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Abstract
Treatment with immune checkpoint inhibitors (ICIs) can be complicated by cardiovascular toxicity, including pericardial 
disease. To date, no prospective studies specifically investigated the optimal treatment of ICI-associated pericardial disease, 
and the available evidence is based on case reports and series only. We performed a systematic review of case reports and 
series including 20 publications for a total of 28 cases of ICI-associated pericardial disease. In this review, pericardial disease 
was reversible in the majority of cases (75%), although 2 deaths were reported. The majority of cases were life-threatening 
(G4, 53.6%) or severe (G3, 21.4%), requiring pericardiocentesis. Higher rates of improvement were associated with admin-
istration of corticosteroids (86.7% vs 61.5%), presence of other immune-related adverse events (90.9% vs. 64.7%), and 
non-malignant effusions (86.7% vs 42.8%). ICIs were discontinued in the majority of cases and then restarted in 7 patients 
with no recurrence of pericardial disease. Based on these results, ICI-associated G3–G4 pericardial disease as well as G2 
pericardial disease with moderate–severe effusion should be treated with ICIs discontinuation and high-dose steroids, also 
performing pericardiocentesis, pericardial drainage or pericardial window in case of cardiac tamponade. For G2 with small 
effusion or G1 pericardial disease, ICIs might be continued and colchicine or NSAIDs could be considered. For patients 
requiring ICIs discontinuation, a rechallenge with ICIs seems to be feasible after resolution or meaningful improvement of 
pericardial disease.

Keywords Pericarditis · Pericardial effusion · Cardiac tamponade · Cardiotoxicity · Immune checkpoint inhibitors · 
Rechallenge

Introduction

Over the last decade, immune checkpoint inhibitors (ICIs) 
have revolutionized the treatment of cancer and extended 
survival across several tumor types [1]. ICIs are monoclo-
nal antibodies directed against immune checkpoint proteins 

such as cytotoxic T-lymphocyte antigen 4 (CTLA-4), pro-
grammed cell death protein 1 (PD-1) or programmed death-
ligand 1 (PD-L1), that are involved in key negative regu-
latory pathways of the immune system [2]. ICIs work by 
unleashing the brakes on the immune system, thus eliciting 
an anti-tumor immune response. On the other hand, they 
may also induce immune-related adverse events (irAEs) that 
potentially involve any organ or system, including the car-
diovascular system [3, 4].

Pericardial disease in the form of pericarditis, pericardial 
effusion or cardiac tamponade represents one of the clini-
cal manifestations of ICI-associated cardiovascular toxic-
ity [5]. An observational retrospective pharmacovigilance 
study reported 95 cases of ICI-related pericardial disease. In 
this study, pericardial disease had a median time to onset of 
30 days (IQR 9–90) and it was severe in 81% of cases with 
a fatality rate of 21% [6]. The exact incidence of ICI-associ-
ated pericardial disease is unknown. In a single-institution 
retrospective study on 2,830 patients treated with ICIs, 
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pericardial toxicity was uncommon with an incidence rate 
of approximately 0.1% [7], but a retrospective Italian study 
reported a non-negligible 6.7% incidence of pericardial effu-
sion among 60 patients treated with ICIs for non-small cell 
lung cancer (NSCLC) [8].

Although several well-established guidelines on irAEs are 
available, no recommendation is specifically provided for 
the management of pericardial disease [9, 10]. Since there 
are no prospective studies investigating the optimal man-
agement of ICI-associated pericardial disease, the available 
evidence is limited to case reports and series. We performed 
a systematic review of case reports with the aim to assess 
the available evidence on the treatment of ICI-associated 
pericardial disease.

Materials and methods

Published studies were identified by searching PubMed 
until May 2020 for the following combination of terms: 
(‘Neoplasms’ OR ‘cancer’ OR ‘tumor’) AND (‘checkpoint 
inhibitors’ OR ‘checkpoint blockade’ OR ‘checkpoint inhi-
bition’ OR ‘anti-CTLA4′ OR ‘anti-PD1′ OR anti-PDL1′ 
OR ‘nivolumab’ OR ‘pembrolizumab’ OR ‘ipilimumab’ 
OR ‘atezolizumab’ OR ‘durvalumab’ OR avelumab’ OR 
‘cemiplimab’) AND (‘pericarditis’ OR ‘pericardial toxic-
ity’ OR ‘pericardial effusion’ OR ‘cardiac tamponade’ OR 
‘cardiac toxicity’ OR ‘cardiac adverse event’ OR ‘cardiac 
irAE’ OR ‘cardiac complication’ OR cardiac side-effect’). 
Three reviewers (A.I., G.M., A.C.) independently performed 
the study selection and data extraction. Case reports or case 
series of pericardial disease in cancer patients receiving 
ICIs were included if they reported data on the treatment 
and outcome related to pericardial complication. Severity of 
pericardial disease was graded according to National Can-
cer Institute Common Terminology Criteria for Adverse 
Events (NCI-CTCAE) version 5.0 [11], as reported in 
Table 1. When not specifically stated by the authors, NCI-
CTCAE grading was inferred based on clinical information. 

Associations among categorical variables were evaluated by 
the Fisher’s exact test.

Results

The search strategy identified 116 records. An additional 
publication was included from authors’ knowledge. All 
records were screened by abstract review, and 20 publica-
tions including 28 cases of pericardial disease were selected 
(Fig. 1) [7, 12–30]. A descriptive summary of the 28 cases 
is reported in Table 2.

Main characteristics of patients are summarized in 
Table 3. Median time to onset of pericardial disease was 
70 days (IQR 44–116) after the start of ICIs, although some 
cases of early toxicity occurring within the first week of 
treatment, or late toxicity occurring after ≥ 1 year of ICIs 
treatment [23, 24] or even after treatment completion [16, 
23, 29], were described.

Among the 28 included cases, patients were mostly 
male (64.3%), with lung cancer (89.3%), and treated with 
anti-PD-1/PD-L1 as single agent (89.3%). Pericardial effu-
sion cytology and/or pericardial biopsy was positive for 
malignant cells in 7 (25%) patients. Pericardial disease was 
severe (G3) or life-threatening (G4) in the majority of the 
cases (75%). No patients with G1 pericardial disease were 
included. Although pericardial disease was largely reversible 
with a recovery or improvement rate of 75%, 2 deaths (7.1%) 
related to this condition were reported.

Pericardiocentesis, surgical drainage or pericardial win-
dow was performed in 19 out of 21 patients (90%) presenting 
with G3–G4 pericardial disease, and in 1 out of 6 patients 
(17%) presenting with G2 pericardial disease. Overall, cor-
ticosteroids were administered in 56% of cases. The most 
common corticosteroid schedule was prednisone 1 mg/
kg/day. Colchicine and/or non-steroidal anti-inflammatory 
drugs were used in a minority of cases (4 patients), obtain-
ing recovering or improvement of pericardial disease in 3 
of them (75%).

Table 1  NCI-CTCAE v. 5.0 grading of pericardial disease

CTCAE term Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Pericardial effusion – Asymptomatic 
effusion 
size small to 
moderate

Effusion with physiologic 
consequences

Life-threatening conse-
quences; urgent interven-
tion indicated

Death

Pericardial tamponade – – – Life-threatening conse-
quences; urgent interven-
tion indicated

Death

Pericarditis Asymptomatic, ECG or 
physical findings (e.g., rub) 
consistent with pericarditis

Symptomatic 
pericarditis 
(e.g., chest 
pain)

Pericarditis with physiologic 
consequences (e.g., pericar-
dial constriction)

Life-threatening conse-
quences; urgent interven-
tion indicated

Death



3043Cancer Immunology, Immunotherapy (2021) 70:3041–3053 

1 3

The presence of other irAEs, the absence of malignant 
cells in pleural effusion or pericardial biopsy, and the admin-
istration of corticosteroids were associated with higher rates 
of recovery or improvement, although these associations 
were not statistically significant (Table 4).

At the onset of pericardial disease, only 6 patients 
(21.4%) continued ICIs, whereas 18 patients (64.3%) dis-
continued ICIs, temporarily (7 patients) or permanently (11 
patients). Interestingly, none of the 7 patients who restarted 
ICIs experienced recurrent pericardial disease.

Discussion

The present systematic review included the largest number 
of published case reports of pericardial disease in cancer 
patients treated with ICIs.

The exact incidence of pericardial disease in cancer 
patients treated with ICIs is still unknown, with reported 
incidence rates ranging from 0.1% to approximately 7% in 
different series [7, 8, 31]. This broad range is possibly due 
to the heterogeneity, both in terms of different grades of 
severity of the cases included in the studies and in terms 

of different distribution of potential risk factors for ICI-
associated pericardial disease across the studies. Regarding 
severity of pericardial disease, studies that included only 
symptomatic patients or pericardial effusions requiring 
pericardiocentesis reported lower incidence rates [7, 31], 
whereas higher incidence rates were reported in studies that 
included asymptomatic patients with incidental findings of 
pericardial disease [8]. Regarding potential risk factors, male 
sex, lung cancer and treatment with anti-PD-1/PD-L1 seem 
to increase the risk of ICI-associated pericardial disease. 
In fact, in a large retrospective pharmacovigilance study, 
patients with pericardial disease were more often males 
(60%), with lung cancer (56%), and treated with anti-PD-1/
PD-L1 as single agent (78%) [6]. Consistently with these 
reports, also the patients included in the present review 
were mostly male patients receiving anti-PD-1/PD-L1 for 
NSCLC.

Pericardial disease can be also associated with a num-
ber or anticancer agents including anthracyclines, platinum 
agents, alkylating agents, antimetabolites, microtubule-tar-
geting drugs and tyrosine kinase inhibitors [32], but some 
retrospective evidence suggests that patients treated with 
ICIs have higher risk of pericardial disease when compared 

Fig. 1  PRISMA flow diagram
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Table 3  Characteristics of patients with pericardial disease under ICI 
treatment

N = 28

Gender n (%)
 Male 18 (64.3)
 Female 10 (35.7)

Primary cancer n (%)
 NSCLC 24 (85.7)
 SCLC 1 (3.6)
 Melanoma 2 (7.1)
 Breast cancer 1 (3.6)

ICI n (%)
 Nivolumab 18 (64.3)
 Pembrolizumab 5 (17.9)
 Ipilimumab 2 (7.1)
 Anti-PD1/PDL1, NOS 2 (7.1)
 Anti-PD1 + Anti-CTLA4, NOS 1 (3.6)

Median time of onset, day (min–max) [IQR} 70 (4–497) [44–116]
Best response to ICI n (%)
 CR 2 (7.1)
 PR 13 (46.4)
 SD 2 (7.1)
 PD 3 (10.7)
 Not reported/not applicable 8 (28.6)

Other irAEs n (%)
 No 17 (60.7)
 Yes 11 (39.3)

Type of irAEs
 Dysthyroidism (hyper/hypo) 6 (21.4)
 Colitis/diarrhea/bowel perforation 5 (17.9)
 Skin rash 3 (10.7)
 Adrenal insufficiency 2 (7.1)
 Pneumonitis 2 (7.1)
 Arthritis 1 (3.6)
 Hypophysitis 1 (3.6)
 Myasthenia gravis 1 (3.6)
 Transaminitis 1 (3.6)

Grading of pericardial disease at presentation n (%)
 G4 15 (53.6)
 G3 6 (21.4)
 G2 6 (21.4)
 G1 –
 Unknown 1 (3.6)

Malignant cells in pericardial effusion/tissue n (%)
 Yes 7 (25.0)
 No 15 (53.6)
 Unknown 6 (21.4)

Treatment n (%)
 Pericardiocentesis/drainage 19 (67.8)
 Pericardial window 5 (17.9)
 Steroids 16 (57.1)
 Other* 6 (21.4)

Table 3  (continued)

N = 28

 No treatment 1 (3.6)
Outcome n (%)
 Death 2 (7.1)
 Recovery/improvement 21 (75.0)
 Recurrence 5 (17.9)

Management of ICI n (%)
 Treatment already completed at the onset 3 (10.7)
 Continued 6 (21.4)
 Temporarily discontinued, then restarted 7 (25.0)

Permanently discontinued 11 (39.3)
 Not reported 1 (3.6)

CR, complete response; NOS, not otherwise specified; PD, progres-
sive disease; PR, partial response; SD, stable disease
* Other treatments included: colchicine in 2 patients; colchicine plus 
ibuprofen in 1 patient; indomethacin in 1 patient; intrapericardial ble-
omycin in 1 patient; anti-tubercular therapy in 1 patient

Table 4  Association between characteristics of patients and pericar-
dial disease outcome

* Improvement rate defined as rate of patients with full or partial 
recovery of pericardial disease, with no evidence of recurrence; 
recurrence rate defined as rate of patients with initial resolution/
improvement of pericardial disease, followed by recurrent/worsening 
pericardial disease

Characteristics Outcome P

Grade at the onset Improvement rate*, % (n/N)
 G4 (n = 16) 68.8% ( 11/16) 1.000
 ≤ G3 (n = 11) 72.2% ( 8/ 11)

Best response to ICI Improvement rate, % (n/N)
 CR/PR (n = 15) 66.7% (10/15) 1.000
 SD/PD (n = 5) 80.0% ( 4/ 5)

Other irAEs Improvement rate, % (n/N)
 Yes (n = 11) 90.9% ( 10/11) 0.191
 No (n = 17) 64.7% ( 11/17)

Malignant effusion Improvement rate, % (n/N)
 Yes (n = 7) 42.8% ( 3/ 7) 0.053
 No (n = 15) 86.7% (13/15)

Pericardiocentesis/drain-
age/window

Improvement rate, % (n/N)

 Yes (n = 21) 76.2% (16/21) 1.000
 No (n = 7) 71.4% ( 5/ 7)

Steroid therapy Improvement rate, % (n/N)
 Yes (n = 15) 86.7% (13/15) 0.197
 No (n = 13) 61.5% ( 8/13)

Discontinuation of ICI Improvement rate, % (n/N)
 Yes (n = 18) 72.2% ( 13/18) 1.000
 No (n = 6) 66.7% ( 4/ 6)

Rechallenge of ICI Recurrence rate, % (n/N)
 Yes (n = 7) 0% ( 0/ 7) 0.521
 No (n = 11) 18% ( 2/ 11)
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with patients receiving other therapies [6, 7, 31]. Particu-
larly, in their pharmacovigilance study, Salem et al. showed 
a 3.8-fold increased risk of reporting pericardial disease for 
patients treated with ICI as compared with the full data-
base (0.30% vs 0.08%) [6]. In a small retrospective study 
on NSCLC patients, the incidence of pericardial effusion 
among patients treated with ICIs (n = 60) was higher (6.7%) 
when compared with a control group of patients (n = 60) 
with NSCLC receiving other anticancer agents (3.3%), even 
when patients with contemporary pleural effusion were 
excluded (adjusted incidence: 3.3% vs 1.6%) [7]. Similarly, 
a retrospective study on 3,966 patients treated with ICIs and 
82,517 patients treated with anticancer agents other than 
ICIs at the MD Anderson from 2015 to 2017, showed that 
the prevalence of hemodynamically significant pericardial 
effusion among patients treated with ICIs was higher than 
that observed among patients not receiving ICIs (0.38% vs 
0.11%) [31]. Therefore, although relatively rare, pericardial 
disease is more frequently associated with ICIs than with 
other anticancer agents, and this finding may represent a 
relevant aspect due to the expanding role of ICIs across a 
number of different tumor types and, consequently, the ever-
growing number of cancer patients treated with these drugs.

ICI-associated pericardial disease represents a clinically 
relevant problem also because it may be potentially fatal, 
with mortality rates ranging from approximately 7%, as 
reported in the present analysis, up to more than 20%, as 
reported in the pharmacovigilance study [6]. In our review, 
however, pericardial disease was reversible in the majority 
of cases, with an improvement rate of 75%.

ICI-associated pericardial disease is often a diagnosis of 
exclusion. Differential diagnosis mainly includes progres-
sion or pseudo-progression of the underlying cancer, and 
infectious disease [13, 15, 19]. Although the differential 
diagnosis between immune-related toxicity and progres-
sion/pseudoprogression of cancer is often challenging, 
some clinical and pathological elements may be helpful 
for a proper assessment. Particularly, the presence of other 
irAEs, the absence of malignant cells in pericardial effu-
sion or pericardial biopsy, and/or objective response or 
stable disease of the other tumor sites are more suggestive 
for an immune-related toxicity rather than cancer progres-
sion. Interestingly, we observed that patients with other 
irAEs and/or without malignant effusion (i.e., those with 
highly suspected immune-related pericardial disease) had 
higher improvement rates as compared to patients without 
other irAEs and those with malignant effusion, respectively. 
When progressive cancer in patients with malignant peri-
cardial effusion is suspected, intrapericardial injection of 
chemotherapy such as bleomycin could represent an option, 
although it was used only in 1 out of the 28 case reports 
included in this review [13]. Also, other possible etiologies 
such as infectious disease should be ruled out. Particularly, 

Chu et al. reported a case of pericardial tamponade caused 
by a hypersensitivity response to tuberculosis reactivation 
after ICIs. In such case, antitubercular treatment was given 
in addition to corticosteroids, achieving pericardial disease 
recovery [15].

In the present review, clinical presentation of pericardial 
disease was severe or life-threatening in most patients, con-
sistently with data reported in the pharmacovigilance study, 
where 81% of pericardial disease were severe events [6]. 
However, given the retrospective nature of these evidence, 
it could not be excluded that asymptomatic, mild cases were 
under-detected or under-reported, thus leading to an overes-
timation of severe cases.

In most patients, pericardial disease was characterized 
by effusion with tamponade physiology, often requiring 
invasive interventions such as pericardiocentesis, surgical 
drainage or pericardial window. As reported above, the MD 
Anderson study on hemodynamically significant pericardial 
effusion among patients treated with ICIs revealed a low 
incidence rate (0.38%), but the relative risk of pericardio-
centesis was significantly increased (3.1) for patients receiv-
ing ICIs when compared with those not receiving ICIs [31]. 
These data suggest that patients on ICIs are more likely to 
need pericardiocentesis, but the reason remains unclear. In 
our review, 21 out of 28 patients (75%) with any grade peri-
cardial disease and 19 out of 21 patients (90%) with G3–G4 
pericardial disease needed an invasive management (i.e., 
pericardiocentesis, surgical drainage or pericardial window) 
of pericardial effusion. Only 5 patients were successfully 
treated with a conservative approach, and all of them had a 
low-grade (G2) pericardial disease [7, 18, 24].

Regarding medical treatment, corticosteroids represent 
the cornerstone of management for most irAEs [3]. Although 
in the present review only slightly more than half patients 
(57.1%) received corticosteroids, they achieved a better 
improvement rate as compared to those who did not receive 
steroids, thus suggesting that corticosteroids have a role for 
the treatment of ICI-associated pericardial disease.

Guidelines of the European Society of Cardiology for 
the management of pericardial disease recommend the use 
of colchicine and aspirin or non-steroidal antiinflammatory 
drugs (NSAIDs) for the treatment of acute pericarditis and 
recurrent pericarditis, and also for the treatment of pericar-
dial effusion when associated with systemic inflammation 
[33]. In the present review, however, only 5 patients received 
colchicine and/or NSAIDs with or without corticosteroids, 
achieving complete recovery in 4 cases, and initial improve-
ment followed by effusion recurrence in 1 case. Due to the 
paucity of data, definitive conclusion on the role of colchi-
cine and NSAIDs for ICIs-associated pericardial disease 
cannot be drawn, but they may possibly have a role for the 
management of mild–moderate cases.
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Among the 28 case reports included in our review, the 
majority of patients discontinued ICIs. After recovery, treat-
ment was then restarted in 7 patients with no recurrence or 
worsening of the pericardial disease. This finding suggests 
that a rechallenge of ICIs after recovery of pericardial dis-
ease may be a feasible strategy.

The present study has several limitations, mainly due to 
its nature of retrospective review of case reports: (1) some 
details on risk factors, diagnostic work-up or management 
of cardiac symptoms could be missing; (2) a potential pub-
lication bias cannot be excluded, and mild cases or cases 
with fatal outcome could have been under-reported; particu-
larly, no cases of G1 pericardial disease have been reported; 
(3) sample size is limited, and the observed associations 
between patients’ characteristics and outcome were not sta-
tistically significant, and thus, our conclusions are merely 
speculative; (4) patients selected for rechallenge were prob-
ably those in better clinical conditions, and in the daily clini-
cal practice the choice of the rechallenge should be consid-
ered carefully on an individual basis.

Our systematic review shows that, although potentially 
fatal, this condition may be reversible in the majority of 
cases. Based on this review, a reasonable approach to man-
age ICI-associated pericardial disease could be as it fol-
lows: for severe cases (G3–G4), perform pericardiocentesis 
or other invasive interventions to treat pericardial effusions 
with tamponade physiology, discontinue ICIs, adminis-
ter high-dose corticosteroids (prednisone 1 mg/kg/day); 
for moderate cases (G2 pericardial disease), in selected 
patients with small effusions consider to continue ICIs and 
administer colchicine ± NSAIDs, whereas in patients with 
moderate–severe effusions discontinue ICIs and administer 
high-dose corticosteroids (prednisone 1 mg/kg/day); for mild 
cases (G1 pericardial disease), continue ICIs and consider 
colchicine ± NSAIDs. Once full recovery or meaningful clin-
ical improvement has been achieved and steroids tapered to 

low-dose (prednisone < 10 mg/day) or stopped, a rechallenge 
of ICIs seems to be feasible (Fig. 2).
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