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Constantijn Franssen

Cardio-oncologie
Hartproblemen tijdens oncologische behandelingen -
immuuntherapie 
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Wat heeft een cardioloog te maken met oncologie?
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De ”klassiekers” – enkele voorbeelden

Anthracyclines
Doxorubicine, epirubicine,
daunorubicine, idarubicine

Hartfalen

Radiotherapie
Mantle field radiotherapy 

- Hodgkin

Kleplijden, bloedvataantasting

Anti-Her2 behandeling
Trastuzumab Herceptine® 

Pertuzumab Perjeta® 

Hartfalen
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De ”klassiekers” – enkele voorbeelden

• 5-FU: spasmen van bloedvaten rond het hart
• VEGF-i: hoge bloeddruk
• BTKinhibitoren: atriumfibrilleren
• Diverse producten: “QTc” verlenging (risico op ritmestoornissen)
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Publicaties in wetenschappelijke tijdschriften

publicaties/jaar

Discipline die te danken is aan betere oncologische prognose!
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Overlijdens door / met kanker

to die of medical comorbidities, compared with patients with any
other type of cancer. Among all SMR plots, the highest relative in-
crease in SMRs (for the average of all cancers) was attributable to
nonbacterial infections, parasites, and human immunodeficiency
virus infection. Among the patients dying from suicide and self-
inflicted injury, those with lung and bronchus cancer had the
highest SMR within the first year, followed by breast cancer and
testis cancer. Testis cancer patients, however, had the highest per-
sistent risk of suicide and self-inflicted injury.

Discussion

Previous analyses have reported on the causes of death among pa-
tients with individual cancers (e.g. prostate [14] and breast [15]),
or among various cancer patients dying of a particular cause of
death (e.g. suicide [10]). The current study is unique in that it
characterizes causes of death among 28 individual cancers, from
13 causes of death, as a function of calendar year, follow-up time,
and patient age. Thus, the current work is synergistic and the larg-
est of its kind. We report that patients with prostate, breast, and
testis cancer are least likely to die of their cancer. Patients with
lung, pancreas, and brain tumors are most likely to die of their
cancer. Patients with cancer of the oropharynx, larynx, and HL
may benefit from screening or early detection of second cancers.
Patients with prostate and breast cancer are at highest risk to die
of noncancer death. Noncancer death is most likely due to heart
disease, either from treatment or from general risk factors; or in-
fection, likely secondary to treatment.

The analysis helps to identify the patients who are least likely to
die of their cancer (e.g. those with cancer of the larynx, stomach,
bladder, endometrium, breast, testis, prostate, anus, colorectum,
ovary, and melanoma, NHL, and HL). Although the death rate
from prostate and breast cancer has declined, the absolute num-
ber of patients dying to these diseases remains elevated because of
the high incidence of the cancers (Figure 2A). The observed bene-
fits in index-cancer death rates may come from screening (e.g.
prostate-specific antigen [16] or mammography [17]). Some
cancers included in this analysis may be presenting at an earlier
stage, when they are curable, increasing the denominator and
decreasing the percentage of patients dying of the index-cancer.
Benefits in the treatment may also be due to improvements in
surgical, radiation, and medical oncology. Most have been incre-
mental, but some have been dramatic [18].

The study identifies diseases demanding more effective thera-
pies, prevention, and early detection [19]. They may benefit from
increased research funding [20]. These sites include cancers of
the liver, pancreas, lung and bronchus, nasopharynx, esophagus,
brain, and MM (Figure 1).

Patients who might benefit from screening and more effective
treatment of second cancers (Figure 1, gray lines with positive
slopes; Figure 2C), include those with cancers of the prostate,
breast, lung, colorectum, oropharynx, testis, larynx, and HL.
There may be a need for effective surveillance of patients after
curative treatment of these cancers [21–23]. Some of these can-
cers present in the young (e.g. HL and testis); subsequent cancers
may be referable to treatment (e.g. breast cancer development
after RT for HL) [23]. Patients with larynx, oropharynx, and
bladder tumors probably developed second cancers because of
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Figure 2. (A) A plot of death of the proportion of all cancer patients experiencing death due to index-cancer (black), nonindex-cancer (gray), and noncancer cause (gray) among all pa-
tients, illustrates that noncancer causes of death have increased while index-cancer causes of death have decreased since the 1970s. Plots of death due to index-cancer (B), nonindex-cancer
(C), and noncancer cause (D), among all patients experiencing a death of that cause, stratified by various cancers.
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Figure 1. Plots of patient death versus attained calendar year (from 1973 to 2012), for various cancers. Death was characterized as due to “index-cancer,” (black lines; i.e. the cancer originally diagnosed in the patient), “nonindex-cancer” (gray lines; i.e.
a second cancer diagnosed in the patient, and not a metastasis from the original cancer), and “noncancer death” (green lines; i.e. death from any medical cause that does not include cancer). Attained calendar year refers to the year in which the death
occurred, among all cancers diagnosed since 1973. Cancers subsites are organized by color: light tan¼ head and neck, skin; genitourinary¼ yellow; male specific¼ light blue; female specific¼ pink; gastrointestinal¼ dark tan; gray¼ hematologic.
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2022 ESC Guidelines on cardio-oncology
developed in collaboration with the European
HematologyAssociation (EHA), the European
Society for Therapeutic Radiology and
Oncology (ESTRO) and the International
Cardio-Oncology Society (IC-OS)
Developed by the task force on cardio-oncology of the European
Society of Cardiology (ESC)
Authors/Task Force Members: Alexander R. Lyon*† (Chairperson) (United
Kingdom), Teresa López-Fernández*† (Chairperson) (Spain), Liam S. Couch (Task
Force Coordinator) (United Kingdom), Riccardo Asteggiano (Italy),
Marianne C. Aznar1 (United Kingdom), Jutta Bergler-Klein (Austria),
Giuseppe Boriani (Italy), Daniela Cardinale (Italy), Raul Cordoba2 (Spain),
Bernard Cosyns (Belgium), David J. Cutter (United Kingdom),
Evandro de Azambuja (Belgium), Rudolf A. de Boer (Netherlands), Susan F. Dent3

(United States of America), Dimitrios Farmakis (Cyprus), Sofie A. Gevaert
(Belgium), Diana A. Gorog (United Kingdom), Joerg Herrmann3 (United States of
America), Daniel Lenihan3 (United States of America), Javid Moslehi (United
States of America), Brenda Moura (Portugal), Sonja S. Salinger (Serbia),
Richard Stephens (United Kingdom), Thomas M. Suter (Switzerland),
Sebastian Szmit (Poland), Juan Tamargo (Spain), Paaladinesh Thavendiranathan
(Canada), Carlo G. Tocchetti (Italy), Peter van der Meer (Netherlands),
Helena J.H. van der Pal (Netherlands), and ESC Scientific Document Group

*Corresponding authors: Alexander R. Lyon, National Heart and Lung Institute, Imperial College London and Cardio-Oncology Service, Royal Brompton Hospital, London, United
Kingdom. Tel: +44 207 352 8121, E-mail: a.lyon@imperial.ac.uk.

Teresa López-Fernández, Cardiology Department, La Paz University Hospital, IdiPAZ Research Institute, Madrid, Spain. Tel: +34 619 227 076, E-mail: tlfernandez8@gmail.com.
† The two chairpersons contributed equally to the document and are joint corresponding authors.

Author/Task Force Member affiliations are listed in Author information.
1Representing the European Society for Therapeutic Radiology and Oncology (ESTRO); 2representing the European Hematology Association (EHA); 3representing the International
Cardio-Oncology Society (IC-OS).

ESC Clinical Practice Guidelines (CPG) Committee: listed in the Appendix.

ESC subspecialty communities having participated in the development of this document:

Associations: Association for Acute CardioVascular Care (ACVC), European Association of Cardiovascular Imaging (EACVI), European Association of Preventive Cardiology (EAPC),
European Association of Percutaneous Cardiovascular Interventions (EAPCI), European Heart Rhythm Association (EHRA), Heart Failure Association (HFA).

Councils: Council of Cardio-Oncology, Council on Hypertension, Council on Valvular Heart Disease.

WorkingGroups: Aorta and Peripheral Vascular Diseases, Cardiovascular Pharmacotherapy, e-Cardiology, Myocardial Function, Pulmonary Circulation and Right Ventricular Function,
Thrombosis.

Patient Forum

European Heart Journal (2022) 00, 1–133
https://doi.org/10.1093/eurheartj/ehac244
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Cardiale veiligheid?
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Cardio-oncologie: risico’s inschatten

• Faciliteren
• Cardiovasculaire risicofactoren

• Voorafbestaande hartziekten
• Hoge bloeddruk
• Diabetes mellitus
• Obesitas
• Hoog cholesterol
• Roken

• Risicofactoren verbonden aan de behandeling
• Kunnen het cardiovasculaire risicoprofiel beïnvloeden
• Vroegere behandelingen
• Dosis
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Immuun Checkpointinhibitoren

Hu, Cardiovasc Res  2019
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Geen rozen zonder doorns

As strongly suggested by a meta- analysis described 
in the next section30, this slightly higher incidence 
of toxicities associated with anti- PD-1 antibodies 
might reflect the adverse effects of pembrolizumab 
rather than nivolumab, with the former having a 
higher adverse event rate, and the better safety pro-
file of atezolizumab among PD- L1 inhibitors in this 
comparison.

A subset of patients receiving the anti- PD-L1 anti-
body avelumab have infusion- related reactions (IRRs). 
These IRRs are predominantly grade 1–3 in severity, 
manifest as chills, pyrexia and flushing and most likely 
reflect the activation of innate immunity owing to the 
presence of an intact, fully human Fc region. These 
adverse events affect approximately one- quarter of all 
patients and generally occur during or just after the 
first four infusions of the drug31. Reducing the rate of 
infusion, temporarily suspending the infusion, admin-
istering premedication consisting of paracetamol and 
antihistamines or, if required, administering low- dose 
steroids are all effective methods of managing this type 
of adverse event32.

Comparative safety
In a systematic review and meta- analysis of data from 
36 comparative phase II and III randomized trials 
(n = 15,370), investigators compared the safety profiles 
of several ICIs30. Atezolizumab had the best overall safety 
profile, as indicated by the lowest risk of adverse events of 
any grade and grade ≥3 adverse events (66.4% and 15.1%, 
respectively), followed by nivolumab (71.8% and 14.1%), 
pembrolizumab (75.1% and 19.8%) and ipilimumab 
(86.8% and 28.6%). Treatment with atezolizumab con-
ferred the highest risk of hypothyroidism, and nausea 
and vomiting. The predominant treatment- related 
adverse events associated with pembrolizumab were 
arthralgia, pneumonitis and hepatic toxicities, while  
nivolumab mainly caused endocrine toxicities. The 
main treatment- related adverse events associated with 
ipilimumab were skin, gastrointestinal and renal toxic-
ities30. Treatment with nivolumab resulted in the lowest 
risk of adverse events among all ICIs in the subgroup 
of patients with NSCLC. So far, different risk factors 
for anti- PD-1-related pneumonitis have been reported 
in different published retrospective analyses. A retro-
spective analysis of data from 123 patients with NSCLC 
demonstrated that pre- existing pulmonary fibrosis (even 
at a mild stage) substantially increases the risk of anti- 
PD-1-related pneumonitis in patients with NSCLC33. 
Indeed, pneumonitis was observed in half of the patients 
with a fibrosis score of 1 and in all patients with a fibro-
sis score of 2 or 3 (indicating a greater amount of scar-
ring)33. The findings of another series of 915 patients 
showed that worsening cases of anti- PD-1-induced  
and/or anti- PD-L1-induced pneumonitis were more 
frequent in patients who are either current or for-
mer smokers, as well as in those with underlying lung 
comorbidities32.

Nevertheless, pneumonitis has been suggested to be 
predictive of favourable outcomes in patients receiv-
ing anti- PD-1 antibodies34. Moreover, an association 
between nivolumab- related irAEs and efficacy has 
been reported in patients with NSCLC35. Most trials 
exclude patients with interstitial lung disease owing 
to an increased risk of adverse events. For this reason, 
we propose that, in patients with a higher risk of anti- 
PD-1 antibody- induced and/or anti- PD-L1 antibody- 
induced pneumonitis (owing to pre- existing pulmonary 
fibrosis and/or other lung comorbidities), ICIs should 
not be entirely avoided but rather that the ICI with the 
lowest risk of lung toxicities (for example, nivolumab or 
atezolizumab over pembrolizumab) should be selected if 
possible and especially if used as a second- line treatment.

The same analogy could be applied to selecting the 
most appropriate ICI according to the pre- existing risk 
factor profiles of each patient. Following a thorough 
clinical assessment, the ICI associated with the lowest 
possible risk of the most likely adverse events could be 
selected for each patient.

Types of irAE
The spectrum of organ systems affected by irAEs is very 
broad; as such, toxicities can affect almost any organ, 
with varying frequencies and severities (FIG. 2). Clinicians 
should be aware that rare, yet life- threatening irAEs are 

. Uveitis

. Sjögren syndrome

. Conjunctivitis and/or 
blepharitis

. Episcleritis and/or scleritis

. Retinitis 

. Pneumonitis

. Pleuritis

. Sarcoid-like granulomatosis

Hepatitis

. Pancreatitis

. Autoimmune diabetes

. Skin rash

. Pruritus

. Vitiligo

. DRESS

. Psoriasis

. Stevens–Johnson 
syndrome

. Arthralgia

. Arthritis

. Myositis

. Dermatomyositis

Fatigue

. Colitis

. Enteritis

. Gastritis

. Interstitial nephritis

. Glomerulonephritis

. Encephalitis

. Meningitis

. Polyneuropathy

. Guillain–Barré syndrome

. Subacute inflammatory 
neuropathies

. Anaemia

. Neutropenia

. Thrombocytopenia

. Thrombotic 
microangiopathy

. Acquired haemophilia

. Vasculitis

. Hypophysitis

. Thyroiditis

. Adrenalitis

.Myocarditis

. Pericarditis

Fig. 2 | The spectrum of irAEs by affected organ or organs. Immune- checkpoint 
inhibitors (ICIs) promote the activation and expansion of T cells. Owing to the diversity  
of the T cell population and the ability of these cells to infiltrate most organs, ICIs can 
cause a wide range of immune- related adverse events (irAEs), and these can affect 
virtually any organ. The most frequently affected organs and the most common specific 
irAEs are highlighted in boxes. irAEs contributing to most fatalities are highlighted in 
bold. DRESS, drug rash with eosinophilia and systemic symptoms.
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ABSTRACT
The widespread clinical use of immune checkpoint 
inhibitors (ICI) has increased our knowledge on their 
adverse effects on chronic in"ammatory diseases. 
Atherosclerosis, a low- grade lipid- driven in"ammatory 
disease of the larger arteries, is commonly present in 
cancer patients. A major concern is the adverse effect 
of ICI on atherosclerosis- related cardiovascular disease, 
resulting in cardiovascular events, such as myocardial 
infarction or ischaemic stroke. The effects of ICI on 
atherosclerosis in cancer patients are incompletely 
understood, but it is well known that immune checkpoint 
proteins orchestrate the in"ammatory response underlying 
atherogenesis. This paper addresses the hypothesis that 
ICI therapy puts cancer patients at an increased risk 
for atherosclerosis- related cardiovascular disease, that 
might only become apparent years after ICI therapy. Until 
clinical and experimental studies have addressed this 
hypothesis, optimal cardiovascular risk management in 
ICI- treated patients is opportune to reduce the occurrence 
of cardiovascular disease in cancer patients and long- term 
cancer survivors.

The growing clinical use of immune check-
point inhibitors (ICI) has increased our knowl-
edge on the immune- related adverse events 
(IRAE) affecting the cardiovascular system.1 
Myocarditis, arrhythmia, and cardiomyopathy 
are the most frequently described cardiovas-
cular IRAE, affecting 1%–1.5% of the patients 
that receive ICI therapy.1 The increased aware-
ness of cardiovascular IRAE stimulates initia-
tives to improve the care for cancer patients 
who develop these toxicities, such as practice 
guidelines, clinical cardio- oncology programs, 
clinical registries, and the launch of focused 
scientific journals.1 These important initiatives 
will undoubtedly increase our knowledge on 
cardiovascular IRAE and stimulate the devel-
opment of evidence- based treatment strategies 
for these potentially lethal complications.1 The 
effects of ICI on more gradually developing 
cardiovascular diseases, in particular athero-
sclerosis, are relatively underexposed in these 
promising initiatives. From a vascular point of 

view, we would like to discuss some consider-
ations on the effects of ICI on atherosclerosis- 
related cardiovascular disease. This paper 
addresses the hypothesis that ICI therapy 
aggravates atherosclerosis, thereby provoking 
more common cardiovascular diseases and 
events, such as myocardial infarction, periph-
eral arterial disease, and ischemic stroke, in 
cancer patients.

Atherosclerosis is a chronic lipid- driven 
inflammatory disease that results in the 
formation of lipid- rich and immune cell- 
rich plaques in the arterial wall.2 During the 
progression of atherosclerosis, these lesions 
may rupture, which results in thrombus forma-
tion and subsequent vascular occlusion.2 
Single- cell RNA sequencing as well as mass 
cytometry of human atherosclerotic plaques 
recently demonstrated that T cells are a domi-
nant immune cell type in human atheroscle-
rotic lesions.3 Both CD4+ and CD8+ T cells in 
the plaque display an activated profile, which 
will not only promote the initiation of athero-
sclerotic lesion formation but also drives the 
progression towards vulnerable plaques that 
may trigger myocardial infarction or ischemic 
stroke on rupture.2 3 It is well known that 
immune checkpoint proteins orchestrate the 
inflammatory response that underlies athero-
genesis and preclinical studies have elucidated 
the role of the ICI targets cytotoxic T- lym-
phocyte associated protein 4 (CTLA4) and 
programmed cell death protein 1 (PD1) in 
atherosclerosis.2 For example, T cell- specific 
overexpression of CTLA4 reduces athero-
sclerotic lesion formation in apolipoprotein 
E deficient mice and limits plaque inflamma-
tion, as reflected by decreased CD4+ T cells 
and macrophage abundance.2 While CTLA4 
overexpression reduced systemic regulatory 
T cell numbers, the suppressive capacity of 
these cells increased and CD4+ T cell prolifer-
ation, activation, and cytokine production was 
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Immunotherapy, Are We Accelerating 
Atherosclerosis?
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In the past decade, a new paradigm in cancer therapy termed immuno-oncology 
has emerged. The goal of immuno-oncology is to harness innate cytotoxic T 
cells to treat cancer. Currently developed immune checkpoint inhibitors (ICIs) 

are monoclonal antibodies that target programmed cell death protein 1 (PD-1), 
programmed death ligand–1 (PD-L1), or cytotoxic T lymphocyte–associated an-
tigen 4. Immune checkpoint inhibitors “remove the brakes” that tumors use to 
suppress native T cell activation, thus allowing the immune system to target tumor 
cells. Ipilimumab, a monoclonal anti—cytotoxic T lymphocyte–associated antigen 
4 antibody, was the first ICI approved by the US Food and Drug Administration 
in 2011 for the treatment of advanced melanoma. There are now 6 additional 
ICIs approved: anti-PD1—nivolumab, pembrolizumab, and cemiplimab; and anti–
PD-L1—atezolizumab, avelumab, and durvalumab. The list of indications for ICI 
therapy is rapidly expanding because of dramatic improvements in cancer progno-
sis and durable cancer response often observed with these agents.1

The phenomenal success of ICIs, however, has come at the cost of potential 
immune-related adverse events (iRAEs). iRAEs can affect any organ of the body, 
although most commonly occur in the gastrointestinal tract, endocrine system, 
and skin.2 Although the incidence of cardiovascular iRAEs including myocarditis, 
pericarditis, vasculitis, and arrhythmias remains relatively low, myocarditis in par-
ticular is associated with high patient mortality.3 Pharmcovigilance studies showed 
a median time to onset of 30 days for myocarditis, but timing can vary by the type 
of ICI and can be more common with combination therapy.4 However, because of 
to the presence of autoimmune clones underlying iRAEs, iRAEs may occur years 
after treatment.2 It is interesting that a systematic review and meta-analysis of 125 
clinical trials amounting to 20 128 patients treated with single-agent PD-1 and 
PD-L1 inhibitors reported 82 treatment-related deaths with a 9.8% incidence of a 
cardiovascular cause including myocardial infarction and acute coronary syndrome, 
implying that ICI therapy may have contributed to coronary events.5

The groundbreaking work by Drobni et al6 and Calabretta et al7 in this issue of 
Circulation goes beyond ICI-associated myocarditis to examine the relationship be-
tween ICI therapy and atherosclerosis. Drobni et al and Calabretta et al provide evi-
dence that ICIs promote atherosclerosis and reemphasize the critical role of the im-
mune system in modulating risk for major adverse cardiovascular events. The study 
of immunologic mechanisms underlying atherosclerosis is an active area of research, 
and several interesting advances have been made. For example, T cells and B cells are 
present in atherosclerotic plaque, which may mean there is an autoimmune compo-
nent contributing to atherosclerosis. Cholesterol microcrystals trigger the inflamma-
some, which cleaves prointerleukin-1β into the active form, and prointerleukin-1β 
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BACKGROUND: Immune checkpoint inhibitors (ICIs) treat an expanding 
range of cancers. Consistent basic data suggest that these same checkpoints 
are critical negative regulators of atherosclerosis. Therefore, our objectives 
were to test whether ICIs were associated with accelerated atherosclerosis 
and a higher risk of atherosclerosis-related cardiovascular events.

METHODS: The study was situated in a single academic medical center. 
The primary analysis evaluated whether exposure to an ICI was associated 
with atherosclerotic cardiovascular events in 2842 patients and 2842 
controls matched by age, a history of cardiovascular events, and cancer 
type. In a second design, a case-crossover analysis was performed with 
an at-risk period defined as the 2-year period after and the control period 
as the 2-year period before treatment. The primary outcome was a 
composite of atherosclerotic cardiovascular events (myocardial infarction, 
coronary revascularization, and ischemic stroke). Secondary outcomes 
included the individual components of the primary outcome. In addition, 
in an imaging substudy (n=40), the rate of atherosclerotic plaque 
progression was compared from before to after the ICI was started. All 
study measures and outcomes were blindly adjudicated.

RESULTS: In the matched cohort study, there was a 3-fold higher risk 
for cardiovascular events after starting an ICI (hazard ratio, 3.3 [95% CI, 
2.0–5.5]; P<0.001). There was a similar increase in each of the individual 
components of the primary outcome. In the case-crossover, there was also 
an increase in cardiovascular events from 1.37 to 6.55 per 100 person-years 
at 2 years (adjusted hazard ratio, 4.8 [95% CI, 3.5–6.5]; P<0.001). In the 
imaging study, the rate of progression of total aortic plaque volume was 
>3-fold higher with ICIs (from 2.1%/y before 6.7%/y after). This association 
between ICI use and increased atherosclerotic plaque progression was 
attenuated with concomitant use of statins or corticosteroids.

CONCLUSIONS: Cardiovascular events were higher after initiation of 
ICIs, potentially mediated by accelerated progression of atherosclerosis. 
Optimization of cardiovascular risk factors and increased awareness 
of cardiovascular risk before, during, and after treatment should be 
considered among patients on an ICI.

© 2020 American Heart Association, Inc.
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Cancer immunotherapy with immune checkpoint inhibitors (ICIs) has revolu-
tionized the management of a wide variety of malignancies. ICIs, such as 
monoclonal antibodies targeting PD-1 (programmed cell death protein 1; 

nivolumab, pembrolizumab), PD-L1 (programmed death-ligand 1; atezolizumab), 
or CTLA-4 (cytotoxic T-lymphocyte-associated protein 4; ipilimumab), stimulate 
previously inactivated cytotoxic T-cells to recognize and target cancer cells. In-
terference with the CTLA-4 and PD-1 axes can cause immune-related adverse 
events, which in some cases lead to serious and potentially fatal cardiovascu-
lar toxicity.1 Numerous reports of fulminant myocarditis, fatal heart failure, and 
acute coronary syndromes have been described, as well as conduction disease, 
pericardial disease, and even Takotsubo-like cardiomyopathy. The atherosclero-
sis progression was associated with markedly increased monocyte recruitment, 
and the loss of CTLA-4 leads to a promotion of lymphoproliferation, suppressed 
atherosclerotic T-cell activation by multiorgan CD4+ (cluster of differentiation 
4) and CD8+ (cluster of differentiation 8) T-lymphocyte infiltration, and tissue 
destruction, with particularly severe myocarditis and pancreatitis. This suggests 
that PD-1/PD-L1 and CTLA-4 chemokine axes could play important roles in limit-
ing T-cell–mediated autoimmune inflammation.1,2 Activated T cells produce large 
amounts of proatherogenic cytokines that may contribute to both the growth 
and destabilization of atherosclerotic plaques. All in all, these findings suggest 
that cancer patients receiving ICIs therapy could aggravate cardiovascular in-
flammation and subsequent cardiovascular or cerebrovascular events.3 Previous 
studies suggest that positron emission tomography/computed tomography with 
2-[18F]fluorodeoxyglucose (FDG) is a valid tool to assess and to reliably quantify 
atherosclerotic inflammatory activity by evaluating the glucose metabolism of 
corresponding immune cells and to predict severe cardio- and cerebrovascular 
events in oncological patients.4

Twenty patients with known melanoma (12 men and 8 women; mean age 
71±14 years; 2 with American Joint Committee of Cancer stage III and 18 with 
stage IV) treated with ICIs (80% PD-1 inhibitors, 5% CTLA-4 inhibitors, 15% com-
bination of PD-1 and CTLA-4 inhibitors, 85% as first-line treatment) and available 
FDG positron emission tomography/computed tomography scans before and dur-
ing treatment (time interval between pre- and postscans, 4.40±1.58 months) have 
been retrospectively analyzed based on approval of the institutional review board. 
We performed an active segment analysis (target-to-background ratio [TBR] ≥ 1.6) 
at both scans and subsequently assessed the corresponding segments between 
each other’s. FDG maximum standardized uptake values (SUVmax) were derived by 
placing 1-cm3 volumes of interest along 6 artery segments (ascending, descending, 
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Myocarditis

• Variabele presentatie: ongemerkt tot fulminant
• Vaak tezamen met andere irAES, met name ontsteking van skeletspieren of 

myasthenia gravis
• Meestal eerste 3 maanden (+- 6 weken)
• Fulminant – 1% van alle ICI-behandelingen?

• Hoog risico om te overlijden
• Zeer aggressieve behandeling

• Ongemerkt:
• Effecten op langere termijn?

• Screening: ”hartenzymes”, ECG
• Bij afwijkingen – cardio-oncoloog

• Monitoring, echo, biopt, MRI, behandeling

13

Single center (Florida) data uit elektronische patientendossiers

in Table 1. Overall, the median age was 63 years, the ma-
jority were men (63.4%), 85.6% were non-Hispanic
whites and 7.6% were non-Hispanic blacks. The most
frequent cancer diagnoses were lung cancer (29.7%),
melanoma (17.0%), and kidney cancer (12.7%) (Table 1).
Almost half of the patients (49.5%) had hypertension,
30.2% had hyperlipidemia, 17.9% had diabetes, and
12.7% had ischemic heart disease before the initiation of
ICI treatment as determined by ICD diagnosis codes. Ex-
posures to other cancer medications are also summa-
rized in Table 1.
A single ICI treatment was prescribed to 374 patients.

Of patients treated with PD-1 inhibitors, 217 (58%) re-
ceived nivolumab and 123 (32.8%) were treated with
pembrolizumab. Forty-nine patients received dual-agent

therapy sequentially (39 with PD-1/PD-L1 inhibitor and
CTLA-4 inhibitor combination); one patient received
three different ICIs sequentially (Table 2).
Of the 424 ICI-treated patients, sixty-two (14.6%; 95%

CI, 11.3–18.0) met the definition for new CVD after initi-
ation of ICI therapy. There were no statistically significant
differences between those with and without a new CVD in
terms of demographics, cancer type, or comorbidities
(Table 1). However, there was a noticeable trend of higher
percentages of hypertension (58.1% vs. 48.1%, p = 0.146),
hyperlipidemia (38.7% vs. 28.7%, p = 0.114) and diabetes
(22.6% vs. 17.1%, p = 0.301) in the patients who developed
new CVD compared to patients who did not develop
CVD after ICI treatment. The most frequently diagnosed
cardiac conditions were arrhythmia (n = 26, 6.1%) and

Table 1 Demographic and clinical characteristics of patients treated with immune checkpoint inhibitors
Characteristics All (n = 424) Newly diagnosed

CVD (n = 62)
No CVD (n = 362) P

Age (year) 62 ± 13.1 64.3 ± 10.2 62.1 ± 13.5 0.135

Sex 0.924

Women 155 (36.6%) 23 (37.1%) 132 (36.5%)

Men 269 (63.4%) 39 (62.9%) 230 (63.5%)

Race/Ethnicity 0.772

White (non-Hispanic) 363 (85.6%) 55 (88.7%) 308 (85.0%)

Black (non-Hispanic) 32 (7.6%) 4 (6.5%) 28 (7.8%)

Hispanic 16 (3.8%) 1 (1.6%) 15 (4.2%)

Other 13 (3.1%) 2 (3.2%) 11 (3.1%)

Primary cancer diagnosis 0.163

Lung cancer 126 (29.7%) 20 (32.3%) 106 (29.3%)

Melanoma 72 (17.0%) 16 (25.8%) 56 (15.5%)

Kidney cancer 54 (12.7%) 7 (11.3%) 47 (13.0%)

Head and neck cancer 45 (10.6%) 6 (9.7%) 39 (10.8%)

Urothelial carcinoma 34 (8.0%) 6 (9.7%) 28 (7.7%)

Colorectal cancer 19 (4.5%) 4 (6.5%) 15 (4.1%)

Gastrointestinal cancers (other) 8 (1.9) 1 (1.6%) 7 (1.9%)

Hodgkin Lymphoma 7 (1.6%) 0 7 (1.9%)

Other cancer 59 (13.9%) 2 (3.2%) 57 (15.8%)

Cardiovascular risk factors

Hypertension 210 (49.5%) 36 (58.1%) 174 (48.1%) 0.146

Ischemic heart disease 54 (12.7%) 9 (14.5%) 45 (12.4%) 0.649

Hyperlipidemia 128 (30.2%) 24 (38.7%) 104 (28.7%) 0.114

Diabetes 76 (17.9%) 14 (22.6%) 62 (17.1%) 0.301

Other cancer medications

Doxorubicin 14 (3.3%) 3 (4.8%) 11 (3.0%) 0.464

Carboplatin 114 (26.9%) 18 (29.0%) 96 (26.5%) 0.68

Paclitaxel 88 (20.8%) 15 (24.2%) 73 (20.2%) 0.47

Cyclophosphamide 4 (0.9%) 1 (1.6%) 3 (0.8%) 0.555

Values were reported as mean ± standard deviation for continuous variables and frequency (%) for categorical variables

Waheed et al. Cardio-Oncology            (2021) 7:10 Page 3 of 7

heart failure (n = 23, 5.4%) (Table 2). Of the 374 patients
receiving only one ICI, 21 (5.6%) developed heart failure
and 21 (5.6%) developed arrhythmia. Overall, in the pa-
tients treated with a single ICI, the rates of new CVD were
the highest in those treated with the CTLA-4 inhibitor ipi-
limumab (6/13 = 46.15%), compared to PD-L1 inhibitors
(4/21 = 19.1%) and PD-1 inhibitors (44/340 = 12.94%) (p =
0.0031). Of the 39 patients receiving two ICIs sequentially
(PD-1/PD-L1 inhibitor + CTLA-4 inhibitor), five patients
(12.8, 95% CI, 2.3–23.3) developed cardiomyopathy, and
two patients (5.1, 95% CI, 0.0–12.1) developed heart fail-
ure. Eight patients (1.9%) were diagnosed with pericardial
disease, and seven patients (1.7%) were diagnosed with
heart block (1st to 3rd degree) after PD-1 inhibitor ther-
apy. Ten patients received PD-1/PD-L1 inhibitor therapy
sequentially and one patient received three ICIs

sequentially; none of these patients developed a new car-
diovascular condition within the study period. New CVD
was diagnosed at a median time of 63 days after initial ICI
exposure (interquartile range: 30–175 days) (Table 2). One
patient developed myocarditis at day 28 after receiving
nivolumab.
Forty-three patients including 9 (14.5%) with and 34

(9.4%) without a new CVD diagnosis had both pre-ICI
treatment and post-ICI treatment transthoracic echocar-
diograms. The baseline left ventricular ejection fraction
(LVEF) were 58% and 56% in the two groups, respect-
ively. Even through there was no significant difference in
the mean changes in LVEF (p = 0.37) in those patients
with new CVD (− 6.3%) compared to those without (−
0.8%), there was a trend that patients who developed
CVD had more reduction in LVEF.

Table 2 Newly diagnosed cardiovascular disease after ICI initiation
Immune Checkpoint
Inhibitor

Cardiomyopathy,
n (%)

Heart
failure,
n (%)

Arrhythmia,
n (%)

Pericardial
disease, n
(%)

Heart
block, n
(%)

Myocarditis,
n (%)

Any
cardiotoxicity,
n (%)

Median (IQR)
time to
cardiotoxicity,
days

PD-1 inhibitors

nivolumab (n = 217) 1 (0.46) 10 (4.61) 15 (6.91) 7 (3.23) 6 (2.76) 1 (0.46) 33 (15.21) 52 (37–203)

pembrolizumab (n =
123)

0 6 (4.88) 3 (2.44) 1 (0.81) 1 (0.81) 0 11 (8.94) 65 (30–175)

PD-L1 inhibitors

atezolizumab (n =
17)

0 1 (5.88) 2 (11.76) 0 0 0 3 (17.65) 22 (2–172)

durvalumab (n = 4) 1 (25) 0 0 0 0 0 1 (25.00) 30

CTLA-4 inhibitor

ipilimumab (n = 13) 0 4 (30.77) 1 (7.69) 0 1 (7.69) 0 6 (46.15) 709 (78–1469)

CTLA-4 + PD-1/PD-L1 inhibitor combination

ipilimumab +
nivolumab (n = 29)

2 (6.9) 1 (3.45) 4 (13.79) 0 1 (3.45) 0 7 (24.14) 95 (11–119)

ipilimumab +
pembrolizumab (n =
7)

0 1 (14.29) 1 (14.29) 0 0 0 1 (14.29) 62

tremelimumab +
durvalumab (n = 3)

0 0 0 0 0 0 0

PD-1/PD-L1 dual sequential

nivolumab - >
pembrolizumab (n =
4)

0 0 0 0 0 0 0

nivolumab - >
atezolizumab (n = 3)

0 0 0 0 0 0 0

pembrolizumab - >
atezolizumab (n = 3)

0 0 0 0 0 0 0

Three-drug sequential

ipilimumab +
nivolumab - >
pembrolizumab (n =
1)

0 0 0 0 0 0 0

Total (n = 424) 4 (0.94) 23 (5.42) 26 (6.13) 8 (1.89) 9 (2.12) 1 (0.24) 62 (14.62) 63 (30–175)

IQR inter-quartile range

Waheed et al. Cardio-Oncology            (2021) 7:10 Page 4 of 7
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Figure I. Schematic of the case-crossover study design. Patient A represents a person who 
starts an immune checkpoint inhibitor and is hospitalized for an acute vascular event during the 
2-year control interval (light-shaded areas) prior to exposure. Patient B represents a person who 
starts an immune checkpoint inhibitor and who has an atherosclerotic event during the risk 
interval, within 2-years after starting an immune checkpoint inhibitor (dark-shaded areas). The 
case-crossover study assessed the relative incidence of cardiovascular events during the risk 
interval as compared with the control interval. Note that the figure is not to scale. 
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large retrospective meta-analysis including >20 000 
ICI-treated patients, 9.8% of treatment-related deaths 
were from cardiovascular events, including heart fail-
ure, myocardial infarction, and the development of a 
cardiomyopathy.32 Consistent with previous studies in 
patients with cancer,33 we also found that older age, 
diabetes, ICI use, higher blood pressure, male sex, pre-
vious radiation treatment, and a history of a cardiovas-
cular event all increased the risk for a composite cardio-
vascular event. Combined with our data, these studies 
suggest a higher rate of atherosclerotic cardiovascular 
events with ICIs. For comparison, the event rate noted 

in this study (5%/y) is higher than the event rate noted 
in patients presenting with chest pain (≈0.7%/y),13 in 
patients at risk of cardiovascular events (≈0.3%/y),34 
and in other at-risk populations in whom immune acti-
vation and inflammation play a key role (eg, individuals 
with HIV, ≈0.5%/y).35

Progression of atherosclerotic plaque is a robust predic-
tor of atherosclerotic cardiovascular events and an estab-
lished outcome measure for randomized clinical trials.36–38 
Our imaging substudy supports the biological plausibil-
ity of our clinical observations by demonstrating an as-
sociation between ICI use and accelerated progression 

Figure 3. Cardiovascular events in the case-
crossover study.
A, Composite cardiovascular outcomes in the 
2-year periods before and after immune check-
point inhibitor (ICI). Cardiovascular event rates 
per 100 person-years from the 2 years before the 
start of an ICI to 2 years after starting an ICI are 
included. Individual components of the primary 
outcome are also shown. B, Composite cardio-
vascular outcomes in the 1-year period before 
and after ICI.

Table 4. Absolute and Relative Change in Thoracic Atherosclerotic Plaque Volume From Before Starting an ICI (Scan 0-Scan 1) to After Starting an 
ICI (Scan 1 to Scan 2)

 Change  Indexed change per year  Plaque volume Scan 0−scan 1 Scan 1−scan 2 P value*

Absolute change Indexed change per year, 
mm3/y

Total plaque volume 13.8 (−240 to 122) 103 (0 to 511) 0.02

Noncalcified plaque volume −18.2 (−274 to 57) 53 (0 to 382) 0.02

Relative change Indexed change per year, 
%/y

Total plaque volume 2.1 (−13.0 to 18.6) 6.7 (2.2 to 28.1) 0.17

Noncalcified plaque volume −2.3 (−14.0 to 12.7) 5.3 (1.4 to 40.1) 0.14

Values are median (interquartile range). ICI indicates immune checkpoint inhibitor.
*Wilcoxon signed-rank test comparing annual rate of progression in plaque volume from scan 0 to scan 1 and from scan 1 to scan 2. Relative change is the 

change in plaque volume per year.
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increased 3-fold from 2.1%/y before to 6.7%/y after 
ICI. The rate of noncalcified plaque also increased af-
ter ICIs (Table VII in the Data Supplement). In strati-
fied analysis, compared with statin nonusers, those on 
statins (n=18) showed a 3.1% absolute lower rate of 
plaque progression each year of total aortic plaque vol-
ume (5.2% versus 8.3%, P=0.04) and a 3.9% absolute 
lower yearly rate of noncalcified plaque progression 
(3.1% versus 7.0%; P=0.04; Table 5). Similarly, among 
patients who were prescribed corticosteroids during 
checkpoint therapy, there was a lower rate of plaque 
progression among those on corticosteroids (Table 5); 
specifically, the rate of noncalcified plaque progression 
was 3.5%/y among those prescribed a corticosteroid 
compared with a rate of progression of 6.9%/y among 
those not prescribed a corticosteroid (total plaque vol-
ume, P=0.04).

DISCUSSION
The rate of atherosclerotic cardiovascular events was 
higher after an ICI was started. In a matched cohort 
study, ICI treatment was associated with a 3-fold higher 
risk for atherosclerotic cardiovascular events compared 
with cancer patients who did not have ICI. Similar find-
ings of a higher risk for atherosclerotic cardiovascular 

events were noted in a case-crossover study. In an im-
aging substudy, there was a >3-fold increase in the rate 
of atherosclerotic plaque progression after the initiation 
of ICI therapy. The association with increased athero-
sclerotic plaque was attenuated in patients with con-
comitant use of statins or corticosteroids, who had an 
≈50% reduction in plaque progression compared with 
those not on statins or corticosteroids. Overall, these 
data suggest that patients treated with an ICI are at a 
higher risk for atherosclerotic cardiovascular events and 
that this risk is potentially mediated through acceler-
ated atherosclerosis progression but may be modifiable. 
Our findings are important both for patients for whom 
ICIs are currently indicated and perhaps more so for the 
expanding pool of patients who are candidates for ad-
juvant and neoadjuvant therapy.

Data on the cardiac toxicities of ICIs have related 
principally to the development of myocarditis24–26; 
small cohort studies have suggested that myocarditis 
is an uncommon but potentially fatal complication.27–31 
A limited number of previous studies have tested the 
association between ICIs and atherosclerotic cardio-
vascular disease. In a single-center case-control studies 
with 135 subjects, a single cancer type (non–small cell 
lung cancer), and a 6-month follow-up period, there 
were no increases in cardiovascular death, nonfatal 

Figure 2. Kaplan-Meier curves of the cumulative hazard for atherosclerotic cardiovascular events.
A, Cumulative hazard for the composite cardiovascular outcome. B–D, Individual components of the primary outcome. Cases (those treated with an immune 
checkpoint inhibitor [ICI]) are marked with red; controls (not treated with an ICI) are marked with blue. HR indicates hazard ratio.D
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Immune checkpoint inhibitors and the risk 
of major atherosclerotic cardiovascular 
events in patients with high-risk or advanced 
melanoma: a retrospective cohort study
Charlie Wang1,2*  , Sophia Zoungas2, Mabel Yan1,2, Rory Wolfe2, Andrew Haydon3, Mark Shackleton3, 
Mark Voskoboynik3,4, Maggie Moore3, Miles C. Andrews3,4, Stephen J. Nicholls5,6 and Victoria Mar1,2 

Abstract 
Background: Immune checkpoint inhibitors (ICI) are associated with immune-mediated adverse effects, poten-
tially involving any organ. ICI has also been associated with an increased risk of cardiovascular disease in cancer 
populations.

Objective: To characterize the incidence and risk of major atherosclerotic cardiovascular events associated with ICI 
use in a high-risk and advanced melanoma population.

Methods: We conducted a retrospective cohort study of patients with high-risk or advanced melanoma (AJCC stage 
II, III or IV) presenting to an academic tertiary hospital between 2015–2020. The main outcome was major atheroscle-
rotic cardiovascular events (MACE) including acute myocardial infarction, ischemic stroke, acute limb ischemia and 
coronary revascularization.

Results: The study cohort consisted of 646 patients, including 289 who had been treated with ICI. The incidence of 
MACE was higher in the ICI treated group (3.6 vs. 0.9 events per 100-person years). After adjusting for age, sex, smok-
ing history and prior BRAF and/or MEK inhibitor use, ICI treatment was associated with an increased risk of MACE 
 (HRadj 2.8, 95% CI 1.1–6.9, p = 0.03). Elevated risk was especially pronounced in patients with a past history of MACE 
(HR 14.4, 95% CI 1.9–112.3, p = 0.01).

Conclusion: Patients with high-risk or advanced melanoma are at an increased risk of atherosclerotic cardiovascular 
events following ICI treatment, particularly those with a history of cardiovascular disease.

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Malignant melanoma is a common and serious form 
of skin cancer, with more than 300,000 cases diag-
nosed worldwide in 2020. Global incidence is increas-
ing and it is predicted to become the second commonest 

malignancy in the US by 2040 [1, 2]. In the last decade, 
advances in cancer immunotherapy have transformed 
the treatment of advanced and high-risk melanoma. In 
particular, immune checkpoint inhibitors (ICI) that tar-
get cytotoxic T lymphocyte antigen 4 (CTLA4), such as 
ipilimumab, and programmed death 1 (PD-1), such as 
nivolumab and pembrolizumab, are now standards of 
care in stage IIIB, IIIC, IIID and IV disease. Indications 
for ICI in melanoma may be expanding; pembrolizumab 
was approved by the FDA for resected stage IIB and IIC 
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increased after the αCTLA4 treatment (Figure 3h). To assess the plaque stability, the smooth muscle 
actin and collagen content were analyzed. A 48.5% decrease in the collagen content (Figure 3i,j) and 
a 56.1% reduction in the smooth muscle content (Figure 3k,l) were observed in mice that received 
CTLA4 blockage, which resulted in a decreased plaque stability index (smooth muscle actin positive 
area %/necrotic core area %) (Figure 3m). Proliferating (Ki67+) cells were slightly reduced after 
treatment, whereas apoptotic (TUNEL+) cells were unaffected (Supplementary Figure S3b,c). 
Together, these data demonstrate that the antibody-mediated inhibition of CTLA4 increases the 
atherosclerotic lesion area and promotes the progression of early atherosclerotic plaques towards an 
advanced and more unstable plaque phenotype. 

 

Figure 3. Antibody-mediated inhibition of CTLA4 aggravates initial atherosclerosis in the aortic arch. 
(A) Representative pictures of atherosclerosis in the brachiocephalic trunk (haematoxylin and eosin 
staining). Scale bar: 100 μm. (B) Atherosclerotic plaque area in the aortic arch (n = 5–9). (C) 
Morphological analysis of the atherosclerotic plaque phenotype according to the Virmani 
Classification. (D) Quantification of necrotic core area in plaques. (E) Representative pictures of the 
plaque macrophage content. Scale bar: 100 μm. (F) Quantification of plaque macrophage content. (G) 
Immunohistochemical quantification of CD3+, CD4+, and CD8+ cells. (H) The CD3/MAC3 ratio in the 
plaques. (I) Representative pictures of plaque collagen content. Scale bar: 100 μm. (J) Quantification 
of the collagen content of the atherosclerotic lesions. (K) Representative pictures of plaque smooth 
muscle cell (αSMA+) content. Scale bar: 100 μm. (L) Quantification of smooth muscle cell (αSMA+) 
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Figure 3. Antibody-mediated inhibition of CTLA4 aggravates initial atherosclerosis in the aortic
arch. (A) Representative pictures of atherosclerosis in the brachiocephalic trunk (haematoxylin and
eosin staining). Scale bar: 100 µm. (B) Atherosclerotic plaque area in the aortic arch (n = 5–9).
(C) Morphological analysis of the atherosclerotic plaque phenotype according to the Virmani
Classification. (D) Quantification of necrotic core area in plaques. (E) Representative pictures of
the plaque macrophage content. Scale bar: 100 µm. (F) Quantification of plaque macrophage content.
(G) Immunohistochemical quantification of CD3+, CD4+, and CD8+ cells. (H) The CD3/MAC3 ratio in
the plaques. (I) Representative pictures of plaque collagen content. Scale bar: 100 µm. (J) Quantification
of the collagen content of the atherosclerotic lesions. (K) Representative pictures of plaque smooth
muscle cell (↵SMA+) content. Scale bar: 100 µm. (L) Quantification of smooth muscle cell (↵SMA+)
content of the atherosclerotic lesions. (M) The stability index (smooth muscle actin positive area
%/necrotic core area %). FCA = fibrous cap atheroma, IX = intimal xanthoma, PIT = pathological
intimal thickening.

3.5. Inhibition of CTLA4 Aggravates Plaque Inflammation and Progression in the Aortic Root

In the aortic root, where more established lesions are present after 12 weeks of diet, no di↵erences
in plaque size were observed (Figure 4A,B). The morphological classification of the plaque phenotype
demonstrated that the incidence of intimal xanthomas was decreased (54% (control) vs. 25% (↵CTLA4))
in anti-CTLA4-treated mice, whereas pathological intimal thickenings (33% (control) vs. 46% (↵CTLA4))
and fibrous cap atheromas (13% (control) vs. 29% (↵CTLA4)) were increased (Figure 4C). Corresponding
with the more advanced plaque phenotype, a 4.75-fold increase in the necrotic core area was observed
upon CTLA4 blockage (Figure 4D). However, no di↵erences in the macrophage content were found
(Figure 4E). The plaque CD3+ T cell content significantly increased, especially due to the increased CD4+
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• Systematische opvolging
• Bepaling “hartenzymes” voor elke 

toediening de eerste 3 maanden
• ECG voor elke toediening de eerste 

3 maanden
• Bij mensen met risicofactoren 

vooraf een echo van het hart

Reden tot ongerustheid? Richtlijnen.
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Figure 1 Study flow. An overview of the (additional) tests/consultations and time points (Work Package 2) 
°Interventions may include the following: cardiac MRI, chest X-Ray, coronary angiography, myocardial perfusion scan, cardiac CT-scan 
*These tests will only be performed in patients included by UZA (executed by a dedicated technician under supervision of a cardiologist) 
CT = computed tomography; ECG = electrocardiogram; irAE = immune-related adverse event; MRI = magnetic resonance imaging; SAE = serious adverse event 

 Blood sample collections  Short-term cardiovascular follow-up  Long-term cardiovascular follow-up 

SHORT-TERM  LONG-TERM 

First dose of ICI 
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FDA goedgekeure ICI-indicaties

“It’s going so fast that the science is beginning to fall behind” 
James P. Allison
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Kernboodschappen

• Immuun checkpointinhibitoren zijn en blijven een beloftevolle behandeling
• Cardiovasculaire veiligheid begint nu onderzocht te worden
• Toekomst?

• Betere opvolging
• Vermoedelijk niet voor iedereen even veilig
• Preventieve behandelingen?

• Voorlopig geen reden voor ongerustheid
• Blijven goedverdragen behandeling met goede resultaten
• Zeer toepasbare richtlijnen omtrent opvolging en risicobeperking

• frequente aanpassingen door veel onderzoek
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Dank voor uw aandacht!

Vragen?

constantijn.franssen@uza.be
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