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Abstract

Background: Cardiovascular disease (CVD) is a leading cause of morbidity and mortality 

among cancer survivors. Hypertension, which is common among cancer survivors with a 

prevalence of greater than 70% by age 50 potentiates the risk for CVD in a more than additive 

fashion. [1–5] For example, childhood cancer survivors who develop hypertension may have up to 

a twelve times higher risk for heart failure than survivors who remain normotensive. Studies have 

shown that mild valvular disease (28% incidence), cardiomyopathy (7.4%), arrhythmias (4.6%), 

and coronary artery disease (3.8%) are amongst the most common CVD in childhood cancer 

survivors.[8] Amongst adolescent and young adult cancer survivors the most common reasons 

for cardiovascular-related hospital admission are venous / lymphatic disease (absolute excess risk 

19%), cardiomyopathy and arrhythmia (15%), hypertension (13%), and ischemic heart disease 

(12%).[6] Additionally, cancer therapies can increase the risk for both hypertension and CVD.[1, 

2] Therefore, early detection and treatment of hypertension is essential to reducing cardiovascular 

morbidity and mortality among survivors.

Methods: We present a literature review, which identified over 20 clinical trials, systemic 

reviews, and meta-analyses (13 clinical trials, 8 systemic reviews or meta-analyses) by searching 

PubMed, Google Scholar, and the Cochrane Library for relevant articles addressing hypertension 

in cancer survivors.

Results: While our understanding of the complex relationship between cancer therapies and 

CVD has grown significantly over the past two decades, there remains several gaps in knowledge 

when specifically addressing CVD in the survivor population. This review provides an up-to-date 

survivor-centered approach to the screening and treatment of hypertension, which considers 

survivor specific cardiovascular risk, applies guideline directed therapies when appropriate, 

screens for survivor specific factors that may influence antihypertensive medication selection, 
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and lastly considers the prohypertensive mechanisms of antineoplastic agents as a potential target 

for antihypertensive medications.

Conclusions: Screening for and treating hypertension among survivors can promote 

cardiovascular health in this vulnerable population.
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Epidemiology/background

Cardiovascular disease (CVD) is common among cancer survivors, and there is an increased 

risk of cardiovascular-related death in this population.[1–9] There is also evidence that 

amongst survivors, hypertension may accentuate the burden of certain types of CVD such as 

heart failure, coronary artery disease, and stroke.[1, 10] Despite these findings, hypertension, 

which continues to have a high prevalence in this population may be underdiagnosed and 

undertreated in cancer survivors.[11–14]

Risk of Cardiovascular Disease

The relative risk for CVD including coronary artery disease, heart failure, and stroke are 

approximately 10 times greater among childhood cancer survivors (age 0-14 at cancer 

diagnosis) when compared with siblings.[1, 2] In adolescents and young adults (age 15-39 at 

cancer diagnosis), the risk for CVD is at least two times greater compared with individuals 

without a history of cancer.[3] The risk for coronary artery disease, cardiomyopathy, stroke, 

pericarditis, and venous thromboembolism is also elevated for survivors of adult onset 

cancer.[7, 8]

Cardiovascular Disease Subtypes

A cross-sectional study of childhood cancer survivors that had undergone systemic screening 

for cardiovascular disease (median age at cancer diagnosis 8 years, median age at 

evaluation 31 years) found that valvular disease (28% prevalence, mostly mild in severity), 

cardiomyopathy (7.4%), conduction / rhythm disorders (4.6%), and coronary artery disease 

(3.8%) were amongst the most common cardiovascular diseases identified in this population. 

Of note, the majority of these patients were asymptomatic.[9] A Danish cohort study of 

>43,000 adolescent and young adult survivors aged 15-39 with a mean follow up of 15 years 

analyzed CVD at first hospitalization. This data found that amongst survivors of cancer 

diagnosed in adolescence or young adulthood, the most common reasons for cardiovascular-

related hospital admission were venous / lymphatic disease (absolute excess risk 19%), 

cardiomyopathy and arrhythmia (15%), hypertension (13%), and ischemic heart disease 

(12%).[6]

Risk of Cardiovascular-Related Death and All-Cause Mortality

CVD is a leading cause of death among survivors. Although there has been some variation 

in the literature the following studies largely define CVD death as death due to coronary 

artery disease, stroke, or heart failure. Cardiovascular-related death is approximately seven-
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fold higher in childhood cancer survivors (CCS) than in age-matched peers, and at least 

three-fold higher among adolescent and young adult survivors (AYAs).[10, 11] For survivors 

of adult onset cancer, the risk for all-cause mortality is approximately 4 times greater among 

those with CVD compared with survivors without CVD.[7]

Effect of Hypertension on the Development of Cardiovascular Disease in Cancer Survivors

Cardiovascular risk factors, particularly hypertension, accentuate the burden of CVD among 

survivors. Among childhood cancer survivors with hypertension, the risk for congestive 

heart failure may be at least twelve times greater than among those without hypertension.

[1] Additionally, in the setting of treatment with potentially cardiotoxic therapies such 

as chest radiation and anthracycline exposure, hypertension has been shown to potentiate 

cardiovascular disease. Previous reviews have described the separate adverse cardiovascular 

effects that hypertension and cardiotoxic therapies have, and how a two hit phenomenon 

from hypertension and then subsequent exposure to cardiotoxic therapy may increase the 

risk of cardiovascular disease. [12] In a landmark study, Armstrong et. al. demonstrated 

a relative excess risk due to interaction (RERI) between hypertension and previous chest 

radiation for many serious cardiovascular outcomes including coronary artery disease (RERI 

24.2) and heart failure (RERI 41.4)[1]. Hypertension also increases the risk for heart failure 

in a more than additive fashion among CCS with a previous history of anthracycline 

exposure (RERI 44.5).[1] This effect has also been observed among AYAs, in which the 

development of hypertension has been shown to increase the risk for coronary artery disease, 

heart failure, or stroke approximately 4 fold.[3] For adult-age stem cell transplant recipients, 

the presence of hypertension increases the risk for congestive heart failure by 3.5-fold.[13] 

In the setting of high-dose anthracycline exposure (≥ 250 mg/m2) the risk is increased 

35-fold.[13]

Burden of Hypertension Amongst Cancer Survivors

While cancer treatment history is not a readily modifiable cardiovascular risk factor among 

survivors, hypertension is common and modifiable. CCS are two times more likely to use 

anti-hypertensive medications when compared with siblings.[14] In the setting of adult 

onset cancer, approximately one-third of patients develop hypertension either during or after 

cancer treatment.[15]

Despite the significant impact of hypertension on cardiovascular health and mortality among 

survivors, hypertension is often under diagnosed or inadequately treated in this population. 

Among childhood, adolescent, and young adult survivors, 69% report not receiving follow-

up care for late effects.[16] Gibson et. al. found 8% of CCS had previously undiagnosed 

hypertension, and among those with a diagnosis of hypertension, 22% were uncontrolled.[5]

Screening

Several survivorship guidelines support identifying and treating hypertension. For survivors 

of childhood cancer, the Children’s Oncology Group recommendations are based on 

treatment exposure. Annual blood pressure screening is recommended for survivors with 

a history of exposure to nephrotoxic agents including ifosfamide, cisplatin, and carboplatin. 
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Higher cumulative doses of these agents, a history of nephrectomy, combination with 

other nephrotoxic agents, and kidney radiation (particularly ≥ 15 Gy) increase the risk 

for hypertension. Survivors with a history of nephrectomy should also undergo annual 

screening. In these survivors, bilateral Wilms tumor, exposure to additional nephrotoxic 

agents, or radiation impacting the kidney increase risk for hypertension. Annual screening 

is also recommended for survivors treated with head, neck, chest, and spine radiation. Of 

note, bilateral upper extremity blood pressures should be performed in survivors treated with 

neck, chest, or spine radiation to screen for subclavian disease. Annual screening should also 

be performed among survivors with a history of abdominal radiation, total body irradiation, 

hematopoietic cell transplant, or anthracycline exposure.[17]

The National Comprehensive Cancer Network recommends annual blood pressure screening 

for AYAs at risk for renovascular hypertension. Risk factors include ≥10 Gy of radiation, 

and history of exposure to the combination of radiation and nephrotoxic agents (cisplatin, 

ifosfamide, aminoglycosides, amphotericin, immunosuppressants), or hematopoietic cell 

transplantation. Blood pressure screening is also recommended for survivors who received ≥ 

15 Gy of radiation combined with anthracycline therapy, mediastinal/chest radiation ≥35 Gy 

alone, abdominal radiation, or total body irradiation.[18]

For survivors of adult-onset cancer, the National Comprehensive Cancer Network 

recommends screening throughout the continuum of survivorship and counseling on factors 

that may increase the risk for cardiovascular disease.[19] Similarly, the American Society of 

Clinical Oncology recommends comprehensive assessment of CVD risk factors, including 

hypertension.[20] Of note, the United States Preventive Services Task Force recommends 

blood pressure screening for all individuals over the age of 18, and suggests annual 

screening for those 40 or older, or at increased risk for developing hypertension.[21]

While measurements of blood pressure in the clinical setting can be helpful in identifying 

hypertensive survivors, ambulatory or home blood pressure monitoring should also 

be considered. This out-of-office monitoring can be helpful in identifying white coat 

hypertension and masked hypertension. Although limited, there is evidence among 

individuals receiving active treatment to suggest that white coat hypertension and masked 

hypertension are common.[22] Additionally, current guidelines support screening for 

masked hypertension among individuals with consistent clinic blood pressures between 

120-129/75-70 mmHg.[23] Specific blood pressure targets among cancer survivors have not 

been established, however given the data to support an adversely synergistic relationship 

between hypertension and CVD among survivors, more aggressive blood pressure goals than 

those recommended for the general population may be warranted.

Effects of cancer therapy

Several cancer therapies have been associated with the development of hypertension either 

during the acute treatment period, or years after the completion of therapy. Here we will 

discuss proposed mechanisms for the association of hypertension with common cancer 

therapies. Table 1 lists cancer treatments that may be associated with the development of 

hypertension.
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Acute Hypertension

Vascular Endothelial Growth Factor Inhibition

Vascular endothelial growth factor inhibitors (VEGFi) are commonly used in the treatment 

of a wide variety of cancers, often in the metastatic setting. Hypertension is the most 

common cardiovascular toxicity associated with VEGFi, and occurs in 20 to 90% of 

adult patients, depending on the specific VEGFi used.[24] Elevations in blood pressure 

can occur as quickly as 24 hours after initiation of VEGFi, typically plateau within days 

to weeks, and often resolve within weeks of medication withdrawal.[25, 26] The precise 

mechanisms underlying VEGFi mediated hypertension have not been fully defined, however 

microvascular rarefaction, increased vascular stiffness, glomerular injury, decreased nitric 

oxide production, increased endolelin-1 activation, and aberrations of the renin-angiotensin-

aldosterone system (RAAS) have all been implicated. [27–31] A recent article published 

in Hypertension by Mäki-Petäjä, et al. used hemoglobin video imaging to determine the 

density and diameter of conjunctival and episcleral microvasculature before and after 

treatment with the VEGFi Pazopanib, which revealed a reduction in scleral microvascular 

density by −15.5%. This same study also utilized central arterial pressure waveform analysis 

to assess arterial stiffness and found an increase in arterial stiffness after treatment with 

Pazopanib.[32] These findings lend increased evidence to microvascular rarefaction and 

increased arterial stiffness as major driving factors for the development of hypertension in 

patient’s treated with VEGFi.

BRAF / MEK Inhibition

Similarly, targeted therapy with BRAF or MEK inhibitors may cause acute hypertension. 

The METRIC trial, which compared the MEK inhibitor Trametinib to chemotherapy for 

the treatment of BRAF mutated melanoma found a 12% incidence of grade 3 hypertension 

in the Trametinib group and a 3% incidence of grade 3 hypertension in the chemotherapy 

group.[33] This effect may be more severe when BRAF and MEK inhibitors are used in 

combination. For example, the COMBI-d trial, which evaluated the efficacy of combination 

therapy with the BRAF inhibitor Dabrafenib and the MEK inhibitor Trametinib for 

melanoma showed an incidence of any grade hypertension of 14% with Dabrafenib, 

which rose to an incidence of 22% in patients taking a combination of Dabrafenib and 

Trametinib.[34] The mechanism for BRAF / MEK inhibitor associated hypertension is not 

well understood. It has been postulated that multi-kinase inhibitors that inhibit BRAF as 

well as VEGFi may increase the risk of hypertension by reducing the bioavailability of 

nitric oxide, but it is unclear to what degree this effect is related to concomitant VEGF 

inhibition.[35]

Bruton tyrosine kinase Inhibition

Bruton tyrosine kinase (BTK) inhibitors have revolutionized the treatment of several B cell 

malignancies, including chronic lymphocytic leukemia (CLL). Ibrutinib, a first in class BTK 

inhibitor, has been associated with an almost 3-fold increased risk of grade 3-4 hypertension 

with a median time of treatment initiation to the development of new onset hypertension of 

4-5 months. [36–38] The Alliance study published in 2021 found a cumulative incidence 

of Common Terminology Criteria for Adverse Events (CTCAE) grade ≥ 3 hypertension 
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of 17.5% at 12 months, and 25.4% at 36 months. [39] Of note, although most new onset 

high-grade adverse effects observed with Ibrutinib decline over time, the onset of new grade 

≥ 3 hypertension remained relatively consistent at 7 year follow up.[40] Additionally, the 

development of hypertension after treatment with Ibrutinib has been associated with an 

increased risk of MACE, while subsequent antihypertensive initiation may be associated 

with a decreased risk of MACE. [38] While the exact mechanism is not clear, there is 

evidence that P13K inhibition leads to increased vascular fibrosis in the atria, but it is not 

clear to what degree this may affect other vasculature.[41] There is also evidence that this 

hypertensive effect may be due to downregulation of nitric oxide production and endothelial 

dysfunction.[42, 43]

Second generation Bruton tyrosine kinase inhibitors have less off target effects, and 

consequently have been found to have fewer adverse effects. The ASPEN trial, which 

compared Ibrutinib with the second generation Bruton tyrosine kinase inhibitor Zanubritinib 

for the treatment of symptomatic Waldenstrom macroglobulinemia revealed a 5% higher 

incidence of grade CTCAE ≥ 3 hypertension with Ibrutinib when compared to Zanubritinib.

[44] Acalabrutinib is another second generation Bruton tyrosine kinase inhibitor that has 

been associated with the development of hypertension. Pooled data from 4 different trials 

in patients receiving Acalabrutinib for CLL showed a 9% incidence of hypertension being 

reported as an adverse effect. However, of these patients, 69% had pre-existing hypertension. 

An eagerly anticipated randomized phase III trial comparing Acalabrutinib with Ibrutinib in 

previously treated CLL, found an 9% incidence of all grade hypertension and 4% incidence 

of ≥ 3 hypertension in patients receiving Acalabrutinib compared to a 23% incidence of all 

grade hypertension and a 9% incidence of ≥ 3 hypertension in patients treated with Ibrutinib.

[45] This recently published data further supports the lower incidence of hypertension 

with second generation Bruton tyrosine kinase inhibitors when compared to first generation 

agents.

Androgen Deprivation Therapy

Patients with prostate cancer are often treated with androgen deprivation therapy via 

gonadotropin-releasing hormone agonism and antagonism, androgen receptor inhibition, and 

CYP17 (cytochrome P450 17A1) inhibition. Enzalutamide (an androgen receptor antagonist) 

and abiraterone (a CYP17 inhibitor) are associated with hypertension.[46, 47] The specific 

mechanism leading to hypertension in the setting of enzalutamide use is unclear. In the case 

of abiraterone, CYP17 inhibition resulting in decreased cortisol synthesis and a subsequent 

increase in synthesis of mineralocorticoid precursors, is thought to result in hypertension, 

edema, and hypokalemia.[48] Prednisone is often co-administered with abiraterone as 

glucocorticoid replacement therapy and the incidence of hypertension is as high as 20% 

in patients prescribed Abiraterone plus prednisone.[49, 50]

Late Hypertension

Anthracyclines

Anthracyclines are a backbone of therapy for a variety of malignancies. There is 

now mounting evidence that anthracyclines may directly increase a patient’s risk of 
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developing hypertension. Potential mechanisms include reduced capillary density, impaired 

neovascularization, histologic changes to vasculature including tunica intima hyperplasia, 

luminal stenosis, and smooth-muscle-cell loss.[51–53] Additionally vasomotor dysfunction 

resulting from reduced endothelial NO synthase activity, which leads to a reduction of nitric 

oxide in the endothelial cells potentially contributes to hypertension.[54, 55]

Alkylating and Alkyl-like Agents

The alkylating agent ifosfamide is known to increase the risk for renal dysfunction 

among long-term survivors and therefore may be a risk factor for the development 

of hypertension.[56, 57] Cyclophosphamide has been associated with vascular toxicities 

including cerebrovascular events, myocardial ischemia, pulmonary hypertension, and 

systemic hypertension, which are thought to be related to endothelial injury.[58, 59] 

However, a direct link with an increased risk for hypertension has not been established.

Platinums, or alkyl-like agents, are also associated with vascular toxicities, including 

hypertension. Renal toxicity and chronic endothelial cell activation are thought to be 

potential mechanisms leading to the development of hypertension.[60–62] Of importance 

to the survivor population is the fact that hypertension in platinum based chemotherapy 

recipients tends to be a long-term effect, and can be present years after therapy.[63] In 

fact, platinum based chemotherapeutic agents have been detected in the blood of survivors 

>10 years after therapy and hypertension is associated with higher long-term platinum 

concentrations.[64]

Antimicrotubule agents

Antimicrotubule agents interrupt mitosis thereby blocking cell proliferation. Vincristine 

and Vinblastine are vinka alkaloid anti-microtubule agents that have been associated 

with hypertension. Although the mechanism is unclear, mitosis mediated inhibition of 

endothelial cell proliferation has been proposed as a possible mechanism that may lead 

to the development of vascular dysfunction in patient’s treated with Vinka alkaloids. [65] 

Vincristine and Vinblastine are often used in combination with several other therapies, 

and there may be confounders that lead to their association with the development of 

hypertension. [66]

Another well-known group of antimicrotubule medications are Taxanes including Paclitaxel 

and Docetaxel. There is some limited evidence that taxane medications may be associated 

with hypertension although this is most commonly seen when treatment is combined with 

a VEGF inhibitor such as Bevacizumab. [67, 68] The mechanism for Taxane induced 

hypertension is not well understood, but Paclitaxel may alter the sympathetic control of 

blood of pressure. [69]

Antimetabolites

The antimetabolite Gemcitabine interferes with deoxyribonucleic acid production. There is 

evidence that Gemcitabine may cause hypertension via thrombotic microangiopathy and 

nephrotoxicity. [70]
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Radiation therapy

Radiation therapy has been associated with the development of hypertension. [14, 71] 

Potential mechanisms for the development of hypertension may be site specific. For 

example, abdominal radiation can rarely cause renal artery stenosis, and head and neck 

radiation can lead to labile hypertension via disturbances in the baroreflex. [72, 73] 

One retrospective study showed a particularly high incidence of radiation associated 

hypertension of 47% in patients undergoing prostate irradiation. The majority of these cases 

of hypertension developed while patients were in the treatment phase of prostate irradiation.

[74] The importance of radiation induced hypertension is underlined by the findings of 

Armstrong, et. al. who demonstrated that survivors who previously received radiation 

therapy and then subsequently developed two or more risk factors that included hypertension 

may have a substantially elevated risk of grade ≥ 3 coronary artery disease, heart failure, and 

valvular heart disease. This risk was greater than would be expected by simply adding the 

risk of each of these factors together, which suggests an adversely synergistic relationship 

between previous radiation exposure and the subsequent development of hypertension.[1] 

Although contemporary radiation techniques have greatly reduced radiation exposure during 

therapy, it is important to monitor survivors previously treated with radiation therapy to 

detect and treat hypertension early.

Treatment

Patients with cancer and survivors are poorly represented in most major trials that 

established the current approach to the treatment of hypertension.[75, 76] Established 

guidelines have thus far focused on hypertension during the acute phase of treatment and 

have not directly addressed the survivor population.[77, 78] Future guidelines may directly 

address hypertension in the survivor population, but until then we advocate for a systematic 

approach that considers the unique clinical characteristics of cancer survivors (Figure 1).

As previously described, the survivor population is at an increased risk for the development 

of hypertension and CVD [9,10,11], and hypertension increases the risk for subsequent CVD 

even more so among survivors than the general population.[1] Therefore, it is important 

to further delineate each survivor’s individual risk profile. Chen, et. al. have created an 

online risk calculator to predict the risk of heart failure, ischemic heart disease, and stroke 

by age 50 in the CCS/AYA survivor population. This calculator has now been validated 

in several survivor populations (ccss.stjude.org/cvcalc).[79] This risk calculator does have 

some weaknesses including the fact that <20% of the patients used to construct the model 

were minorities and it does not include tobacco use or obesity status. However, other more 

traditional risk calculators such as the Atherosclerotic cardiovascular disease (ASCVD) may 

underestimate risk in the survivor population since the potential deleterious cardiovascular 

effects of both cancer and cancer treatment are not accounted for.

Non-pharmacologic therapy including a heart-healthy diet, weight loss for overweight or 

obese individuals, sodium reduction, potassium supplementation (ideally through dietary 

means), increased physical activity, and limited alcohol intake should be encouraged among 

survivors with hypertension as well as survivors with an increased risk for developing 

hypertension.[23]
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It is appropriate to consider pharmacologic therapy among survivors with a blood pressure 

≥ 140/90. Additionally, pharmacologic therapy should also be initiated among individuals 

with a blood pressure ≥ 130/80 mm Hg who either have a history of CVD or an 

ASCVD risk score ≥ 10%.[23] In the survivor population, we advocate for extending this 

recommendation to high risk individuals based on the childhood cancer survivor study 

cardiovascular risk calculator or other cancer diagnosis and treatment related factors. For 

example, given the strong relationship between low indexed left ventricular cardiovascular 

mass and risk for adverse cardiovascular events, it may be reasonable to factor LV mass into 

the decision to initiate antihypertensive therapy.[80]

When selecting antihypertensive agents, consider whether the patient has another indication 

for a specific antihypertensive class. As discussed above, certain chemotherapeutic agents 

can cause hypertension due to renal damage. There is also some data suggesting elevated 

urine albumin to creatinine ratio may be associated with diastolic hypertension in childhood 

cancer survivors. [81] An ACE inhibitor or ARB may be appropriate among individuals 

with microalbuminuria. Patients with left ventricular dysfunction should be treated with 

appropriate medications such as beta-blockers, ACE/ARB, ARNI, spironolactone, etc. 

as outlined by the ACC/AHA/HFSA guidelines for management of heart failure.[82] 

During cancer treatment, an absolute reduction in global longitudinal strain has been 

associated with an increased risk for subsequent heart failure.[83, 84] In this setting, 

treatment with ACE/ARB or beta blocker reduces the risk for a significant decline in 

left ventricular ejection fraction.[85] Therefore, it may also be reasonable to consider 

global longitudinal strain measurements when choosing antihypertensive therapy. Thiazide 

diuretics, particularly chlorthalidone, are commonly used as a first line agent for the 

treatment of hypertension, but are often avoided in patients that are actively receiving 

chemotherapy due to the increased risk of dehydration or electrolyte abnormalities during 

the acute treatment phase. Long term survivors are often not at the same risk of these 

adverse events, and thiazide diuretics as well as calcium channel blockers can be considered 

for the treatment of hypertension if none of the above indications favor a different drug class 

for initial treatment. Similar to patients without a history of cancer, consideration can be 

made for the use of mineralocorticoid receptor antagonists and alpha antagonists in survivors 

with resistant hypertension who are already on multiple antihypertensive medications.[86]

Lastly, particular attention should also be paid to the antineoplastic treatments that the 

patient has been exposed to as these medications may help to establish a potential 

mechanism for the development of hypertension, which can be useful when choosing initial 

antihypertensive therapy if there are no other clear indications for a certain anti-hypertensive 

class. For example, patients who develop hypertension after receiving antineoplastic agents 

that have been hypothesized to cause hypertension by mechanisms that lead to vascular 

dysfunction such as decreased NO bioavailability may benefit from medications that reduce 

smooth muscle contraction.

Data regarding the use of a particular antihypertensive medication to treat a specific form 

of antineoplastic induced hypertension is currently limited, but one example includes 

a retrospective study that showed improved overall survival in patients treated with 

angiotensin converting enzyme inhibitors or angiotensin receptor blockers who were 
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diagnosed with hypertension while undergoing treatment with tyrosine kinase inhibitors.[87] 

There is also limited data to suggest that inulin supplementation may reduce systolic blood 

pressure and prevent diastolic hypertension in women who received neoadjuvant treatment 

with doxorubicin and cyclophosphamide for breast cancer. This suggestion comes from a 

randomized control trial, but included a small study population (n=38).[88] Nonetheless, 

it raises the possibility that other non-pharmacologic treatment may one day prove to be 

beneficial for patient’s treated with pro-hypertensive antineoplastic agents.

In summary, to optimize the treatment of hypertension in cancer survivors, practitioners 

must first understand that survivors are at an increased risk for CVD and that traditional risk 

calculators may underestimate cardiovascular risk in this population. While we advocate for 

the continued use of traditional risk calculators, we also encourage the supplemental use of 

survivor specific risk calculators such as the St Jude CCS risk calculator (ccss.stjude.org/

cvcalc). Survivors with elevation of any of these risk scores or with other guideline 

directed indications for more strict blood pressure control would likely benefit from a blood 

pressure goal of <130/80. When deciding on which antihypertensive medication to initiate 

we suggest that established guidelines such as those for the treatment of systolic heart 

failure be applied when appropriate. If there is no guideline directed therapy that applies 

to the patient, practitioners can consider screening for microalbuminuria and initiating 

ACEi/ARBs if present or choosing ACEi/ARBs or beta-blockers if there is a reduction 

in global longitudinal strain. In the absence of any strong indication for a particular 

antihypertensive medication, survivors should be treated with Class 1 antihypertensive 

medications such as thiazide diuretics, ACEi, ARBs, or calcium channel blockers if there 

are no contraindications. It may also be reasonable to review the mechanisms by which 

a particular antineoplastic agent may induce hypertension and choose antihypertensive 

medications that may act against this pro-hypertensive mechanism (Figure 1).

Monitoring for Treatment Success

Ambulatory or at home blood pressure monitoring can be helpful not only for the diagnosis 

of hypertension, but also to ensure that blood pressure goals are being met. Factors that 

often exacerbate hypertension such as anxiety and chronic pain are common in the survivor 

population, and sporadic hypertension (such as white coat hypertension) still portends a 

significant cardiovascular risk.[89–91] Therefore, methods to monitor blood pressure outside 

of the office may ensure that hypertension is controlled throughout the day when such 

factors are contributors to blood pressure fluctuation.

Conclusion

Despite efforts to understand how different antineoplastic treatments may increase the risk 

for hypertension many of these mechanisms are not fully defined, and there is a paucity 

of clinical trials evaluating the use of specific antihypertensive medications in the survivor 

population. Survivor populations are heterogeneous with a wide range of prior treatment 

exposures, and it is likely that diagnosis and treatment for hypertension may need to be 

tailored to different subsets of the survivor population. Further investigation is clearly 

required, but this review offers an up-to-date, cancer survivor-centered analysis of the 
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available literature and provides an approach that can be easily adopted by any clinician 

to treat survivors that develop hypertension.
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Figure 1. 
Flow diagram of a proposed strategy for hypertension management among cancer survivors
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Table 1.

Antineoplastic treatments that have been associated with hypertension, common examples, and potential 

mechanisms for the development of hypertension

Therapeutic Class Examples Potential Mechanism Leading to Hypertension

VEGF Inhibitors

Bevacizumab
Lenvatinib
Pazopanib

Ramucirumab
Sorafenib

Vandetanib

Glomerular injury, microvascular rarefaction, increased vascular stiffness, 
decreased NO production, increased endothelin-1 activation, aberrations of 

the RAAS system

BRAF Inhibitors
Encorafenib
Vemurafenib
Dabrafenib

Aberrations of the RAAS system, decreased NO production

MEK Inhibitors Trametinib Aberrations of the RAAS system, decreased NO production

BTK Inhibitors Acalabrutinib
Ibrutinib Vascular tissue fibrosis, decreased NO production

Androgen Deprivation Therapy Abiraterone Increased synthesis of mineralocorticoid precursors

Anthracyclines / Anthracenedione

Doxorubicin
Daunorubicin

Epirubicin
Idarubicin

Mitoxantrone

Reduced capillary density, impaired neovascularization, tunica intima 
hyperplasia, luminal stenosis, smooth-muscle-cell dysfunction, decreased NO 

production

Alkylating agent Ifosfamide Increased risk of renal dysfunction

Platinum Based Chemotherapy Carboplatin
Cisplatin Renal toxicity and chronic endothelial cell activation

Anti-microtubule Agents 
(Taxanes) Paclitaxel May alter sympathetic control of blood pressure

Anti-microtubule Agents (Vinka 
Alkaloids)

Vinblastine
Vincristine Mitosis mediated inhibition of endothelial cell proliferation

Antimetabolites Gemcitabine Thrombotic microangiopathy and nephrotoxicity

Radiation therapy Abdominal radiation
Head and neck radiation Renal artery stenosis (rare) Disturbances of the baroreflex
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