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The advent of anti-angiogenic agents has impacted cancer thera-
peutic strategies. Anti-angiogenic agents along with standard cancer
therapies have improved the survival and the prognosis of cancer pa-
tients in select diseases [1]. Various anti-angiogenic agents that target
the vascular endothelium growth factor (VEGF) pathway are currently
used in cancer therapy including intravenous and oral formulations.
Bevacizumab and ramucirumab are examples of the former, and tyrosine
kinase inhibitors such as sunitinib, sorafenib, cabozantinib, lenvatinib,
pazopanib, and axitinib are examples of the latter [2]. The use of anti-
angiogenic agents is approved for the treatment of various cancers
including metastatic liver, kidney, colorectal, ovarian, gastric, thyroid,
and soft tissue cancers [3,4]. Through the disruption of angiogenesis, the
process of formation of new microvasculature from the pre-existing
vessels, anti-angiogenic agents help impede tumor progression by
altering tumor growth and metastasis [5]. Inhibition of angiogenesis
halts the vascular endothelium growth factor signaling pathways
resulting in the suppression of tumor neovascularization [6].

Anti-angiogenic agents are relatively well tolerated short of few
adverse events one need to care for including but not limited to bleeding
potential and hypertension [7,8]. Theoretically, it is thought that the
probability of anti-angiogenic agents to cause side effects is low because
angiogenesis is the central process for tumor progression and has a
limited role in healthy cells [9]. However, the specificity of VEGF in-
hibitors is not absolute; they may have off-target effects [10]. With
continued improved overall survival, long-term adverse effects have
emerged and continue to be better understood [11]. Studies have shown
that the anti-angiogenic agents can directly affect cardiovascular and
endothelial cells [12]. Among the long-term adverse effects is therapy-
induced premature aging of cardiovascular and endothelial cells [13].

One of the hallmarks of cellular aging is cellular senescence [14].
Once cells become senescent, alterations in the production of inflam-
matory cytokines and chemokines and changes within the cell chro-
matin occur [15]. These changes eventually lead to accelerated aging
and premature frailty [11]. Cellular senescence can be involved in
normal physiological roles in embryonic development, wound healing,
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and suppression of tumor growth [15]. However, persistence of senes-
cence disrupts homeostasis and contributes to aging and the develop-
ment of several diseases. Cardiovascular aging because of vascular and
endothelial senescence is an entity that has been described [16].
Endothelial cells are at a risk of increased aging due to cancer therapy-
induced toxicity [11]. Senescent endothelial cells demonstrate alter-
ations in cellular function that can induce endothelial dysfunction and
vascular impairment [11]. Early-senescence of cardiovascular and
endothelial cells can lead to multiple cardiovascular complications
especially among cancer survivors as they live longer. Vascular and
endothelial senescence has been identified as a significant contributor to
multiple cardiovascular diseases including atherosclerosis, hyperten-
sion, and stroke [17].

Although several mechanisms have been proposed to explain the
molecular mechanisms of cancer therapy-induced complications,
therapy-induced premature aging mediating the cardiovascular com-
plications has emerged [11]. Angiogenesis inhibitors through myocar-
dial capillary rarefaction, coupled with induction of hypoxia and
hypoxia-inducible genes, and the resulting cardiac dysfunction, as well
as vascular constriction, are among the recently described mechanisms
by Kreidieh and McQuade (2024) [18]. Cardiovascular diseases and
cancer possess various similarities and possible interactions, including
several similar risk factors, such as obesity and diabetes mellitus [19].
The question regarding the role of genetic susceptibility has been pro-
posed. Tet methylcytosine dioxygenase 2 (TET2), which is a common
gene identified as an acquired mutation in individuals without hema-
tological malignancies, has been shown to be the most common mutated
gene associated with increased incidence and mortality due to cardio-
vascular disease [20].

As we navigate the implications of anti-angiogenic agents on the
cardiovascular system, collaboration among oncologists, cardiologist
and other healthcare professionals is of utmost importance. Studies have
shown that the risk starts within the first decade of cancer therapy and is
associated with the nature of the cancer, treatment, common risk fac-
tors, inflammation, and genetic predisposition [21]. Close monitoring of
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blood pressure and cardiac function are essential parameters that need
to be followed [18]. Risk stratification strategies tailored to individual
patient profiles can help identify patients at increased risk of cardio-
vascular adverse events. Early detection enables timely interventions
and ultimately improved outcomes. Ensuring that therapeutic benefits
are maximized while minimizing the cardiovascular burden on patients
is essential as the balance among therapeutic efficacy of these agents and
their subsequent cardiovascular safety is delicate. A multidisciplinary
approach and a holistic perspective fostering collaboration among
various medical specialties can help mitigate the cardiovascular risks
associated with antiangiogenic agents and ensure safer treatment
pathway for cancer patients.

In summary, the care for cancer patients extends beyond the man-
agement of the disease itself and entails dedication to preserving their
cardiovascular and overall well-being. In addition to closely monitoring
and addressing the cancer, healthcare professionals must remain vigi-
lant in detecting and managing potential cardiovascular toxicities
including atherosclerosis, hypertension, and stroke that are not always
apparent until later.

CRediT authorship contribution statement

Layal Al Mahmasani: Conceptualization, Writing — original draft,
Writing — review & editing. Ghassan K. Abou-Alfa: Conceptualization,
Writing — original draft, Writing — review & editing.

Declaration of competing interest

LA has no known competing financial interests or personal re-
lationships that could have appeared to influence the work reported in
this paper.

GKA declares research support from Agenus, Arcus, Astra Zeneca,
BioNtech, BMS, Elicio, Genentech/Roche, Helsinn, Parker Institute,
Pertzye, Puma, QED, Servier, Yiviva, and consulting support from
Abbvie, Astra Zeneca, Autem, Berry Genomics, BioNtech, Boehringer
Ingelheim, BMS, Eisai, Exelixis, Genentech/Roche, Incyte, Ipsen, J-
Pharma, Merck, Merus, Neogene, Novartis, Servier, Tempus, Vector,
Yiviva.

References

[1] Ewa Maj, Diana Papiernik, Joanna Wietrzyk, Antiangiogenic cancer treatment: the
great discovery and greater complexity, Int. J. Oncol. 49 (5) (2016) 1773-1784.

[2] Lawrence Kasherman, Jeffery Doi, Katherine Karakasis, et al., Angiogenesis in-
hibitors as anti-cancer therapy following renal transplantation: a case report and
review of the literature, Curr. Oncol. 28 (1) (2021) 661-670.

[3] Ahmed Al-Abd, Abdulmohsin Alamoudi, Ashraf Abdel-Naim, et al., Anti-angio-
genic agents for the treatment of solid tumors: potential pathways, therapy and

American Heart Journal Plus: Cardiology Research and Practice 43 (2024) 100406

current strategies - a review, J. Adv. Res. 8 (6) (2017) 591-605, https://doi.org/
10.1016/j.jare.2017.06.006.

[4] Nadia Saoudi Gonzalez, Florian Castet, Elena Elez, et al., Current and emerging
anti-angiogenic therapies in gastrointestinal and hepatobiliary cancers, Front.
Oncol. 12 (2022) 1021772.

[5] Roberta Lugano, Mohanraj Ramachandran, Anna Dimberg, Tumor angiogenesis:
causes, consequences, challenges and opportunities, Cell. Mol. Life Sci. 77 (2020)
1745-1770.

[6] Yuki Katayama, Jinji Uchino, Yusuke Chihara, et al., Tumor neovascularization and
developments in therapeutics, Cancers 11 (3) (2019) 316.

[7] Francesca Elice, Francesco Rodeghiero, Side effects of anti-angiogenic drugs,
Thromb. Res. 129 (2012) S50-S53.

[8] Nilka de Jesus-Gonzalez, Emily Robinson, Javid Moslehi, et al., Management of
antiangiogenic therapy-induced hypertension, Hypertension 60 (3) (2012)
607-615.

[9] Kristina Cook, William D. Figg, Angiogenesis inhibitors: current strategies and
future prospects, CA Cancer J. Clin. 60 (4) (2010) 222-243.

[10] Diana Mihalcea, Hayat Memis, Sorina Mihaila, et al., Cardiovascular toxicity
induced by vascular endothelial growth factor inhibitors, Life 13 (2) (2023) 366.

[11] Ibrahim Abdelgawad, Kevin Agostinucci, Beshay N. Zordoky, Cardiovascular
ramifications of therapy-induced endothelial cell senescence in cancer survivors,
Biochim. Biophys. Acta (BBA) - Mol. Basis Dis. 1868 (4) (2022) 166352.

[12] Janee Terwoord, Andreas M. Beyer, David D. Gutterman, Endothelial dysfunction
as a complication of anti-cancer therapy, Pharmacol. Ther. 237 (2022) 108116.

[13] Ibrahim Abdelgawad, Karim Sadak, Diana Lone, et al., Molecular mechanisms and
cardiovascular implications of cancer therapy-induced senescence, Pharmacol.
Ther. 221 (2021) 107751.

[14] Matthew J. Regulski, Cellular senescence: what, why, and how, Wounds Compend.
Clin. Res. Pract. 29 (6) (2017) 168-174.

[15] Weijun Huang, LaTonya Hickson, Alfonso Eirin, et al., Cellular senescence: the
good, the bad and the unknown, Nat. Rev. Nephrol. 18 (10) (2022) 611-627.

[16] Nazish Sayed, Yingxiang Huang, Khiem Nguyen, et al., An inflammatory aging
clock (iAge) based on deep learning tracks multimorbidity, immunosenescence,
frailty and cardiovascular aging, Nat. Aging 1 (7) (2021) 598-615.

[17] Yeaeun Han, Sung Young Kim, Endothelial senescence in vascular diseases: current
understanding and future opportunities in senotherapeutics, Exp. Mol. Med. 55 (1)
(2023) 1-12.

[18] Firas Kreidieh and Jennifer McQuade. Novel insights into cardiovascular toxicity of
cancer targeted and immune therapies: Beyond ischemia with non-obstructive
coronary arteries (INOCA). Am. Heart J. Plus: Cardiol. Res. Pract. (2024): 100374.

[19] Ryan J. Koene, Anna Prizment, Anne Blaes, et al., Shared risk factors in cardio-
vascular disease and cancer, Circulation 133 (11) (2016) 1104-1114.

[20] Yinghui Wang, Yonggang Wang, Xiaorong Han, et al., Cardio-oncology: a myriad of
relationships between cardiovascular disease and cancer, Front. Cardiovasc. Med. 9
(2022) 727487.

[21] Ragani Velusamy, Mark Nolan, Andrew Murphy, et al., Screening for coronary
artery disease in cancer survivors: JACC: cardioOncology state-of-the-art review,
Cardio Oncol. 5 (1) (2023) 22-38.

Layal Al Mahmasani®, Ghassan K. Abou-Alfa™>"

& Memorial Sloan Kettering Cancer Center, 300 East 66th Street, New York,
NY, USA

b Weill Medical College, Cornell University, New York, NY, USA

€ Trinity College Dublin, Dublin, Ireland

* Corresponding author at: Memorial Sloan Kettering Cancer Center,
300 East 66th Street, New York, NY, USA.
E-mail address: abou-alg@mskcc.org (G.K. Abou-Alfa).


http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0005
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0005
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0010
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0010
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0010
https://doi.org/10.1016/j.jare.2017.06.006
https://doi.org/10.1016/j.jare.2017.06.006
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0020
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0020
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0020
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0025
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0025
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0025
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0030
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0030
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0035
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0035
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0040
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0040
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0040
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0045
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0045
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0050
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0050
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0055
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0055
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0055
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0060
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0060
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0065
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0065
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0065
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0070
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0070
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0075
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0075
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0080
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0080
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0080
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0085
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0085
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0085
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0090
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0090
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0095
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0095
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0095
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0100
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0100
http://refhub.elsevier.com/S2666-6022(24)00049-1/rf0100
mailto:abou-alg@mskcc.org

	Cardiovascular implications of anti-angiogenic therapeutic agents in cancer patients
	CRediT authorship contribution statement
	Declaration of competing interest
	References


