last 30 years, treatment of PDAC has been improved from
standard chemotherapies, consisting of fluoropyrimidines such as 5-FU and the antimetabolite drug gemcitabine, to
new drug combinations. Adjuvant chemotherapy (after surgery) is the current method of care used for those with
resectable pancreatic cancer, where gemcitabine as the single agent has a benefit in patient survival, particularly
for those who have a limited functional state. However, regimens with multiple agents provide survival advantages,
including gemcitabine plus capecitabine and FOLFIRINOX (fluorouracil, folinic acid, irinotecan, and oxaliplatin),
which improves the disease-free survival over that with gemcitabine alone. However, this treatment is associated
with higher toxicity [B7128],

The use of chemotherapy before surgery (neoadjuvant) to treat resectable cancer has uncertain benefits, but
neoadjuvant chemotherapy has become the standard of care for some diseases, such as borderline resectable,
locally advanced, and metastatic cancer. Locally advanced and metastatic diseases are treated with FOLFIRINOX
or nab-paclitaxel with gemcitabine (NP/G). NP/G has shown good results in overall survival compared with
gemcitabine monotherapy. In addition, progression-free survival and objective response rates were also improved
(391401411 Fyrthermore, when the efficacy and safety of NP/G and FOLFIRINOX were compared, the response rate
was shown to be 6.3% in the FOLFIRINOX group and 40.9% in the NP/G group; drug toxicity in the NP/G group
was also less than that in the FOLFIRINOX group 22,

Gemcitabine is a nucleoside analog of deoxycytidine and inhibits the progression of cells found in the G1/S phase.
The intracellular uptake of gemcitabine is mediated mainly by nucleoside transporters (ENTs), while the
unidirectional transport of nucleosides into cells is mediated by the family of concentrative nucleoside transporters
(CNTs). For many years, gemcitabine monotherapy remained the gold standard of treatment for advanced PDAC.
Then, abraxane and albumin-bounded paclitaxel nanoparticles (nab-paclitaxel) in combination with gemcitabine
(NP/G) emerged as a new method of treatment for patients with metastatic pancreatic cancer 42, Nab-paclitaxel
was approved in 2013 for advanced-stage pancreatic cancer 43l Paclitaxel is a widely used and successful natural
antineoplastic drug that acts by stabilizing microtubules (polymers composed of repeated subunits of a- and 3-
tubulin heterodimers), increasing cell polymerization and stopping the cell cycle in the G2/M phase, which leads to
cell death (2914411451 A combination of paclitaxel and other therapeutic agents was also shown to be effective, e.g.,
when used with palbociclib in triple-negative breast cancer (TNBC) 48], Nab-paclitaxel is a formulation of paclitaxel
with albumin that is synthetized via the homogenization of serum albumin at a concentration from 3 to 4%, with

paclitaxel added to improve the drug’s biodistribution 441,

2. Pancreatic Cancer Treatment by Nab-Paclitaxel with
Gemcitabine Combination

Table 1 shows the diversity of therapeutic agents under investigation in clinical trials. Considering the diversity in
the chemical structures of the therapeutic agents enlisted, molecular biology studies will likely be needed to relate

cellular or molecular events with the responses of patients to the triple regimen.

https://encyclopedia.pub/entry/20016 2/9



Pancreatic Cancer Treatment by Nab-Paclitaxel with Gemcitabine Combination | Encyclopedia.pub

Table 1. Summary of treatment regimens for patients with previously untreated advanced pancreatic ductal

adenocarcinoma (PDAC).

Therapeutic

i Agent

Structure Description

Ibrutinib is a Bruton’s tyrosine kinase inhibitor that forms a covalent bond

with a cysteine residue (Cys 481). Ibrutinib is used to treat chronic

lymphocytic leukemia, mantle cell lymphoma, and Waldenstrom's
macroglobulinemia, leading to inhibition of BTK activity “&I49], ilobal
ClinicalTrials.gov identifier: NCT024366. Phase Il RESOLVE study. 16
Ibrutinib plus nab-paclitaxel/gemcitabine did not improve OS or PFS for

patients with metastatic PDAC.

(471 Ibrutinib

tiology

Necuparanib (a heparin mimetic) acts as a multitargeting therapeutic,
altering multiple signaling pathways simultaneously by binding and
B9 Necuparanib . sequestering different proteins 521,
ClinicalTrials.gov identifier: NCT01621243. A randomized phase Il trial.
Necuparanib plus nab-paclitaxel/gemcitabine did not improve OS. for New

Monoclonal antibodies (mAb, anti-Notch2/3, OMP-59R5) are fully human
monoclonal antibodies that target the Notch2 and Notch3 receptors. They | 820—
have been used in trials studying the treatment of solid tumors, stage IV

(53] Tarextumab — pancreatic cancer, and stage IV small cell lung cancer [54][55]
ClinicalTrials.gov identifier: NCT01647828. A randomized phase I trial.
Tarextumab plus nab-paclitaxel/gemcitabine did not improve OS, PFS, or
ORR in first-line metastatic PDAC arsion

’1, 19,

Apatorsen is a second-generation antisense drug in preclinical
experiments that inhibits the production of heat shock protein 27 (Hsp27),
a cell survival protein found at elevated levels in many human cancers,
including prostate, lung, breast, ovarian, bladder, renal, pancreatic,
multiple myeloma, and liver cancer BA58],

ClinicalTrials.gov identifier: NCT01844817. A randomized, double-blinded,
phase Il trial. The RAINIER trial. Addition of apatorsen to nab-
paclitaxel/gemcitabine regimen did not improve survival or other clinically
relevant endpoints in patients with metastatic pancreatic cancer.

[56] Apatorsen

a—Real

Cisplatin is a platinum-based chemotherapy agent used to treat various al.

" sarcomas, carcinomas, lymphomas, and germ cell tumors. Cisplatin

/ exerts its anticancer activities by generating DNA lesions through

interactions with purine bases, leading to the activation of various signal

transduction pathways leading to apoptosis [6qjisle2]

1 A ClinicalTrials.gov identifier: NCT01893801. A nonrandomized phase 1b/2 3, K.D.;
pilot clinical trial. The addition of cisplatin to nab-paclitaxel/gemcitabine N
resulted in a high response rate and evolving OS. [

[59] Cisplatin

nts with

Ay 7 ~ ~ ~

Pancreatic Adenocarcinoma. Ann. Surg. 2017, 265, 185.

11. Mostafa, M.E.; Erbarut-Seven, I.; Pehlivanoglu, B.; Adsay, V. Pathologic Classification of
“Pancreatic Cancers”: Current Concepts and Challenges. Chin. Clin. Oncol. 2017, 6, 59.
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1 Ref Th(:'ggﬁ:ltlc Structure Description
1 Enzalutamide is a rationally designed, targeted androgen-receptor atic
inhibitor used to treat castration-resistant prostate cancer. Enzalutamide
. acts both by inhibiting the translocation of the androgen receptor into the
83 Enzalutamide ‘JZQ{ . nucleus and by reducing the transcriptional activity of this receptor 641651,
VY@Q ClinicalTrials.gov identifier: NCT02138383. A phase | trial. Enzalutamide
1 "~ plus nab-paclitaxel/gemcitabine was safely administered with no relek,
unexpected toxicities and resulted in consistent reductions in CA 19-9
(biological marker) levels. ‘
eson.
1 | o _ - sesin
Momelotinib is a benzamide that acts as an ATP-competitive JAK1/JAK2
@ inhibitor. Momelotinib has been used in trials studying the treatment of 3.
Wk polycythemia vera, primary myelofibrosis, post-polycythemia vera,
1 [66] M . - \|]/ essential thrombocythemia, and primary myelofibrosis (PMF), among ng, J.;
omelotinib N others 1671681 ;
: creatic

ClinicalTrials.gov identifier: NCT02101021. Phase 1 dose-escalation
study. Momelotinib plus nab-paclitaxel/gemcitabine was safe and well

tolerated, with no OS or PFS benefits. .
1 P 1, S.

\ siochim.

N

DIUMPTTYy S, ALl UTITT. 9UVj. Ui, 1U0VUJ, IZ2JJIUU.

18. Mollinedo, F.; Gajate, C. Direct Endoplasmic Reticulum Targeting by the Selective
TheAWRRs IR GARRIRE@N AR, BiaaliddRith Brellesiprmar R izdararQuEe AR daitivIn7273]
74/ PATSEE A6 e BE R s(RREEHT #iBRliedBnehlvBose cellular events are known with certainty will bring about a

1ERAEIeB iy, RS Saumen! YeRaweEheAn s inisd Siskng Lraerinediere b inat ks tve and
Salg-SRHERE PN RIS I nBIRE S TS P ANE SN iRaHYEaLR teeligPpieh 3sg¥iies22,

105-118.
The MPACT, a randomized phase Il study, reported that NP/G had an OS of 8.5 months, a PFS of 5.5 months, a

20R 95 #slthah N80, ahd 4Ram & 2899M0431; fa0B8s Reshithdn Yt elilcabyARRERRaBiHRRasthBY.
ThdVigtastanis @hEaoeregiic warces fordlsPydouapiniintion) ofGalbePsity;laad durspaRsi B0 - hehfile
negiePeHtarastal2d 3s3adinkd98Lhe patients 24, whereas in BIBE3I58] placebo in combination with the NP/G

PRIRGACRERERE, e A BRI RE Vo MBI BRI B b2 02! Erel dh T 2SpafigaghS: which
MeRRIBGOEITNY. BHAEE. EBHLAE L S SAHERRS BNIMYy B MMM Hufefre, BURMARNE NoLqafagnd
Notg1 fRagieTRla b SRR dGANNEr Pani YAt M IR MIF ST R RGN PRSPARSLTRE BOYSY, was

notlrﬁ_orfl%*f)ective than the standard therapy of NP/G. While the formulation with necuparanib (heparin mimetic)

was slightly superior to the placebo formulation, there was no significant improvement in OS and PFS, resulting in

%%e@grqﬂrgﬂﬁ ig\é.it%iﬁlg@)gteﬁldg{aqﬁ)&%wgrs Targeting the Diseases of the Pancreas. Eur. J. Pharm.
Biopharm. 2022, 170, 10-23.

43§ragbﬁclﬂ.§§i>mg Ciardelli, G.; Mattu, C. Nanomedicine for Imaging and Therapy of
Pancreatic Adenocarcinoma. Front. Bioeng. Biotechnol. 2019, 7, 307.
The effective and safe treatment of pancreatic cancer represents a major challenge for medical research. One of

the strategies that research groups test is the combination of therapeutic agents and their effectiveness.
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enZalorapais) e Denvetbfio Onife mGNatuuahbFrobl actseCaimb gtdaam craatioCannardledlrvival than the

NP Ry obtgnatrorwhing. NPIMNzruispladn 2080hehbis 22b&gRiY68s a candidate for an effective therapeutic strategy,
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addl%’s%tlherﬂ\ru%\t/oe}gelygﬂcl;e];cc’fén Li\ﬁt Ol{}lelngo C.; Prados, J. Nanomedicine in Pancreatic Cancer: A
New Hope for Treatment. Curr. Drug Targets 2020, 21, 1580-1592.

bbrc—;vjatlogq% pg Acr

nym . .
ang, lang, ; Pan, 8 ; %n § Liu, C.; Li, Z.; Ren, W.; Wu, A.; Huang, P. PCN-
Fe(III) PTX Naglopartlclels for MRI Guided High Efficiency Chemo-Photodynamic Therapy in
uorouraci
Pancreatlc Cancer through Alleviating Tumor Hypoxia. Nano Res. 2020, 13, 273-281.
27'.A‘Een, S, Song,’A'fj.\;/eltiSaen?\Qr;]tihu, L.; Guo, K.; Zhang, H.; Wang, Z. Emodin-Conjugated PEGylation

caffEe304 NanepactategifenbbibikSiiPiahdiedasImaging and Therapy in Pancreatic Cancer. Int. J.

Nanomed. 2021, 16, 7463—-7478.
CTCAE Common Terminology Criteria for Adverse Events

28. Lei, F; Xi, X.; Rachagani, S.; Seshacharyulu, P.; Talmon, G.A.; Ponnusamy, M.P.; Batra, S.K.;
CBronich, T.K. NaHBRELSIISRRSFm for Delivery of Active IRINOX to Combat Pancreatic Cancer. J.

efepntrol. Releagg 2074623 JetdRieliddh3porters
29 QU RINGNRO: ZentHotheds ROIRBHARAIRR Phfordmian A RERCH RN SansEaaligFancer

Therapy. Biochim. Biophys. Acta (BBA) Rev. Cancer 2022, 1877, 188662.

MMRI Molecular magnetic resonance imaging
30. Polireddy, K.; Chen, Q. Cancer of the Pancreas: Molecular Pathways and Current Advancement

NI Greatment. Neapr@iFxeBuy 9ewgirabing 4.

310BRgiacomo, G. OUstayEreSargevalel.; Balsano, R.; Cavazzoni, A. Biological Hallmarks and New

Therapeutlc Ap&&?%ﬁ@%?vfé’é the Treatment of PDAC. Life 2021, 11, 843.

32 Ko a, F.; Kawaguchi, Y.; Shimokawa, M.; Murayama K.; Nakashita, S.; Oza, N.; Ureshino, N.;
ancreatlc ductal adenocarcmo
Takahash| H.; Ueda, Y.; Nakazawa, J.; et aI GemC|tab|ne plus Nab-Paclitaxel in Older Patients
PR&h MetastaticPRanessiatidr€anoeivah Post-Hoc Analysis of the Real-World Data of a Multicenter

Study (the NAPOLEON Study). J. Geriatr. Oncol. 2022, 13, 82-87.

TNBC Triple-negative breast cancer
33. Vogl, U.M.; Andalibi, H.; Klaus, A.; Vormittag, L Schima, W.; Heinrich, B.; Kafka, A.; Winkler, T.;
"M, L. Nab-P4TIRLNSHEMplasiast sieaing SYSIBM AR\ RSA merican Joint Commitee on Cancer

with Unresectable Adenocarcinoma of the Pancreas: Does Sequence Matter? 11 Medical and
Health Sciences 1112 Oncology and Carcinogenesis. BMC Cancer 2019, 19, 28.
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