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Summary

Background: Thymic carcinoma (TC) is a rare subtype of thymic epithelial malignancy. Surgi-
cal resection is a mainstay in the treatment of TC, while radiotherapy and chemotherapy are
modalities used in adjuvant or palliative setting. Immune checkpoint inhibitors (ICl) including
anti-PD-1 (programmed cell death 1) antibodies represent an emerging treatment modality
in TC; however, their administration could be associated with life-threatening toxicity. Case:
We present a case of a 59-year-old female with grade Ill TC, who had received neoadjuvant
chemotherapy followed by surgery and subsequent adjuvant radio-immunotherapy with an
ICl, nivolumab. We provide our experience with the toxicity of an administered treatment.
Results: Fourteen days after the first dose of nivolumab and on 21 day after starting of radio-
therapy (total dose of 40 Gy), the patient developed fulminant myocarditis with subsequent
heart failure. Despite immunosuppressive therapy with high-dose glucocorticoids and myco-
phenolate mofetil and intensive support, the patient died within 6 days after the onset of first
symptoms. Conclusion: Physicians should be aware of these extremely rare, but potentially fatal
complications of immunotherapy.
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Souhrn

Vychodiska: Karcinom thymu (thymic carcinoma - TC) je vzacnym podtypem malignity thymu
epitelidlniho pdvodu. Stézejni soucasti 1écby TC je chirurgicka resekce, zatimco radioterapie
a chemoterapie jsou modality, které se pouzivaji v adjuvantnim nebo paliativnim rezimu.
Checkpoint inhibitory, kam patfi protilatky proti receptoru programované bunécné smrti 1
(programmed cell death 1 - PD-1), pfedstavuji nové vznikajici modalitu 1écby TC, nicméné je-
jich podavani maze byt spojeno s Zivot ohrozujici toxicitou. Pfipad: Prezentujeme pfipad 59leté
zeny s grade lll TC, které byla podana neoadjuvantni chemoterapie, po které nasledoval chi-
rurgicky zékrok a nasledné byla podéna adjuvantni radioimunoterapie s checkpoint inhibi-
torem, nivolumabem. V ¢lanku sdélujeme nase zkusenosti s toxicitou podavaného pfipravku.
Vysledky: Ctrnact dni po prvni ddvce nivolumabu a 21. den po zahajeni radioterapie (v celkové
davce 40 Gy) se u pacientky rozvinula fulminantni myokarditida s naslednym srde¢nim selha-
nim. | pres imunosupresivni terapii vysokodavkovymi glukokortikoidy a mykofenolat mofeti-
lem a pies intenzivni podpUrnou terapii pacientka béhem 6 dni od nastupu prvnich symptom(
zemfela. Zdvér: Lékati by méli mit na paméti tyto extrémné vzacné, avsak potencialné fatalni
komplikace imunoterapie.
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FATAL MYOCARDITIS AFTER THE FIRST DOSE OF NIVOLUMAB

Introduction
Currently, immune checkpoint inhibitors
(IClI) are emerging treatment modalities
with effectivity in broad spectrum of tu-
mors [1]. They are mainstay in the treat-
ment of cancers in monotherapy or in
combination with chemotherapy or ra-
diation therapy [2]. However, substantial
proportion of patients experience im-
mune-related adverse events including
fatal complications [2]. Most common
immune-related adverse events include
hepatitis, colitis, pneumonitis, hypo-
physitis, myocarditis, nephritis, hemato-
logic adverse effects, and others [3].
Herein, for the first-time we report
a patient with a rare type of cancer,
thymic carcinoma, primarily refractory
to chemotherapy, with high expres-
sion of programmed cell death 1 (PD-1)
protein, treated with adjuvant combi-
nation of radio-immunotherapy due to
R1 tumor resection. After first adminis-
tration of anti-PD-1 inhibitor, nivolumab,
severe cardiac toxicity was observed.
The patient developed severe fulminant
myocarditis with fatal course despite
complex supportive care.

Case analysis

We report the case of a 59-year-old fe-
male patient presented herself with
a history of fever of unknown origin,
which persisted one month despite re-
peated antibiotic treatments. The pa-
tient had no previous history of cardiac
disease and the rest of physical exam
was within normal limits. She under-
went diagnostic procedures in the Uni-
versity Hospital in Martin in May 2019.
The tumor size 69 X 79 X 56 mm was

found in the anterior mediastinum on
CT scan. Subsequently, tumor biopsy
was performed, which showed a squa-
mous cell thymic carcinoma. The tumor
was borderline resectable; therefore, in
July 2019, the patient underwent two cy-
cles of neoadjuvant chemotherapy con-
sisted of cisplatin 75 mg/m? on 1t day
and gemcitabine 1 000 mg/m?on 1%t and
8™ days. However, CT scan after two cy-
cles of therapy revealed no tumor re-
gression. In August 2019, the tumor was
resected with concurrent brachioce-
phalic plastic vein replacement, in a spe-
cialized center for thoracic surgery in
Bratislava. The postoperative period was
complicated by a formation of an ante-
rior mediastinal abscess, with the need
for drainage. Definitive histology con-
firmed a thymic carcinoma, grade 3,
pT1bN1, with PD-L1 expression > 50%,
R1 resection, and microscopic infiltra-
tion of resection borders. Subsequently,
the tumor board suggested adjuvant
treatment consisted of nivolumab with
concomitant external radiotherapy to
the mediastinal area. In November 2019,
external radiotherapy was started using
three direct fields 18MVX technique
at 2 Gray (Gy) to a planned total dose
of 50 Gy with concomitant nivolumab,
240 mg bi-weekly.

On 14™ day of administration of the
first nivolumab dose and on the 21 day
of external radiotherapy (40 Gy), the pa-
tient started to complain of mild dysp-
nea. She felt a mild chest pain and pal-
pitation lasting a few minutes. ECG
revealed atypical complete LBBB, with
QS complexes in V1-V5, ST depressions
in II, lll, aVF, and elevations in |, and aVL

in the positive QRS complex (Fig. 1). Lab-
oratory findings showed an elevation
in troponin T (3.08 ng/mL), pro-brain
natriuretic peptide (2 509 ng/L), C-reac-
tive protein (17 mg/L), and white blood
cells 6.12g/L (Tab. 1). Subsequently,
the patient reported worsening of pal-
pitations, and ECG showed ventricular
tachycardia at a heart rate of 150 beats
per minute.

Acute myocardial infarction was ini-
tially suspected; therefore, the patient
was transported to the intensive care
unit of National Institute of Cardiovas-
cular Diseases, Bratislava. Urgent coro-
nary angiography ruled out acute coro-
nary syndrome (Fig. 3, 4). On the day of
admission, transthoracic cardiac ultra-
sound examination showed hypertro-
phy of the left ventricle with preserved
function and ejection fraction (EF) 60%.
Frequent ventricular ectopy has pro-
gression to hemodynamically signifi-
cant persistent ventricular tachycardia.
There was no effect of amiodarone treat-
ment and due to concerns of its proar-
rhythmogenic action, direct current
electrical cardioversion was performed
with acute success, but with early recur-
rence of ventricular tachycardia. Due to
high levels of troponin T and exclusion
of acute coronary syndrome using cor-
onary angiography, ICl-associated myo-
carditis was suspected.

Cardiac MR revealed severe hypoki-
nesis of the anterior wall, interventricu-
lar septum, EF 40-42% and akinesis of
the greater part of the right ventricle, EF
20% (Fig. 5). Subsequently, endomyocar-
dial biopsy under ultrasonographic nav-
igation was performed. It revealed myo-

Tab. 1. Laboratory test results of a 59-year-old female patient with myocarditis.

Date T - troponine ng/L NTproBNP ng/L Myoglobin pg/L Creatinine pmol/L CRP
11.12.19 3081 2509 NA 52 17

11.12.19 2859 NA 1301 63 171
12.12.19 3762 NA NA 46 20.9
13.12.19 4055 11329 NA 110 9.7

14.12.19 NA NA NA 119 NA
15.12.19 NA NA NA 200 NA
CRP - C-reactive protein, NA — not available, NTproBNP - N-terminal pro-brain natriuretic peptide
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Fig. 5. Cardiac MRl scan.
In the upper anterior mediastinum, parasagittally left diffusely increased adipose tissue density (40 HU), v.s. is a correlate of postopera-
tive and post-radiation fibrosis, the nearby pericardium is partially involved in these changes. Postradiation fibrotic changes also in the
parenchyma of the adjacent upper lobe of the lung on the left. No oppression of the large vessels of the mediastinum, no oppression of
the cardiac compartments.

cardial infiltration of inflammatory cells,
and T cell-dominant lymphocyte infiltra-
tion, which were consistent with acute
lymphocytic myocarditis. Viral PCR test-
ing using myocardial specimens for cor-
onavirus, influenza and parainfluenza
virus, adenovirus, respiratory syncytial
virus, bocavirus, echovirus, coxsackie
virus and enterovirus were all nega-

tive. In an electron microscope without
clear evidence of a replicated virus, there
was a genetically persistent parvovi-
rus B19 RNA, which is clinically insignif-
icant. Serum antibodies measured in the
convalescent phase against coxsackie
virus, enterovirus, echovirus, adenovi-
rus, influenza and parainfluenza virus,
and respiratory syncytial virus were not

elevated. Samples of endomyocardial
biopsy for transmission electron micros-
copy (TEM) investigation were fixed with
3% solution of glutaraldehyde, postfixed
with 1% solution of OsO4, embedded
into Durcupan AMC and cut by ultrami-
crotome. Thin sections were contrasted
by uranyl acetate and lead citrate. The
documentation was made by transmis-
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Fig. 6. Autophagic membrane bound vacuole with glycogen content (near the nucleus),

x 12 000.

Flg 7. Hypercontracted myoﬁbrlls and myelin-like figures, x 15 000.

sion microscope Tesla BS 540. TEM exam-
inations showed nonspecific changes in
cardiomyocytes, like hypercontractions,
myofibrillar lysis, autophagic vacuoles,
myelin-like structures and alteration of
mitochondria shape and size (Fig. 6-8).
The finding of TEM is without conclusive
evidence of replicated viral particles.
Immunosuppressive therapy was
started on the 3™ day after the onset of
first cardiac symptoms. The patient re-
ceived high-dose glucocorticoids (in-

travenous methylprednisolone adminis-
tered at 1 mg/kg/day for 3 days and then
the patient continued on prednisone
treatment (1 mg/kg). Echocardiography
on 4™ day showed biventricular heart
failure with left ventricular ejection func-
tion 35%. Due to the development of
fulminant heart failure, mycophenolate
mofetil, a reversible, non-competitive
inhibitor of inosine-5-monophosphate
dehydrogenase, was added in the dose
1 000 mg twice daily, to further inten-

sify immunosuppression. Extracorporeal
membrane oxygenation (ECMO) was not
indicated because of concerns of its safe
implantation after multiple thoracic sur-
gery. Despite complex supportive ther-
apy and early administration of immu-
nosuppressants, multi organ failure and
persistent ventricular tachycardia (Fig. 9)
with progression to fatal acute heart fail-
ure developed and patients died 6 days
after the onset of first symptoms.

Discussion

Standard treatment options for patients
with operable thymic carcinoma include
the surgery for Masaoka stage | with ad-
juvant radiation therapy in stage Il. In llI
and IVa Masaoka stages, the tumors are
primarily inoperable, so multimodal ap-
proach with neoadjuvant chemotherapy
and radical resection followed by adju-
vant chemoradiation is suggested [4].

Chemotherapy is the primary treat-
ment modality for patients with IVb
thymic carcinoma. Most regimens in-
volve a platinum composite with or
without an anthracycline (PAC - cispl-
atin, doxorubicin, cyclophosphamide,
VIP - etoposide, ifosfamide, and cispl-
atin, ADOC - doxorubicin, cisplatin, vin-
cristine, cyclophosphamide) [5]. A gem-
citabine and cisplatin combination offers
a tolerable and effective treatment op-
tion. In retrospective analysis, 13 pa-
tients with untreated or unresectable
recurrent thymic squamous cell carcino-
mas were treated with gemcitabine and
cisplatin. Eight patients achieved a par-
tial response, four patients had a sta-
ble disease, and one had a progressive
disease. The overall response rate (ORR)
and disease control rate were 61.5 and
92.3%, respectively [6].

Anti PD-1/L1 inhibitors are approved
for the treatment of multiple malignan-
ciesincluding melanoma, non-small-cell
lung cancer, renal cell carcinoma, Hodg-
kin lymphoma, head and neck squa-
mous cell cancer, urothelial carcinoma,
colorectal cancer and many others. Re-
cently, ICl showed effectivity in epithe-
lial thymic tumors as well [7]. Yang et al
report a case of a patient with thymic
carcinoma, who achieved a partial re-
sponse with nivolumab after standard
care [8]. Single-arm, multicenter, phase Il
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trial (PRIMER) assessed effectiveness
and safety of nivolumab for previously
treated thymic carcinoma patients.
While nivolumab produced no respond-
ers among the 15 patients accrued dur-
ing the first stage, the disease control
rate 73% suggested clinical benefit [9].
A single arm, phase Il study performed
by Giaccone et al assessed the effi-
cacy of pembrolizumab in 40 patients
with recurrent TC (rTC). The overall re-
sponse rate was 22.5%. The response
lasted for 22.4 months. The median pro-
gression-free survival was 4.2 months
and the median overall survival was
24.9 months [10]. Cho et al evaluated
pembrolizumab in 26 patients with rTC
and 7 patients with recurrent thymoma.
The ORR was 19.2% in patients with
thymic carcinoma and 28.6% in patients
with thymoma [11]. In both trials, high
PD-L1 expression was associated with
a response to therapy [12]. Rajan et al

brane and abnormal size and shape, x 30 000.

evaluated avelumab in 8 TET patients
(7 thymoma and 1 TC) with no history of
autoimmune disease. Four of seven pa-
tients with thymoma had an objective
response including a confirmed partial

response in 2 (29%) patients. Notewor-
thy tumor shrinkage was observed [13].

ICI are associated with multiple im-
mune related adverse events includ-
ing gastrointestinal, endocrine toxic-

ity and dermatologic toxicity as most
common side effects. Neurotoxicity and
pulmonary toxicity are relatively rare
but can be fatal [14]. Serious adverse
events include also cardiotoxicity, such
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Fig. 9. Progressive ventricular arrhythmia.
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as myocarditis, rhythm disorders (atrio-
ventricular blocks, atrial and ventricu-
lar arrhythmias), myocardial infarction,
pericardial disease, left ventricular dys-
function, dilated cardiomyopathy, heart
failure, cardiogenic shock and sudden
cardiac death [15-19]. Based on recently
presented findings from a large meta-
analysis of randomized clinical trials, IC
related cardiac adverse events are un-
common with occurrence < 4% of pa-
tients [20]. Immunotherapy in patients
with preexisting conditions for cardiac
damage, diabetes mellitus, underlying
autoimmune disease and some other
factors could increase the risk of cardio-
toxicity as well [21]. The risk of ICl-asso-
ciated cardiotoxicity might be increased
also in combination with other cancer
treatments [22]. The role of radiation
therapy in the development and pro-
gression of these cardiovascular events
should be also considered [23]. How-
ever, according to the largest report of
adverse effects of combined treatment
with radiotherapy and ICl, there was no
higher risk of myocarditis in patients re-
ceiving ICl treatment with radiotherapy
compared to patients without radio-
therapy [24]. The most common cardiac
event is ICl-related myocarditis. It has
a reported incidence of 0.04-1.14%.
Compared with other adverse events,
it has a significantly higher associated
mortality of 25-50% [25].

The variability in time diagnosis of
ICI-related myocarditis after the initia-
tion of ICl is known from a small num-
ber of individual case reports. The study
by Mahmood et al reported evaluated
time of onset of ICl associated myocar-
ditis after initiating of immunotherapy
in 35 cases. They observed the median
34 days (interquartile range 21-75 days)
to the onset of myocarditis from the start
of ICI administration [26]. Another co-
hort presented by Escudier et al revealed
the median 65 days (range 2-454 days)
to a diagnosis of cardiotoxicity after stat-
ing of ICI. There was an average of three
infusions administered before cardiotox-
icity developed [27]. Data from the Vigi-
Base (which is World Health Organiza-
tion’s global database of individual case
safety reports), that included 33 cases
with ICl related myocarditis suggest

that 75% of them developed myocardi-
tis in the first 6 weeks of treatment, (me-
dian onset 27 days). Almost two thirds of
these patients had received only one or
two doses of therapy before the onset of
myocarditis [16]. Cardiac magnetic res-
onance (CMR) has become nowadays
a cornerstone of the diagnosis of myo-
carditis and its high sensitivity and spec-
ificity is valuable especially in less severe
forms and in cases of uncertainty. In our
case of rapid onset of fulminant myo-
carditis, CMR was not performed due to
hemodynamic instability of the patient.

In our patient, myocarditis developed
on 14™ day after first dose of nivolumab.
Consistently, with previous data, our
case indicates, that nivolumab-induced
myocarditis can develop even one dose
after its administration. In case pre-
sented, patient was pre-treated with
neoadjuvant chemotherapy and subse-
quent adjuvant radioimmunotherapy.
While patient had negative medical his-
tory for other diseases including cardio-
vascular or autoimmune, concomitant
radiation therapy could increase risk of
myocarditis in our case. Previous data
suggests that the mechanism associated
with the development of myasthenia
gravis in patients with thymic epithelial
tumor (TET) may be a result of imma-
ture, TET derived thymocytes that have
escaped self-tolerance and become
auto-reactive [28]. ICl therapy further ac-
tivates T lymphocytes, exacerbating the
autoimmune reactivity of the cells and
most likely resulting in the increased
rates of immune-related adverse events
(irAEs) compared to other cancers [29].
However, in the PRIMER trial (see above),
only 2 of 15 (13.3%) patients expe-
rienced immune-related serious adverse
events grade lll, including aspartate ami-
notransferase increase and grade Il adre-
nal insufficiency, both of which were re-
solved after drug discontinuation [9].

In a phase Il study of pembrolizumab,
adverse events of any grade were
counted. The safety profile of pembroli-
zumab in this study was notable because
of a high percentage of irAEs. Among all
patients, nine patients (27.3%) stated
grade 3 or 4 irAEs, and eight (24.2%)
discontinued pembrolizumab therapy.
irAEs were more prevalent in patients

with thymoma compared with patients
with thymic carcinoma (71.4 vs. 15.4%,
respectively). Furthermore, five out of
nine patients (four with T and one with
TC) experienced multiple autoimmune
adverse events simultaneously, which
were not frequently observed in other
malignancies treated with pembroli-
zumab. Of note, severe immune-related
myocarditis, which is a relatively rare au-
toimmune syndrome, even in TET, devel-
oped in three patients with thymoma,
but all have fully recovered with high-
dose corticosteroids and intravenous
immunoglobulin [11].

The most common adverse events
of any grade included dyspnea (11;
33.3%), chest wall pain (10; 30.3%), an-
orexia (7; 21.2%), and fatigue (7; 21.2%).
Five (71.4%) of seven patients with
thymoma and four (15.4%) of 26 pa-
tients with thymic carcinoma reported
grade = 3 immune-related adverse
events, involving hepatitis (4; 12.1%),
myocarditis (3; 9.1%), myasthenia gravis
(2; 6.1%), thyroiditis (1; 3.0%), antineu-
trophil cytoplasmic antibody-asso-
ciated rapidly progressive glomerulo-
nephritis (1; 3.0%), colitis (1; 3.0%), and
subacute myoclonus (1; 3.0%) [11]. Until
now, no myocarditis was described in
patients with thymic carcinoma treated
with ICI.

ICl-related myocarditis has a reported
incidence of 0.04-1.14%, but when
compared with irAEs, it has a signifi-
cantly higher associated mortality of
25-50% [25]. The treatment of ICl-as-
sociated myocarditis has largely been
based on the use of glucocorticoids. Rec-
ommended pulse dose of methylpredni-
solone at 1 000 mg daily for 3 days was
followed by 1 mg/kg daily of either oral
or intravenous steroids [26]. The clinical
practice guidelines by American Society
for Clinical Oncology for irAEs suggest
initiation at 1 mg/kg daily of either intra-
venous or oral steroids [30].

There have been case reports or small
case series of successfully treated ICI-
related myocarditis with intravenous
immunoglobulin, mycophenolate, in-
fliximab, anti-thymocyte globulin, plas-
mapheresis, alemtuzumab and abata-
cept. The effectiveness of these agents
in ICl-related myocarditis is unclear, and
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they are generally reserved for those
patients who have an inadequate re-
sponse to glucocorticoids [25]. In our
patient, despite the rapid administration
of corticosteroids at an adequate dose of
1mg/kg on the 3 day after the onset of
symptoms, no clinical improvement oc-
curred. Biventricular heart failure pro-
gressed. As infliximab was contraindi-
cated due to heart failure, we decided to
initiate dual immunosuppression with
mycophenolate. However, no improve-
ment was observed and despite dual im-
munosuppressive therapy the course of
myocarditis was fatal.

Conclusion

Myocarditis is the most serious form of
the cardiovascular toxicity of ICI. Itis nec-
essary for both the oncologist and the
cardiologist to have a high suspicion for
the diagnosis of ICl-related cardiotoxicity
in patients with nonspecific symptoms
even after the first dose of nivolumab.
The exact mechanism of nivolumab car-
diotoxicity is not fully understood. It re-
mains unclear whether the combination
of ICl with previous chemotherapy and
radiotherapy could contribute to cardiac
damage in our patient. Despite the low
incidence of cardiotoxicity of ICl, poten-
tially fatal cardiac adverse events follow-
ing ICl treatment for cancer should be
reported systematically.
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Fig. 1. ECG baseline (A) and ECG at clinical symptoms (B) associated with myocarditis

Fig. 2. Ventricular tachycardia.
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