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Abstract

Background: Nivolumab, a programmed death-1 (PD-1) inhibitor, is an immune checkpoint inhibitor particularly
used in the treatment of malignant melanoma, non-small cell lung cancer and renal cell carcinoma. Immune-
related adverse events are frequent under immunotherapies. Cardiotoxic side effects, initially thought to be rare, are
more often encountered paralleling the expanding use of immune checkpoint blockade. Among them, pericardial
effusion and tamponade deserve attention as they may present with unusual symptomatology.

Case presentation: We report three cases of pericardial effusion under nivolumab for lung adenocarcinoma. Two
cases of early and late-onset pericardial effusion were symptomatic with tamponade and one case occurred without
any symptoms. Pericardiocentesis with pericardial biopsy was performed in symptomatic pericardial effusion followed
by the administration of a corticotherapy. Pericardial biopsies showed infiltration of T-lymphocytes, mostly CD4+.
Nivolumab was stopped in two cases and resumed for one patient. Pericardial effusion evolved positively in all cases
with or without treatment.

Conclusions: We review the literature on pericardial effusion under nivolumab to further discuss the hallmarks of
pericardial effusion under nivolumab and the management of nivolumab therapy in this situation. In conclusion,
pericardial effusion as an immune-related adverse event under nivolumab appears less rare than initially thought and
may require particular attention.

Keywords: Immune checkpoint inhibitor, Nivolumab, Immune-related adverse event, Pericardial effusion, Tamponade,
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Background
Nivolumab, a programmed death-1 (PD-1) inhibitor, is
an immune checkpoint inhibitor (ICI) initially used in
the treatment of malignant melanoma, non-small cell
lung carcinoma (NSCLC) and renal cell carcinoma. The
spectrum of nivolumab is expanding to urothelial cancer,
hematologic malignancies with Hodgkin’s disease, and to
squamous-cell carcinoma of the head and neck.
Nivolumab, an IgG4 antibody, targets programmed

death-1 protein (PD-1) blocking its interaction with PD-
1 ligands, programmed death ligand-1 and 2 (PD-L1, 2),
to prevent inactivation of previously activated effector
T-cells. PD-1 blockade results in the enhancement of

host immunity against tumour cells. Such as cytotoxic
T-lymphocyte associated protein-4 (CTLA-4), another
immune checkpoint, PD-1 is involved in immune toler-
ance mechanisms preventing the immune system to
react against self-antigens. Compared to CTLA-4, PD-1
is believed to inhibit T-cells at later stages of the im-
mune response in peripheral tissues, hence involved in
peripheral tolerance [1]. The inhibition of PD-1/PD-L1
is not specific to anti-tumour T-cells, and can affect
other PD-1 expressing lymphocytes, including peripheral
autoreactive T-cells. Consequently, immune responses
against non-targeted organs under ICI, accounting for,
so called, immune-related adverse events (IrAEs), are
suspected to result from this mechanism [2].
Nivolumab toxicity profile includes a panel of IrAEs

from cutaneous rash, colitis, to hepatitis, pneumonitis,
and endocrinopathies [3]. Paralleling the expanding use
of ICI, IrAEs have gained major interest. Any grade
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toxicity by Common Terminology Criteria for Adverse
Events reaches 60 to 90% patients according to the use
of anti-PD-1, anti-CTLA-4, or the combination of both
[4]. Interestingly, IrAEs may present with uncommon
symptomatology, mimicking progression and even be,
life threatening.
Cardiotoxic events are infrequent IrAEs. Among

them, cardiac arrest, heart failure, cardiomyopathy,
heart block, myocardial fibrosis and myocarditis were
documented [5]. Autoimmune myocarditis, sometimes
fulminant with fatal outcomes, was reported, early
under anti-CTLA-4 antibody, ipilimumab, with an inci-
dence of 0.09% [6]. Incidence and severity increased
when anti-PD-1/anti-CTLA-4 were concomitantly used.
A pre-existing cardiac pathology or a peripheral artery
disease was frequent in the patient’s past medical his-
tory [5]. More recently, subclinical acute immune-
related myocarditis under nivolumab and ipilimumab
was reported with favourable outcomes [7].
Pericardial effusion is a less described IrAEs of ICI.

Under ipilimumab, pericardial effusion occurred after 4
cycles [8, 9]. Pathology from pericardial tissue revealed
acute inflammation with lymphocyte dominance [8], or
lymphocytic pericarditis with reactive mesothelial cells
[9], free of malignant cells. Under nivolumab, pericardial
effusion appears less documented and may yet be
underdiagnosed.
In this paper, we present three cases of pericardial ef-

fusion under nivolumab from two university-hospitals
over a two-year-period. We next conduct an exhaustive
review of the literature on this event to further describe
the characteristics of pericardial effusion occurring in
oncology patients under nivolumab and discuss the
management of pericardial effusion in this context.

Case presentation
Case 1
A 58-year-old woman came to the emergency depart-
ment for acute visual defect and headache. Her medical
history included active smoking. A brain magnetic res-
onance imaging (MRI) revealed multiple pathological
cerebral lesions with intracranial hypertension. She was
treated with 1mg/kg/d corticosteroids. A left hilar lung
adenocarcinoma (TTF1+) harbouring KRAS, PI3KCa
and PTEN mutations was diagnosed, with left adrenal
gland and cerebral metastasis. She received in toto radio-
therapy followed by carboplatin and pemetrexed. Upon
6 cycles, she progressed with hepatic lesions. Meanwhile,
steroids were decreased to 40mg. A second-line treat-
ment by nivolumab 3mg/kg/2 weeks was initiated.
She presented to the emergency department for

reoccurrence of headaches with vomiting 12 days after
the first dose of nivolumab. As cerebral hypertension
was highly suspected, corticotherapy at 1 mg/kg was

administered intravenously. Cerebral computed tomog-
raphy (CT) showed increased perilesional oedema with-
out new lesions. Symptoms evolved favourably, and were
controlled under 0.8 mg/kg of prednisone. As she re-
ceived her fourth infusion, she presented mild dyspnea
and cough with clear sputum related to a recent bron-
chitis in the context of persistent smoking. She was
afebrile and had no chest pain. Chest radiography elimi-
nated an interstitial syndrome, stigmatism of pulmonary
hypertension and suspected cardiomegaly. Chest CT
showed pericardial effusion without radiological evi-
dence of pericardial and pleural cancer involvement, nor
dilatation of the right cavities (Fig. 1a and b). Effusion
was not visible on the baseline CT (Fig. 1c and d). Im-
aging also showed disease progression on the left hilar
pulmonary nodule, mediastinal nodes, and hepatic le-
sions, while brain lesions were significantly smaller with
increased perilesional oedema (Fig. 1). In the intensive
care unit (ICU), echocardiogram revealed massive peri-
cardial effusion close to tamponade. Heart drainage
revealed a haemorrhagic and discretely inflammatory li-
quid. Pericardial biopsy showed small reactive T-
lymphocytes predominantly CD4+, without cell suspect
of malignancy in morphology and immunohistochemis-
try (TTF1−) (Fig. 3a, b, c). After pericardiocentesis and
increased doses of corticosteroids, the patient improved
rapidly. Immunotherapy was withdrawn after a dedicated
multidisciplinary meeting. Subsequent lines by paclitaxel
followed by gemcitabine failed to control the disease.
The patient died 7 months later from massive proximal
pulmonary embolism.

Case 2
A 65-year-old man, active smoker, was diagnosed with
lung adenocarcinoma TTF1+ revealed by a superior vena
cava syndrome on mediastinal adenopathy. Tumour was
wild-type for EGFR, BRAF, KRAS and HER2 genes. He
initially received 5 cycles of concomitant radiotherapy
and chemotherapy by carboplatin and pemetrexed. Pro-
gression at 9 months motivated therapy with nivolumab
3mg/kg/2 weeks. Partial response was observed 3
months later with significant regression of the right ad-
renal gland metastasis without new lesions. The 4th
cycle was complicated with a grade 3 microscopic colla-
gen and lymphocytic colitis histologically confirmed on
biopsies. The patient received prednisone followed by
entocort. Nivolumab was continued and symptoms re-
solved under entocort.
He was transferred to the ICU for acute febrile respira-

tory failure on the 8th day of the 35th infusion of nivolu-
mab. The patient was mechanically ventilated. A
probabilistic antibiotherapy was initiated in the hypothesis
of a severe pneumonitis. Chest radiography showed a right
peri-hilar opacity with cardiomegaly (Fig. 2). A bedside
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echocardiogram revealed massive pericardial effusion with
tamponade. Surgical drainage with pericardial biopsy was
performed. Pericardial cytology was haemorrhagic and in-
flammatory. Microbiology was negative. Pathology from
pericardial tissue showed pericardial hyperplasia with T-
lymphocyte infiltrate, mostly CD4+ (Fig. 3d, e, f), without
lesion suspected of malignancy, confirmed by immunohis-
tochemistry (TTF1−).
Troponin was normal. Flu was negative. Legionella

and pneumococcus urinary antigens were negative.
Microbiology from the bronchoalveolar lavage was
negative. Exploration for autoimmune diseases was
negative (complement, rheumatoid factor, anti-nuclear
and anti-dsDNA antibodies, anti-neutrophil cytoplasmic
antibodies, and myositis-associated auto-antibodies).
CT-imaging showed no sign of progression, a reinfor-
cing argument against neoplastic pericarditis. The pa-
tient was successfully treated with corticosteroids for
3 months. As immune pericarditis was highly sus-
pected, immunotherapy was stopped, and resumed 16
months later. The patient remains progression-free
without recurrence of pericarditis at 6 months of
treatment.

Fig. 1 Cerebral and chest imaging of patient 1. a Axial cerebral CT section displaying multiple brain lesions (arrows) with perilesional oedema
after the 4th infusion of nivolumab. Brain lesions decreased in size while perilesional oedema was significantly increased. b Axial chest CT imaging
showing cardiomegaly with pericardial effusion (asterisk) after the 4th infusion of nivolumab. Note the absence of radiological evidence of
pericardial or pleural cancer involvement, dilatation of the right cavities. c Axial gadolinium-enhanced T1-weighted MRI at baseline before the
initiation of nivolumab. d Axial chest CT imaging at baseline before the initiation of nivolumab

Fig. 2 Chest X-ray of patient 2. Chest X-ray performed at in the
emergency department showing cardiomegaly. Note the right
tumoural lung opacity
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Case 3
A 55-year-old woman, active smoker, diagnosed with
a stage IIIB lung adenocarcinoma TTF1+ and ALK−,
was treated by cisplatin and vinorelbine with radio-
therapy. Progression of the pulmonary mass with the
appearance of a new contralateral lesion and bone
metastasis motivated the introduction of nivolumab.
As the patient had a history of ischemic cardiopathy,
she had frequent cardiac monitoring. Pericardium was
normal. After the third cycle, she developed grade 2
diarrhea. CT evaluation showed disease progression,
colitis and pericardial effusion. Echocardiogram con-
firmed the pericardial effusion of approximately 13
mm around the left ventricle without hemodynamic
compromise. Drainage was not performed, neither
pericardial biopsy. Nivolumab was stopped for disease
progression. Diarrhea resolved spontaneously. Pericar-
dial effusion regressed spontaneously 1 month after
the cessation of nivolumab. Cancer progressed with
cerebellar and pleural metastasis despite the introduc-
tion of a third line by pemetrexed. Altered condition
led to the decision of palliative care.

Discussion and conclusions
Under nivolumab, pericardial effusion and cardiac tam-
ponade were observed with an incidence of 0.69% in a
phase III trial comparing nivolumab and docetaxel in
287 patients with NSCLC [Checkmate 057] [10]. Peri-
cardiocentesis for pericardial effusion was reported to be
uncommon in nivolumab-treated patients (10/1798), as
recently highlighted in a retrospective study performed
over a two-year-period [11].
Despite the low incidence of pericardial effusion under

nivolumab in these studies, 13 cases have been reported
in the literature since 2016 [12–21]. We report on 3 new
cases of early and late-onset pericardial effusion in pa-
tients with NSCLC treated with nivolumab. The baseline
characteristics of all patients (n = 16) are presented in
Table 1. Patients were predominantly smoker man of
63 ± 7 years old. Two patients had previous autoimmune
disease. All patients were treated for metastatic lung
cancer, mostly adenocarcinoma. This observation may
not result from a particular link with pulmonary neopla-
sia, as nivolumab is still mostly used in this context.
Pericardial effusion is described in other types of cancer

Fig. 3 Pathology aspect of non-tumoural pericardial biopsies. Patient 1: Hematoxylin eosin saffron (HES) staining (a) (original magnifications ×
200) showing reactive lymphocyte infiltrate with more CD4+ cells (b) than CD8+ cells (c). Few CD4+ cells are FOXP3+ (red nuclear staining) (b).
Patient 2: HES staining (d) (original magnifications × 200) showing abundant lymphocyte infiltrate, mostly CD4+ (e) than CD8+ cells (f)
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Table 1 Patients with pericardial effusion under nivolumab: demographic and clinical characteristics

All patients
(n = 16)

Previous cases
(n = 13)

This work
(n = 3)

n % n % n

Patient’s characteristics

Male 12 (75) 11 (86) 1

Age (years ± SD) 63 ±7 64 ±7 59 ±4

Smoker 11 (69) 8 (62) 3

Type of tumour

S-NSCLC 2 (13) 2 (15) 0

A-NSCLC 13 (81) 10 (77) 3

SCLC 1 (6) 1 (8) 0

Stage

IIIb 4 (25) 4 (31) 0

IV 12 (75) 9 (69) 3

Malignant pericardial effusion 8 (50) 6 (46) 2

n-line therapy

2 10 (63) 7 (54) 3

3 3 (19) 3 (23) 0

> 3 2 (13) 2 (15) 0

Previous therapeutics

Thoracic irradiation 10 (63) 7 (54) 3

Cisplatin 6 (38) 5 (38) 1

Carboplatin 11 (69) 9 (69) 2

Paclitaxel 3 (19) 3 (23) 0

Pemetrexed 9 (56) 7 (54) 2

Etoposide 2 (13) 2 (15) 0

Tyrosine kinase inhibitors 3 (19) 3 (23) 0

Bevacizumab 3 (19) 3 (23) 0

Othersa 5 (31) 4 (31) 1

Pericardial effusion

Time of onset (cycles, median (range)) 5 (1–35) 5 (1–24) 6 (4–35)

Initial symptoms

Dyspnea 11 (69) 9 (69) 2

Chest pain 3 (19) 3 (23) 0

Shock 5 (31) 4 (31) 1

Respiratory failure 4 (25) 3 (23) 1

Tachycardia 5 (31) 5 (38) 0

Tamponade 13 (81) 11 (85) 2

Asymptomatic 2 (13) 1 (8) 1

Othersb 3 (19) 2 (15) 1

Treatment

Pericardiocentesis 11 (69) 10 (77) 1

Pericardial window 5 (31) 4 (31) 1

Surgical drainage 2 (13) 1 (8) 1

Corticosteroids 7 (44) 5 (38) 2
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with the expanding indications approved by the Food
and Drug Association for nivolumab [11]. All patients
had already received at least one line of chemotherapy,
63% had prior thoracic irradiation and 50% presented
pericardial effusion from mild to moderate at relapse.
Pericardial effusion occurred at any time from the initi-
ation of nivolumab, approximately after 5 cycles, but
could be of early (1 cycle) [12, 15] or late-onset (35 cy-
cles) [20]. Most common symptoms at diagnosis were
dyspnea followed by tachycardia and chest pain. Shock
was present in 31% of the cases. Tamponade was
detected in 81% at initial presentation. Interestingly, sub-
clinical, and even asymptomatic, pericardial effusion was
described [ [17], Case 3]. Consequently, the incidence of
immune-related pericarditis might be higher than re-
ported. Routine echocardiographic monitoring may be

helpful to assess the true incidence of immune-related
pericarditis.
Pericardial effusion related to pseudoprogression was

reported in 8/16 (50%) patients. Patients with pseudo-
progression often had prior pericardial effusion (75%)
and malignant cells were found in the pericardial fluid
(75%). Pseudoprogression is described as a transient in-
crease in tumour size followed by regression, or the ap-
pearance of new lesions in the presence of a response of
other target lesions [17, 22]. The diagnosis of pseudo-
progression requires a longitudinal follow-up demon-
strating a delayed tumour response, while the ICI is not
resumed. Indeed, at the time of diagnosis, it is difficult
to differentiate whether pericardial effusion results from
cardiac tumour progression, from an immune-mediated
pericarditis, from an infection or from the exacerbation

Table 1 Patients with pericardial effusion under nivolumab: demographic and clinical characteristics (Continued)

All patients
(n = 16)

Previous cases
(n = 13)

This work
(n = 3)

n % n % n

Colchicine 2 (13) 1 (8) 1

Nivolumab use

Stopped 10 (63) 8 (62) 2

Continued 2 (13) 2 (15) 0

Stopped and Resumed 4 (25) 3 (23) 1

Outcome

Progression 1 (6) 0 (0) 1

Pseudoprogression 8 (50) 7 (54) 1

Resolution of pericardial effusion 12 (75) 9 (69) 3

Other IrAEs 7 (44) 5 (38) 2

Recurrent pericardial effusion 3 (19) 3 (23) 0

Hypothyroiditis 2 (13) 2 (15) 0

Colitis 2 (13) 0 (0) 2

Pneumonitis 1 (6) 1 (8) 0

Pericardial fluid cytology

Malignant cells 6 (38) 6 (46) 0

Leukocytes 8 (50) 6 (46) 2

Serosanguinous 7 (44) 6 (46) 1

Pericardial biopsy

Malignant cells 0 (0) 0 (0) 0

Lymphocytes 4 (25) 3 (23) 1

Atypical cells 2 (13) 1 (8) 1

Inflammation 5 (31) 5 (38) 0

Fibrosis 4 (25) 4 (31) 0

Fibrinous 3 (19) 3 (23) 0

Mesothelial hyperplasia 2 (13) 1 (8) 1

Data are given as absolute value with percentage for all patients (n = 16), for patients from case reports reported in the literature (n = 13) and from our 3 cases
aTopotecan, Everolimus, Temozolamide, Docetaxel, Gemcitabine, Vinorelbine, S-1
bCaughing (1), Fever (1), cardiac arrest (1)
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of a pre-existing cardiac disease under nivolumab. Ma-
lignant pericardial effusion reached 1.6 to 20% in histor-
ical autopsy series. In the case of initial malignant
pericardial effusion, treatment with nivolumab seemed
to favour recurrent pericarditis [12, 16, 18]. Thus, subse-
quent clinical course as well as microbiological and ana-
tomopathological analyses may help to the differential
diagnoses. Myocarditis was not detected in reported
cases. In our work, myocarditis was ruled out based on
clinical, electrocardiogram, biological and echocardio-
gram findings. Investigations for autoimmune diseases
were negative.
Cytology revealed malignant cells in 6/16 (38%) patients,

leukocytes in half the cases. Microbiology was negative in
all pericardial fluid.
Pathology from pericardial biopsies was free from malig-

nant cells, revealed mild or extensive fibrosis with non-
specific inflammation [13, 16, 19, 20], consisting in
lymphocyte infiltration [13, 20], as herein. Interestingly,
we identified predominant infiltration by CD4+ compared
to CD8+ lymphocytes (Case 1, 2), with cells expressing
both CD4+ and FOXP3+ (Case 1, Fig. 3), while others re-
ported equal distribution of CD4+ and CD8+ lymphocyte
infiltration [13], with no data reported on FOXP3
expression.
In the context of autoimmune/inflammatory pericardi-

tis, the expression of FOXP3 on infiltrating CD4+ T-
lymphocytes may result from T-cell activation, as acti-
vated CD4+ T-lymphocytes transiently express FOXP3
[23]. Conversely, FOXP3 is stably expressed in regulatory
T-cells. On the contrary, histology from immune-related
myocarditis, was described as CD8+-mediated [24]. Patho-
logical lesions from pericarditis, myocarditis, as well as
that of autoimmune hepatitis, differ, indicating that they
may involve different mechanisms. Autoimmune pericar-
ditis was shown to relate to type I interferon response
[25]. Viruses, persistent inflammation with the secretion
of interleukin 1-β, were also suggested to be upstream
inducers.
Mechanisms driving cardiac IrAEs are still unclear and

are believed to result from disturbances in immune
checkpoint functions in maintaining immunological
homeostasis. Actually, PD-1 plays a role in maintaining
self-tolerance. It remains unknown whether autoanti-
bodies or autoreactive T-cells are responsible for IrAEs.
Most likely, IrAEs results from the interplay of both
humoral and cellular immune responses. Activation of
autoreactive T-cells leads to the production of auto-
antibodies by autoreactive B-lymphocytes via CD4+ T-
cells. Moreover, cytotoxic events driven by the interaction
between autoantibodies and complement, and CD8+ auto-
reactive T-cells are involved. These mechanisms account
for T-cell infiltration in organ biopsies. Other partners are
not to be forgotten as inflammatory cytokines, and innate

immune cells [3]. Activation of the immune system may
be in agreement with the extent to which patients with
IrAEs present good responses to nivolumab suggested by
a parallel activation of anti-tumour T-cells and autoreac-
tive T-cells leading to inflammatory side effects of non-
targeted organs. Interestingly, in patients with cardiac
IrAEs, occurrence of other IrAEs was frequent, 63% under
ipilimumab [5] and 44% under nivolumab (Table 1).
Pericardial effusion required pericardiocentesis in 11/

16 (69%) patients, while pericardial window was needed
in 31%. Corticosteroids were administered in less than
half of the cases (Table 1). Pericardial effusion evolved
favourably in 75%, except for one patient who died from
cardiac arrest [13] and 3 patients who developed recur-
rent pericardial effusion (Table 1).
In half the cases, nivolumab was stopped despite

the absence of progression (94%). Nivolumab was
continued in 2 patients: one presented a complete re-
sponse [18], while the other showed partial response
followed by a relapse 5 cycles later [14]. Treatment
was resumed in 25%, without recurrence of pericar-
dial effusion [ [12, 13, 15], Case 2].
These observations open up new insights concerning

the management of IrAEs. Despite that the treatment of
IrAEs is based on corticotherapy, in the real life, few pa-
tients received this treatment. Corticosteroids were
reported to induce rapid and complete resolution of
IrAEs, provided that IrAEs were promptly diagnosed and
managed. Other treatments were reported as TNF-α
monoclonal antibodies or mycophenolate mofetil, with
positive outcomes [26]. The consensus from the Society
for immunotherapy of Cancer recommends discontinu-
ing ICI permanently after life-threatening IrAEs [27].
The definitive interruption of nivolumab may be chal-
lenged, as continuation or resumption of nivolumab
after pericardial effusion may be beneficial for the pa-
tient, as observed in case 2. The decision to reintroduce
nivolumab should be discussed in a multidisciplinary
meeting and is based on the benefit-risk ratio and on
whether alternative oncologic treatments are available.
In our opinion, according to the previous and present
case reports, the occurrence of pericardial effusion does
not contra-indicate ICI after resolution. Additionally, we
recommend routine echocardiogram monitoring for all
patients.
The diagnosis of pericardial effusion or cardiac tam-

ponade related to nivolumab remains a diagnosis of
exclusion. This hypothesis relies on a series of argu-
ments: i. temporal relationship between the onset of
symptoms and nivolumab initiation, ii. absence of an-
other identified cause (heart dysfunction, auto-immune
disease, infection …), iii. Rapid resolution under corti-
cotherapy, iv. response of targeted lesions to nivolumab,
and v. presence of another IrAE.
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As a wide spectrum of life-threatening IrAEs may
occur under immunotherapies, clinical vigilance is re-
quired with close follow-up. Banal symptoms such as
dyspnea should not be neglected and should lead to car-
diac examination, as they may be the only symptom an-
nouncing cardiac tamponade. Additionally, care should
be taken for patients with medical history of pericardial
effusion, and previous thoracic irradiation.
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