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PCl in Patients With Cancer

Approaches for successfully treating this challenging patient population when invasive coronary
procedures are needed.
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dvances in cancer therapy have resulted in

increased survival among patients with malig-

nancies. With such developments, the long-

term cardiovascular side effects resulting from
either direct cardiovascular damage or accelerated ath-
erosclerosis have become increasingly important.’ These
side effects translate clinically into increased incidences
of angina, acute coronary syndrome (ACS), stroke, limb
ischemia, heart failure, and cardiac arrhythmias, with
specific challenges for interventional cardiovascular
procedures that include greater risk of bleeding for
specific tumor location (especially intracranial and gas-
trointestinal), coagulation defects (commonly seen in
hematologic malignancies), or thrombocytopenia (TP).
Other complicating factors include the frequent need
for noncardiac surgery, an intrinsic hypercoagulable
state associated with cancer and consequent propen-
sity for thrombosis, the need for coordination between
timing of a procedure and oncologic treatment, and a
lack of guidelines to help standardize clinical practice.>*

This article provides an overview of percutaneous

coronary intervention (PCl) in this high-risk population
of patients with malignancies.

CORONARY ARTERY DISEASE IN CANCER
PATIENTS AND CANCER SURVIVORS

Cancer is known to be associated with an increased
risk of coronary events.® This risk is higher at diagno-
sis and shortly after initiation of therapy and remains
elevated for months to years after treatment comple-
tion.® The major causes behind this are related to
the proinflammatory and prothrombotic states from
the malignancy itself, as well as the effects of cancer
therapy.*

Chemotherapy-induced vascular toxicity plays a piv-
otal role in atherosclerotic plaque formation in patients
with cancer.” The mechanisms are multiple and depend
on the agent involved (Table 1).8%

Chest radiation therapy for thoracic malignancies,
such as lung and breast cancer as well as Hodgkin
lymphoma, is also known to produce accelerated ath-
erosclerosis with increased rates of fatal and nonfatal

myocardial infarction (MI) compared to the nonex-
posed population.?? The classic angiographic features
are severe ostial or proximal epicardial lesions, which
include left main (LM) trunk, proximal left anterior
descending artery, or proximal right coronary artery
stenosis due to their anterior or central mediasti-

nal location that makes them more susceptible to
higher doses of radiation compared to other areas
(Figures 1 and 2).23

Figure 1. Refractory radiation-induced coronary artery dis-
ease in a 48-year-old woman with cardiovascular risk factors
(hypertension, hyperlipidemia, diabetes, obesity) diagnosed
with breast cancer with chest wall involvement (A) treated
with radical mastectomy, chemotherapy, and radiation thera-
py (total of 54 Gy in 27 fractions over 5 weeks). She had accel-
erated atherosclerotic process and new coronary calcification
on a follow-up CT scan (B). Three years later, the patient pre-
sented with acute Ml (type Il) and underwent PCl with three
sequential DESs implanted in the distal left anterior descend-
ing artery. One year later, she returned to the hospital with
NSTEMI, with coronary angiography showing disease progres-
sion and significant edge restenosis (C). Additional stents were
placed, covering the gaps in an overlapping fashion, with final
angiography showing good results and thrombolysis in myo-
cardial infarction 3 flow (D). IVUS confirmed good expansion
and apposition of the newly deployed stents (E). Three years
later, the asymptomatic patient had a stress test that yielded
abnormal results, and subsequent angiography revealed an
occluded distal left anterior descending artery (F).
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Class Drug Mechanism of Action | Type of Cancer Vascular Effects Clinical Significance
Antimetabolites® 5-FU Inhibition of the enzyme | Breast cancer, colon Disruption of endothelial Vasospastic angina, M,
Capecitabine thymidylate synthetase | cancer, pancreatic cancer, | sheet and patchy exposure | thromboembolism
gastric cancer of subendothelium
Alkylating | Nonplatinum- | Cyclophosphamide | DNA crosslink formation | AML, ALL, CML, CLL, breast | Increased coronary Raynaud phenomenon,
agents™ | based cancer, HL, NHL, MM, vasoreactivity HTN, MI, CVA
alkylating ovarian cancer, retino-
agents blastoma, neuroblastoma,
mycosis fungoides
Platinum- Cisplatin Ovarian cancer, testicular | Endothelial damage, Acute coronary thrombosis
based cancer, bladder cancer | stimulation of procoagulant | without underlying athero-
alkylating factors, platelet activation | sclerosis, vasospasm, HTN,
agents and aggregation increased IMT of ICA
Anticancer antibiotics’ Bleomycin Inhibits DNA synthesis | HL, NHL, penile cancer, Endothelial damage Raynaud phenomenon,
SCC of the cervix, head through stimulation of MI, thrombosis and
and neck, vulvar, and expression of cytokines, thromboembolic events
testicular cancer adhesions molecules and
free radicals
Vinka alkaloids" Vinblastine Binds to tubulin, Breast cancer, HL, KS, Myocardial endothelial cell | MI, thromboembolism,
preventing the formation | mycosis fungoides, NHL, | toxicity mediated through | vasospasm, HTN, Raynaud
of the mitotic spindle and | testicular cancer cell cycle arrest phenomenon
leading to cell death
Antimicrotubules® Paclitaxel Binds to microtubule AIDS-related KS, breast Endothelial cell dysfunction | Angina and M
and the cytoskeleton of | cancer, NSCLC, ovarian
the cell is reorganized; | cancer
blocks the cell normal
mitotic apparatus
Tyrosine kinase Nilotinib Ber-abl tyrosine kinase | CML Accelerated atherosclerosis | Nilotinib increases risk of
inhibitors™" inhibitor ALL, CML in multiple vascular beds | PAD; angina, MI, CVA
Ponatinib Ponatinib increases risk of | MI, stroke, critical limb
thrombosis ischemia
Sunitinib and Accelerated atherosclerosis | Angina and MI
sorafenib in multiple vascular beds
Hormonal therapy'6™® GnRH agonists Activates GnRH receptors | Prostate cancer Accelerated atherosclerosis | Angina and M
Aromatase Inhibits aromatase, pre- | Breast cancer
inhibitors venting the conversion of
androgens to estradiol
Monoclonal Bevacizumab Blocks angiogenesis by | Cervical cancer, CRC, glio- | Increased risk of arterial > 2-fold higher RR of
antibodies®? inhibiting VEGF blastoma, nonsquamous | thromboembolic events nonfatal MI compared to
NSCLC, ovarian epithelial, control groups
fallopian tube, primary
peritoneal, RCC
Radiation therapy® - Direct DNA damage Thoracic malignancies Endothelial damage, lipid | Severe ostial or proximal
resulting in cancer cell and inflammatory cell epicardial coronary artery
death, production of infiltration, proliferation of | lesions translating into
reactive oxygen species myofibroblasts angina and MI

Abbreviations: 5-FU, 5-fluorouracil; ALL, acute lymphocytic leukemia; AML, acute myeloid leukemia; CLL, chronic lymphocytic leukemia; CML, chronic myeloid leukemia;

CRC, colorectal cancer; CVA, cerebrovascular accident; GnRH, gonadotropin-releasing hormone; HL, Hodgkin lymphoma; HTN, hypertension; ICA, internal carotid artery; IMT, intima
media thickness; KS, Kaposi sarcoma; MI, myocardial infarction; MM, multiple myeloma; NHL, non-Hodgkin lymphoma; NSCLC, non-small cell lung cancer; PAD, peripheral artery
disease; RCC, renal cell carcinoma; RR, relative risk; SCC, squamous cell carcinoma; VEGF, vascular endothelial growth factor.
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Figure 2. Severe ostial left main 70% tubular coronary steno-
sis in a 47-year-old man with a history of Hodgkin lymphoma
exposed to mediastinal radiation therapy.

INVASIVE CORONARY ASSESSMENT AND PCI
Diagnostic coronary angiography remains the gold stan-
dard for visualization of the coronary tree. The addition
of intravascular diagnostic tools (instantaneous wave-free
ratio/fractional flow reserve [iFR/FFR], intravascular ultra-
sound [IVUS], and optical coherence tomography [OCT])
provides the complex physiologic and anatomic assessment
needed to achieve the goal of minimizing the number of
interventions.*

Vascular Access Considerations

In patients with cancer, meticulous vascular access is
required, with increased concern for hemostasis, especially
in patients with TP. In the absence of specific contraindica-
tions, including upper extremity vascular disease, anticipa-
tion of hemodialysis, or severe bilateral upper extremity
arterial disease, a radial-first approach is favored in an
attempt to minimize bleeding complications and promote
early ambulation.? Radial access should also be favored in
case of significant peripheral artery disease, inguinal scarring
from previous procedures (cancer and noncancer related),
and radiation near the inguinal area.

To minimize the number of attempts and ensure
higher first-pass success rates, the adoption of ultra-
sound guidance is recommended.?> Furthermore, smaller
hydrophilic sheaths and anticoagulation for radial access
should be used to decrease the risks of both bleeding
and vascular thrombosis.

When radial access is not possible, transfemoral access
with use of a micropuncture technique and fluoroscopic
and ultrasound guidance should be used.?

Pharmacology (Antiplatelet and Anticoagulation) of
PCl in Cardio-Oncology

All patients undergoing PCl require the use of anticoagu-
lants during the procedure. Special consideration should
be given to the antiplatelet/anticoagulation regimen in
patients with TP. A lower initial dose of unfractionated
heparin (30-50 U/kg) should initially be used in patients
with platelet counts < 50,000 pL undergoing PCl, targeting

an activated clotting time in the therapeutic range of 250
to 300 seconds.? Bivalirudin can be considered in patients
with a platelet count > 50,000 pL due to a decreased risk of
bleeding complications, predictable anticoagulant effects,
shorter duration of action, as well as in patients with a his-
tory of heparin-induced TP.

The use of aspirin has been proven safe in patients with
cancer and TP.2 In a study by Yusuf et al of 456 patients
with ACS, aspirin was found to be independently predictive
of improved survival (hazard ratio, 0.77; 95% confidence
interval, 0.6-0.98). When comparing the outcomes of
acute Ml in patients with and without cancer, Kurisu et al
reported similar improved results of the role of medical
therapy, including aspirin, as treatment.®

The use of P2Y12 inhibitors represents another challenge
in this population. In a recent study of 98 patients with
chronic TP (defined as a platelet count < 100,000 pL for at
least 2 months prior to intervention) who presented with
ACS, the addition of P2Y12 inhibition with clopidogrel did
not increase the risk of bleeding2® The majority of patients
included in this study had underlying hematologic malig-
nancy (72.4%), a mean platelet count of 47.63 + 29.85 K/pL,
and presented with non-ST-segment elevation myocardial
infarction (NSTEMI) (85.7%). Dual antiplatelet therapy
(DAPT) was used in 27.6% of patients and showed a trend
for improved survival when compared to no antiplate-
let therapy or aspirin alone (at 12.6, 7.6, and 9.5 months,
respectively). In this small study, despite severe TP (platelet
count < 30,000 pL) and concomitant use of DAPT, no
major bleeding complication was reported.?® There are no
identifiable data for ticagrelor (Brilinta, AstraZeneca), prasu-
grel (Effient, Eli Lilly and Company), or the use of glycopro-
tein lIb/llla inhibitors in patients with cancer and TP. Data
comparing the use of different P2Y12 inhibitors in patients
with cancer and a normal platelet count are also lacking,

Intravascular Physiologic Assessment: FFR and iFR

Physiologic assessment of coronary stenosis with the use
of FFR represents the current standard of care for guiding
management decisions and identifying patients who would
benefit from revascularization. High-risk patients with
cancer and angjographic disease (> 50% stenosis) that is
hemodynamically nonsignificant after coronary physiologic
assessment can avoid unnecessary stent placement and be
spared complex management decisions regarding duration
of antiplatelet therapy, especially in the presence of TP.

In the general population, an FFR < 0.80 indicates a
hemodynamically significant stenosis with high accuracy.?’
In patients with cancer, experience from a large tertiary
center showed improved survival with revascularization
among patients who had angjographic obstructive lesions,
using an FFR cutoff point of < 0.75.3° However, the use of
FFR in patients presenting with STEMI remains a matter of
debate due to the impracticality of the use of FFR in the
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Figure 3. Abnormal iFR of an intermediate mid-left anterior
descending artery lesion that was successfully stented.

acute setting for decision-making involving a culprit vessel.
Nonetheless, its role may be more appropriate when con-
sidering revascularization of the noninfarct-related artery, as
evidenced by the DANAMI-3-PRIMULTI and COMPARE-
ACUTE trials"*? Future studies in patients with cancer are
called for, but the routine use of FFR should be considered
and incorporated during interventions in patients with
malignancies.

A new option for intravascular physiologic assessment
appears to be iFR, which has the advantage of not requiring
vasodilation and, similar to FFR, helps reclassify and convert
from PCI to optimal medical management® The cutoff
point for iFR is 0.89 (Figure 3).

Stent Selection

In patients with cancer who have an increased risk of
bleeding due to DAPT (ie, gastrointestinal or genitouri-
nary cancer) or when early discontinuation of DAPT is
anticipated to facilitate cancer therapy, the historical
alternatives have been balloon angioplasty or the use of
bare-metal stents (BMSs).2 Next-generation drug-eluting
stents (DESs), which require a shorter length of DAPT
and have a lower reported risk of stent thrombosis when
compared with BMSs, should provide an attractive solu-
tion. In a prespecified analysis from the ZEUS trial of 828
patients, the use of the zotarolimus-eluting Endeavor
Sprint stent (Medtronic) showed clear benefits in terms
of reduced major adverse cardiac events, MI, target ves-
sel revascularization, and stent thrombosis compared to
BMSs in select patients with a high bleeding risk despite a
shorter duration of DAPT.3* In this study, patients with a
high bleeding risk were considered those who were older
than 80 years, were actively using oral anticoagulants,
experienced a recent episode of major bleeding requir-
ing medical attention, and had coagulopathy or TP with
a platelet count < 100,000 pL. Interestingly, a number of
these patients had a diagnosis of cancer (n = 84).34 Similar
promising findings were found with the use of polymer-
free DES (proven to be more efficacious than BMS with a
1-month course of DAPT for patients with a high bleed-
ing risk).>
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Figure 4. Representative example of the use of OCT images
for early discontinuation of DAPT. The patient had a DES
placed 1 month previously and required a cancer-related sur-
gical curative procedure that was not possible on DAPT. OCT
was performed and the patient was deemed to be low risk for
stent thrombosis. DAPT was safely temporarily discontinued
with no detrimental outcomes.

Regarding patients who have undergone thoracic
external beam radiation therapy (EBRT), a recent study
demonstrated that thoracic EBRT has not been associated
with higher rates of stent failure and does not portend an
increase in clinically significant in-stent restenosis or stent
thrombosis.>® However, when comparing BMSs to newer-
generation DESs in this population, the former are associ-
ated with higher rates of in-stent restenosis, making the
use of DESs more suitable in these patients.®

Intracoronary Imaging Modalities: IVUS and OCT

IVUS provides better spatial resolution and is supe-
rior to angiography alone in determining lesion sever-
ity because it enables precise assessment of vessel wall
dimensions and atheroma burden through the assess-
ment of the minimal lumen area (MLA) (Figure 1E).’
A meta-analysis published by Jang et al demonstrated
that IVUS-guided DES implantation decreases the rate
of major adverse cardiac events, stent thrombosis, and
revascularization rates and allows optimal stent deploy-
ment.® In patients with cancer, the use of this adjunc-
tive tool can identify individuals in whom it is safe to
defer revascularization based on MLA; this is only helpful
for LM lesions, as iFR/FFR should be used for all other
lesions. This has been particularly useful when character-
izing the functional significance of LM coronary lesions,
as evidenced by de la Torre Hernandez et al who dem-
onstrated that it is safe to defer revascularization in the
general population with intermediate LM lesions and a
MLA > 6 mm?23

Another important concept is to perform intravascular
imaging (IVUS or OCT) to evaluate poststent deploy-
ment and ensure that the stent is well apposed and fully
expanded, especially when using DESs in patients who may
need early discontinuation of DAPT 3840

JANUARY/FEBRUARY 2019



CARDIO-ONCOLOGY

OCT has better spacial resolution than IVUS but less
power of penetration. It can also demonstrate the presence
of thrombus, unrecognized plaque rupture, stent underex-
pansion, significant edge dissections, and excessive plaque
at the stent edges that may be treatable with further stent
expansion or the placement of additional stents.’ More
recently, OCT has been adopted in the cardio-oncology
field when early discontinuation of DAPT is necessary, as it
helps to identify patients at lower risk for stent thrombosis
(Figure 4).*? In a study published by lliescu et al, patients
who underwent DES implantation between 1 and 3 months
prior to the planned procedure and had an indication
for noncardiac surgery or biopsy with an increased risk of
bleeding were included and followed for 12 months after
diagnostic cardiac catheterization with OCT to evaluate the
status of the stent.”2 OCT images were obtained prior to the
planned procedure and stents were considered low risk for
thrombosis if the stent struts met the criteria of coverage
(> 90% of the total analyzed stent struts), apposition (> 90%
of the total analyzed stent struts), expansion, and absence
of in-stent restenosis. Among those individuals considered
low risk, P2Y12 inhibitors were stopped 5 days prior to the
anticipated procedure and restarted 24 hours after with
a loading dose. In contrast, those at high risk underwent
bridging therapy with low-molecular-weight heparin. In this
registry, none of the groups experienced stent thrombosis
or cardiovascular death. These findings require further vali-
dation by additional studies but are certainly hypothesis
generating and might become a useful tool in patients with
cancer who require early discontinuation of antiplatelet
therapy.

CHALLENGES: TP AND PCI

The prevalence of TP is high in patients with cancer and
reported to be approximately 10%. However, it does not
confer a protective role against thrombotic events in this
population. The Society for Cardiovascular Angiography
and Interventions (SCAI) released a statement on special
considerations for cardiac catheterization in patients with
cancer and suggested that there should be no defini-
tive platelet count cutoff point below which diagnostic
coronary angiography is absolutely contraindicated. SCAI
recommended the use of prophylactic platelet transfusion
only when oncologic indications are met, such as a platelet
count < 10,000 pL and perhaps < 20,000 pL in the presence
of neoplasms with higher bleeding tendencies (bladder,
gynecologic, gastrointestinal) or in the presence of fever,
leukocytosis, coagulopathy, or rapid decrease in platelet
count? Platelet transfusion may not be necessary when only
performing diagnostic catheterization through radial access.

Platelet transfusion should be considered in patients
with TP who develop postprocedural bleeding compli-
cations. Aspirin may be used in patients with platelet
counts > 10,000 pL and clopidogrel may be used in

CONSIDERATIONS IN
PATIENTS WITH TP

PLATELET TRANSFUSION THRESHOLDS:
There is no established cutoff point for platelet
count below which a coronary angiography is abso-
lutely contraindicated
Prophylactic platelet transfusion should be used
only when oncologic indications are met, such as
platelet count < 10,000 pL, < 20,000 pL in the pres-
ence of neoplasms with higher bleeding tendencies
(eg, bladder, gynecologic, gastrointestinal), or the
presence of fever, leukocytosis, coagulopathy, or
rapid decrease in platelet count
Platelet transfusion may not be necessary when per-
forming diagnostic catheterization via radial access
Platelet transfusion should be considered in patients
with thrombocytopenia who develop postproce-
dural bleeding complications

ANTIPLATELET THERAPY IN PATIENTS WITH TP:
Aspirin has been used in patients with platelet
counts > 10,000 pL, and clopidogrel may be used in
patients with platelet counts = 30,000 pL
Platelet counts < 30,000 pL require input from the
hematologist/oncologist in an attempt to provide
a more accurate risk/benefit analysis for use of anti-
platelet therapy other than aspirin
Prasugrel, ticagrelor, and glycoprotein I1b/llla
inhibitors should be avoided if platelet counts are
< 50,000/pL

Adapted from lliescu CA, Grines CL, Herrmann J, et al. SCAIl expert
consensus statement: evaluation, management, and special
considerations of cardio-oncology patients in the cardiac catheter-
ization laboratory (endorsed by the Cardiological Society of India
and Sociedad Latino Americana de Cardiologia Intervencionista).
Catheter Cardiovasc Interv. 2016;87:E202-223.

patients with platelet counts = 30,000 pL, whereas plate-
let counts < 30,000 pL require input from the oncologist
in an attempt to provide a more accurate risk/benefit
analysis for use of antiplatelet therapy. Prasugrel, ticagre-
lor, and glycoprotein lIb/llla inhibitors should be avoided
if platelet counts are < 50,000 pL. More details on special
considerations for patients with TP can be found in the
Considerations in Patients With TP sidebar.

CONCLUSION

A continuous risk/benefit balance is paramount for suc-
cessful care of patients with cancer who require invasive
coronary procedures. The presence of TP should not repre-
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sent an absolute contraindication given encouraging results
in terms of symptom improvement and survival. Newer-
generation DESs will probably become the standard of care
in this complex patient population due to their reduced
rate of complications. The use of intravascular imaging and
physiologic assessments are part of the everyday armamen-
tarium, with a clear impact on cardiovascular care.
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