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Abstract

credited.

The improvement of the efficacy of an antiangiogenic therapy in cancer therapy is a valuable goal. There exist different methods how

to achieve and what should be avoided.
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Introduction

Antiangiogenic therapy (AAT) is directed against one of the
hallmarks of cancer [1]. The blockade of AAT offers one
possibility to retarden tumor growth. The inhibition of
neoangiogenesis may achieved by several ways. The blockade of
activity of vascular endothelial growth factors or its receptors
may be achieved by antibodies against vascular endothelial
growth factor (VEGF) or by tyrosin kinase inhibitors (TKI)
directed against vascular endothelial growth factor receptors
(VEGFR) such as regorafenib, fruquintinib, lenvatinib, sunitinib,
or apatinib. Endothelial cells may be led into apoptosis by the use
of endothelial located enzymes such as thymidine phosphorylase
(TP) [2] resulting in apoptosis of the harbouring cells by 5-FU or
its prodrugs such as capecitabine or S1 [3]. Alternatively, an
inhibition of endothelial TP may be performed by tipiracil which
is a component of TAS102 (trifluridine-tipiracil).

Methods

We looked for methods how to strengthen the efficacy of the
concept of a double AAT.

Results

There have been attempts to increase the AAT by the combination
of AAT activities by the parallel treatment via the anti VEGF

antibody bevacizumab and with the drug capecitabine compared
to capecitabine alone as performed in the in the AVEX trial [4]
and by the parallel therapy with bevacizumab and TAS102
compared to TAS 102 alone in the SUNLIGHT Trial [5]. The
double AAT of patients with metastatic colorectal cancer (crc)
resulted in an increased efficacy. However, the double AAT with
Ramucirumab, an antibody against VEGFR2, and with TAS102
containing tipiracil as an inhibitor of TP in patients with
metastatic colorectal cancer (crc) resulted in no increased efficacy
[6]. Also, a double AAT with an antibody against VEGFR2,
cisplatin  and  fluoropyrimidine compared to cisplatin
fluoropyrimidine in patients with metastatic gastric or junctional
adenocarcinoma resulted in no increased efficacy (RAINFALL
trial) [7]. The combination of S1 which is a prodrug of 5-FU plus
oxaliplatin with or without ramucirumab followed by paclitaxel
plus ramucirumab in patients with advanced gastric cancer did not
prolong overall survival among East Asian patients
(RAINSTORM Trial) [8]. In patients with metastatic colorectal
cancer a first line therapy with TAS 102 plus bevacizumab was
not superior to capecitabine plus bevacizumab (SOLSTICE Trial)
[9] arguing that in the combination therapy TAS 102 was not
more efficient than capecitabine. In patients with advanced
metastatic breast cancer a combination with VEGF receptor
antibodies with capecitabine compared to capecitabine alone
showed no superiority [10].
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Discussion

We searched for a possible reason for these results.

The combination therapy of patients with crc with an antibody
against VEGF and an endothelial blockade via TAS102 or
capecitabine is directed against different targets. An anti-VEGF
antibody targets VEGF-A [11], whereas TAS102 or 5-FU or its
prodrugs inhibit endothelial cells. The action of an anti VEGFR2
antibody also inhibits endothelial growth like TAS102. However,
in the combination therapy it is provided that the anti-VEGFR2
antibody still has the possibility to target an antigen located on the
cell surface. It has to be acknowledged that VEGFR2 significantly
is located intracellular in an endosomal storage [12]. The
VEGFR2 receptor translocation to an extracellular position is
possible [13] however is depending on a still living cell. In vivo, a
peripherally applied antibody will have problems to modify
translocation activities of already apoptotic endothelial cells. This
partly may explain the low results of a combination therapy of
substances simultaneously directed against extra- and intracellular
targets.

A combination therapy with substances directed against targets
located on the cell surface and a TP inhibitor offers a good way to
achieve an increase in efficacy, However, the translocation of an
intracellular located target to the cell surface is dependent on a
still living cell. If endothelial cells are already apoptotic the result
of the activity of the component directed against an intracellular
endothelial target is likely to be not very efficient.

Conclusion

The efficacy of an AAT combination has to be acknowledged.
The combination of bevacizumab with an antineoplastic therapy
promises good results. However, when applying combination
therapies the location of the desired targets within the cells and
the capabilities of the applied substances should be considered.

References

1. Swanton C, Bernard E, Abbosh C, Andre F, Auwerx J, BalmainA,
et al. Embracing cancer complexity: Hallmarks of systemic disease.
Cell. 2024; 187: 1589-1616.

2. Fox SB, Moghaddam A, Westwood M, Turley H, Bicknell R, Gatter
KC, et al. Platelet-derived endothelial cell growth factor/thymidine
phosphorylase expression in normal tissues: an
immunohistochemical study. J Pathol. 1995; 176:183-190

3. Focaccetti C, Bruno A, Magnani E, Bartolini D, Prinicipi E,
Dallaglio K, et al. Effects of 5-fluorouracil on morphology, cell
cycle, proliferation, apoptosis, autophagy and ROS production in
endothelial cells and cardiomyocytes. PloS One. 2015; 10:
€0115686

4. Cunningham D, Lang I, Marcuello E, Lorusso V, Ocvirk J, Shin
DB, et al. Bevacizumab plus capecitabine versus capecitabine alone
in elderly patients with previously untreated metastatic colorectal

10.

11.

12.

13.

cancer (AVEX): an open-label, randomised phase 3 trial. Lancet
Oncol. 2013; 14: 1077-1085

Taieb J, Modest DP, Fakih M, Ciardiello F, Van Cutsem E, Elez E,
et al. Impact of trifluridine/tipiracil plus bevacizumab on tumor
shrinkage and depth of response in refractory metastatic colorectal
cancer: analysis of the SUNLIGHT trial. Eur J Cancer. 2025; 227:
115644

Kasper-Virchow S, Hofheinz RD, Stintzing S, Dechow TN, Ettrich
TJ, Sinn M, et al. Randomized phase Il trial of ramucirumab in
combination with TAS102 (Trifluridin/Tipiracil) vs. TAS102
monotherapy in heavily pretreated metastatic colorectal cancer: The
RAMTAS/IKF643 trial of the German AIO (AIO-KRK-0316).
Annals Oncol. 2024: LBA25

Fuchs CS, Shitara K, Di Bartolomeo M, Lonardi S, Al-Batran SE,
van Cutsem E, et al. Ramucirumab with cisplatin and
fluoropyrimidine as first-line therapy in patients with metastatic
gastric or junctional adenocarcinoma (RAINFALL): a double-blind,
randomised, placebo-controlled, phase 3 trial. Lancet Oncol. 2019;
20: 420-435

Yoshikawa T, Muro K, Shitara K, Oh DY, Kang YK, Chung HC, et
al. Effect of First-line S-1 Plus Oxaliplatin with or Without
Ramucirumab Followed by Paclitaxel Plus Ramucirumab on
Advanced Gastric Cancer in East Asia: The Phase 2 RAINSTORM
Randomized Clinical Trial. Jama Netw Open. 2019; 2: €198243
Andre T, Falcone A, Shparyk Y, Moiseenko F, Polo-Marques E,
Csoszi T, et al. Trifluridine-tipiracil plus bevacizumab versus
capecitabine plus bevacizumab as first-line treatment for patients
with metastatic colorectal cancer ineligible for intensive therapy
(SOLSTICE): a randomised, open-label phase 3 study. Lancet
Gatroenterol Hepatol. 2023; 8: 133-144

Vahdat LT, Layman R, Yardley DA, Gradishar W, Salkeni MA, Joy
A, et al. Randomized Phase Il Study of Ramucirumab or Icrucumab
in Combination with Capecitabine in Patients with Previously
Treated Locally Advanced or Metastatic Breast Cancer. Oncologist.
2017; 22: 245-254

Papadopoulos N, Martin J, Ruan Q, Rafique A, Rosconi MP, Shi E,
et al. Binding and neutralization of vascular endothelial growth
factor (VEGF) and related ligands by VEGF Trap, ranibizumab and
bevacizumab. Angiogenesis. 2012; 15: 171-185

Gampel A, Moss L, Jones MC, Brunton V, Norman JC Mellor H, et
al. VEGF regulates the mobilization of VEGFR2/KDR from an
intracellular endothelial storage compartment. Blood. 2006; 108:
2624-2631

Jopling HM, Howell GJ, Gamper N, Ponnambalam S. The VEGFR2
receptor tyrosine kKinase undergoes constitutive endosome-to-plasma
membrane recycling. Biochem Biophys Res Commun. 2011; 410:
170-176.

Citation: Koch BA, Uflacker L (2026) Ways to Achieve an Increase of the Efficacy of Anticancer Therapies via A Double Antiangiogenic
Therapy and How to Avoid Pitfalls. SunText Rev Med Clin Res 7(3): 256.


https://www.cell.com/cell/fulltext/S0092-8674(24)00175-2
https://www.cell.com/cell/fulltext/S0092-8674(24)00175-2
https://www.cell.com/cell/fulltext/S0092-8674(24)00175-2
https://pathsocjournals.onlinelibrary.wiley.com/doi/abs/10.1002/path.1711760212
https://pathsocjournals.onlinelibrary.wiley.com/doi/abs/10.1002/path.1711760212
https://pathsocjournals.onlinelibrary.wiley.com/doi/abs/10.1002/path.1711760212
https://pathsocjournals.onlinelibrary.wiley.com/doi/abs/10.1002/path.1711760212
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0115686
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0115686
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0115686
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0115686
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0115686
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(13)70154-2/abstract
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(13)70154-2/abstract
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(13)70154-2/abstract
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(13)70154-2/abstract
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(13)70154-2/abstract
https://www.sciencedirect.com/science/article/pii/S0959804925004265
https://www.sciencedirect.com/science/article/pii/S0959804925004265
https://www.sciencedirect.com/science/article/pii/S0959804925004265
https://www.sciencedirect.com/science/article/pii/S0959804925004265
https://www.sciencedirect.com/science/article/pii/S0959804925004265
https://www.annalsofoncology.org/article/S0923-7534(24)03844-4/fulltext
https://www.annalsofoncology.org/article/S0923-7534(24)03844-4/fulltext
https://www.annalsofoncology.org/article/S0923-7534(24)03844-4/fulltext
https://www.annalsofoncology.org/article/S0923-7534(24)03844-4/fulltext
https://www.annalsofoncology.org/article/S0923-7534(24)03844-4/fulltext
https://www.annalsofoncology.org/article/S0923-7534(24)03844-4/fulltext
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(18)30791-5/abstract
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(18)30791-5/abstract
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(18)30791-5/abstract
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(18)30791-5/abstract
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(18)30791-5/abstract
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(18)30791-5/abstract
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2740779
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2740779
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2740779
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2740779
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2740779
https://www.thelancet.com/journals/langas/article/PIIS2468-1253(22)00334-X/abstract
https://www.thelancet.com/journals/langas/article/PIIS2468-1253(22)00334-X/abstract
https://www.thelancet.com/journals/langas/article/PIIS2468-1253(22)00334-X/abstract
https://www.thelancet.com/journals/langas/article/PIIS2468-1253(22)00334-X/abstract
https://www.thelancet.com/journals/langas/article/PIIS2468-1253(22)00334-X/abstract
https://www.thelancet.com/journals/langas/article/PIIS2468-1253(22)00334-X/abstract
https://academic.oup.com/oncolo/article/22/3/245/6438963?guestAccessKey=
https://academic.oup.com/oncolo/article/22/3/245/6438963?guestAccessKey=
https://academic.oup.com/oncolo/article/22/3/245/6438963?guestAccessKey=
https://academic.oup.com/oncolo/article/22/3/245/6438963?guestAccessKey=
https://academic.oup.com/oncolo/article/22/3/245/6438963?guestAccessKey=
https://link.springer.com/article/10.1007/S10456-011-9249-6
https://link.springer.com/article/10.1007/S10456-011-9249-6
https://link.springer.com/article/10.1007/S10456-011-9249-6
https://link.springer.com/article/10.1007/S10456-011-9249-6
https://ashpublications.org/blood/article/108/8/2624/22595/VEGF-regulates-the-mobilization-of-VEGFR2-KDR-from?guestAccessKey=
https://ashpublications.org/blood/article/108/8/2624/22595/VEGF-regulates-the-mobilization-of-VEGFR2-KDR-from?guestAccessKey=
https://ashpublications.org/blood/article/108/8/2624/22595/VEGF-regulates-the-mobilization-of-VEGFR2-KDR-from?guestAccessKey=
https://ashpublications.org/blood/article/108/8/2624/22595/VEGF-regulates-the-mobilization-of-VEGFR2-KDR-from?guestAccessKey=
https://www.sciencedirect.com/science/article/abs/pii/S0006291X11006917
https://www.sciencedirect.com/science/article/abs/pii/S0006291X11006917
https://www.sciencedirect.com/science/article/abs/pii/S0006291X11006917
https://www.sciencedirect.com/science/article/abs/pii/S0006291X11006917

