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The development of pericardial effusion is a potential 
life-threatening manifestation of advanced malignancy that 

is associated with poor prognosis [1]. Pericardial involvement is 
detected in up to 20% of cancer cases in autopsy studies, and is 
most common in lung cancer [2]. In some cases, it may consti-
tute the presenting symptom [3]. Pericardial effusion might de-
velop as a result of direct or metastatic spread of the primary tu-
mor or as an adverse event of systemic anticancer therapies and/
or radiation [1,4]. There is a known association between lung 
cancer with epidermal growth factor receptor (EGFR) somatic 
mutation and the development of pleural effusion. In the case of 
pericardial effusion, however, apart from a metastatic disease, 
no specific clinical or histological factors are clearly recognized 
as associated with development in lung cancer patients.

An early diagnosis and successful intervention in cases of 
symptomatic pericardial effusion may improve quality of life 
and even prolong survival. The aim of this study was to ana-
lyze cases of symptomatic pericardial effusion in patients with 
adenocarcinoma lung cancer so that we could assess whether 
specific clinical and histological features can be associated with 
such presentation, as well as to look at the different management 
options. 

Databases of the cardiology and thoracic surgery units were used 
to retrieve cases of patients with lung adenocarcinoma admitted 
during 2014–2017 due to a symptomatic pericardial effusion at 
Rabin Medical Center (Beilinson Campus), Petah Tikva, Isra-
el. We then used the thoracic cancer unit database to randomly 
assign a control group: inclusion criteria included patients with 
advanced adenocarcinoma lung cancer (stage IIIb/IV) without 
pericardial effusion, and selection was performed by choosing 
every third patient from a consecutive visit list to the unit.

Demographic and clinical data of patients were collected in a 
retrospective manner, using the electronic medical records. 



Patient demographic and clinical variables were calculated us-
ing Student -test for continuous variables and chi-square for 
categorical variables. 

The risk of having a mutation harboring tumor in case of 
malignant effusion was assessed using the logistic regression 
model. Risk was adjusted for age, sex and smoking status (nev-
er smokers versus all others), using 95% confidence interval 
(95%CI) and  value < 5%. 

Pericardiocentesis and pericardial window procedures are 
described in detail elsewhere [5-6].

This single-center study was approved by the ethics committee 
at Rabin Medical Center. 

Figure 1 presents the selection process of patients for both 
groups. Twenty-seven patients were included in the pericardial 
effusion group and 54 in the control groups. Patient character-
istics for the groups are represented in Table 1. In the effusion 
group, mean age was younger (57.5 ± 13 years vs. 68.8 ± 11 
years), with more females (55% vs. 31%) and never-smokers 
(44% vs. 35%), compared with the control group. 



In the effusion group, 13 of 27 patients (48%) had an EGFR 
mutated or anaplastic lymphoma kinase (ALK) rearranged tu-
mors vs. only 15 of 54 of patients (25%) in the control group. 

In the multivariate analysis, the unadjusted odds ratio for the 
development of pericardial effusion in lung cancer patients with 
EGFR/ALK mutations harboring tumors compared to wild type 
tumors was significantly higher (odds ratio [OR] 2.65, 95% con-
fidence interval [95%CI] 1.00–7.00). However, when adjusting 
for sex, age, and smoking status, the results indicated no sig-
nificant association between pericardial effusion and mutation 
status (OR 1.78, 95%CI 0.48–6.56). Older age was found to be a 
protective factor against the development of pericardial effusion 
(OR 0.42, 95%CI 0.25–0.72, per each decade). 

Figure 2 presents the clinical management of 27 patients 
with pericardial effusion. While 17 patients underwent pericar-
diocentesis as the initial procedure of choice, 9 (52%) had a re-
currence of the effusion, which resulted in pericardial window 
surgery. In seven patients, pericardial window was chosen as the 
initial procedure. Three patients were managed conservatively. 
In one patient, lack of improvement led to a subsequent pericar-
dial window. 

Pericardial fluid samples of 25 patients were sent for cytol-
ogy examination; 20 (74%) were diagnosed as malignant, of 
which 9 (45%) were associated with a mutation-harboring tu-
mor (7 EGFR, 2 ALK). Five patients had no evidence of malig-

nant cells in the cytology examination. Three of these patients 
were under tyrosine kinase inhibitor (TKI) treatment (2 ceri-
tinib, 1 gefitinib), and one patient under immunotherapy at the 
time of presentation with pericardial effusion. 

In our study, 48% of patients who presented with a symptomat-
ic pericardial effusion had EGFR mutated or ALK rearranged 
tumors. This observation is particularly interesting when com-
pared to the general western non-small-cell lung carcinoma 
(NSCLC) population, in which EGFR and ALK mutations are 
observed in approximately 15% and 4% of patients, respec-
tively [7-9]. Rabin Medical Center, where this study was con-
ducted, is part of Clalit Health Services in Israel. Somatic mu-
tations in EGFR were detected in 15.7% of 3052 consecutively 
referred cases of advanced NSCLC that were tested during the 
years 2013–2017 as part of the National Personalized Medi-
cine Program of Clalit Health Services. [10]. The frequency of 
mutation-harboring tumors in our control group was slightly 
higher than these figures, detected in 25% of the group. This 
finding might be attributed to being a tertiary referral center 
for thoracic oncology and thoracic surgery, which might im-
pose a bias due to the referral of younger patients with more 
mutation-harboring tumors. 



A significantly higher frequency of EGFR mutations in pa-
tients with malignant pleural/pericardial effusion was noted previ-
ously by Smits and colleagues [11] in 816 Dutch NSCLC patients 
(26.5%, OR 2.8, 95%CI 1.22–6.41). A similar trend was noted by 
Wu et al. [12] in a study conducted in an East-Asian population.

However, after adjusting for age, sex, and smoking habits, 
the result did not reach statistical significance. The suspected as-
sociation between pericardial effusion and mutation status was 
found to be confounded by age. Indeed, patients who developed 
a pericardial effusion were significantly younger than those who 
did not. As data were limited, a residual confounding cannot be 
ruled out, and further perspective research is therefore warranted 
to include other possible confounders. Whether this subpopula-
tion of lung cancer patients is potentially at higher risk for the 
development of pericardial effusion and may benefit from regular 
echocardiographic monitoring, is yet to be determined. 

Previous studies showed a significant reduction in recurrence 
rate of pericardial effusion after extended catheter drainage fol-
lowing pericardiocentesis [5,13]. In accordance with the sup-
portive evidences, 3–5 days pericardial drainage is the common 
practice at our hospital. However, in our study, more than half 
of the patients initially managed with pericardiocentesis with 
prolonged drainage subsequently experienced recurrence of 
the pericardial effusion and were referred to surgical pericardi-
al window. There were no cases of recurrence after pericardial 
window surgery. 

Cullinane and co-authors [14] studied 63 patients with ma-
lignancies (15 of whom had NSCLC) who underwent surgical 
pericardial window for symptomatic pericardial effusion. The 
study found pericardial window surgery an effective procedure 
(< 5% procedure failure rate), which provided an opportunity 
to continue therapy with the potential for relief of dyspnea as 
well as improvement in quality of life and survival in select-
ed patients. Li et al. [15] reported outcomes from a series of 
eight patients who presented with malignant cardiac tamponade 
due to NSCLC. The authors strongly recommended that active 
management followed by appropriate systemic therapy be con-
sidered in these patients and that a surgical pericardial window 
may provide durable palliation in suitably fit patients. Celik and 
colleagues [16] compared systemic chemotherapy alone versus 
in combination with drainage or with pericardial window in pa-
tients with malignant pericardial effusion. The results showed a 
significant better survival among patients who were treated with 
both systemic chemotherapy and pericardial window, compared 
with the other two treatment groups. In contrast, Patel et al. 
[17] found no significant difference in recurrence and mortality 
rates but noted a significantly higher rate of complications in 
the surgical pericardial window versus pericardiocentesis with 
prolonged drainage.

Considering the high recurrence rate of malignant pericardial 
effusions, our understanding is that while percutaneous drainage 
can bring immediate relief of symptoms, the surgical creation of 
pericardial window might be the preferred method for long-term 
management. 

Previous studies have shown efficacy and safety of local (in-
trapericardial) chemotherapy for the treatment of malignant peri-
cardial effusion [18]. This method is not in use in our hospital.

Three patients undergoing TKI treatment had no evidence of 
malignancy in the cytology examination of the pericardial fluid 
and responded well to dose reduction or change of treatment 
with resolution of the effusion. TKI-related pericardial toxicity 
was noted previously in a ceritinib phase 3 trial, documented 
in 2% of patients [19,20]. We also encountered few reports of 
pericardial effusions attributed to the use of other TKIs [21,22].

One patient who was undergoing PD-L1 inhibitor therapy 
when presenting with symptomatic pericardial effusion had a 
negative cytologic examination of pericardial fluid and expe-
rienced a resolution of the effusion upon change of treatment. 
Myocarditis is a known adverse effect of the immune check-
point inhibitors [23], yet there are few reports of pericardial 
tamponade attributed to the treatment [24,25].

The expected survival of patients with advanced NSCLC had 
improved significantly with novel diagnostic modalities and 
treatments, and the emergence of targeted molecular therapy. 
While accumulation of a large pericardial effusion may still 
impose a clinical emergency, an early diagnosis and adequate 
management of such effusions might allow symptoms relief as 
well as further systemic anti-cancer therapy. It is important that 
oncologists keep high index of suspicion to alerting signs and 
symptoms of possible accumulation of pericardial effusion in 
advanced lung cancer, and immediately refer patients to appro-
priate evaluation. Cardiologists play an important role in case 
management of such effusions, and decision making can play 
a vital role in patient’s prognosis- while effusion presenting as 
tamponade may require primary emergent intervention with 
pericardiocentesis, a long-term management of a hemodynam-
ically stable patient must take into consideration the more defi-
nite solution of pericardial window. The suggested association 
between EGFR/ ALK somatic mutations and pericardial effu-
sion warrants further discussion regarding whether such patients 
can benefit from closer surveillance by a cardio-oncologist. 

The data that support the findings of this study are available on 
request from the corresponding author. The data are not publicly 
available due to restrictions such as containing information that 
could compromise the privacy of research participants.



Jaaks and co-authors evaluated the potency and efficacy 
of 2025 clinically relevant two-drug combinations, 
generating a dataset encompassing 125 molecularly 
characterized breast, colorectal, and pancreatic cancer 
cell lines. The authors showed that synergy between 
drugs is rare and highly context-dependent, and that 
combinations of targeted agents are most likely to be 
synergistic. They incorporated multi-omic molecular 
features to identify combination biomarkers and specify 
synergistic drug combinations and their active contexts, 
including in basal-like breast cancer, and microsatellite-

stable or -mutant colon cancer. These results show 
that irinotecan and CHEK1 inhibition have synergistic 
effects in microsatellite-stable or –  double-
mutant colon cancer cells, leading to apoptosis and 
suppression of tumor xenograft growth. This study 
identifies clinically relevant effective drug combinations 
in distinct molecular subpopulations and is a resource 
to guide rational efforts to develop combinatorial drug 
treatments.


