
Hypertension is one of the most common co-morbidities in the 
general population with a prevalence reaching 32% to 47% 

and rising with age according to different definitions [1].Cancer 
is also a very common disease. It is the second leading cause of 
death worldwide (World Health Organization Report on cancer, 
2018). Globally, an estimated 19.3 million new cancer cases and 
almost 10 million cancer deaths occurred in 2020 [2].

The average age of the general population is rising and at the 
same time cancer patients enjoy prolonged overall survival due 
to improved anti-cancer therapies [3]. In addition, some of the 
risk factors associated with the development of hypertension, 
such as obesity, type II di-
abetes mellitus, smoking, 
and a sedentary life-style, 
are also associated with the development of cancer [4,5]. It is 
therefore not surprising that an increasing number of cancer pa-
tients present with hypertension.

A review by Jain and Townsend [6] estimated hypertension 
prevalence in cancer patients to be as high as 37%, making it the 
most common cardiovascular co-morbidity reported in cancer 
patients. Hypertension is also the most common severe adverse 

event in cancer patients, usually associated with certain types of 
chemotherapy [3,7]. In patients with a history of cancer, hyper-
tension is more prevalent than in the general population as was 
demonstrated in the Childhood Cancer Survivor Study. More than 
10,000 adults who had survived childhood cancer were compared 
to 3000 siblings. The researchers found that hypertension preva-
lence was 40% vs. 25% at age 45 years, respectively [8].

Hypertension can elevate the risk for chemotherapy induced 
cardiotoxicity, and when it is poorly controlled it may lead to 
discontinuation of cancer treatment [9,10].

Hypertension can develop in patients receiving different 
types of chemotherapy as a result of direct effects or via indi-
rect effects through kidney-related mechanisms. For example, 
alkylating agents such as cisplatin, cyclophosphamide, benda-
mustine, and busulfan have been reported to cause vascular tox-
icity and nephrotoxicity, which can lead to hypertension [11-13]. 
Development of hypertension in the setting of thrombotic mi-
croangiopathy has been described in cases of treatment with the 
anti-metabolite gemcitabine, as well as the use of proteasome 
inhibitors such as bortezomib and carfilzomib [14,15]. 

Moreover, adjuvant therapies used as part of cancer treat-
ments, such as calcineurin inhibitors, non-steroidal anti-in-
flammatory drugs, corticosteroids, erythropoietin stimulating 
agents, and radiation therapy, can also lead to development or 
exacerbation of existing hypertension [16-19]. Radiotherapy to 
the head and neck can result in hypertension (as well as hypo-
tension) due to baroreceptor failure [20].

Nevertheless, the leading cause of hypertension due to an-
ti-cancer therapies is 
the vascular endothelial 
growth factor (VEGF) in-

hibitors with tyrosine kinase inhibitor (TKI) activity. A recent 
meta-analysis evaluated the risk of cardiovascular disease in TKI 
therapy versus standard chemotherapy. Seventy-one randomized 
controlled trials comprising > 29,000 patients were included. 
Results showed that the relative risk of hypertension with TKI 
therapy was 3.78 (95% confidence interval [CI] 3.15–4.54) when 
compared to age and co-morbidity matched controls.



Hypertension has been reported in up to 50% of patients 
receiving anti-VEGF therapy [22], a phenomenon attributed 
to several different mechanisms. First, inhibition of the VEGF 
pathway blocks the phosphorylation and activation of endo-
thelial nitric oxide synthase, thus inhibiting production of ni-
tric oxide (NO) [23]. Cyclooxygenase 2 (COX-2) production, 
which leads to the production of prostaglandin I2 (PGI2), is also 
inhibited. The production of endothelin-1 (ET-1), which is de-
creased through VEGF activation, is therefore increased with 
anti-VEGF therapy [24]. NO and PGI2 are both potent vaso-
dilators and ET-1 is a 
strong vasoconstrictor; 
therefore, the com-
bined effect of VEGF 
pathway may lead to 
hypertension development. 

In addition, VEGF maintains capillary network integrity 
and when this pathway is interrupted, the density of the cap-
illary bed is reduced, a process called rarefaction, which can 
contribute to hypertension pathogenesis. Last, VEGF and the 
VEGF receptor are abundant in the kidneys, and their inhibi-
tion can potentially alter glomerular structure and function and 
decrease the glomerular filtration rate, thus leading to hyperten-
sion through an indirect nephrotoxic effect [22].

Hypertension can be caused by secretion of different types of hor-
mones by tumor cells, such as renin or angiotensin-I, in the case 
of hepatocellular carci-
noma [25]. Catechol-
amines have been men-
tioned in some case 
reports of carcinoid 
tumor [26]. Renal cell 
carcinoma is the most 
common tumor related 
to paraneoplastic hypertension, reaching up to 2% of cases, like-
ly due to secretion of vasoactive peptides such as endothelin-1 
[27,28]. Very rarely, malignant neuroendocrine tumors can arise 
from chromaffin cells in the adrenal medulla or extra-adrenal au-
tonomic paraganglia or from the adrenal cortex [4].

Leiba and colleagues [29] examined the association of hyper-
tension recorded at age 17 with the incidence of renal cancer 
in more than 900,000 Israeli adolescent candidates for military 
service. The risk of developing renal cancer among those with 
established hypertension was not increased, and was actually 
lower among subjects with higher blood pressure category. A 
smaller study which included over 300,000 patients showed a 
positive association between systolic and diastolic hypertension 

and renal cell carcino-
ma (RCC). Hyperten-
sion was also found to 
be weakly associated 
with many other can-

cer types, however a major limitation was that BP was measured 
only at one time point. Moreover, specific information on the 
type of antihypertensive medications in treated individuals was 
unavailable [30].

Hydrochlorothiazide (HCTZ) use was associated with non-
melanoma skin cancer in two large studies: one from Denmark 
[31] and another from the United Kingdom [32], which found an 
association between HCTZ use and non-melanoma skin cancer 
such as basal cell and squamous cell skin carcinoma. Alternative-
ly, studies from Taiwan [33] and Korea [34] showed no associa-
tion and even a protective effect of HCTZ use concerning skin 
cancer development. Thiazide-like diuretics on the other hand 
such as chlorthalidone and indapamide were not shown to be as-

sociated with increased 
risk of skin cancer and 
therefore some experts 
recommend using these 
medications and not 
HCTZ in hypertension 
management [35].

Several studies 
raised the possibility that ACEIs use might be associated with in-
creased risk for lung cancer. However these studies were heavily 
criticized for various limitations in data collection and interpreta-
tion, leading to the conclusion that there is not enough evidence to 
change clinical practice at the current time [36].



Hypertension in cancer trials is typically defined according to a 
classification system called Common Terminology Criteria for 
Adverse Events (CTCAE), developed by the National Cancer 
Institute to assess cancer therapy-related adverse events, in-
cluding hypertension. The definition of the CTCAE is similar 
to the Joint National Committee (JNC) 7/8 [Table 1] with SBP 
120–139/DBP 80–89 mmHg considered as pre-hypertension,  
140–159/90–99 mmHg 
addressed to as stage I hy-
pertension and BP values 
of SBP > 160 or DBP > 
90 mmHg define stage II 
hypertension [22].

Naturally, lifestyle changes and decreased sodium intake 
are recommended regardless of the anti-cancer therapy used, as 
they have an effect of BP reduction in many patients; however, 
these changes may be difficult to achieve [3]. 

Several factors influence the choice of anti-hypertensive 
medications in cancer patients. The European Society of Car-
diology proposes ACE inhibitors, ARBs, and dihydropyridine 
calcium-channel blockers (CCBs) as first line therapies [37].

According to Dincer and co-authors [38] for example, ACE 
inhibitors (ACEis) are the preferred first-line therapy in patients 
treated with bevacizumab due to their beneficial effects on 
plasminogen activator inhibitor-1 and proteinuria. ACEis also 
increase the release of endothelial NO and decrease the metabo-
lism of bradykinin [37]. 

A study by Waliani . evaluated the increase in BP in pa-
tients receiving VEGF inhibitors as well as their response to 

different types of an-
ti-hypertensive medica-
tions. In this group of 
patients, CCBs and po-
tassium-sparing diuret-

ics were associated with the largest BP reductions [39]. Alter-
natively, Kruzliak and colleagues [40] suggested that based on 
their mechanism of action, NO donors such as isosorbide mono/
dihydrates can serve as a potent add-on therapy for resistant hy-
pertension in patients treated with VEGF inhibitors.

Regardless of the type of drug used, treatment of cancer 
therapy-induced hypertension frequently requires more than a 
single agent. Cohen et al. [4] suggested initiating patients with 
above-goal BP on dihydropyridine CCB if no proteinuria is 



present and ACEi/ARB in case proteinuria is present and titrate 
up to effective dosing. 

In our experience, measuring plasma renin and aldosterone 
levels prior to initiating treatment can guide us towards effec-
tive anti- hypertensive treatment: High renin would indicate the 
use of ACE/ARBs while low renin levels would direct towards 
initiation of a dihydropyridine CCB. The next step in BP man-
agement should be adding a drug from the class that was not 
initially given (i.e., ACEi/ARB in case a CCB was started first 
and vise versa). A third step in escalation of treatment should be 
a diuretic if no contraindication exists and then a mineralocorti-
coid antagonist or a beta-blocker. The last option presented is an 
alfa or beta blocker or alternatively NO donors such as nitrates. 
Another alternative is considering chemotherapy dose reduction 
or even a “drug holiday” [4] [Figure 1].

Hypertension is a very common co-morbidity as well as an ad-
verse event in cancer patients and should therefore be closely 
monitored. Generally, treatment should be initiated when out of 
office BP above or equal to 135/85 with a CCB/ACEi/ARBs 
and additional treatment should be added as needed. As advanc-
es in anti-cancer treatment are achieved on a daily basis, their 
influence on hypertension development and treatment options 
should be carefully addressed as prevention of cardiovascular 
morbidity and mortality is of paramount importance in both ac-
tive cancer patients and cancer survivors.



The SARS-CoV-2 Omicron variant encodes 37 amino acid 
substitutions in the spike protein, 15 of which are in the 
receptor-binding domain (RBD), thereby raising concerns 
about the effectiveness of available vaccines and 
antibody-based therapeutics. Cameroni and colleagues 
showed that the Omicron RBD binds to human ACE2 with 
enhanced affinity, relative to the Wuhan-Hu-1 RBD, and 
binds to mouse ACE2. Marked reductions in neutralizing 
activity were observed against Omicron compared to 
the ancestral pseudovirus in plasma from convalescent 
individuals and from individuals who had been vaccinated 
against SARS-CoV-2, but this loss was less pronounced 
after a third dose of vaccine. Most monoclonal antibodies 
that are directed against the receptor-binding motif lost 
in vitro neutralizing activity against Omicron, with only 

3 out of 29 monoclonal antibodies retaining unaltered 
potency, including the ACE2-mimicking S2K146 
antibody. Furthermore, a fraction of broadly neutralizing 
sarbecovirus monoclonal antibodies neutralized Omicron 
through recognition of antigenic sites outside the receptor-
binding motif, including sotrovimab, S2X259 and S2H97. 
The magnitude of Omicron-mediated immune evasion 
marks a major antigenic shift in SARS-CoV-2. Broadly 
neutralizing monoclonal antibodies that recognize RBD 
epitopes that are conserved among SARS-CoV-2 variants 
and other sarbecoviruses may prove key to controlling the 
ongoing pandemic and future zoonotic spillovers.

According to Mannar et al., the newly reported Omicron 
variant is poised to replace Delta as the most prevalent 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) variant across the world. Cryo–electron microscopy 
(cryo-EM) structural analysis of the Omicron variant spike 
protein in complex with human angiotensin-converting 
enzyme 2 (ACE2) reveals new salt bridges and hydrogen 
bonds formed by mutated residues arginine-493, serine-496, 
and arginine-498 in the receptor binding domain with 
ACE2. These interactions appear to compensate for other 
Omicron mutations such as the substitution of asparagine 

for lysine at position 417 (K417N) that are known to reduce 
ACE2 binding affinity, resulting in similar biochemical 
ACE2 binding affinities for the Delta and Omicron variants. 
Neutralization assays show that pseudoviruses that display 
the Omicron spike protein exhibit increased antibody 
evasion. The increase in antibody evasion and the retention 
of strong interactions at the ACE2 interface thus represent 
important molecular features that likely contribute to the 
rapid spread of the Omicron variant.


