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Serious Adverse Events in Lung Cancer 
Clinical Trials

Abstract: 
A limited amount of information is available about the structure 
of serious adverse events in lung cancer clinical trials and their 
influence on a selection of inclusion and exclusion criteria. 
We performed a retrospective analysis of 1827 lung cancer 
patients from seven clinical trials to analyse the structure of 
serious adverse events. The most frequent fatal events were 
respiratory and cardiac disorders with a significant proportion 
of pulmonary embolism and pulmonary haemorrhage. 
Considering risk factors for these conditions in inclusion and 
exclusion criteria may help to decrease the risk during clinical 
trials and improve patient retention.
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Lung cancer is the leading cause of cancer death – 1.76 million 
lung cancer deaths occurred worldwide in 20181. More than 80% of 
patients were presenting with non-small cell lung cancer (NSCLC) 1. 
Both NSCLC and small cell lung cancer (SCLC) are still frequently 
diagnosed at advanced stage (stages III-IV in accordance with the 
American Joint Committee on Cancer (AJCC) classification), when 
despite the progress with treatment that occurred during recent 
years, the frequent and sometimes the only option is participation 
in a randomised clinical trial (RCT). The incidence and severity of 
serious adverse events (SAEs) together with whether treatment 
will be effective or not are two main questions for every person 
and institution involved in an RCT – study patient, investigator, 
regulatory and ethics authorities, and the study sponsor. A safety 
profile of a study drug is reflected in the investigator’s brochure, 
as the incidence and structure of adverse events (AEs) and SAEs 
that were registered at the previous stages of drug development, 
but it still does not give an understanding of expected incidence 
and structure of SAEs, and particularly of fatal ones. This is related 
to an important question of a feasibility of anti-cancer therapy in 
the clinical trial setting in patients with advanced lung cancer and 
selection of appropriate inclusion and exclusion criteria. 

Materials and Methods
We performed a retrospective analysis of 1827 lung cancer patients 
from seven Phase II-III clinical trials that were conducted by PSI in 
2010-2016. Patients were treated with combination chemotherapy: in 
all studies, the experimental arm consisted of the study medication 
plus the approved chemotherapeutic agent and comparator 
arm, which also included the approved chemotherapeutic agent 
plus placebo in four trials and best supportive care in one trial. 
Investigators graded AEs in accordance with Common Terminology 
Criteria for Adverse Events v3.0 or 4.0 (CTCAE). Causal relationship 
was evaluated as probably, possibly, unlikely, or unrelated. 
Seriousness criteria were defined per the ICH E2A guidance2.

Results
A total of 587 SAEs were reported in 445 patients. Of these 587 
SAEs, 229 were deemed to be treatment-related, occurring in 
142 patients. In accordance with seriousness criteria, SAEs were 

distributed as follows: hospitalisations (49%), fatal events (48%), 
important medical events (2%), and life-threatening (1%). The most 
frequent SAEs not related to the study drug were those belonging 
to system organ class (SOC) of blood and lymphatic system 
disorders (neutropenia, anaemia, and thrombocytopenia) – 154 
events (39% of all not-related SAEs) (Figure 1). Most frequent events 
were anaemia (64 events) and thrombocytopenia (61 events). In the 
majority of patients, especially those who had been pre-treated 
with chemotherapy, such disorders were already a component of 
medical history prior to enrolment into the trial and thus were 
listed as expected per the investigator’s brochure or the package 
insert for a comparator drug. Respiratory disorders contributed 
to 18% of all unrelated SAEs and most frequently these were 
clinical symptoms or conditions that were considered related to 
lung cancer: dyspnea, respiratory failure, haemoptysis, respiratory 
failure, and pulmonary embolism. More than half of cardiac SAEs 
had a reported diagnosis of cardio-respiratory failure, which is 
actually a syndrome that itself could be a manifestation of other 
conditions. The fourth most common SOC was infections, and 
predominantly infections of the respiratory tract: pneumonia and 
upper respiratory tract infections. 

Figure 1. Distribution of not-related SAEs in accordance with system organ class (SOC).

Figure 2. Distribution of related SAEs in accordance with system organ class (SOC).

Distribution related to the study treatment SAEs per SOC 
followed a similar pattern, with an absolute predominance of blood 
and lymphatic system disorders – 85% (thrombocytopenia – 59 
events, anaemia – 54 events, and neutropenia – 11 events) (Figure 2). 
In second place among related SAEs were infections with the same 
reported diagnoses of pneumonia, upper or lower respiratory tract 
infections, and general disorders with diagnoses of asthenia, fatigue, 
and injection site reactions. Interestingly, cardiac and respiratory 
disorders were considered related less frequently and were in fourth 
and fifth places, respectively.

Analysis of fatal SAEs showed that the most frequent causes of 
death were respiratory (38%) and cardiac (32%) disorders (Figure 3), 
which are for sure interrelated. SOCs of blood and lymphatic system 
disorders and infections were reported as a fatal condition in only 
5% of cases each.
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Figure 3. Distribution of fatal SAEs in accordance with system organ class (SOC).

The most frequent fatal respiratory AEs were: respiratory failure, 
pulmonary embolism, pulmonary haemorrhage, pulmonary edema, 
and dyspnea. Top five fatal cardiac AEs were: cardiopulmonary 
failure, cardiopulmonary arrest, cardiac failure, cardio-respiratory 
arrest, and myocardial ischemia. 

Discussion
Safety of the study therapy is a universal requirement for RCTs 
and one of each study’s objectives. However, there is a very 
limited number of studies that describe the matter of SAEs in 
lung cancer RCTs3. Representation of related and not-related 
SAEs in analysed clinical trials were similar to the list of AEs 
from the reference safety information for the corresponding 
drugs. On the one hand, these AEs result from a patient’s 
underlying condition and on the other hand, drug toxicity, 
which most frequently affects blood, the immune system, 
and gastro-intestinal tract. It is important to understand the 

possible risk factors that may lead to the development of an 
AE, and, consequently to an SAE. Suina et al. showed that 
interstitial pneumonia and chemotherapeutic regimen are the 
risk factors in the prediction of SAEs3. In this study, and this 
is the limitation of this work, we did not analyse the patients’ 
profiles, but in approximately 50% of the patients from this study 
we assessed co-morbidities and showed that the most common 
co-morbidities in lung cancer patients enrolled in RCTs were 
hypertension (41%), coronary artery disease (24%), and chronic 
obstructive pulmonary disease (COPD) (13%)4. High incidence 
of cardiac and respiratory co-morbidities, which frequently 
worsen with the course of cancer, may explain predominance 
of cardio-respiratory fatal SAEs. Another limitation of such 
studies is that autopsy is not frequently performed in this group 
of patients and thus the immediate cause of death is sometimes 
difficult to establish. Such terms as “respiratory failure” or 
“cardiopulmonary failure”, that were the most common fatal SAE 
terms in our study, do not give a universal key to the real cause 
of death. Respiratory failure and cardiopulmonary failure are 
functional diagnoses or, rather, a “mechanism of death” and in 
our studies they were reported as AE terms in 32% of fatal SAEs, 
which corresponds to findings from other studies – 34.8%5 and 
38%6. Nichols et al. showed that the most common immediate 
cause of death was tumour burden (30%), followed by infections 
(20%) and metastatic complications (18%), while diseases directly 
related to the respiratory system were less frequent: pulmonary 
haemorrhage (12%), pulmonary thromboembolism (10%), and 
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pulmonary diffuse alveolar damage (7%)6. Our analysis showed 
similar data: pulmonary embolism was reported as the SAE 
term in nine cases (10.7%) and pulmonary haemorrhage in six 
cases (7%), all events assessed as not related to the study drug 
by investigators. 

If we speculate that cases of respiratory and cardio-respiratory 
failure, when not specified, could be attributed to lung cancer 
progression, and do not contribute to study drug safety profile, 
SAEs of pulmonary embolism and pulmonary haemorrhage are 
of particular interest. Pulmonary embolism is associated with 
increased death rate among lung cancer patients7. Risk factors for 
pulmonary embolism in lung cancer patients were summarised by 
Li et al. and include historical, clinical and laboratory parameters8. 
Independent significant risk factors for pulmonary haemorrhage 
include squamous cell histology and lung cavitation9. Lung cancer 
clinical trial protocols normally do not consider such risks. We 
suggest taking this into consideration when elaborating on inclusion 
and exclusion criteria and study procedures. Such modifications, 
particularly at the early stages of drug development, will help to 
eliminate the potential influence of fatal events not directly related 
to progression of lung cancer.

Conclusion
The population of patients with advanced and metastatic lung 
cancer is very fragile and characterised by a high number of SAEs 
and particularly fatal SAEs. The majority of them are attributed 
to the progression of lung cancer and are inevitable. At the same 
time, study protocols do not pay enough attention to such possible 
conditions as pulmonary embolism and pulmonary haemorrhage, 
that account for 17-20% of all fatal SAEs in lung cancer patients. 
Considering risk factors for these conditions in inclusion and 
exclusion criteria (for example hospitalisation in the 12 months 
before diagnosis of lung cancer, surgery, chemotherapy, targeted 
drugs, central venous catheter), and introducing additional 
monitoring procedures (for example D-dimer), carcinoembryonic 
antigen (CEA) may help to decrease the risk during clinical trial and 
improve patient retention.
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