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Background: The immunotherapy has revolutionized theworld of oncology in the last decadeswith considerable
advantages in terms of overall survival in cancer patients. The association of Pembrolizumab and Trastuzumab
was recently proposed in clinical trials for the treatment of Trastuzumab-resistant advanced HER2-positive
breast cancer. Although immunotherapies are frequently associated with a wide spectrum of immune-related
adverse events, the cardiac toxicity has not been properly studied.
Purpose:We studied, for the first time, the putative cardiotoxic and pro-inflammatory effects of Pembrolizumab
associated to Trastuzumab.
Methods: Cell viability, intracellular calcium quantification and pro-inflammatory studies (analyses of the
production of Interleukin 1β, 6 and 8, the expression of NF-kB and Leukotriene B4) were performed in
human fetal cardiomyocytes. Preclinical studies were also performed in C57BL6 mice by analyzing fibrosis and
inflammation in heart tissues.
Results: The combination of Pembrolizumab and Trastuzumab leads to an increase of the intracellular calcium
overload (of 3 times compared to untreated cells) and to a reduction of the cardiomyocytes viability (of 65
and 20–25%, compared to untreated and Pembrolizumab or Trastuzumab treated cells, respectively) indicating
cardiotoxic effects. Notably, combination therapy increases the inflammation of cardiomyocytes by enhancing
the expression of NF-kB and Interleukins. Moreover, in preclinical models, the association of Pembrolizumab
and Trastuzumab increases the Interleukins expression of 40–50% compared to the single treatments; the
expression of NF-kB and Leukotriene B4 was also increased.
Conclusion: Pembrolizumab associated to Trastuzumab leads to strong cardiac pro-inflammatory effects
mediated by overexpression of NF-kB and Leukotriene B4 related pathways.

© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

Immune-checkpoint blocking antibodies including anti-Cytotoxic
T-Lymphocyte Antigen 4 (CTLA-4) and anti-Programmed cell death
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protein 1 (PD-1) can induce tumor responses in melanoma, non-small
cell lung cancer (NSCLC), renal cell cancer (RCC), breast cancer
and Hodgkin disease [1]. The anti-CTLA-4 monoclonal antibody
Ipilimumab and the anti-PD-1 monoclonal antibodies Nivolumab and
Pembrolizumab (PEM) have been approved by regulatory agencies in
several countries for the treatment of metastatic melanoma and are
associated with response rates ranging from 10 to 15% [2], 31–44% [3]
and 33–38% [4], respectively. Antibodies against immune checkpoints
can also be combined to achieve additive or synergistic activity, poten-
tially translating into a better efficacy. An indicative example is provided
by the finding of increased efficacy of Ipilimumab and Nivolumab
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combinatorial treatment for metastatic melanoma [5] compared to
monotherapies.

The revolution of immunotherapy in the oncology world, however,
also includes several side effects that have been recently identified
and called immune-related adverse events (irAEs) involving pneumoni-
tis, hepatitis, colitis and the endocrine alterations [6]. For example,
64–80% of patients treated with Ipilimumab recorded irAEs (20% of
grade 3 or 4), which reaches 79% of patients treated with PEM [7]
(13% with grade 3–4 toxicity). The combined treatment of Ipilimumab
and Nivolumab leads to a 96% offside effects compared to placebo
groups (55% of which with grade 3–4 toxicity) [8].

In addition, the association of anti PD-1 and anti CTLA-4 antibodies
increases the prevalence of myocarditis cases; notably, patients treated
with immunotherapies have a 4-fold increased risk of developingmajor
adverse cardiac events, defined as the composite of cardiovascular
death, cardiogenic shock, cardiac arrest, and hemodynamically signifi-
cant complete heart block [9]. Moreover, patients treated with
Ipilimumab experienced pericarditis and cardiomyopathies and in
cases of treatmentswith PEM, significant increases of acute heart failure
and myocarditis have been observed [10]. The Receptor tyrosine-
protein kinase ErbB-2, also called ErbB2/Her2, is overexpressed in
many tumors like the breast one and has been an attractive target for
immunotherapy in recent years [11]. Trastuzumab (TRA) was the first
humanized monoclonal antibody to become a standard of care for
metastatic ErbB2-positive breast cancer [12].

Despite the success of this antibody for breast cancer, its clinical
efficacy is still limited by resistance and cardiotoxicity events [13–15].
The randomized clinical trial described by Slamon and colleagues [16]
showed that 27% of cancer patients treatedwith TRA and anthracyclines
experienced cardiac dysfunctions and heart failures. A recent clinical
study called “HERceptin Adjuvant trial” described the incidence of
cardiotoxicity in cancer patients treated with TRA monotherapy of 4.4
and 7.25% of the patients experiencing secondary cardiac events (class
I or II toxicity) after 1 and 2 years of treatment, respectively [17].

Retrospective studies have recently demonstrated an increased
incidence of cardiomyopathy and/or heart failure in patients treated
with TRA and these effects can persist for many years after the conclu-
sion of the therapy [18]. Recently, our group has conducted studies on
the early detection strategies, pathophysiology and management of
the TRA-related left ventricular dysfunction in breast cancer patients
[19,20].

A recent phase Ib/II interventional clinical study, called PANACEA
trial, demonstrated that the association therapy of PEM and TRA leads
to clinical benefits in breast cancer patients [21]. Nevertheless, possible
additive cardiotoxic and pro-inflammatory effects on the heart tissue
of this association therapy remain substantially unknown. Therefore,
we aimed to study the mechanism of the cardiotoxicity related
to the association of TRA and PEM both in cellular end preclinical
models, with particular attention on the analysis of pro-inflammatory
interleukins (Interleukins 1-β, 8 and 6), Leukotriene B4 and p65/NF-
kB expression.

2. Methods and materials

2.1. Cell viability

To test the effects of PEM and TRA combinatorial treatments on
co-cultures of tumor cells or human fetal cardiomyocytes (HFC) with
lymphocytes, the cells were plated in 96-well flat-bottom plates at the
density of 1.5·104 cells/well for 16 h. Human Peripheral Blood
Mononuclear Cells (hPBMCs) from healthy donors were added at
effector:target ratio 5:1 in the absence or presence of mAbs, used
alone or in combination (both at 200 nM), and incubated for 24 h at
37 °C. Controls included target cells incubated in the absence of effector
cells or in the presence of the antibodies, used alone. After treatments,
lymphocytes were removed and adherent cells were washed and
counted by the trypan blue exclusion test. Cell survival was expressed
as percent of viable cells tested with drugs compared to the untreated
ones, used as a negative control. The images of the cells untreated or
treated with each compound or with their combinations were acquired
by a Leica Microsystems integrated microscope (DFC320).

2.2. Effects of the novel combination on the production of Interleukin 2 by
hPBMCs

The levels of Interleukin 2 (IL-2) in the supernatants of HFC cells,
co-cultured with human lymphocytes and incubated or not with TRA,
PEM or their combination, were measured by ELISA method (from
DuoSet ELISA, R&D Systems), accordingly to the manufacturer's
recommendations. Concentration values were reported as the mean of
at least three determinations.

2.3. Intracellular calcium assay

Intracellular calcium in HFC cells was quantified with the fluores-
cence dye Fluo-3 AM, following the manufacturer's protocol [22].
Briefly, HFC were untreated or treated with TRA or PEM or TRA/PEM
in combination as described in paragraph 2.1. After incubation, HFC
cells were loaded with 5 μM Fluo-3 AM at 37 °C for 30 min in the
dark, and then washed three times with PBS to remove excess of dye.
The fluorescence intensity of Fluo-3 chelated with calcium was re-
corded on amicroplate spectrofluorometer (xMarkMicroplate, Spectro-
fluorometer Biorad, Milan, Italy) at excitation and emission
wavelengths of 488 and 525 nm, respectively.

2.4. p65/NF-kB expression studies

Cardiomyocytes were untreated or treated with TRA or PEM or
TRA/PEM in combination as described in Section 2.1; after treatments,
cellular extracts were analyzed by using the TransAM NF-κB p65 tran-
scription factor assay kit (Active Motif, Carlsbad, CA), according to the
manufacturer's recommendations. NF-κB complexes were captured by
binding to a consensus 5′-GGGACTTTCC-3′ oligonucleotide immobilized
on a 96-well plate. Bound NF-κB was quantified by incubating with
anti-p65 primary antibody followed by horseradish peroxidase (HRP)-
conjugated goat anti-rabbit IgG and spectrophotometric detection at a
wavelength of 450 nm by using a microplate spectrofluorometer. Data
were expressed as the percentage of p65/NF-κB DNA binding relative
to control (untreated) cells.

2.5. Pro-inflammatory interleukins quantification

The expression of pro-inflammatory interleukins, such as Interleukin-
6 (IL-6), Interleukin-8 (IL-8) and Interleukin-1β (IL-1 β) in human fetal
cardiomyocytes was evaluated with ELISA method, as described else-
where [22,23]. Briefly, cells were grown and treated as described in para-
graph 2.1. Subsequently, culture supernatants were collected, centrifuged
to pellet any detached cells, and measured by using IL-1β, IL-6 and IL-8
ELISA kits according to the manufacturer's instructions (Sigma Aldrich,
Milan, Italy). The sensitivity of this method was below 10 (pg/ml), and
the assay accurately detected cytokines in the range of 1–32,000 pg/ml.

2.6. Animals and experimental design

Preclinical studies were performed following the same procedures
described in our previous published cardiological studies [24,25].
Briefly, twenty-four female C57Bl/6 mice were purchased by Harlan,
San Pietro al Natisone (Italy) housed (6 per cage) and maintained on a
12 h light-12 h dark cycle (lights on at 7.00 am) in a temperature-
controlled room (22 ± 2 °C) with food and water ad libitum at all
times. After a period in quarantine, mice were randomized for weight
and enrolled in four treatment groups (6/each group). Mice were
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intraperitoneally administrated with PEM (anti PD-1; Merck;
Whitehouse Station, NJ, USA) at 10 mg/kg for the first dose, followed
by 5mg/kg dose every 5 days until the study end point, according to lit-
erature [26]; in another group, mice were intraperitoneally adminis-
trated with TRA (Roche, Switzerland) at dose 10 mg/kg/day, according
to literature [27]; in another group mice were intraperitoneally admin-
istrated with both drugs in combination. Control mice (Sham) were
given the same volume of saline solution for three weeks, as well as in
all treatment groups. Notably, we decided to use the PEM doses consid-
ering other literature sources [26] showing anticancer activities in
patient-derived xenograft tumors, called the Onco-HuNSG model, that
is the most promising preclinical investigation model aimed to study
the anticancer efficacy of immunotherapies. The experimental proce-
dures were performed in compliance with European Directive 63/
2010/EU and Italian Law (DL 26/2014, authorized by the Minister
of Health, Italy).

2.7. Inflammation studies in cardiac tissues

After the treatments described in paragraph 2.6, the animals were
sacrificed by cervical dislocation after anesthesia with tilotamine
(0.09 mg/g), zolazepam (0.09 mg/g) and 0.01% atropine (0.04 mL/g)
and the total heartwasweighted andprocessed to inflammation studies
described herein. The heart tissues were snap-frozen using dry ice until
later use for tissue homogenization, which was carried out in 0.1 M
phosphate buffered saline (pH 7.4) containing 1% TritonX-100 and pro-
tease inhibitor cocktail and processed using high intensity ultrasonic
liquid processor. The homogenates were centrifuged at 4 °C and super-
natants were used for determination of tissue markers. ELISAs for
mouse IL-1β, IL-8 and IL-6 as well as for Leukotriene B4 and p65/NF-
Kb in heart tissue extracts were performed by using commercially
available kits for mouse following the same procedures described in
cellular studies [28] and according to the manufacturer's instructions.
Results were expressed as pg of interleukin/mg of heart tissue.

2.8. Cardiac fibrosis

For ex vivo analyses, hearts were excised and fixed in 10% neutral
buffered solution, then the myocardial tissue was paraffin-embedded
for morphometry. Six μm thick cross sections were deparaffinized
and stained with hematoxylin–eosin for general morphology and
with Picrosirius red (Carlo Erba Laboratories, Milan, Italy) to detect
collagen fibers. Fibrotic areas were observed both in white light and in
polarized light, where it was possible to distinguish between type 1
(red-yellowish) and Type 3 (green) collagen fibers. Slides were
observed with a Nikon Eclipse E1000 equipped with a polarized set
and the software NIS ELEMENTS BRV (Nikon Instruments, Melville,
NY, USA).

2.9. Statistical analysis

Values are indicated as mean ± standard deviation (SD). Two-way
ANOVA and Bonferroni post-hoc analysis were used to examine
the significance of differences among groups (Graph and Prism 5.0;
GraphPad Software, Inc., La Jolla, CA, USA). A probability value with p
≤ 0.05 was considered to be statistically significant.

3. Results

3.1. Cellular anticancer efficacy and cardiotoxic effects of Trastuzumab and
Pembrolizumab alone or in combination

It has been clinically demonstrated that the association of PEM and
TRA leads to a better anticancer efficacy compared to monotherapies
[29]. As shown in Fig. 1, A, co-incubation of PEM and TRA with mam-
mary tumor cells leads to a greater anticancer efficacy compared to
monotherapies and these effects are more significant in the case of co-
culture of cancer cells with lymphocytes (Fig. 1, A) indicating a possible
interaction between these cells during exposure to PEM and TRA.More-
over, we investigated the putative side toxic effects of TRA in combina-
tion with PEM on HFC cells. As shown in Fig. 1, B, both drugs
significantly affected the viability of HFC indicating cardiotoxic effects.
The strongest cytotoxic effects were observed when the two antibodies
were used in combination, as this led to an inhibition of about 60% of
cardiac cell survival, when the mAbs were tested in combination in
the presence of lymphocytes.

Since immunomodulatory antibodies, such as PEM, are able to im-
prove T cell effector functions [30] we tested whether the combination
of TRA and PEM on HFC cells induce T cell activation by IL-2 cytokine
secretion. As shown in Fig. 1, C PEM and TRA slightly stimulated the
secretion of IL-2 by hPBMCs, however their co-incubation increased
the IL-2 release in amore significantmanner. These results are in agree-
ment with the cardiotoxic data, indicating that TRA and PEM in combi-
nation are more cardiotoxic compared to the monotherapies.

3.2. Effects of the combination therapy on the intracellular calciumoverload
in cardiomyocytes

To determine the intracellular calcium level in HFC cells during
treatments we used the fluorescence probe Fluo-3 AM as reported
elsewhere [22]. Treatment with TRA increased intracellular calcium
levels in cardiomyocytes compared to control cells (p b 0.001)
(Fig. 2, A). The co-incubation with lymphocytes slightly increases the
intracellular calcium overload in cardiomyocytes, in both single and
combinatorial treatments with the drugs under test. Incubation with
TRA and PEM increases intracellular calcium accumulation of 2 and 1.4
fold, respectively, compared to untreated cells (p b 0.001 for both).
The PEM / TRA combination therapy triplicates the accumulation of
intracellular calcium, compared to control cells (p b 0.001).

3.3. Effects of the combinatorial treatment on the p65/NF-kB activation in
cardiomyocytes

In order to investigatewhether PEMandTRAaffects theNFκB activa-
tion, which is critical for its pro-inflammatory transcriptional activity,
the DNA binding activity of NF-κB was analyzed by ELISA assay.
As shown in Fig. 2, B, co-incubation with lymphocytes increases of
about 20% the activation of p65/NF-kB (p b 0.05, compared to only
cardiomyocytes); treatment with PEM and TRA leads to a 70% and
90.5% of p65/NF-kB activation, respectively, compared to untreated
cells (p b 0.001 for both). Also in this case, co-incubation with
PEM/TRA has additive pro-inflammatory effects with an increase of
111.1% compared to control cells (p b 0.001) and of 11% compared to
only TRA-treated cells (p b 0.05).

3.4. Inflammation studies

As shown in Fig. 3, A, B and C, the co-culture with lymphocytes
slightly increases the concentration of pro-inflammatory interleukins
confirming the molecular interactions between these cells. Incubation
with PEM increases of 33.7 (Fig. 3, A) and 64.2% (Fig. 3, C) the concentra-
tion of IL-8 and IL-1β, respectively, compared to control, without
any significant effects on the IL-6 production (Fig. 3, B). Incubation
with TRA leads to an increase of IL-8 (Fig. 3, A), IL-6 (Fig. 3, B) and
IL-1β (Fig. 3, C) production of 32, 39.1 and 91.7% respectively, com-
pared to untreated cardiomyocytes co-incubated with lymphocytes.
Interestingly, the combination therapy has synergistic pro-inflammatory
effects increasing of 84, 45.6 and 101% the concentration of IL-8
(Fig. 3, A). IL-6 (Fig. 3, B) and IL-1β (Fig. 3, C), respectively, compared
to control cells. Preclinical studies aimed to corroborate the pro-
inflammatory effects on TRA and PEM in heart tissues. As shown Fig. 3,
D, PEM and TRA increased the inflammation cardiac tissues.



Fig. 1. Effects of combinatorial treatment (Trastuzumab/Pembrolizumab) on co-cultures of SKBR-3 cancer cells and hPBMCs (A) and on co-cultures of HFC cells and hPBMCs (B). A: SKBR-3
mammary cancer cells were cultured in the absence (light grey bars) or in the presence of lymphocytes (dark grey bars) and treated for 24 h with TRA or PEM mAbs used alone, or in
combination, at the indicated concentrations (upper panel). SKBR-3 cell survival is expressed as percentage of viable treated cells with respect to untreated cells. Images of SKBR-3
cells treated with each mAb or with the combination of the antibodies tested at the concentration of 200 nM in the presence of lymphocytes (lower panel) removed before the image
acquisition. B: HFC cells were co-cultured in the absence (light grey bars) or in the presence of lymphocytes (dark grey bars) and treated for 24 h with TRA or PEM used alone, or in
combination, at the indicated concentrations. Cell survival is expressed as percent of viable treated cells with respect to untreated cells. Images of HFC treated with each mAb or with
the combination of the antibodies tested at the concentration of 200 nM in the presence of lymphocytes. C: Effects of combinatorial treatment (TRA/PEM) on secretion of IL-2 by
hPBMCs co-cultured with HFC cells (lower panel). The untreated cells in the presence of lymphocytes were used as a negative control. The values were reported as the mean of at least
three determinations obtained in three independent experiments. Error bars depicted means ± SD. p values for the indicated mAbs relative to control are: *p b 0,05, **p b 0.01.
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Fig. 2. A: Intracellular calcium staining by fluorescence methods in human fetal cardiomyocytes (expressed as fluorescence intensity a.u); B: effects of PEM, TRA or PEM/TRA on NF-Κb
activation in cardiomyocytes. For both experiments, cells were co-cultured or not with lymphocytes and treated with or without PEM, TRA or PEM/TRA *p b 0.05, **p b 0.001; ns: not
significant.
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Specifically, in TRA-treated mice, IL-1β increases of 61.2% compared
to untreated mice (Sham) (p b 0.001); in PEM group, heart IL-1β
increases of 38.1% compared to Sham (p b 0.001) and combination
therapy determined a more significant increase in IL-1β concentration
of 138% compared to Sham (p b 0.001) and of 48% compared to
TRA treatments.

A similar behavior was seen relatively to IL-6, with an increase of 47%
in TRA-treated mice compared to Sham (p b 0.001) but without any sta-
tistical significant differences in PEM group (see Fig. 3). However, the
combination therapy increased of two fold the IL-6 concentration, com-
pared to Sham (p b 0.001), that was 1.3 fold greater compared to only
TRA-treated mice (p b 0.05). Moreover, relatively to IL-8, we have seen
a similar picture compared to the other interleukins, with an increase in
its tissue production of 71.4% compared to untreated mice (p b 0.001);
in PEM group, heart IL-8 was 36.7% more than untreated mice
(p b 0.001). The association of PEM and TRA leads to an increase of
128.5% compared to untreated mice (p b 0.001) and to a difference of
33.2 and 67% compared to TRA and PEM treatments, respectively.

Leukotriene B4, a pro-inflammatory molecule having a key role in
cardiovascular disease and cardiotoxicity [31], was quantified in cardiac
lysates as shown in Fig. 3, E.
Treatment with TRA has doubled the heart tissue concentration
of Leukotriene B4 compared to the untreated mice (p b 0.001) but
without any significant effect in PEM-treated group (ns, not significant).
However, the combination therapy PEM/TRA has additive pro-
inflammatory effects increasing the Leukotriene B4 expression of 3
times compared to Sham (p b 0.001) and of 1.6 times compared to
mice treated with TRA (p b 0.001). A similar behavior was seen rela-
tively to the p65/NF-kB expression (Fig. 3, F) where treatments with
TRA, PEM and their association have increased it of 2.6, 1.9 and 3.8
times compared to untreated mice, respectively (p b 0.001 for all).
Also in this case, the combination of PEM and TRA significantly
increased the inflammatory state compared to single treatments.
3.5. Cardiac fibrosis

Collagen deposition is a morphological marker of inflammation and
is associated with diastolic and systolic dysfunction. The histological
analysis showed an increased amount of collagen fibers in TRA and
PEM/TRA groups (Fig. 4). While controls and PEM showed a typical
intramyocardial collagen framework, with mainly type III collagen



Fig. 3. Inflammation studies on human fetal cardiomyocytes co-cultured or not with lymphocytes and on cardiac tissues of mice treated with the mAbs. We quantified the IL-8 (A), IL-6
(B) and IL-1β (C) production by cardiomyocytes. Inflammation studies on the cardiac tissue extracts of mice untreated (Sham) or treated with TRA, PEM or PEM/TRA evaluating the
production of interleukins (D) the Leukotriene B4 (E) and NFkB/p65 (F) expression. In Fig. A, B, C, E, and F *p b 0.05, **p b 0.001; ns: not significant; in Fig. D, *is the difference with
the sham, #is the difference between PEM and TRA and §is the difference between PEM/TRA and TRA.
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Fig. 4. Effects of PEM or PEM/TRA treatment on cardiac fibrosis. Collagen deposition in the perymisial space, stained with picrosirius red and observed under white (on the left) and
polarized light (on the right). It is possible to distinguish between total collagen (pink), collagen I (red) and collagen III (green). Note the heavy collagen framework surrounding cells
in TRA group, characterized by thick and dense fibers that is also present in the PEM/TRAS group Bar = 20 μm.
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fibers in interstitial space, TRA and PEM/TRA groups showed a well-
defined reactive fibrosis rich in Type I collagen fibers (Fig. 4).

4. Discussion

Immunotherapies are revolutionizing modern cancer treatments of
several neoplasms, nevertheless the real incidence of early and late
adverse events associated with immune checkpoint inhibitors are
largely unknown. A recent review described the cardiac side effects
of immunotherapies, with particular attention to the role of Tcells
in the pathophysiology phenomena [32]. Non cardiac side effects of
anti -PD-1 (pembrolizumab and nivolumab) and anti- PD-L1 drugs
(atezolizumab) are reversible and mainly based on rash, pruritus,
diarrhea and fatigue [33] and less frequently, on cases of endocrine-
related diseases [34]. Other cases of autoimmune myocarditis were ob-
served in patients treated with PEM and Ipilimumab [10]. Moreover,
heart fibrosis, myocarditis or heart failure was recently seen in patients
treated with anti-PD1 antibodies [35]. Combination therapy of anti
PD-1 and anti CTLA-4 determined similar cases of fulminantmyocarditis
[36]; histological post mortem analysis demonstrated infiltration
of lymphocytes in myocardium indicating a crucial role of the
cardiomyocyte-lymphocyte interaction in the cardiotoxicity phenom-
ena of anti-PD-1 or anti-CTLA-4 antibodies [36].

We demonstrated that cardiotoxic effects of the combinatorial treat-
ment alters the intracellular calcium homeostasis in cardiomyocytes.
Increases of intracellular calcium concentration ([Ca2+]i) induces
necrosis and apoptosis of cardiomyocytes by alteration of themitochon-
drial redox state [37]. Notably, patients with myocarditis induced by
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immunotherapies have been shown to have an expression of PD-1 on
the myocyte membrane, confirming the involvement of PD-1/PDL-1 in
the etiology of myocarditis [36]. Interestingly, the NF-κB activation in
cardiomyocytes causes cardiomyopathy and heart failure by inducing
an excessive inflammatory response and myocyte atrophy [38].
Pro-inflammatory chemokines, growth factors and interleukins,
such as Interleukin 1-β, have a key role in the etiopathogenesis of
myocarditis [39].

Treatment with antibodies against Interleukin 1-β (canakimumab)
and Interleukin-6 (tocilizumab) leads to significant cardioprotection ef-
fects. Neutralization of IL-1 reduces acute and chronic myocarditis in
mice [40]. Furthermore in “CANTOS-Trial”, Canakinumab decreased
the rate of recurrent cardiovascular events, compared to placebo [41].
Moreover, treatment with Tocilizumab demonstrated significant
cardiovascular clinical benefits [42,43].

Preclinical and clinical studies have shown that leukotrienes
are overexpressed during atherosclerosis, myocardial infarction and
stroke [44]. Moreover, leukotrienes inhibitors showed significant
cardioprotection in the preclinical trials [45], confirming the central
role of leukotrienes in the pathophysiology of cardiac damage.

A recent clinical trial has shown that VIA-2291, a lipoxigenase
inhibitor (the enzyme involved in the synthesis of Leukotrienes),
reduced the plaque progression, compared with placebo, in patients
with recent acute coronary syndrome, thus confirming the key role
of Leukotrienes in atherosclerosis [46]. Notably, the receptor of
Leukotriene B4 is involved in the invasiveness of breast cancer cells
through IL-8 pathway [47].

Therefore the inhibition of a pro-inflammatory microenvironment,
derived from Arachidonic acid and Leukotrienes-related pathways,
both in cardiac and cancer tissues could be clinically beneficial in
cancer patients. Interestingly, the CANTOS-Trial demonstrated, as sec-
ondary endpoint, a significant reduction of lung cancer incidence and
mortality in patients treated with antibody against Interleukin-1 called
Canakimumab [48].

Based on the data described herein, we can hypothesize that the
novel regimen of combination therapy of anti-PD-1mAb and anti-
bodies against tyrosine kinase receptors might exacerbate their
cardiotoxic effects. Indeed, in addition to Trastuzumab also many
other anti- tyrosine kinase drugs, such as Bevacizumab, Sunitinib,
Sorafenib and Dasatinib, as recently described in literature [49], are
characterized by well-known cardiotoxicity phenomena involving
either Neuregulin-1 or inhibition of Adenosin monophosphate
kinases-activated protein kinase which leads to apoptosis. However,
preclinical or clinical data emphasizing this additive cardiotoxicity
were not available in literature; experiments in this direction are
being carried out by our research group.

A limitation of our work is based on the absence of studies of the
standard cardiac parameters; in fact, quantification of plasma troponin
and analysis of fractional shortening and ejection fraction by transtho-
racic echocardiography have been programmed by our research group
in order to corroborate our preliminary cellular and biochemical data.

Considering the need for collaboration between cardiologists and
oncologists on the cardiotoxicity of new targeted therapies [50], this
study provides additional preliminary information to shed the light on
the additive cardiotoxicity of different anticancer drugs.

The overall picture of this study turns the light on the cardiotoxic
effects of immune check-point inhibitors especially when associated
with Trastuzumab providing preliminary scientific evidences for the ur-
gent need of cardiovascular monitoring strategies and cardiotoxicity
management in cancer patients.
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