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Complications that occur during cancer therapy have emerged as a major contributor to the
poor quality of life experienced by cancer patients as they live longer due to improved treat-
ments. Many studies have investigated chemotherapy-induced peripheral neuropathy, but
few have investigated the autonomic nervous system. Cardiovascular autonomic dysfunction
(CAD) contributes to the distressing symptoms experienced by cancer patients, and it is also
related to poor treatment outcomes. CAD has a multifactorial etiology in patients with cancer:
it can be caused by the cancer itself, chemotherapy or radiation therapy, or other comorbidi-
ties. Its symptoms are nonspecific, and they include orthostatic hypotension, resting tachy-
cardia, dizziness, chest tightness, and exertional dyspnea. It is important to suspect CAD and
perform therapeutic interventions in a clinical context, because a patient who is more frail is
less like to endure the treatment process. The quality of life of patients receiving active cancer
treatments can be improved by evaluating the risk of CAD before and after chemotherapy, and
combining both nonpharmacological and pharmacological management. Here we review the
prevalence, pathogenesis, diagnosis, and treatment of CAD, which is the most common and a
sometimes serious symptom in cancer patients.
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INTRODUCTION

Chemotherapy-induced peripheral neuropathy (CIPN) is the most common neurological
complication of chemotherapy, and its impact on the quality of life of cancer patients has
received considerable attention. In contrast, cardiovascular autonomic dysfunction (CAD)
has not received much attention despite its high prevalence in cancer patients.' Studying the
effects of CAD on patients with cancer is just as important as studying the effects of CIPN,
because CAD can directly affect mortality.* The increasing lifespans of cancer patients is
making it more important to identify, prevent, and treat complications of CAD early.’

The mechanisms underlying CAD are more complicated than those of CIPN, since
both cancer itself and cancer treatment can affect the cardiovascular system and autonom-
ic neurons of the sympathetic and parasympathetic nervous systems.”* Cardiovascular
changes caused by cancer and preexisting cardiovascular abnormalities may all contrib-
ute to CAD.? Also, tumors secrete inflammatory cytokines that damage microvascular en-
dothelia and mitochondria, leading to the accumulation of reactive oxygen species (ROS)
and reactive nitrogen species (RNS) that in turn can cause neuronal damage in the car-
diovascular system.® In addition to these direct mechanisms, depression, psychological
stress, anxiety, and physical inactivity can exacerbate CAD.

Because CAD has been reported to cause syncope and other symptoms and be detri-
mental to patient survival,” suspecting and diagnosing CAD can improve the quality of life
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and reduce morbidity and mortality. CAD can be diagnosed
through history-taking and autonomic function tests.® Prompt
appropriate management should be implemented as soon as
a diagnosis is made. Patient education and lifestyle modifi-
cations as well as pharmacological management are key in
the clinical setting for preventing syncope and falls, which
can have serious consequences in CAD.

This review summarizes the frequency; risk factors, clinical
significance, diagnosis, and management of CAD, which rep-
resents a unique disease group of cancer patients.

PREVALENCE OF CAD

There has been insufficient research into the prevalence of
CAD in cancer patients, with most studies focused on ad-
vanced cancer or specific types of chemotherapeutic agents.

Prevalence of CAD in advanced cancer
A prospective cohort study using the Ewing classification
found that the prevalence of CAD in patients with any type
of advanced cancer is reportedly 70%-80%.” The Ewing bat-
tery of cardiovascular autonomic tests is a well-established
diagnostic tool for CAD that includes assessments of para-
sympathetic function (heart-rate variability [HRV] during
deep breathing, lying to standing, and the Valsalva maneu-
ver) and sympathetic function (analyses of blood pressure
changes upon standing and during sustained hand grip)."
That study found that the median survival time was approx-
imately 100 days in patients with CAD, and that the 1-year
survival rate in patients with CAD was half that in those with-
out CAD (15% vs. 30%). Although it was not possible to de-
termine whether the deaths were due to cancer progression,
factors associated with CAD, or CAD itself, one clear find-
ing was that the mortality rate was higher in patients with
CAD. However, that study primarily involved patients with
end-stage cancer, and so further research is needed that in-
volves patients undergoing active chemotherapy or cancer
survivors who are expected to survive for a long time period.
Another retrospective study found that only 20% of 47 pa-
tients who received chemotherapy did not have CAD, which
was determined based on a Ewing score of less than 2."" The
total frequency of moderate CAD (defined as a Ewing score
of 2.5-3.0) was 40%, while the frequency of severe CAD (Ew-
ing score of 23.5) was 40%. Those authors concluded that
CAD is associated with increased morbidity and mortality,
and deserves special attention because its frequency is as
high as 80% in cancer patients.
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Prevalence of CAD according to chemotherapeutic
agents

The chemotherapeutic agents taxanes, anthracyclines, plati-
num, vinca alkaloids, and bortezomib have been reported to
cause CAD. Observing the specific effects of individual che-
motherapeutic agents can be challenging since they are fre-
quently administered in combination with other drugs or
substituted with different regimens when the initial treatment
is ineffective.

Approximately 20% of patients with ovarian cancer treat-
ed with paclitaxel and carboplatin exhibited a decrease in
HRV when moving from the supine to the erect position
(known as the 30/15 ratio) or orthostatic hypotension after
3-4 months, but most of the symptoms resolved by around
6 months after the end of treatment."” That study used a com-
bination of carboplatin- and taxane-based chemotherapy,
and so the effects of taxanes alone on CAD could not be eval-
uated. In addition, the recovery observed after the end of
treatment may have been due to most of the included ovar-
ian cancer patients being young and the cancer being com-
pletely controlled in many cases by the chemotherapy. An-
other study found that HRV detected using power spectral
analysis was impaired in all 14 paclitaxel-treated ovarian
cancer patients.”” However, in a further study, CAD did not
develop in patients with metastatic breast cancer who re-
ceived docetaxel after anthracycline therapy."

Doxorubicin induces CAD in addition to its direct toxic-
ity to myocytes. A study of 20 high-dose anthracyclines found
that CAD occurred in 85% of patients, even in those with a
normal left ventricular ejection fraction.”” Doxorubicin treat-
ment induces significant changes in the cardiovascular au-
tonomic nervous system in survivors of childhood acute
lymphoblastic leukemia (ALL).'* That study suggested that
cumulative doses of doxorubicin can have a significant neg-
ative impact on the cardiovascular autonomic nervous sys-
tem. Administering relatively low doses of epirubicin to 40
patients with breast cancer did not produce persistent alter-
ations in HRV using 24-hour electrocardiogram.'” This also
suggests that there is a dose-response relationship for an-
thracycline-induced CAD.

Decades-old platinum-based agents are also classically
neurotoxic, with cisplatin, carboplatin, and oxaliplatin still
widely used in ovarian, breast, gastric, colorectal, lung, and
head and neck cancers. These agents are commonly known
to cause CIPN, but there are conflicting findings regarding
whether they cause CAD. The baroreflex sensitivity was main-
tained better in 44 patients with testicular cancer who re-
ceived cisplatin-containing chemotherapy than in those who
received orchiectomy alone." However, CAD was observed
in 11 patients with ovarian cancer, as measured by the Val-



salva ratio."” In addition, in 10 of 28 patients with germ-cell
tumors, the administration of cisplatin, vincristine, and bleo-
mycin resulted in HRV impairment during the Valsalva ma-
neuver, when standing up, and during deep breathing.* In
colorectal cancer patients treated with oxaliplatin, parasym-
pathetic cardiac innervation was reduced at 3-4 months and
6-8 months after the initiation of oxaliplatin-based chemo-
therapy relative to baseline.”!

Vincristine is well known to induce peripheral neuropa-
thy, but it has also been shown to damage the autonomic ner-
vous system in approximately one-third of patients.”” De-
creased heart-rate and blood-pressure responses have been
observed during hand grip, standing, deep breathing, and tilt
tests in children with ALL.**** HRV during deep breathing
decreased markedly after vincristine use and tended to re-
cover after the completion of treatment,” but the recovery
period varied from several months to several years.”

Bortezomib is also known to cause CAD, but the preva-
lence of this effect remains unclear.””” Immune checkpoint
inhibitors have revolutionized cancer therapy and are wide-
ly used for treating many cancers. In addition to acute in-
flammatory neuropathies such as Guillain-Barre syndrome,
acute sensorimotor and autonomic neuropathies have been
reported.”

While chemotherapeutic agents can cause CAD via vari-
ous mechanisms and at varying frequencies, their extents
and reversibilities are not well understood. These are likely
to be closely related to the cancer severity, whether the types
of chemotherapeutic agents used can act synergistically, the
frailty of the patient, comorbidities, and the cumulative dose

Table 1. Potential mechanisms underlying CAD in cancer patients
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of chemotherapy.

MECHANISMS OF CAD IN CANCER

While the pathogenesis of CAD is not fully understood, sev-
eral mechanisms have been proposed, including inflamma-
tory, infectious, metabolic, neurodegenerative, and toxic
processes, as well as cancer treatments.” However, establish-
ing a causal link between cancer itself or cancer therapy and
CAD is difficult due to the presence of numerous confound-
ing variables. CAD may be caused by preexisting neuropa-
thy, paraneoplastic effects, tumor invasion, or mechanical
compression of the autonomic nervous system. There is no
single explanation for CAD since its causes overlap, and there
is a variable time lag between the onset of an etiological pro-
cess and the development of CAD. However, categorizing
and understanding the mechanisms are important for sub-
sequent treatment and therapeutic trials.

The potential complex mechanisms underlying CAD in
cancer patients can be divided into three categories: 1) CAD
caused by the cancer itself, 2) CAD caused by the side effects
of chemotherapy or radiation therapy,’ and 3) CAD caused
by a coexisting condition (Table 1 and Fig. 1).

Direct effects of cancer

The mechanisms by which cancer causes cardiovascular
damage include systemic inflammation, oxidative stress, au-
tonomic dysfunction, and metabolic abnormalities, of which
inflammation and oxidative stress are the most common.®
Most cancers create a protumorigenic microenvironment by

Etiology Mechanisms

Results

Cancer itself
Oxidative stress
ROS or RNS accumulation
Mitochondrial dysfunction

Inflammatory cascade involving TNF-q, IL-1B, and IL-6  Microvascular endothelial dysfunction

Neuron/axonal damage
Demyelination
Apoptosis

Chemotherapy

Radiation therapy
Lifestyle factors

Coexisting disease

RAAS activation: ATR1 and angiotensin 2;
Sympathetic nerve activation: B-adrenergic receptor

Direct invasion, compression of autonomic nervous
system

Microtubule injury, mitochondrial dysfunction,
ion-channel dysfunction, inflammatory cascade,
ROS accumulation, autoimmunity

Direct injury to vagus nerve, carotid sinus, baroreflex

Decreased physical activity, sleep disturbances, anxiety,
emotional stress, weight gain, weakness

Diabetes mellitus, amyloidosis, heart disease

Cardiac remodeling, cardiac hypertrophy, fibrosis,
cardiac dysfunction
Cardiovascular autonomic neuropathy

Neuronal apoptosis, axonal dysregulation
(similar to CIPN) attributed to thinly myelinated or
unmyelinated nerve fibers

Cardiovascular autonomic neuropathy

CAD

CAD

ATR1, angiotensin 1 receptor; CAD, cardiovascular autonomic dysfunction; CIPN, chemotherapy-induced peripheral neuropathy; IL, interleukin; RAAS,
renin-angiotensin-aldosterone system; RNS, reactive nitrogen species; ROS, reactive oxygen species; TNF, tumor necrosis factor.
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Landscape of cardiovascular autonomic dysfunction (CAD) including etiology, mechanism & sequale
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Fig. 1. CAD in cancer patients is characterized by dysfunction of the autonomic nervous system and the cardiovascular system due to various
causes, leading to resting tachycardia, orthostatic hypotension, and decreased HRV and survival. CAD has four etiologies: 1) cancer itself, 2) cancer
treatments, 3) lifestyle changes due to cancer, and 4) preexisting comorbidities. Although CAD caused by cancer itself and CAD caused by cancer
treatment have distinct underlying mechanisms, the main common mechanisms are inflammatory cytokine-mediated oxidative stress, mitochon-
drial dysfunction, microvascular damage, and neuronal dysfunction. Cancer-induced lifestyle changes such as decreased physical activity, weakness,
sudden weight gain, edema, emotional stress, and insomnia all contribute to CAD, and so these factors need to be managed. Other comorbidities
besides cancer can also cause and worsen CAD, and also need to be treated. ANS, autonomic nervous system; CAD, cardiovascular autonomic dys-
function; CATR, CATR tumerogenic conversion 1 protein; DM, diabetes mellitus; HRV, heart-rate variability; IL, interleukin; RAAS, renin-angiotensin-
aldosterone system; RNS, reactive nitrogen species; ROS, reactive oxygen species; TNF, tumor necrosis factor.

secreting proinflammatory cytokines or acute-phase reac- The inflammatory response not only causes microvascu-
tants.”>* The involved inflammatory cytokines include lar endothelial damage but also adversely affects cardiac re-
TNF-a (tumor necrosis factor-alpha), interleukin (IL)-1f modeling, leading to decreased cardiac contractile function.”
and IL-6.” This inflammatory response is both a precursor Oxidative stress-induced ROS and RNS by tumors also
to cancer and a trigger for cardiovascular damage.*** There- causes cardiac dysfunction. Mitochondrial dysfunction is a
fore, the pathogenesis of cancer and cardiovascular damage prominent feature in cardiac dysfunction that affects calcium
may involve similar mechanisms and may occur simultane- homeostasis and reduces cardiac contractility (Fig. 1).***

ously prior to cancer treatment.* Opveractivation of the renin-angiotensin-aldosterone sys-
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tem, which plays an important pathogenic role in heart fail-
ure by causing the remodeling, hypertrophy, and fibrosis of
cardiac muscle, has been identified in various cancers.”* In
addition, angiotensin 1 receptor and angiotensin 2 are in-
volved in angiogenesis, proliferation, invasion, and metas-
tasis in cancer.” Persistent sympathetic hyperactivity has also
been reported in cancer patients and is associated with can-
cer development, progression, and angiogenesis.”

CAD caused by chemotherapy
Chemotherapy has significantly increased the survival time
of cancer patients,*"* but many patients experience side ef-
fects from this treatment modality.” CIPN is a common con-
dition, and its pathogenesis has received considerable atten-
tion.”’ Sensory fibers are more susceptible than motor fibers
to damage because they are either thinly myelinated or un-
myelinated. Similarly, postganglionic autonomic nerve fibers
are not myelinated and preganglionic fibers are thinly my-
elinated, and so autonomic nerve fibers may be susceptible to
damage caused by the same mechanisms as CIPN damage.****

Various anticancer drugs cause neuron damage via inflam-
matory cascades and oxidative stress (Table 2).” Platinum,
taxanes, proteasome inhibitors, and thalidomide induce the
secretion of various inflammatory cytokines via mitochon-
drial damage, which increases oxidative stress and leads to
the accumulation of ROS.* Another mechanism is microtu-
bular injury caused by taxanes, vinca alkaloids, and epothi-
lones (e.g., ixabepilone), which directly damages neurons
(including their axons) of the autonomic nervous system.*
Both taxanes and platinum disrupt intracellular signaling by
altering calcium homeostasis, eventually leading to autonom-
ic nerve damage. These agents also cause peripheral neurop-
athy via voltage-gated-ion-channel dysfunction. Thalido-
mide causes neuron death via peripheral vascular ischemia."*
Proteasome inhibitors such as bortezomib cause nerve dam-
age by sphingolipid dysregulation, activation of neuroinflam-
mation, and mitochondrial damage.***

A prospective study from 2021 found that approximately
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70% of patients with gastrointestinal cancer who received
taxane- or platinum-based palliative anticancer therapy for
12 weeks developed CIPN of grades I to III, and that a de-
crease in the resting-state HRV was a predictor of CAD." In
addition, a significant association between decreased rest-
ing-state HRV and the development of CIPN has been re-
ported, suggesting that monitoring and managing CAD in
patients with clinically developed CIPN can help in the man-
agement of both conditions simultaneously and have positive

impacts on the quality of life, morbidity, and mortality.*>*

Radiation-therapy-associated CAD

CAD has been reported after applying radiation therapy to
head and neck cancer as well as mediastinal tumors when
autonomic nerves were within the radiation field.*® Direct
irradiation of the carotid and vagus nerves has been shown
to lead to inflammation, fibrosis, and eventual damage to the
vagal nerve and attenuation of the baroreflex.”** Vagal nerve
damage during irradiation is also related to long-term mor-
tality. A cohort study found a link between mediastinal ra-
diation and CAD in survivors of Hodgkin’s lymphoma.*
Those authors found that the exercise capacity during tread-
mill testing was worse in 263 survivors of Hodgkin’s lympho-
ma treated with radiation therapy and that their all-cause
mortality rate was higher at a median interval of 19 years af-
ter the therapy.

Other coexisting conditions

CAD is associated with both cancer-related and non-cancer-
related comorbidities. Non-cancer-related comorbidities that
cause CAD include diabetes mellitus, amyloidosis, and un-
derlying heart disease. In addition to medical diseases, many
lifestyle factors are also associated with the symptoms of CAD.
Anxiety, depression, emotional stress, sleep disturbances,
and sudden weight gain can lead to autonomic imbalance
via chronic stimulation of the hypothalamus-pituitary axis
and subsequent upregulation of the sympathetic-adrenal-
medullary system.” Physical inactivity is one of the common

Table 2. Chemotherapeutic agents and their mechanisms contributing to autonomic neuropathy

Anticancer drugs

Possible mechanisms underlying autonomic neuropathy

Taxanes (docetaxel, paclitaxel)

Microtubule injury, mitochondrial damage, inflammatory cytokines,

oxidative stress, direct axonal damage, voltage-gated-ion-channel dysfunction

Vinca alkaloids (vinblastine, vincristine)
Platinum-based agents (cisplatin, carboplatin, oxaliplatin)

Microtubule injury
Mitochondrial damage, inflammatory cytokines, oxidative stress,

voltage-gated-ion-channel dysfunction, parasympathetic dysfunction

Proteasome inhibitors (bortezomib)

Sphingolipid dysregulation, neuroinflammatory signaling pathway activation,

mitochondrial damage, inflammatory cytokines, oxidative stress

Immune checkpoint inhibitors
(ipilimumab, nivolumab, pembrolizumab)

Possible autoimmunity
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causes of orthostatic intolerance in patients with cancer. Dis-
use atrophy of skeletal muscles due to extended bed rest wors-
ens the symptoms of orthostatic hypotension by reducing
venous return due to the pumping function being compro-
mised. It is therefore important to recognize these factors
and treat them through lifestyle modifications.

PARANEOPLASTIC CAD

Paraneoplastic neurological syndrome (PNYS) is a rare neu-
rological disorder that affects less than 1% of cancer patients.”
It can affect any part of the nervous system and is associated
with specific malignancies and neuronal antibodies, which
influence the clinical manifestations.

Few studies have investigated the prevalence of paraneo-
plastic autonomic dysfunction in PNS, with one reason be-
ing the patient or physician neglecting this condition if it oc-
curs in a localized or limited form, such as isolated constipation,
dry mouth, or focal anhidrosis. Also, due to its frequent as-
sociation with the symptoms and signs of central nervous
system or somatic nerve involvement, dysautonomia may
go undiagnosed if its symptoms are not readily apparent or
are overshadowed by other significant symptoms.

PNS typically manifests before cancer is detected, and very
few cases begin during cancer treatment. It can be challeng-
ing to determine whether dysautonomia falls within the spec-
trum of PNS or is a side effect of chemotherapy. It is there-
fore crucial for clinicians to acquaint themselves with the
distinctive symptoms of PNS and be able to distinguish be-
tween the two situations in order to ascertain the appropri-
ate course of treatment.

Lambert-Eaton myasthenic syndrome (LEMS) is a high-
risk neurological phenotype of PNS, previously referred to
as a classical PNS.”” LEMS is characterized by proximal mus-
cle weakness, loss of tendon reflexes, and autonomic dys-
function. The most common autonomic symptoms are im-
potence (in 60% of male patients) and dry mouth (in 80% of
all patients). Although orthostatic hypotension is an infre-
quent symptom, autonomic function tests show abnormali-
ties in almost all patients.”® LEMS is associated with the pres-
ence of antibodies to P/Q-type voltage-gated calcium channels
in the presynaptic neuromuscular junction in around 90%
of patients. Additionally, anti-SOX-1 (Sry-like high-mobility
group box-1) antibodies have been observed in some cases.”
Both of these antibodies are commonly associated with small-
cell lung cancer and are often detected before the diagnosis
of malignancy.

An intermediate-risk phenotype of PNS showing dysau-
tonomia is Morvan syndrome, which is characterized by pe-
ripheral nerve hyperexcitability, hallucinations, insomnia,
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and excessive sweating. Symptoms of CAD include extrasys-
tole associated with tachycardia in patients with anti-volt-
age-gated-potassium-channel antibodies,” and postural
tachycardia syndrome in patients with CASPR2 (contactin-
associated protein-like 2) antibodies.”’ Autonomic function
tests applied to two patients with Morvan syndrome revealed
a combination of peripheral autonomic neuropathy and au-
tonomic hyperactivity, indicating that CAD affects both the
central and peripheral nervous systems.”” CAD is linked to
malignant thymoma in approximately 50% of cases.

Autoimmune autonomic ganglionopathy may occur when
the autonomic nervous system is selectively involved. This
condition is characterized by subacute panautonomic failure
and is caused by antibodies against the ganglionic nicotinic
acetylcholine (ACh) receptor.” Approximately 70% of pa-
tients experience orthostatic hypotension and constipation,
which are often accompanied by symptoms associated with
cholinergic impairment such as dry mouth, dry eyes, and uri-
nary retention. Although most cases have an autoimmune
etiology, there are instances where they manifest as part of
PNS. Reported underlying malignancies are lung cancer or
thymoma, and ganglionic nicotinic ACh receptor antibodies
are detected in some patients.**

Paraneoplastic autonomic neuropathy can occur alone or
in combination with subacute sensory neuronopathy, and is
associated with anti-Hu and anti-CV2/CRMP5 (collapsing
response-mediator protein 5) antibodies.®

The prognosis is reportedly poor when any form of dysau-
tonomia manifests as PNS.” A recent retrospective study iden-
tified autonomic dysfunction in 26% of 477 anti-Hu patients,
with gastrointestinal and cardiovascular systems being the
most commonly affected.®® While dysautonomia itself did
not worsen overall survival, central hypoventilation and CAD
were associated with a higher risk of death within 1 year from
clinical onset.

The PNS criteria proposed in 2021 suggested applying the
PNS-Care Score for diagnostic certainty. Definite, probable,
and possible PNS can be categorized according to the clini-
cal level, laboratory level, and the existence of cancer consis-
tent with the phenotype.” This requires the presence of high-
or intermediate-risk antibodies in the serum or cerebrospinal
fluid for a diagnosis of definite PNS.”” However, regardless
of the presence of neural antibodies, a diagnostic workup for
finding underlying malignancy should be performed accord-
ing to the clinical phenotype when PNS is suspected clini-
cally.” If malignancy is not identified or is not consistent with
the phenotype during the initial investigation, follow-up test-
ing should be repeated every 4-6 months for a period of 2
years. Screening the chest for tumors must be included be-
cause paraneoplastic CAD is usually associated with small-



Table 3. Antibodies and cancers associated with paraneoplastic au-
tonomic dysfunction

Antibody Clinical phenotype Associated cancers

High-risk antibodies

SOX-1 LEMS SCLC, NSCLC

CV2/CRMP5 Autonomic SCLC, thymoma,

neuropathy NSCLC

Hu Pandysautonomia ~ SCLC
Intermediate-risk antibodies

P/Q-type VGCCs LEMS SCLC

CASPR2 Morvan syndrome ~ Thymoma

CASPR2, contactin-associated protein-like 2; CRMP5, collapsing re-
sponse-mediator protein 5; LEMS, Lambert-Eaton myasthenic syndrome;
NSCLC, non-SCLC; SCLC, small-cell lung cancer; SOX-1, Sry-like high-
mobility group box-1; VGCCs, voltage-gated calcium channels.

cell lung cancer and thymoma (Table 3).

The possibility of permanent neuronal damage in onco-
neural antibody-associated PNS make it crucial to initiate
therapy as soon as possible, including before all results of any
additional investigations are available.®® PNS is treated by the
removal or treatment of the underlying cancer and the im-
plementation of immunotherapy including intravenous meth-
ylprednisolone, intravenous immunoglobulin, and plasma
exchange.® Rituximab and/or cyclophosphamide should be
considered as a second-line therapy in patients who do not
respond.

DIAGNOSIS OF CAD
IN CANCER PATIENTS

Clinical features of CAD
Autonomic dysfunction has heterogeneous manifestations
that depend on the specific autonomic nerves or organs in-
volved.” CAD is particularly notable within the spectrum of
autonomic dysfunction because of its association with in-
creased mortality. Clinicians therefore need to be aware of
the signs and symptoms of CAD, which include resting tachy-
cardia, reduced exercise tolerance, orthostatic dizziness, and
syncope. Orthostatic hypotension leads to a secondary re-
duction in cerebral perfusion, resulting in a constellation of
symptoms attributable to widespread cortical hypofunction,
including dizziness, lightheadedness, fatigue, brain fog, blur-
ring of vision, tremor, and anxiety. In addition, reduced per-
fusion to the shoulder musculature may cause bilateral shoul-
der and nuchal pain after prolonged orthostasis or ambulation,
which is sometimes referred to as “coat hanger headache” be-
cause the distribution of the discomfort resembles the shape
of a coat hanger.”

Orthostatic hypotension must be distinguished from car-
diac syncope owing to structural or rhythmic abnormalities
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of the heart, including arrhythmias, carotid sinus syndrome,
cardiomyopathy, and arterial dissection.

Autonomic function tests for CAD

Conventional autonomic function testing can be a reliable
noninvasive tool for objective clinical evaluations of CAD.
The most common and easiest test to perform is measuring
HRYV when deep breathing. This is a reliable test for assess-
ing the function of the cardiac vagal nerve.”' During deep
inhalation, cardiac output decreases due to reduced venous
return, causing the heart rate to increase; conversely, the heart
rate becomes slower during deep exhalation. HRV during
deep breathing is calculated as the ratio of the longest heart-
rate interval to the shortest heart-rate interval, or as the ra-
tio of the maximum heart rate to the minimum heart rate
(E:I ratio).

Heart-rate and blood-pressure changes during the Valsal-
va maneuver reflect both sympathetic and parasympathetic
functions.”” The Valsalva ratio is the peak pulse rate induced
by the Valsalva maneuver divided by the lowest subsequent
reflex pulse rate. This test is useful for evaluating baroreflex
function, but is not commonly performed because it requires
specialized equipment for measuring the continuous beat-
to-beat blood pressure.

The head-up tilt test can be used to distinguish the under-
lying cause of orthostatic intolerance such as orthostatic tachy-
cardia, orthostatic hypotension, or syncope. The current di-
agnostic criteria for orthostatic hypotension are a decrease
in systolic blood pressure of more than 20 mm Hg and a de-
crease in diastolic blood pressure of 10 mm Hg within 3 min-
utes of applying the simulus.” Neurogenic orthostatic hypo-
tension is characterized by a continuous decrease in blood
pressure without sufficient compensating tachycardia.” Fig.
2 depicts typical abnormalities observed in autonomic func-
tion tests in a patient with breast cancer and CAD.

MANAGEMENT OF CAD
IN CANCER PATIENTS

The underlying cause should be corrected once it has been
identified. Because many medications can cause orthostatic
hypotension, offending drugs should be discontinued. If se-
vere autonomic neuropathy occurs due to chemotherapy or
as a component within the spectrum of CIPN, it may be ad-
visable to temporarily discontinue chemotherapeutic agents.
Symptomatic management can be achieved through non-
pharmacological or pharmacological approaches, as de-
scribed below.
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Fig. 2. Results of autonomic function tests in a cancer patient who complained of orthostatic dizziness and recurrent syncope. A low E:l ratio im-
plied cardiovagal impairment (A), an abnormal Valsalva phase and ratio suggested an inadequate baroreflex and vasoconstriction (B), and a head-
up tilt test showed marked orthostatic hypotension (C). E:l ratio, expiration:inspiration ratio.

Nonpharmacological treatments

It is essential to provide education for promoting a moder-
ate increase in physical activity since this can improve auto-
nomic function by enhancing cardiopulmonary function and
oxygen consumption in the skeletal muscles. These positive
effects have been consistently found in both healthy individ-
uals and patients with autonomic neuropathy.””” Further-
more, studies have shown that structured aerobic exercise
during or after chemotherapy helps to reverse autonomic
neuropathy in patients with breast and testicular cancer.”®”
Recommended aerobic exercises include stationary biking
and swimming, which not only exert direct positive effects
on the autonomic nervous system but also indirectly im-
prove sleep quality. A systematic review and meta-analysis
investigating the effects of exercise on autonomic dysfunc-
tion in cancer patients and survivors also found that both re-
sistance and endurance training can improve HRV.*® While
the positive effects of exercise on CAD in cancer patients are
clear, further research is necessary to determine the optimal
exercise type and intensity for maximizing these benefits,
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since the few previous studies have included small samples
and have applied diverse methods to measure autonomic
modulation.

Mental stress, anxiety, and depression in patients with can-
cer can stimulate the sympathetic nervous system and reduce
parasympathetic activity, leading to instability in autonomic
function.®’ Moreover, a systematic review of 12 epidemio-
logical studies demonstrated that high vagal nerve activity
predicted a better cancer outcome, suggesting that vagal ac-
tivation improves the prognosis of cancer.** Yoga activates
the parasympathetic nervous system, increases HRV, and re-
duces stress and anxiety. In patients undergoing chemother-
apy for breast cancer, the addition of meditation and yoga five
times a week for 40 minutes produced significant improve-
ments in HRV at 18 weeks after the end of chemotherapy rel-
ative to controls.®” This finding suggests that yoga can prevent
chemotherapy-induced CAD.

Recent studies have indicated that cryotherapy exerts pro-
phylactic effects against CIPN. Cryotherapy is known to pre-
vent axonal degeneration and mitochondrial dysfunction



by inducing vasoconstriction and reducing toxicity in the ap-
plied region. A systemic review and meta-analysis found that
applying Elasto-Gel frozen gloves and socks 15-30 minutes
before chemotherapy infusion and removing them 15-30
minutes after the end of the infusion (with their temperature
being maintained) significantly reduced the incidence of
CIPN and improved the quality of life during chemothera-
py-* However, most studies of the effects of cryotherapy have
focused on patient-reported sensory symptoms or the sever-
ity of the motor and sensory components of CIPN. One ran-
domized controlled trial demonstrated a possible benefit of
cryotherapy on autonomic function in a patient receiving
paclitaxel, although a preventive effect on sensory neuropa-
thy was not evident.¥ More well-designed studies with objec-
tive measures of autonomic function are required to estab-
lish a therapeutic or preventive effect of cryotherapy on CAD.

Recommendations for the symptomatic management of
orthostatic hypotension include consuming 2.0-2.5 liters of
water daily and an adequate amount of salt. Wearing an ab-
dominal binder or compression stockings while performing
daily activities can help prevent excessive venous pooling.
Compression stockings should exert a pressure of at least
15-20 mm Hg, and waist-high compression stockings are
more effective than other types of stocking. The use of an
adjustable bed in which the upper body can be elevated by
30-45 degrees during sleep has been shown to promote the
secretion of antidiuretic hormones, alleviate orthostatic hy-
potension, and prevent supine hypertension, which occurs
in approximately half of these patients.*

Pharmacological treatments

CAD frequently presents in patients with cancer as an im-
balance between the sympathetic and parasympathetic ner-
vous systems, resulting in cardiovascular problems includ-
ing arrhythmia and hypertension.*® Antihypertensive drugs
can be effective against CAD in cancer patients by modulat-
ing the autonomic nervous system or by reducing the cardio-
toxicity of chemotherapeutic agents.

Beta blockers are notable for their ability to decrease the
risk of anthracycline-induced cardiomyopathy and reduce
the occurrences of heart failure in patients with breast can-
cer by counteracting enhanced sympathetic activity,” al-
though more research is needed to clarify their role in other
forms of chemotherapy-related CAD. Angiotensin-convert-
ing enzyme inhibitors and angiotensin 2 receptor blockers
have also shown cardioprotective effects in cancer patients
treated with high-dose chemotherapy and epirubicin, re-
spectively.**® However, these studies measured the left ven-
tricular ejection fraction or cardiac enzymes to assess cardi-
ac function, and so their relevance to CAD remains unclear.
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Large-scale randomized controlled trials are needed to con-
firm the direct clinical relevance of these therapies to CAD.

Aggressive pharmacological management may be neces-
sary to treat orthostatic hypotension since this is associated
with syncope and falls. The alpha-1 adrenoreceptor agonist
midodrine increases the peripheral vascular resistance and
the blood pressure. It is typically administered at a dose of
2.5 mg or 5 mg three times daily. Since supine hypertension
is often a problem, midodrine should not be taken 3-4 hours
before bedtime.* Droxidopa is converted to norepinephrine
by aromatic L-amino acid decarboxylase after ingestion,
which activates the sympathetic nervous system. Droxido-
pa is approved by the Food and Drug Administration for
neurogenic orthostatic hypotension associated with Parkin-
son’s disease and multiple-system atrophy. The recommend-
ed dose is 100-600 mg three times daily, although the num-
ber of doses can be adjusted depending on the patient’s
condition. The potential side effects of droxidopa include
supine hypertension, nausea, and headache.” The mineralo-
corticoid fludrocortisone increases the blood pressure by
promoting sodium and water reabsorption in the kidneys.”
The recommended dose is 0.05-0.20 mg daily, but it is im-
portant to monitor for supine hypertension, hypokalemia,
and rare renal toxicity. However, long-term use can increase
the risk of heart and renal failure.

Patients with cancer often have anemia of chronic disease,
which can worsen the symptoms of orthostatic hypotension.
It is essential to maintain the hematocrit level within the nor-
mal range through active treatment. Erythropoietin can be a
useful treatment, and this can be combined with iron sup-
plementation.”

CONCLUSIONS AND
FUTURE PERSPECTIVES

The increasing survival time of cancer patients is resulting in
a concomitant increase in the number of cancer survivors.
The various etiologies of CAD include the cancer itself, che-
motherapy with certain anticancer drugs, radiation therapy,
and confounding factors. Because CAD tends to persist for
years or even decades after the end of chemotherapy; it re-
duces both the quality of life and the survival rate of patients.
In addition, the impact of CAD on patient mortality varies
depending on whether the cancer is early or metastatic, and
the patients age, chemotherapy regimen, chemotherapy dose,
and underlying disease. Therefore, it is essential to always
suspect CAD so that it can be diagnosed as early as possible.

The pathogenesis of CAD has been described as the effect
of cancer itself, a toxic effect of chemotherapeutics or irradi-
ation, and other coexisting diseases, and in many cases a
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combination of these factors. CAD as a component within
the spectrum of PNS is an important issue since CAD can
occur before a cancer diagnosis, and the prognosis is grave
when CAD manifests as a paraneoplastic syndrome. It is
therefore important to first establish clinical suspicion, and
this can be achieved by considering the patient’s symptoms.
Autonomic function tests measuring HRV and the ortho-
static blood pressure can provide a confirmative diagnosis
and be used to determine the severity of CAD.

Due to the variety of possible underlying mechanisms,
CAD is treated using both pharmacological and nonphar-
macological approaches. Managing CAD by patients and
specialists making a shared tailored decisions is critical for in-
creasing the survival time and quality of life of cancer patients.

Dysautonomia in cancer patients has recently been receiv-
ing increasing interest. The incidence of CAD in different
cancer types, stages, and chemotherapy regimens and the
impacts of these factors on the quality of life should be inves-
tigated in future research.
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