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Abstract

Cancer patients and survivors of cancer have a greater burden of cardiovascular disease compared
to the general population. Much of the elevated cardiovascular risk in these individuals is likely
attributable to hypertension, as individuals with cancer have a particularly high incidence of
hypertension following cancer diagnosis. Treatment with chemotherapy is an independent risk
factor for hypertension due to direct effects of many agents on endothelial function, sympathetic
activity, and renin-angiotensin system activity as well as nephrotoxicity. Diagnosis and
management of hypertension in cancer patients requires accurate blood pressure measurement and
consideration of potential confounding factors, such as adjuvant treatments and acute pain, that
can temporarily elevate blood pressure readings. Home blood pressure monitoring can be a useful
tool to facilitate longitudinal blood pressure monitoring for titration of antihypertensive
medications. Selection of antihypertensive agents in cancer patients should account for treatment-
specific morbidities and target organ injury.
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INTRODUCTION

Essential hypertension is a leading cause of cardiovascular and kidney morbidity and
mortality in the United States. Based on data from the 2011-2014 National Health and
Nutrition Examination Survey, 46% of adults in the United States have hypertension when
defined as =130/80 mmHg or self-reported to be taking an anti-hypertensive agent, and 32%
have hypertension using the older definition of 2140/90 mmHg (1). Non-Hispanic Black
individuals have a higher prevalence of hypertension compared to Hispanic, non-Hispanic
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white, and Asian individuals. The vast majority of people in the United States will develop
hypertension during their lifetime, with lifetime prevalence estimates of >80% for white and
Asian individuals, and >90% for Black and Hispanic individuals (2).

The prevalence of hypertension is greater in cancer patients and survivors of cancer
compared to the general population (3). Accordingly, hypertension is the foremost
modifiable risk factor of adverse cardiovascular outcomes among cancer patients (3). The
relationship between hypertension, cancer, and cardiovascular risk is multidimensional
(Central Illustration). Hypertension, chronic kidney disease, cardiovascular disease, and
cancer have several common risk factors, including smoking, diabetes mellitus, and obesity
(4,5). Several cancers and cancer-related treatments directly cause hypertension, or
indirectly mediate the develop of hypertension through nephrotoxicity. Several factors
related to cancer treatment can confound blood pressure measurements. It is important to
carefully measure and closely monitor blood pressures in cancer patients due to their
particularly high risk of developing new or worsening hypertension. Furthermore, selection
of antihypertensive agents should account for cancer treatment-specific adverse effects and
individual risk factors. The goal of this review is to provide an approach to the monitoring
and management of hypertension in cancer patients and survivors accounting for patient-
specific risk factors for the development and worsening of hypertension.

Epidemiology and Etiology of Hypertension in Cancer Patients and Survivors

Burden of hypertension in patients with cancer—Limited data exist examining the
prevalence of hypertension among patients with cancer prior to undergoing cancer treatment.
Small studies have found a similar prevalence of hypertension in patients with solid and
neuroendocrine tumors before sorafenib therapy compared to the general population (6,7).
One exception is Wilms tumor in children, where hypertension is more prevalent than in the
general population, and may be associated with poor prognosis and response to therapy (8).

Several cancer treatments are associated with the development or exacerbation of
hypertension (Table 1). Hypertension is the most common severe adverse event in patients
with cancer receiving chemotherapy (9). One retrospective study analyzed the incidence of
new-onset hypertension in a population of 25,090 adults with solid malignancies in the
United States, and found that approximately one-third developed hypertension during
follow-up (10). Patients with renal cancer had the highest rates of moderate hypertension
(150-160/100-110 mmHg), whereas patients with gastric and ovarian cancers had the highest
rates of severe (160-180/110-120 mmHg) or crisis-level (=180/120 mmHg) hypertension,
respectively. The median time to first event of moderate hypertension was 96 days from the
time of their initial diagnosis with cancer. Chemotherapy exposure was identified as an
independent risk factor for the development of hypertension.

Burden of hypertension in cancer survivors—Patients who have a history of cancer
have a high prevalence of hypertension compared to the general population. The Childhood
Cancer Survivor Study found that hypertension was more common in >10,000 adults who

had survived childhood cancer vs. >3,000 siblings, and that this difference persisted as both
groups aged (prevalence of 40% vs. 25% at age 45) (3). Obesity is associated with a 4-fold
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increased risk of hypertension in childhood cancer survivors. Other potential risk factors
include prior treatment with high-dose corticosteroids, cyclophosphamide, ifosfamide,
cisplatin, or abdominal radiotherapy (4). The prevalence of hypertension in childhood cancer
survivors increases sharply with age, exceeding 70% by age 50 (11); this prevalence is
substantially higher than the general population after accounting for age-, sex-, race/
ethnicity-, and BMI-specific population rates.

Hypertension due to cancer treatment

Anti-vascular endothelial growth factor (VEGF) therapy and tyrosine kinase
inhibitors: Hypertension associated with anti-VEGF therapy and tyrosine kinase inhibitors
is well-described. Hypertension has been reported in over half of patients treated with anti-
VEGF therapy (12,13). The mechanism of anti-VEGF therapy related hypertension is due to
disruption of vascular homeostasis related to normal VEGF activity. This inhibition of
VEGF yields a reduction in nitric oxide production (14) and angiogenesis (15) that leads to
increased vascular resistance. Anti-VEGF therapy can also lead to fluid retention due to
impaired natriuresis (16), endothelin-1-mediated vasoconstriction (17), as well as systemic
thrombotic microangiopathy (18), similar to what is seen in preeclampsia.

A recent meta-analysis (19) studied the risk of cardiovascular disease in tyrosine kinase
inhibitors therapy versus standard chemotherapy, and included 71 randomized controlled
trials comprising >29,000 patients. The relative risk of hypertension with tyrosine kinase
inhibitor therapy was 3.78 (95% Confidence Interval (ClI) 3.15-4.54). Treatment with
tyrosine kinase inhibitors was also associated with a higher risk of cardiac ischemia (relative
risk 1.69, 95% CI 1.12-2.57; in subgroup analyses, highest with sorafenib and in renal
cancer) and left ventricular systolic dysfunction (relative risk 2.53, 95% CI 1.79-3.57).
Another systematic review and meta-analysis (20) of 77 studies of angiogenesis inhibitors
determined that the odds ratio for hypertension was 5.28 (95% CI 4.53-6.15) with
angiogenesis inhibitors compared to routine care (number need to harm 6), and the odds
ratio for severe (=160/100 mmHg) hypertension was 5.59 (95% CI 4.67-6.69) (number
needed to harm 17). The meta-analysis did not find risk differences in patients exposed to
direct VEGF inhibitors compared to tyrosine kinase inhibitors.

Alkylating Agents: Alkylating agents have been important anti-neoplastic agents for
decades. In current practice, alkylating agents are almost always used in combination with
other agents, leading to the challenge of attributing specific adverse events to a liable agent.
There are pre-clinical and clinical data indicating that some alkylating agents cause vascular
toxicity and nephrotoxicity, which can indirectly result in hypertension. However, the causal
link between alkylating agents and hypertension remains unclear.

Cyclophosphamide has been associated with multiple vascular complications such as veno-
occlusive disease in the lung and liver after hematopoietic cell transplantation,
thromboembolic disease, and myocardial ischemia (21-23). Preclinical evidence has
demonstrated endothelial injury and abnormalities in the renin-angiotensin system in
animals treated with cyclophosphamide (24). Therefore, there is biological plausibility for
cyclophosphamide-associated hypertension to be due to vascular injury. However,
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cyclophosphamide has not been identified as an independent risk factor for hypertension in
cancer survivors. Busulfan is an alkylating agent used in combination with oral
cyclophosphamide as a conditioning regimen prior to allogeneic hematopoietic cell
transplantation. This regimen has been used as an alternative, myeloablative strategy to oral
cyclophosphamide plus total body irradiation. Hypertension was noted in 25-36% of adults
who received busulfan, and in 58% of pediatric patients (25). Additional vascular toxicity
has not been described, and no specific mechanism of action has been proposed (26,27).
Correspondingly, bendamustine was reported to cause hypertensive emergency in 4 of 162
(2.4%) patients in a randomized controlled trial compared to chlorambucil for patients with
previously untreated chronic lymphocytic leukemia (28,29). However, several patients in this
study also experienced hypotension with bendamustine administration (6/162=3.7%).

Nephrotoxicity of certain alkylating and alkyl-like agents is a likely driver of hypertension.
Ifosphamide is known to cause nephrotoxicity, particularly with high dose therapy in
children (30). Hypertension has also been reported in cancer survivors who were previously
treated with ifosphamide; it remains unclear if ifosphamide exposure is an independent risk
factor for the development of hypertension, or if hypertension is entirely mediated by
ifosphamide-associated nephrotoxicity (31,32). Similarly, cisplatin and other platinum-based
compounds, which are alkyl-like agents, have also been associated with nephrotoxicity and
hypertension. The etiology of hypertension in patients treated with these agents is thought to
be due to underlying renal injury (33), though vascular endothelial damage may also play a
role (34).

Anti-microtubule agents: Anti-microtubule agents affect mitosis by acting on tubulin to
prevent microtubule polymerization. /n vitro studies support an effect of vinblastine on
endothelial cell gene expression, particularly genes involved in apoptosis, cytoskeletal
structure, cell cycle, and protein destruction (35). Vinca alkaloids have been noted to cause
hypertension (36). However, since they are typically used in combination with other
chemotherapies, the independent contribution of vinca alkaloids to the development or
exacerbation of hypertension is not clear.

Antimetabolite therapy: Gemcitabine has been associated with the development of
hypertension in the setting of thrombotic microangiopathy (37), with some evidence of
endothelial damage in pre-clinical models of rapidly dividing endothelial cells (38).

Proteasome inhibitors: The proteasome inhibitors bortezomib and carfilzomib are currently
used mostly as anti-plasma cell therapies in multiple myeloma. They have been observed to
cause cardiac toxicity, which has occurred most commonly in patients treated with
carfilzomib (39). Severe hypertension (i.e. blood pressure =160/100 mmHg) is rare with
proteasome inhibitors, and it is difficult to determine the relative contribution of proteasome
inhibitors to hypertension in these cases since they are almost always used in combination
with other therapies such as alkylating agents and corticosteroids. Cases of proteasome
inhibitor-associated thrombotic microangiopathy have been reported (40), but the
pathophysiologic mechanism is unclear.
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Radiation: Abdominal radiation has resulted in hypertension due to renal artery stenosis in
rare cases (41). Radiation to the head and neck has been associated with baroreflex failure
(42,43), which can manifest as labile hypertension or hypertensive crisis.

Adjuvant therapies: Many patients with cancer receive adjuvant therapies that can cause or
worsen hypertension. These include erythropoietin stimulating agents (44), non-steroidal
anti-inflammatory drugs (45), and corticosteroids (46). Calcineurin inhibitors, which are
often prescribed after hematopoietic cell transplantation to prevent or treat graft versus host
disease, can incite or exacerbate existing hypertension (47).

Radical nephrectomy for kidney cancer is also associated with the development of
hypertension (48), with partial nephrectomy (i.e. nephron sparing surgery) potentially
attenuating this risk (49).

Hypertension due to cancer

Paraneoplastic hypertension: Hypertension can be a paraneoplastic feature of
hepatocellular carcinoma, renal cell carcinoma, carcinoid, and several other cancers. In
hepatocellular carcinoma, paraneoplastic hypertension is due to an excessive production of
either renin, angiotensinogen, or angiotensin | by the carcinoma cells (50,51). Paraneoplastic
hypertension secondary to excessive catecholamine urinary secretion has been described in
some case reports of carcinoid tumors (52).

Among individuals with renal cell carcinoma, the prevalence of hypertension exceeds 75%.
Hypertension in renal cell carcinoma has multiple contributing etiologies, particularly loss of
nephron mass post-nephrectomy and treatment with VEGF inhibitors and tyrosine-kinase
inhibitors (53). Renal cell carcinoma cells can also secrete vasoactive peptides, notably
endothelin-1, leading to paraneoplastic hypertension (54). Paraneoplastic hypertension
occurs in approximately 2% of patients diagnosed with renal cell carcinoma (55). The
presence of paraneoplastic syndrome in renal cell carcinoma is a sign of aggressive disease,
with worse prognosis.

Pheochromocytoma and paraganglioma: Pheochromocytoma and paraganglioma are
neuroendocrine tumors arising from chromaffin cells in the adrenal medulla in the case of
pheochromocytoma, and in the extra-adrenal autonomic paraganglia in the case of
paraganglioma (56). Pheochromocytoma and paraganglioma are rare tumors, with an annual
incidence of 0.8 per 100000 person-years (57). Approximately 10% of these tumors are
malignant. Hypertension in pheochromocytoma and paraganglioma is caused by
catecholamine hypersecretion (norepinephrine, epinephrine and dopamine), and can be
associated with symptoms including headaches, palpitations, and diaphoresis. However, at
the time of diagnosis with pheochromocytoma or paraganglioma, these adrenergic
symptoms are only present in about half of patients. Dopamine hypersecretion, documented
by high plasma and urinary levels of dihydroxyphenylalanine and dopamine, has been
associated with a more aggressive course and worse prognosis (58). Treatment is surgical
resection, adjuvant chemotherapy, and/or radiotherapy.
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Adrenocortical carcinoma: Adrenocortical carcinoma is very rare tumor, with an incidence
of 0.5 to 2 cases per one million person-years (59). These carcinomas most commonly
present with Cushings syndrome, with features resulting from hypersecretion of
glucocorticoid and/or androgens. Presentation with hyperaldosteronism is uncommon, and
has only been reported in a few case reports (60). In either case, patients are likely to have
hypertension as part of their presenting symptoms. Treatment is surgical resection, mitotane,
adjuvant chemotherapy and/or radiotherapy.

Relationship between target organ damage and hypertension in cancer
patients

Chronic kidney disease: The relationship between hypertension and chronic Kidney disease
is bidirectional. Hypertension can result in glomerulosclerosis and microangiopathy,
resulting in chronic kidney disease (61). Alternatively, chronic kidney disease causes and
exacerbates existing hypertension via several mechanisms, including impaired natriuresis,
elevated renin-angiotensin system activity, heightened sympathetic activity, and vascular
endothelial injury.

The relationship between chronic kidney disease and cancer is also bidirectional. Cancer
survivors have higher rates of chronic kidney disease secondary to therapy-related toxicities
including chemotherapy nephrotoxicity (ifosfamide, cisplatin, anti-VEGF), recurrent acute
kidney injury, abdominal radiotherapy, loss of nephron mass following nephrectomy, and
direct cancer nephrotoxicity due to paraproteins or cryogloblins (33,62). Individuals with
chronic kidney disease are at a high risk of developing several cancers, including urothelial
cancer, skin cancer, and thyroid cancer (63,64). An illustrative example of the bidirectional
relationship between chronic kidney disease and cancer is that of end stage kidney disease
and renal cell carcinoma. Individuals with end stage kidney disease have a 100-fold
increased risk of developing renal cell carcinoma compared to the general population,
whereas loss of nephron mass following nephrectomy for renal cell carcinoma leads to
chronic kidney disease (65).

The association between chronic kidney disease and cancer is well-studied in childhood
cancer survivors. In this population, the reported prevalence of chronic kidney disease
ranges between 2.4% and 32%; this highly variable prevalence is related to differences in
follow-up duration, chemotherapeutic regimens, and the definition of chronic kidney disease
across different studies (11,33). Wilms tumor has a cumulative incidence of end stage kidney
disease of 0.7% after 20 years of follow-up (4); this incidence increases to 4.0% at 3 years
after diagnosis in patients with synchronous bilateral Wilms tumor, and 19.3% in those with
metachronous bilateral Wilms’ tumor.

Cardiovascular disease: With the increase in cancer survivorship, late treatment-related
complications, including cardiovascular disease, are the primary source of long-term
morbidity and mortality in cancer survivors (66,67). Hypertension is a significant risk factor
in cancer survivors for developing coronary artery disease, heart failure, valvular heart
disease and arrhythmia. Hypertension has also been found to be more prevalent (66% vs.
60%), and was an independent risk factor for cardiovascular events, among adult cancer
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survivors compared to controls in a large study of the Kaiser Permanente Southern
California-SEER cancer registry (68). Furthermore, hypertension increases the risk of
cardiotoxicity due to chest radiotherapy and anthracycline (3). Data are lacking regarding
whether treating hypertension reduces the risk of cardiovascular events in cancer survivors;
nonetheless, hypertension is the leading potentially modifiable risk factor for cardiovascular
disease in this patient population.

DIAGNOSIS AND MONITORING OF HYPERTENSION IN CANCER PATIENTS
AND SURVIVORS

In-office blood pressure measurement

In the United States, the majority of blood pressure measurement for screening for
hypertension and titration of antihypertensive therapy occurs in the clinic setting. Clinic
blood pressure measurement can be performed using a manual aneroid manometer with
auscultation of Korotkoff sounds or using an automated blood pressure monitor. Most blood
pressure measurements in the office are performed by a medical assistant or nurse. These
measurements may occur in the setting of time constraints or inadequate training, frequently
resulting in inaccurate measurements (69). Consistent in-office measurements of blood
pressure, using the appropriate approach to minimize confounders, is strongly recommended
(69,70). This includes having the patient rest for 3-5 minutes prior to blood pressure
measurement, with the measurement performed in a quiet room in the seated position, with
the legs flat on the floor, the back supported (an examination table is typically not ideal), the
arm supported at the level of the heart, the correct cuff size against a bare arm, an empty
bladder, and no caffeine or cigarette smoking within 30 minutes prior to the measurement
(71). Particularly in cancer patients and survivors, it is also important to assess for the
presence of temporarily interfering substances (e.g., non-steroidal anti-inflammatory drugs,
erythropoietin stimulating agents, and high-dose corticosteroids) and acute pain as potential
confounders of blood pressure measurement during any given clinic visit (see below,
Management of hypertension in cancer patients and survivors).

Individuals with an elevated clinic blood pressure reading should have at least two additional
blood pressure measurements performed during that clinic visit, since blood pressure
improves with successive measurements in many individuals and treatment
recommendations are based on the average of three office readings (1,70). Automated office
blood pressure measurement is a useful tool for achieving multiple blood pressure readings
in a single visit. Automated office blood pressure measurement refers to the use of a fully
automated device that has the ability to perform multiple consecutive blood pressure
measurements with a single activation. Blood pressure measured using automated office
blood pressures should be performed in a quiet room with or without the presence of a
provider (72), and more closely resemble research-quality and daytime ambulatory blood
pressure readings than typical clinic blood pressures (73).

Understanding the high risk of vascular toxicity and thromboembolic disease with many
chemotherapies and cancers, patients should be assessed for interarm differences in blood
pressure at least one time during the course of cancer treatment and again following
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treatment. If there is a reproducible, =10 mmHg difference in systolic or diastolic blood
pressure between the arms, the arm with the higher blood pressure should be used for future
measurements (70).

Out-of-office blood pressure measurement

White coat hypertension and masked hypertension—Out-of-office blood pressure
measurement addresses many of the limitations of clinic blood pressure measurement (74).
In particular, out-of-office blood pressure measurement facilitates identification of white
coat hypertension (elevated office blood pressure with normal out-of-office blood pressure)
and masked hypertension (normal office blood pressure with elevated out-of-office blood
pressure). Untreated white coat hypertension is associated with an increased risk of
transition to sustained hypertension and adverse cardiovascular outcomes, whereas treated
white coat hypertension is not associated with increased risk (75). Both treated and untreated
masked hypertension are associated with a similarly increased risk of adverse cardiovascular
outcomes as sustained hypertension (76,77). Thus, ongoing out-of-office monitoring is
recommended in individuals with both white coat and sustained hypertension. Current
guidelines recommend out-of-office blood pressure measurement in individuals whose office
blood pressure is 2120/70 mmHg to screen for masked hypertension (1).

Evidence suggests that white coat hypertension and masked hypertension may be more
common in individuals receiving cancer treatment compared to the general population
(78,79). The increased prevalence of white coat hypertension is proposed to be due to
heightened anxiety associated with a diagnosis of cancer and fears surrounding prognosis.
The increased prevalence of masked hypertension is likely in part due to delayed adverse
effects of cancer treatments.

Approach to out-of-office blood pressure monitoring—In patients undergoing
active cancer treatment, blood pressure elevations can occur within a few hours, days, or
may take up to a year to be evident (80). Given the rise in blood pressure following initiation
of some chemotherapies, it is useful to supplement office blood pressures with out-of-office
blood pressure monitoring. Options for out-of-office blood pressure measurement include
ambulatory blood pressure monitoring and home blood pressure monitoring, also referred to
as self-measured blood pressure at home (Table 2). Ambulatory blood pressure monitoring
provides fully automated measurements over a 24-hour period, typically performed every
15-30 minutes during the day and every 30-60 minutes at night. Ambulatory blood pressure
monitoring is the reference standard for blood pressure measurement due to a stronger
association with cardiovascular outcomes than clinic blood pressure measurements (74).
However, ambulatory blood pressure monitoring can be intrusive, and is difficult for patients
to perform repeatedly in close succession for monitoring of changes in blood pressure (81).

Home blood pressure monitoring typically requires a patient to use a semi-automated blood
pressure monitor to perform two measurements twice daily for a minimum of 3 (ideally 5-7)
consecutive days. While home blood pressure monitoring is prone to some of the
measurement inaccuracies of clinic blood pressure monitoring, these can be readily
addressed with patient education on appropriate measurement technique (82). Home blood
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pressure monitoring is able to identify white coat hypertension and masked hypertension,
and facilitates close blood pressure monitoring for titration of antihypertensive medications,
(83) making it favorable for longitudinal blood pressure monitoring in cancer patients.

Based on recent guidelines, we recommend 24-hour ambulatory blood pressure monitoring
for initial evaluation in all patients with an office blood pressure 2120/70 mmHg (1). While
ambulatory blood pressure monitoring provides the most accurate and prognostically useful
assessment of blood pressure, it is typically not feasible to perform more frequently than
every 6-12 months (81). Home blood pressure monitoring has greater reproducibility and
tolerability than ambulatory blood pressure monitoring, and thus is preferable for more
frequent, monthly monitoring and for titration of medications over prolonged periods of time
(69,84). Thus, we recommend home, rather than ambulatory, blood pressure monitoring to
monitor for sufficient blood pressure control. Based on the pharmacokinetics of most
antihypertensive medications, we typically recommend that patients start to monitor their
blood pressures at home for a minimum of 3 (ideally 5-7) days beginning 7 days after any
changes to antihypertensive therapy, sooner if the individual is having severe or symptomatic
hypertension. Specific cancer treatments may warrant more frequent monitoring, including
anti-VEGF therapy, tyrosine kinase inhibitors, alkylating agents, and high-dose
corticosteroids. Figure 1 presents an approach to out-of-office blood pressure monitoring in
cancer patients and survivors, adapted from recommendations for home blood pressure
monitoring in the general population to account for greater acuity in many patients on high
risk cancer therapy (70,82,85).

Selection of an automated blood pressure monitor—Most automated office and
home devices use proprietary algorithms to estimate the systolic and diastolic blood
pressure. It is important to select a clinically validated blood pressure monitor (86,87). A
listing of validated blood pressure devices available in the US will be available in the near
future from the American Heart Association and American Medical Association (87).
Current listings are also maintained by Hypertension Canada (88), the British and Irish
Hypertension Society (89), and other international hypertension societies. Automated blood
pressure monitors are prone to inaccuracies in certain clinical circumstances, such as
arrhythmias and vascular disease. Given the elevated risk of these comorbidities in cancer
patients and survivors, patient-specific validation of automated devices with a manual
reading can be useful to ensure accuracy.

Due to the poor accuracy of most wrist, finger, and smartphone blood pressure devices,
(90,91) upper arm devices are preferred. For individuals who have a contraindication to
upper arm blood pressure measurement, such as those who have undergone bilateral lymph
node dissection, there are currently three clinically validated wrist devices available in the
United States (Omron BP4350, BP6100, and BP8000-M) (92,93).
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MANAGEMENT OF HYPERTENSION IN CANCER PATIENTS AND
SURVIVORS

Blood pressure thresholds to initiate treatment and treatment targets

For normotensive patients with additional cardiovascular risk factors such as diabetes,
elevated cholesterol, prior coronary heart disease, or active treatment with cardiotoxic
chemotherapeutic agents who experience an increase in blood pressure, but whose blood
pressure does not exceed a threshold level of 2130/80 mmHg or those with a blood pressure
=2140/90 mmHg and are without additional cardiovascular risk (1), lifestyle measures,
especially sodium intake restriction, are a reasonable approach.

In previously normotensive patients who exceed the thresholds described above, or in
hypertensive patients whose blood pressure becomes uncontrolled, adding therapy or
titrating existing antihypertensive therapy is recommended. From a pragmatic standpoint,
patients with active cancer have been excluded from standard hypertension trials in the past.
Thus, there are little outcome data supporting antihypertensive therapy and blood pressure
treatment thresholds. However, the increasing survival in cancer patients, and the
cardiovascular toxicities of many cancer chemotherapeutic agents, predisposes these patients
to cardiac death and future cardiovascular diseases (66,67), making antihypertensive therapy
a rational and useful consideration.

Recent trials support intensive blood pressure lowering in individuals at high risk of
cardiovascular disease (94-96), however these studies did not include cancer patients.
Whether the goal should be <130/80 in those at higher cardiovascular risk is unknown in this
patient population.

Selection of agents for the management of hypertension in patients on cancer therapy.

Figure 2 presents an approach to therapy in the cancer patient whose blood pressure warrants
drug treatment. Currently, no one class of antihypertensive drug is preferred. Since
hypertension results from nephrotoxicity in several cancers and cancer treatments, our
approach is to first assess for the presence of proteinuria. If proteinuria is present (spot
albuminuria-to-creatinine ratio of =300 mg/g, or spot protein-to-creatinine ratio of =500
mg/g), drugs which block the renin-angiotensin system are reasonable agents to initiate or
titrate (1,97-99). Similarly, if left ventricular dysfunction is present, neurohormonal
antagonists may be appropriate first-line drugs (1,100). Moreover, limited retrospective data
suggest that the use of renin-angiotensin system blocking drugs may improve survival in
cancer patients (101). Although there was initial concern that lowering blood pressure using
medications like angiotensin converting enzyme inhibitors could, theoretically, offset the
anti-tumor effect of VEGF inhibitors, this has not been observed in clinical practice, and
antihypertensive therapy is recommended for these patients. In the absence of proteinuria,
either a dihydropyridine calcium channel blocker or a renin-angiotensin system blocking
drug can be initiated. In our experience, the efficacy of calcium channel blockers like
amlodipine is reasonably high, particularly in African American patients (102,103), and
their tendency to drug interactions and serious side effects are relatively low. Thus, we prefer
adding, or titrating, amlodipine first when proteinuria is absent.
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In individuals at high risk of volume depletion who also have proteinuria, it may be
preferable to defer renin-angiotensin system blocking drugs or, in those with transient risk of
volume loss, recommend a sick-day protocol (104) to temporarily withhold these
medications on days in which they have symptoms. Correspondingly, diuretic and
mineralocorticoid antagonist therapies are often added, or titrated, later in the cascade of
antihypertensive therapy in patients on undergoing active cancer treatment, since these
patients are at higher risk for volume depletion through reduced intake of nutrients and
fluids, as well as increased volume losses from diarrhea or vomiting, predisposing them to
electrolyte abnormalities and acute kidney injury. If there is no further individual-level
contraindication, diuretic therapy (specifically thiazide and thiazide-like diuretics) should be
considered first-line therapy in patients undergoing active surveillance and in cancer
survivors (102). Similarly, if there is no contraindication, mineralocorticoid antagonist
therapy should be used in individuals with resistant hypertension (105), with close
monitoring for hyperkalemia.

Depending on the half-life and frequency of chemotherapy administration, some individuals
may not be able to be treated with a fixed dose of antihypertensive medication. These
individuals may particularly benefit from frequent home blood pressure monitoring (see
above Approach to out-of-office blood pressure monitoring), including instructions on
antihypertensive medication holding parameters and appropriate supplemental dosing of
antihypertensive medications for fluctuations in blood pressures related to chemotherapy
administration and side effects.

Consideration of medication interactions, interfering substances, and polypharmacy

Currently, non-dihydropyridine calcium channel blockers like verapamil and diltiazem are
avoided since they utilize Cytochrome p450 3A4, a feature shared by many chemotherapy
agents, risking potentiation of chemotherapy toxicity by inhibiting chemotherapy drug
metabolism (80).

In some individuals undergoing active cancer treatment, the blood pressure cannot be
controlled even with multiple antihypertensive agents. In this case, it is reasonable to discuss
with the oncologist and the patient a trial of chemotherapy dose reduction, or a
chemotherapeutic holiday period. It is also reasonable to consider dose reduction or
temporary discontinuation of other therapeutic agents that may be contributing to high blood
pressures, including non-steroidal anti-inflammatory drugs, erythropoietin stimulating
agents, and high-dose corticosteroids.

Polypharmacy is common in cancer patients (106). In individuals who require >1 agent to
achieve adequate blood pressure control, it is reasonable to use fixed-dose combinations of
first-line agents to minimize pill burden and optimize adherence (107).

Approach to elevated blood pressure in the setting of pain and accounting for goals of

care

The relationship between pain and blood pressure is complex, and the pathophysiology of
this relationship seems to vary depending on the acuity of pain (108). Evidence suggests that
greater intensity of chronic pain is associated with higher risk of hypertension (109). We
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recommend assessment of adequate pain control and titration of pain medications prior to
initiating and uptitrating antihypertensive therapy in cancer patients. If chronic pain cannot
be adequately controlled, there may be cardiovascular benefit to treatment with
antihypertensive therapy to reduce blood pressure, especially if the blood pressure is
persistently and/or severely elevated; however, there is a paucity of data to guide decision-
making in this setting. In individuals with limited life expectancy, it is reasonable to
liberalize the treatment goal to <160/100 mmHg (110). In this case, the risks and benefits of
antihypertensive treatment should be discussed with the patient based on their individual
comorbidities, prognosis, and goals of care.

SUMMARY AND CONCLUSIONS

The burden of hypertension is particularly high in cancer patients and survivors, likely
contributing to increased cardiovascular morbidity and mortality in these patients compared
to the general population. There is a paucity of data on the benefit of blood pressure
treatment in cancer patients with regard to cardiovascular risk reduction. Future studies are
needed to identify optimal treatment targets and therapies for the management of
hypertension in this patient population.

In the absence of high-quality evidence, individualized monitoring and treatment of
hypertension in cancer patients and survivors is paramount. It is especially important to
consider active cancer treatment as well as the presence, intensity, and duration of adjuvant
medications and pain when initiating and titrating antihypertensive medications. Proper
blood pressure measurement technique and use of validated blood pressure devices is critical
to obtaining accurate blood pressure measurements with which to make treatment decisions.
Given improved survival among cancer patients in recent decades and the potential to reduce
adverse long-term cardiovascular outcomes, it is important to engage cancer patients and
survivors in the use of home blood pressure monitoring.
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HIGHLIGHTS
. Cancer patients and survivors are at a high risk for hypertension.
. Hypertension likely contributes to the high burden of cardiovascular disease

in cancer patients and survivors.

. Accurate in- and out-of-office blood pressure measurement is important in
cancer patients and survivors.

. Target organ damage and treatment-specific morbidities should be considered
when selecting antihypertensives in cancer patients.
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twice daily

For a minimum of 3 (ideally
5-7) consecutive days every
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[ Office BP 2120/70 J
|

Out-of-office BP monitoring

Out-of-office

2130/80?

Titrate antihypertensive
medication, if indicated
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Monitor home BP
a minimum of twice daily once
a week (consider daily) until
completion
of cancer therapy or
BP reaches goal

Out-of-office
BP
2160/100?

Yes
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No

Titrate antihypertensive
medication (Figure 2).
Monitor home BP
twice daily for a minimum of 3
(ideally 5-7) days every month
and beginning 7 days after
changing medication

Figure 1: Approach to home blood pressure monitoring in cancer patients and survivors
Abbreviation: BP = blood pressure

High risk cancer therapies include anti-VEGF therapy, tyrosine kinase inhibitors, alkylating
agents, and high-dose corticosteroids
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BP above goal

Initiate or titrate
ACE inhibitor or ARB

Proteinuria
present?

Initiate or titrate
dihydropyridine CCB

Maximum
tolerated
dose

Maximum
tolerated
dose

Add or titrate Add or titrate
ACE inhibitor or ARB dihydropyridine CCB

Maximum
tolerated
dose

Add or titrate
diuretic if no contraindication

Maximum
tolerated
dose

Add or titrate mineralocorticoid antagonist (if no
contraindication), or nebivolol or carvedilol

Maximum
tolerated
dose

Add or titrate nitrate,
vasodilator, or central alpha
agonist

Consider chemotherapy dose
reduction or drug holiday

Figure 2: Approach to treating hypertension in patients receiving cancer therapy
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Abbreviations: ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker;

CCB = calcium channel blocker.

The blood pressure threshold for initiation and titration of treatment will vary depending on

an individual’s risk factors and goals of care (1). It may be beneficial to defer ACE
inhibitors, ARBs, diuretics, and mineralocorticoid antagonists in individuals at risk of

volume depletion, or to employ sick-day protocols (104). The yellow box at the lower left
indicates fourth-line agents; we recommend exhausting other options before using these
agents. The orange box at the lower right indicates a possible choice of action when the

blood pressure remains uncontrolled despite the addition or titration of multiple
antihypertensive agents.
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Central Illustration: Multidimensional relationship between cancer, hypertension, and
cardiovascular disease

Hypertension, chronic kidney disease, and cancer have a number of common risk factors,
including smoking, diabetes, and obesity, which in turn are associated with increased risk of
major adverse cardiovascular events. Cancer and cancer treatment are risk factors for
hypertension and chronic kidney disease. Hypertension and chronic kidney disease have a
bidirectional relationship. Chronic kidney disease is associated with an increased risk of
several cancers, including urothelial cancer, skin cancer, and thyroid cancer.
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Table 1.

Cancer treatments associated with the development and exacerbation of hypertension

Treatment

Mechanism(s) of blood pressure elevation

Chemotherapeutic agents

Anti-VEGF therapy and tyrosine kinase inhibitors

Increased vascular resistance
Reduced nitric oxide production (14)
Reduced angiogenesis (15)
Impaired natriuresis (16)
Endothelin-1-mediated vasoconstriction (17)
Thrombotic microangiopathy (18)

Alkylating and alkyl-like agents
Cyclophosphamide

Vascular endothelial injury (24)
Nephrotoxicity (31,32)

Ifosphamide Nephrotoxicity (33) and vascular endothelial injury (34)
Cisplatin
Vinblastine Vascular endothelial injury (in vitro) (35)
Gemcitabine Thrombotic microangiopathy (37)
Vascular endothelial injury (in vitro) (38)
Radiation

Abdominal radiation

Renal artery stenosis (41)

Head and neck radiation

Baroreflex failure (42,43)

Adjuvant therapies

Erythropoietin stimulating agents

Increased erythrocyte mass

Altered response to endogenous vasodilators and vasopressors (44)

Non-steroidal anti-inflammatory drugs

Impaired natriuresis due to reduction in prostaglandin synthesis (45)

Corticosteroids

Sodium retention due to mineralocorticoid receptor stimulation (46)

Calcineurin Inhibitors

Systemic and renal vasoconstriction (47)

VEGF = vascular endothelial growth factor
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Table 2.

Considerations for selection of out-of-office blood pressure monitoring modalities

Ambulatory Blood Pressure
Monitoring

Home Blood Pressure
Monitoring

Appropriate Initial diagnosis and intermittent Long-term monitoring and medication titration.
indications monitoring of masked hypertension,
white coat hypertension, and nocturnal
hypertension.
Measurement Every 15-30 minutes over a 24-hour Two measurements at least one minute apart in the morning before
frequency and period. antihypertensive medications and in the evening before bed.
duration In unstable patients or patients on high risk cancer therapy, measurements
should be performed twice daily at minimum once a week (consider daily).
In stable patients, measurements should typically be performed for a
minimum of 3 (ideally 5-7) consecutive days per month and beginning 7
days after any changes in medication.
Measurement Performed during usual daily activities Performed after resting 3-5 minutes in a quiet room, sitting in a chair with
setting and while sleeping. feet flat on the floor and back supported, and with an empty bladder.
Patients are asked to avoid caffeine, exercise, and smoking for the 30
minutes prior to measurement. Measure with a bare arm, elevated and
supported at the level of the heart.
Patient Patient is unaware of and unable to see Patient activates the device to perform measurements, and sees the blood
engagement blood pressure readings. Monitoring pressure readings.
may be perceived as intrusive.
Accessibility Often only available in hypertension Low cost, readily accessible to most patients.
specialty offices (e.g., cardiology,
nephrology, hypertension centers) due
to cost of monitors.
Quality and Highly reliable readings, strongly Highly reproducible readings, require patient training and education to
reliability of associated with prognostic outcomes. ensure adequate quality.
measurements
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