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ABSTRACT

Introduction COVID-19 disease has caused a global health and economic crisis. The introduction of the different
COVID-19 vaccines has resulted in a significant decrease in the morbidity and mortality associated with this
disease. Adverse effects have been reported, including cardiological ones such as myocarditis or pericarditis after
administration. Likewise, tyrosine kinase inhibitor drugs such as osimertinib used in lung cancer patients with
epidermal growth factor receptor (EGFR) mutation are associated with heart failure or prolongation of the QT
interval.

Case report 62-year-old woman diagnosed in September 2019 of lung adenocarcinoma stage IV with bilat-
eral lung and lymph node involvement, carrier of an EGFR mutation (Ex19Del) on treatment with osimertinib.
She attended emergency department for fever and hypotension 24 h after administration of the third dose of
Moderna® COVID-19 vaccine in the context of acute myocarditis with evidence of severe left ventricular (LV)
dysfunction in cardiogenic shock. She required vasoactive support, non-invasive mechanical ventilation, corti-
cotherapy, immunoglobulins and subsequent ventricular support with Impella, with improvement of the clinical
picture after 3 days. Cardiac magnetic resonance imaging (MRI) showed evidence of global myocardial oedema
compatible with acute myocarditis. Coronary CT showed a lesion in the anterior descending coronary artery
requiring revascularization. A few days later, she presented febrile symptoms with isolation of Staphylococcus
aureus in the central line catheter and antibiotherapy with cloxacillin was started, with subsequent resolution of
the infectious symptoms.

Conclusion This is an exceptional and controversial case of fulminant myocarditis probably related to the
Modern COVID-19 vaccine in a patient diagnosed with metastatic lung adenocarcinoma on treatment with os-
imertinib. An increasing number of cases of myocarditis and pericarditis have been reported following vaccination
with COVID-19 mRNA vaccines. In addition, retrospective data have shown an increased risk of QT prolongation
and heart failure in patients treated with tyrosine kinase inhibitors. Hence, the need for close monitoring of car-
diac function during treatment of these patients. Future studies will be necessary to evaluate unknown adverse
reactions of these vaccines and their possible interaction with other antineoplastic drugs.

Introduction

2020). The mechanism of infection of human cells is based on binding
to the transmembrane enzyme angiotensin 2, mainly expressed in cells

Severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) is of the alveoli and cardiac tissue (Blanco-Melo et al., 2020). This dam-
the origin of the current COVID-19 pandemic with an increased risk of age results from an inappropriate or excessive immune response driven
long-term cardiac sequelae in the infected population (Boukhris et al., by T- and B-cell mediated mechanisms. Currently, the introduction of

the different COVID-19 vaccines has resulted in a significant decrease
in the morbidity and mortality associated with COVID-19 disease. All
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marketed vaccines have been proven to provide benefits that outweigh
the potential associated risks among different age groups (Haas et al.,
2021; Lopez Bernal et al., 2021). Some studies have reported cases
of myocarditis in association with the different vaccines, mostly mild
cases in young males after administration of the second dose of mRNA
vaccines (Pfizer-BioNTech® and Moderna) (Salah and Mehta, 2021;
Minocha et al., 2021). However, information on the characteristics and
debut of COVID-19 vaccine-associated myocarditis is very limited.

On the other hand, epidermal growth factor receptor tyrosine kinase
(anti-EGFR) inhibitors such as osimertinib have demonstrated efficacy
as 1st-line therapy in patients with advanced non-small-cell lung cancer
(NSCLC) with EGFR mutations (Ex19del/L858R) and T790M resistance
mutations (Soria et al., 2018). Adverse effects after administration of
these drugs such as heart failure or QT interval prolongation have been
reported (Anand et al., 2019).

We present the case of a woman diagnosed with a lung adenocarci-
noma stage IV on treatment with osimertinib who developed fulminant
myocarditis after receiving the third dose of COVID-19 Moderna vac-
cine.

Case report

A 62-year-old woman with no past history of interest. She was di-
agnosed in September 2019 with a lung adenocarcinoma stage IV with
bilateral lung and lymph node involvement. Carrier of an EGFR muta-
tion (Ex19Del). She started treatment with osimertinib at 80 mg/day. In
November 2019, she was admitted for grade III cardiac, hepatic and pul-
monary toxicity (pericarditis, pneumonitis and alteration of the hepatic
profile) requiring treatment with NSAIDs and colchicine and readjust-
ment of osimertinib to 40 mg/day. He continues to be monitored by Car-
diology department with adequate tolerance and preserved left ventric-
ular ejection fraction (LVEF). In February 2021, during a re-evaluation
study, a liver lesion was found with partial response in the rest of the
sites and, after discussing the case in a multidisciplinary committee,
she underwent laparoscopic non-anatomical resection of segment III of
the liver. She continued treatment with osimertinib at 40 mg/day. In
November 2021, due to blurred vision, a cranial computed axial tomog-
raphy (CAT) scan was performed with evidence of a selar lesion that
suggested a metastatic lesion by MRI. Pending assessment of local ther-
apeutic approach.

This patient consulted for fever (39.0 °C) at home, intense asthe-
nia and hypotension (50/30 mmHg). Examination revealed sinus tachy-
cardia (150 bpm) and skin pallor. In a directed anamnesis, she men-
tioned vaccination the previous day with a third dose of vaccine (Mod-
erna) against COVID-19 and influenza and the onset of symptoms that
morning. Intensive fluidtherapy was started with no clinical improve-
ment. Urgent laboratory tests showed slight alterations in renal and hep-
atic function parameters and no elevation of acute phase reactants. An
electrocardiogram (ECG) was requested with a finding of sinus tachy-
cardia with no signs of acute ischaemia. Myocardial damage markers
(MDM), troponin I high sensibility 12.487,6 pg/mL (1st determination).
8.147,2 pg/mL (2nd determination) (Table 1).

Urgent assessment by the Cardiology department was requested,
with transthoracic echocardiography (TTE) showing a dilated LV with
severely depressed LVEF, diffuse hypokinesia and significant pulmonary
congestion. The overall picture was suggestive of fulminant myocardi-
tis with severe left ventricular dysfunction in cardiogenic shock. Va-
soactive and inotropic support was started with dobutamine (DBT) and
noradrenaline (NA) at high doses and non-invasive mechanical venti-
lation was started with BiPAP. Suspicion of myocarditis led to treat-
ment with glucocorticoids and immunoglobulins. Ventricular assist de-
vice (Impella) implantation was offered due to a normofunctioning right
ventricle and respiratory stability, but the patient and family initially re-
fused, although they later accepted its placement (Fig. 1). The patient
presented progressive improvement in ventricular function, which al-

Table 1
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Analytical control on arrival at the emergency department.

Parameters Value Reference range
Chemistry

Haemoglobin 13,6 g/dL 12-15
Leukocytes 9.02 x 10 <3 3.8-11 x 10<3
Neutrophils 4.96 x 10<3 1.8-7 x 10<3
Platelets 234 x 10<3 140-450
Blood urea nitrogen 30 mg/dL 19-49
Creatinine 1,16 mg/dL 0,51-0,95
Calcium 9,7 mg/dL 8,7-10,4
Sodium 138 mmol/L 136-145
Potassium 3,8 mmol/L 3,4-5,1
Alanine aminotransferase (ALT/GPT) 71 U/L 10-49
Aspartate aminotransferase (AST/GOT) 102 U/L <31

Lactate dehydrogenase (LDH) 263 U/L 120-246
Gamma-glutamyl transferase (GGT) 227 U/L <38

Alkaline phosphatase 358 U/L 46-116
C-Reactive protein 3,33 mg/dL 0-0,5
Procalcitonin 0.35 ng/mL <0,5
CARDIAC MARKERS

Troponin I high sensibility 12.487,6 pg/mL <34
NT-proBNP 8.069 pg/mL <300

URINE

pH 8,5 5,5-6,5
Nitrites Negative Negative
Leukocytes Negative Negative
Red blood cells 6,6 u/L 0-30

Fig. 1. Ventricular assist device Impella placement under fluoroscopy.

lowed for a reduction in the supply of inotropic agents and removal of
the Impella after 72 h of support.

During admission, cardiac MRI was performed, compatible with
acute myocarditis with evidence of global myocardial oedema and mild
pericardial effusion (Fig. 2). Also, we performed a coronary CT scan,
showing a significant lesion in the anterior descending artery, which was
confirmed by invasive coronary angiography and revascularized with
a drug-eluting stent (Fig. 3). A few days later, the patient presented
febrile symptoms with elevated acute phase reactants and isolation
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Fig. 2. Myocarditis features showed by cardiac magnetic resonance at the
short axis level of papillay muscles. (A) Hyperintense myocardial signal in the
T2 weighted-Short Tau Inversion recovery sequence. (B) Increased native T1-
weighted relaxation time (1232 ms, regional normal value 995 + 36 ms). (C)
Mild pericardial effusion (asterisk).

of methicillin-sensitive Staphylococcus aureus in the central catheter,
which was removed. TTE was performed to look for signs of infective
endocarditis, with inconclusive results. She was started on antibiotics
with cloxacillin for 15 days with good clinical evolution and was dis-
charged from hospital on a course of corticotherapy, colchicine and an-
tibiotherapy.

Discussion

The COVID-19 pandemic has caused a global health and economic
crisis. Although initially reported as a respiratory tract disease, a wide
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Fig. 3. (A) Significant lesion at the level of the middle left anterior descending
coronary artery (red arrow). (B) Left descending coronary artery after successful
percutaneous treatment.

range of organ complications (gastrointestinal, neurological, throm-
boembolic, immunological and cardiovascular) have now been de-
scribed (Boukhris et al., 2020). Myocarditis is known to be due to in-
flammation of the myocardium and can be caused by infectious diseases;
mainly viruses (especially coxsackievirus), adenovirus, parvovirus B19
or human herpesvirus 6; among others, although bacteria and proto-
zoa have also been described as causative agents (Rose, 2016). Car-
diotropic virus myocarditis represents the main cause of myocarditis in
developing countries and of hospitalized cases in our geographical area.
Histopathological evidence of myocarditis is found in approximately
10% of post-mortem examinations.

Coronaviruses (severe acute respiratory syndrome, middle east respi-
ratory syndrome coronavirus (MERS-CoV, 2012) and the current SARS-
CoV-2) are known to cause myocarditis (Rezkalla and Kloner, 2021). We
report the case of a 62-year-old woman diagnosed with metastatic lung
adenocarcinoma who presented with acute myocarditis after the third
dose of the Modern vaccine against COVID-19.

Vaccines allow the immune system to develop neutralising antibod-
ies that provide protection against infection. Using different technol-
ogy platforms (RNA vaccines, replication-incompetent vector vaccines,
recombinant protein vaccines and inactivated vaccines), the currently
marketed COVID-19 mRNA (Pfizer-BioNTech and Moderna) and aden-
ovirus (Janssen® and AstraZeneca®) vaccines have been developed. Ad-
verse reactions have been reported following administration; localised
at the injection site with pain and redness, and systemic adverse ef-
fects such as fever, fatigue, headache and myalgia. Serious adverse reac-
tions such as anaphylaxis have been reported following administration
of Pfizer-BioNTech and Moderna’s COVID-19 vaccine or thromboem-
bolic events following AstraZeneca’s vaccine (Greinacher et al., 2021).

There is an increasing number of cases of myocarditis and peri-
carditis following vaccination with mRNA COVID-19. Most cases oc-
cur in adolescent boys, usually within a few days after vaccination
with COVID-19 and after the second dose (Salah and Mehta, 2021;
Minocha et al., 2021). In Israel, 110 cases of myocarditis were iden-
tified after administration of two doses of the Pfizer-BioNTech vaccine
and 90% of the cases were in males (Vogel and Couzin-Frankel, 2021).

The 62-year-old female patient presented clinical signs of fever and
hypotension less than 24 h after administration of the 3rd dose of the
mRNA vaccine Moderna COVID-19. The clinical and imaging diagnosis
of acute myocarditis with evidence of cardiogenic shock was confirmed.
A thorough study of other possible causes or aetiological agents that
could justify the clinical picture as a concurrent infectious process was
carried out, however, no analytical alterations or clear infectious focus
were found. In the differential diagnosis, we studied the possible drug
interaction/toxicity with the agent TKi (osimertinib) used daily since
the diagnosis of lung cancer in October 2019. As previously mentioned,
the dose adjustment was required from November of that year due to di-
gestive, cardiological (pericarditis) and pulmonary toxicity. Since then,
adequate tolerance has been monitored by cardiology with preserved
LVEF and no other incidents reported.
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In the literature, retrospective data showed that osimertinib treat-
ment increases the risk of QT prolongation, heart failure and atrial fib-
rillation (Anand et al., 2019). Cardiotoxicity, defined as a decrease in
LVEF by at least 10% and below 50%, was observed in 5% of cases and
the median time to complications was 5.5 months (Mok et al., 2017).
QT prolongation has been reported as the most common cardiological
adverse effect in 10% of patients receiving osimertinib (Soria et al.,
2018). A meta-analysis puts the rate at around 2% (Yi et al., 2019).
This represents a major clinical problem, requiring discontinuation of
treatment due to the excessive risk of serious, life-threatening cardiac
arrhythmias. While atrial or ventricular arrhythmias and evidence of
heart failure have been described in association with administration of
this anti-EGFR drug, myocarditis is much rarer (Oyakawa et al., 2017).
The onset of cardiological symptoms is usually within a few weeks of
starting treatment.

However, considering the time lag between vaccine administration
and sudden onset of symptoms, and the prolonged time (2 years) on
osimertinib treatment with good tolerance after dose titration, makes
Modern mRNA vaccine COVID-19 more likely as a probable causative
agent or trigger for acute symptoms.

Although cardiological side effects due to osimertinib treatment
have been described as listed above, no cases of myocarditis follow-
ing COVID-19 vaccination have yet been reported in this population.
Aetiopathologically, there would be an increased risk for the develop-
ment of myocarditis in vaccinated patients treated with these tyrosine
kinase agents, hence the exceptionality of this case. It would be neces-
sary to establish close monitoring of cardiac function parameters, with
measurement of NT-proBNP and troponins pre- and post-vaccination,
serial echocardiography and to establish specific recommendations for
vaccination (COVID19 and influenza) in this subpopulation that do not
currently exist.

Conclusion

This represents an exceptional and controversial case of fulminant
myocarditis in probable association with Modern COVID-19 vaccine in
a patient diagnosed with metastatic lung adenocarcinoma on osimer-
tinib therapy. COVID-19 disease has systemic involvement at several
levels. The recent introduction of vaccines has shown a decrease in mor-
bidity and mortality due to this virus but an increase in yet unknown
adverse effects, including cardiological alterations. With respect to the
anti-EGFR drugs used in lung cancer, there are known alterations and
toxicities related to their administration, hence the need for careful mon-
itoring of cardiac function during treatment with these antineoplastic
agents. Future studies will be necessary to evaluate unknown adverse re-
actions of these vaccines and their possible interaction with other drugs.

Patient consent statement

Consent to publish: The patient in this report provided consent for
the anonymous publication of her experiences. Written informed con-
sent for publication of their case was obtained from the patient. All au-
thors of this report are greatly obliged to the Editorial Board for the
publication of this report.
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