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Abstract

Cardiovascular disease and cancer are two of the leading causes of death worldwide. Although these disease pro-
cesses are separate, they share a number of common risk factors. With millions of cancer survivors, the preva-
lence of coronary artery disease in cancer patients will continue to increase. Chemotherapy/radiation therapies
carry a risk of cardiotoxicity and accelerated atherosclerosis. Hence, management of acute coronary syndrome
[ACS] in this subset of cancer patients is challenging. There are limited established management strategies to
address the management of ACS in cancer patients.

Thrombocytopenia in cancer patients presenting with ACS complicates the management of ACS requiring in-
tervention, dual antiplatelet therapy, and stent placement. Randomized trials are lacking in these patients. The
complexity of managing patient with malignancy who is concurrently suffering from ACS and thrombocytopenia
requires attention to management of these patients. This review article intends to highlight the pathophysiology
of cancer- related thrombocytopenia and management of these patients with coronary artery disease.
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Introduction

Cardiovascular disease and cancer are two of the
most common causes of mortality in the United
States (1). Common risk factors for cardiovascular
disease are also established predisposing factors
for developing cancer including hypertension, hy-
perlipidemia, smoking, and family history, placing
a large portion of the population at risk for these
two major causes of morbidity and mortality [1].
Often overlooked are the short- and long-term ef-
fects of cancer treatment on cardiovascular disease.
Cancer-related thrombocytopenia, either acute or
chronic, poses a challenge in the management of
coronary artery disease (CAD]. Despite advances in
the management of acute coronary syndromes (ACS])
and chronic CAD including drug-eluting stents and
dual antiplatelet therapy (DAPT], altered physiology
and limited data in cancer patients lead to manage-
ment dilemmas, especially with respect to thrombo-
cytopenia. Thrombocytopenia not only increases the
risk of bleeding, but also changes the hemodynamic
milieu to promote a prothrombotic state due to the
properties of platelets in thrombocytopenia. With
the aging population and rising prevalence of can-
cer patients and survivors, the implications of che-
motherapy and radiation therapy-induced throm-
bocytopenia on cardiovascular disease need to be
understood. This review will discuss the pathophysi-
ology of CAD in cancer patients with thrombocyto-
penia, the identification of cancer patients at risk
for thrombocytopenia and CAD, and management
strategies for ACS and CAD in cancer patients with
thrombocytopenia.
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Molecular Mechanisms of Ischemia in
Cancer Patients with Thrombocytopenia
Platelets are the first responders to any acute in-
juries. They play a major role in pathogenesis of
thrombosis and ischemic events through activation,
aggregation, and degranulation. The activation se-
quence starts as circulating platelets come in contact
with exposed collagen fibers of injured endothelium
or extracellular matrix of tumor cells [2]. Once ac-
tivated, degranulation of platelets releases adhesion
molecules, coagulation factors, fibrinolytic factors,
growth factors, and pro-inflammatory factors [2].
Factors such as thromboxane A,, thrombin, and ad-
enosine diphosphate recruit additional platelets and
lead to formation of thrombus as surface receptors
of the platelets form bonds and aggregates. Cancer
cells regulate these mechanisms in a similar way by
releasing prothrombotic factors like thrombin, tis-
sue factors, and prostaglandin E,. Hence, the risk of
thrombosis in cancer patients is even greater.
Thrombocytopenia and prothrombotic states in
cancer are well known. Most malignant cells dis-
seminate hyperactive reticulated platelets [3], tissue
factor, and procoagulant factors [4, 5] which regulate
the formation of thrombus (Figure 1). The incidence
of arterial thromboembolism is higher within the first
six month of diagnosis of cancer [6]. The pathophysi-
ologic mechanism of thrombus formation due to ac-
tive malignancy is known, but the formation of throm-
bosis in the setting of acquired thrombocytopenia in
cancer patients remains a poorly understood topic.
Evidence of accumulated tissue factors within fibrin-
platelet thrombi [7, 8] and activation of the extrinsic
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Figure 1. Tumor cells release various pro-coagulopathic particles, which enhance the extrinsic and intrinsic pathways, eventually
increasing the risk of thrombus formation. This can occur both in the local vicinity and in the systemic circulation.
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pathway via granules of malignant promyelocytes [8]
in patients with acute promyelocytic leukemia sup-
port that severely thrombocytopenic patients are also
susceptible to hypercoagulability.

Thrombocytopenia by definition is a reduced plate-
let count which does not protect against forming
thrombus. The microvascular hemostasis and the
properties of platelets are vastly affected in throm-
bocytopenia. It can be stated that the vulnerability of
thrombus formation is due to the hypercoagulability
microparticles of malignancy and the altered prop-
erties of platelets in acquired thrombocytopenia.
Arterial thrombus is largely platelet rich, and hence
understanding the properties of platelet in cancer
state is important [9]. Chronic thrombocytopenia in-
creases the amount of megakaryocyte production,
and results in larger platelets [10]. These large plate-
lets tend to have higher thrombotic potential and
may predispose to acute cardiac events [11, 12]. In
the event of a ruptured atherosclerotic plaque, these
platelets are subject to high shear forces, thereby
promoting adhesion and thrombus formation [13].
Furthermore, prothrombin, fibrinogen, factor V, and
factor VII, all of which participate in the coagulation
cascade [2], are noted to be elevated in patients with
ACS and thrombocytopenia [14, 15]. Hence, platelet
function rather than the absolute platelet count is a
driving factor in the development of ACS in cancer pa-
tients with thrombocytopenia.

Mechanisms of Chemotherapy and
Radiation-Induced Ischemic Heart Disease
Many chemotherapeutic agents have been identi-
fied in developing ischemia and arterial thrombosis.
Chemotherapy alters cardiovascular infrastructure
through remodeling of the microvasculature archi-
tecture by direct vascular toxicity and cellular dam-
age, which can result in CAD, ACS, stroke, heart fail-
ure, and arrhythmias. Angiogenesis inhibitors, alkyl-
ating agents, antimetabolites, and antimicrotubules
are known to cause cardiovascular toxicities through
endothelial dysfunction, platelet aggregation, re-
duced levels of nitrous oxide, elevated levels of reac-
tive oxygen species, and vasospasm [16].

One of the many unwanted side effects of chemo-
therapyisacquiredthrombocytopeniawhich also con-
tributes to myocardial ischemia. Thrombocytopenia
predisposes patients with CAD to ischemic events
within 30 days [17, 18]. Table 1 lists some of the com-
mon chemotherapeutic agents known to cause myo-
cardial ischemia and thrombocytopenia.

Table |. Chemotherapeutic agents associated with
myocardial ischemia and thrombocytopenia

Chemotherapeutic

Agent Uses

Squamous cell of head and neck, bladder,
cervical, ovarian, testicular, mesothelioma.

Renal cell, gastrointestinal stromal tumor,
pancreas tumor

Cisplatin [19-21]

Sunitinib [22, 23]

Pozapanib [24, 25] | Renal cell, soft tissue sarcoma
Nilotinib [26-28]
Ponatinib [29, 30]

Capecitabine
[31, 32]

5-Flourouracil and | Colorectal, pancreas, gastric, breast,
Sorafenib [33, 34] |squamous cell cancer of head and neck

Chronic Myeloid Leukemia

Chronic Myeloid Leukemia

Colorectal, breast cancer

Radiation therapy is used in approximately 50% of
cancer patients [35]. The site and doses of radiation
are significantly linked to developing cardiac disease.
For example, childhood cancer survivors who received
high doses of radiation are at high risk of developing
heart disease [36]. Increased cardiac mortality has
been associated with left- sided breast cancer radia-
tion as opposed to right-sided breast cancer [37, 38].
The most common manifestations of radiation-in-
duced heart disease include accelerated atherosclero-
sis, and adverse myocardial remodeling. The onset of
these complications is usually observed more than a
decade after therapy. However, some of these changes
can be noted within days of radiation exposure [39,
40]. lonizing radiation helps in cancer eradication by
inflicting cellular injury and distorting numerous mo-
lecular processes (Figure 2). The cellular membrane
disruption leads to an unopposed release of various in-
tracellular factors including procoagulants and tissue
factors with often wide spread complications includ-
ing progression of cholesterol plaques, inflammation,
thrombocytopenia, thrombosis, and fibrosis [35].

Management of Stable CAD in Cancer
Patients
The onset of CAD is multifactorial in cancer patients.
In addition to the heightened risk of CAD in cancer
patients’ due to a systemic biochemical imbalance
of hemostasis, chemotherapy and radiation therapy
themselves can both cause and worsen ischemia.
Vasospasm, endothelium damage, and oxidative
stress in cancer patients undergoing therapy are
the culprit factors of developing CAD [16]. Coronary
events have been reported to occur two years prior
to the time of cancer diagnosis [41] and within a few
months of diagnosis [42].

The goal in treating patients with CAD and cancer
is to improve survival and quality of life. Identifying
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Figure 2. Radiation causes thickening of the arterial lining, eventually provoking atherosclerosis. The cellular damage by ionizing radiation
also alters major biochemical pathways and releases micro-granules which have propensity to active coagulation pathways.

patients with increased risk of developing CAD is
the crucial part of early detection and management
of stable CAD. For example, adult survivors of child-
hood malignancies, breast cancer survivors are as-
sociated with late presentation of heart disease [35,
43]. These high-risk patients should be screened an-
nually. Further screening with electrocardiography,
echocardiography, or stress testing should be utilized
based on expert consensus [44]. A collaborative team
including a cardiologist and oncologist would provide
an individualized approach in managing these pa-
tients.

In addition, other cardiovascular risk factors
such as hypertension, obesity, and smoking should
be identified and promptly treated. Bevacizumab,
sorafenib, and sunitnib cause iatrogenic systemic
hypertension [45]. Angiotensin-converting enzyme
inhibitors (ACE-1) have been shown to improve overall
survivalin renal cell carcinoma patients being treated
with sunitinib [46]. Beta blockers have been shown to
improve mortality in patients receiving radiation for
non-small-cell lung cancer [47]. In another retro-
spective study, beta blockers and aspirin improved
survival of patients with myocardial infarction (M) and
cancer [48]. The treatment options for these patients
are largely based on studies performed in non-can-
cer patients. Prophylactic cardioprotective treatment
with beta-blockers, statins, and ACE-I| have been rec-
ommended by several society guidelines [35, 48-54].
Randomized controlled trials studying the efficacy of
using such cardioprotective regimens in cancer pa-
tients are lacking. It has also been recommended to
stratify patients based on risk factors in order to initi-
ate or continue cardio protective medication [35, 44,
55] (Figure 3).

Managing ACS in Cancer Patients with
Thrombocytopenia

ACS is the result of a complex interplay between the
vulnerable atherosclerotic plaque and hematopoi-
etic system dysfunction, both of which are prevalent
in oncology patients. The indication to take a non-
cancer patient for early revascularization [57], and
subsequent stenting is dictated by standardized,
evidence-driven protocols. Malignancy- driven hyper-
coagulability and weakening of mucosal barriers due
to chemotherapy expose vessels to an increased risk
of thrombosis and bleeding [58]. The management of
cancer patients in an acute setting has more limited
evidence, and becomes cumbersome with concurrent
thrombocytopenia which may defer potential clinical
benefits of coronary intervention which requires anti-
platelet therapy. Low platelet count, coagulation ab-
normalities, and bleeding are major roadblocks in the
effective management of ACS in these patients. The
conglomeration of these pathologies makes manage-
ment difficult.

The benefit of reperfusion therapy for ACS is well
established. Thrombolytic or percutaneous coronary
intervention (PCI) both reduces the mortality and
morbidity during the initial onset of symptoms [59].
There is no absolute contraindication to use thrombo-
lytic agents in patients with ACS and thrombocytope-
nia. However, profound thrombocytopenia has been
associated with intracranial bleeding. The American
Heart Association guidelines recommend that plate-
let counts less than 100,000 is an absolute contrain-
dication to administer thrombolytic in the setting of
acute stroke to avoid fatal complications [60]. There
is no absolute contraindication to use fibrinolytics
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Figure 3. Patients should be risk stratified with cardiovascular risk factors. Patients with known coronary artery disease (CAD) might
provide additional cardio protection by adding beta blockers or angiotensin-converting enzyme inhibitors (ACE-1) [42, 49, 53]. New onset of
hypertension or established hypertension should be treated according to recent proposed hypertension guideline even though cancer as
a subset group of patient population was not discussed [56]. Beta-blockers, statins, or ACE-| can be used prophylactically for patients on
chemotherapy and with no cardiovascular disease (CVD) [48].

in thrombocytopenic patient for ACS. The increased
risk of bleeding diathesis limits its use [59].

The role of DAPT poses another hurdle when a
thrombocytopenic patient presents with ACS and
requires coronary intervention. Although the overall
risk of death is higher in the cancer population [61]
than in the general population, cancer and non-can-
cer patients have no significant difference in cardiac
death over the 1-year period following MI. In general,
patients with leukemia and lymphoma have worse
outcomes, but a potential contributor is a physician’s
bias of avoiding medical therapy or PCl because of the
underlying comorbidities and perception of enhanced
adverse effects [48]. Despite less definitive clinical
pathways, patients with hematologic malignancies
routinely undergo invasive cardiac procedures with
acceptable outcomes [13, 62, 63], and neither leu-
kemia nor thrombocytopenia are absolute contra-
indications to primary PCIl. The following concerns
are major dilemmas in cancer patients with ACS and
thrombocytopenia.

1. Safe platelet count thresholds to carry out coro-
nary interventions

2. Stenting in thrombocytopenia can complicate
management of DAPT

3. Non-elective, cancer-related surgical interven-
tions in the setting of DAPT

Quality versus Quantity of Platelets in
Thrombocytopenia

There is no minimum platelet level that is an absolute
contraindication for PCI (64). Normally, a heparin bo-
lus of 50-70 U/kg is given during the procedure for pa-
tients with platelet counts greater than 50,000/mm?,
with additional heparin administered to maintain the
activated clotting time (ACT) of about 250 seconds. A
heparin dose of 30-50U/kg is administered in patients
with platelet counts less than 50,000/mm? [13, 35].
Platelet counts as low as 40,000-50,000/mm? is typi-
cally sufficient to perform major interventional pro-
cedures in the absence of coagulation abnormalities
[64, 65]. In patients with platelet counts <10,000/mmé,
the risks of bleeding must be balanced against the
risk of not intervening [55]. Patients with platelet
counts as low as 10,000/mm?3 have underwent suc-
cessful cardiac interventions [13]. However, in clini-
cal practice, most interventionists feel uncomfortable
performing PCl in the setting of profound thrombo-
cytopenia. Despite these challenges, standardized
guidelines for blood transfusion for coronary inter-
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ventions are lacking. The standard recommendation
for prophylactic transfusion is for platelet counts less
than 10,000/mm?® in chronic thrombocytopenia and
less than 20,000/mm?3 in higher risk patients [64]. One
may argue in favor of transfusion when the platelet
count rather than the platelet function is the concern.
In these cases, it is advised to use ABO-compatible
platelets as it decreases the rate of refractory plate-
let transfusion [66].

PCI should be the standard for oncology patients
presenting with ACS irrespective of the presence of
thrombocytopenia in the absence of active bleed-
ing. Patients with malignancy, and thrombocytopenia
presenting with ACS have the same constricted time
for any acute coronary intervention. Thus, alternative
approaches to assess the platelet function besides
the platelet count may offer a better management
approach. For example, modalities such as thrombo-
elastography (TEG]) can evaluate platelet and coagu-
lation function, which can guide the need for transfu-
sion. TEG analyzes the elastic property of whole blood
and provides an assessment of hemostatic function.
Transfusion based on abnormal TEG has been utilized
by few cardiovascular and liver transplant teams [67,
68] and reported to have overall successful outcomes.
Even though reports of TEG- guided transfusion in
thrombocytopenia are limited, it may be an alternate
way of assessing thrombocytopenic patients requir-
ing cardiac interventions.

Access and Stenting

In general, cancer patients are at high risk of bleed-
ing diathesis and are vulnerable to infection. It is
important to minimize these stumbling blocks by us-
ing extra precautions in maintaining a sterile setting
along with frequent catheter and sheath flushing (35).
Ultrasound -guided access and use of micropunc-
ture technique can offer to further mitigate the risk
of bleeding [69-71]. A femoral access allows more
flexibility during intervention, but a radial access is
associated with a reduced risk of bleeding [72] and
should be the preferred approach in thrombocytope-
nic patients [73, 74].

The onset of ACS in cancer patients is increased by
chemotherapy infusion or vulnerability of platelet ag-
gregation. Depending on the etiology, the patient may
or may not require invasive intervention. Whether the
coronary intervention is emergent or elective, intra-
procedural evaluation of the coronary anatomy is the
initial crucial step. Fractional flow reserve (FFR) has
been demonstrated to be an accurate way to evaluate

the functional severity of coronary lesions and to de-
termine the next step [75]. In the absence of a culprit
lesion or ischemic biomarkers, FFR may allow pa-
tients to continue on medical therapy with a favorable
outcome [76]. Most cancer surgeries are not elec-
tive, and stent placement can postpone necessary
interventions. Cancer therapy can complicate post
stenting DAPT management. The clinical outcome of
cancer patients with thrombocytopenia overlaps with
numerous decision making. In non-emergent cases,
noninvasive ischemic evaluation with stress tests,
and assessment of myocardial structure and func-
tion with echocardiography can be helpful in assess-
ing patients and should be undertaken prior to cath-
eterization. Nevertheless, liberal use of FFR during
the acute setting can defer stenting in patients with
hemodynamically insignificant disease. The clinical
outcome of medical therapy in deferred revascular-
ization for FFR <0.8 and >0.75 had no significant dif-
ference [77]. Use of FFR can also allocate time for
completing cancer therapy.

Theoretically, antineoplastic therapy can prolong
the time period required for stent endothelialization
[78]. Acute thrombosis within twenty minutes after
stent placement has been reported in cancer patients
[79]. Therefore, coronary stenting in patients with on-
going radiation not only raises the concern of inter-
rupted endothelialization, but also increases the risk
of thrombosis and may prolong the need for antiplate-
let therapy. The main determinants of stent thrombo-
sis in the early phase of implantation are stent under-
expansion and stent dissection at the edges [18]. If
stenting is inevitable, intravascular ultrasound (IVUS)
or optical coherence tomography (OCT) should be uti-
lized to guide stent sizing and deployment in order to
avoid overlapping stenting which increases the risk of
re-occlusion.

OCT can visualize abrupt thrombosis, aid adequate
stent deployment, and detect malposition and stent
dissection at stent edges [80], all of which are major
pitfalls to avoid. OCT-guided PCI has been proven to
have improved outcomes [81], and could ameliorate
adverse outcomes in cancer patients. IVUS offers
better plaque burden penetration [82] and can alter-
natively be used in patients with cancer or in those
who underwent chemo-radiation as their anatomy
is typically associated with greater fibrotic changes.
Routine use of IVUS and OCT in every patient may re-
sult in less stent thrombosis complications in cancer
patients with thrombocytopenia even if DAPT has to
be stopped.
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The Role of Antiplatelet Therapy

The duration of antiplatelet therapy depends on the in-
dication of PCI versus medical management of ACS,
stent generation and type, and individualized bleeding
risk assessment. DAPT therapy is crucial to minimize
the risk of stent thrombosis after PCI. Due to the com-
plexity of malignancy, chemotherapy, and concurrent
thrombocytopenia, randomized clinical trials evaluat-
ing the safety use of DAPT are lacking. The strategies
to manage these distinct pathophysiological presenta-
tions are based on anecdotal experiences.

The choice of stents is usually guided by how long the
DAPT can be safely continued. Bare- metal stents (BMS)
take about four weeks to endothelialize with DAPT.
Some new drug-eluting stents (DES) have been shown
to endothelialize with three months of DAPT. However,
cancer patients were not included in these studies [83].
Studies to determine the safety of DAPT therapies in
the setting of thrombocytopenia are lacking. Therefore
management of these patients needs to be individual-
ized. A conservative approach including balloon an-
gioplasty with a provisional BMS has been previously
suggested [84, 85]. However, balloon angioplasty alone
is associated with a higher risk of recurrent coronary
events [86] and is less favorable in routine practice.

The shorter duration of use of DAPT with BMS is
helpful for anticipated thrombocytopenia in the set-
ting of ongoing cancer therapy. The use of DAPT in
patients with thrombocytopenia has been reported
in a few case reports in patients with acute myeloid
leukemia [87, 88]. According to an expert clinical con-
sensus, DAPT with aspirin and clopidogrel can be

ACS with active thrombocytopenia

given when the platelet count is >30,000/mm?3, and
aspirin alone can be given when the platelet count is
>10,000/mm? [55]. Aspirin and clopidogrel are associ-
ated with less bleeding complications than are prasu-
grel and ticagrelor. . Prasugrel and ticagrelor are as-
sociated with thrombocytopenia and should routinely
be avoided in these patients [35]. In the event non-
cardiac surgery is needed, it is advised to continue
clopidogrel or aspirin or administer an intravenous
short acting IIb/llla receptor blocker until shortly be-
fore surgery [35]. After surgery, the oral antiplatelet
therapy should be restarted [78].

Aspirin as a single agent has been shown to be
safe in patients with ACS and thrombocytopenia in a
retrospective study [89]. Premedication with aspirin
before PCl has shown a protective benefit [90], while
withholding aspirin in cancer patients with ACS and
thrombocytopenia has been harmful [89]. Aspirin
alone does not increase the risk of bleeding [89].
Even in post coronary artery bypass graft patients
with thrombocytopenia, continuing aspirin was asso-
ciated with a longer vein graft patency with platelet
counts of 10,000-20,000/mm3 in the absence of ac-
tive bleeding [91]. Aspirin has been shown to increase
the platelet count in patients with antiphospholipid
syndrome -induced thrombocytopenia [92] and to de-
crease thrombus formation in patients with moderate
thrombocytopenia [93]. This supports that the notion
of platelet function rather than quality is the driving
factor of hypercoagulability. A proposed management
algorithm for thrombocytopenic patients with ACS is
shown in Figure 4.

. . (ardio/oncology team for ischemic
Active bleeding? Yes / ) 9
evalution and mangement

m Medical Management then ischemic evalution

Platelet

<50,000
Platelet
>30,000
Platelet
<20,000

Revascular or stent done by
FFR, IVUS or OCT

Cardio-oncology team
(Multidisciplinary evalution for risk/benefit
analisis for revasculization vs DART)

Revascularize: - DAPT 2 weeks.
BMS: DAPT 4 weeks.
New DES: DAPT 6 months.

Medical management
BMS or new DES (DAPT with clopidogrel
with platelet > 50K)

Prophylactic platelet transfusion when there is high fever, rapid fall in platelet, leukoytosis,
cogulation abnormalities, and solid tumor (bladder, gynecologic, malenoma, necrotic tumor,
colorectal) who undergoing therary

Figure 4. No minimum platelet count has been defined to be cut off criteria. A general proposal of patients with cancer and
thrombocytopenia presenting with acute coronary syndrome. Each case should be individually evaluated. The proposed outline is a
combination of criteria from an expert consensus [35]. ACS = acute coronary syndrome; TIMI = thrombolysis in acute myocardial
infarction.; DAPT = dual antiplatelet therapy
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Summary

As the growing awareness of the vascular and meta-
bolic mechanisms of oncologic therapy continues to
increase, cardio-oncology as a subspecialty requires
research and educational initiatives. Many of these
drugs have proven to be effective in improving can-
cer prognosis, but their possible cardiovascular ef-
fects have to be carefully monitored and treated.
Upcoming large-scale trials including Comparative
Effectiveness of 1 Month of Ticagrelor Plus Aspirin
Followed by Ticagrelor Monotherapy Versus a
Current-Day Intensive Dual Antiplatelet Therapy
in All-Comers Patients Undergoing Percutaneous
Coronary Intervention With Bivalirudin and BioMatrix
Family DrugEluting Stent Use (GLOBAL-LEADERS)
and Ticagrelor With Aspirin or Alone in High-Risk
Patients After Coronary Intervention (TWILIGHT) will
give us important information on the safety of using
shorter courses of DAPT.

Conflicts of interest: None declared.
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