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Summary eClinicalMedicine
Background With the increasing use of immune checkpoint inhibitors (ICIs) for tumour immunotherapy, the 2%23°% 101967
immune-related adverse events (irAEs) caused by their collateral effect on the immune system pose a key challenge
for the clinical application of ICIs. Psychiatric adverse events are a class of adverse events associated with ICIs that are
realistically observed in the real world. We aim to provide a comprehensive study and summary of psychiatric adverse
events associated with ICIs.
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Methods We obtained ICI adverse reaction reports during January 2012-December 2021 from the FDA Adverse
Event Reporting System (FAERS) database. ICI reports underwent screening to minimize the influence of other
adverse reactions, concomitant medications, and indications for medication use that may also contribute to psy-
chiatric disorders. Disproportionality analysis was performed to find psychiatric adverse events associated with ICIs
by comparing ICIs with the full FAERS database using the reporting odds ratio (ROR). Influencing factors were
explored based on univariate logistic regression analysis. Finally, the Cancer Genome Atlas (TCGA) pan-cancer
transcriptome data were combined to explore the potential biological mechanisms associated with ICI-related pAEs.

Findings Reports of psychiatric adverse events accounted for 2.71% of the overall ICI adverse event reports in the
FAERS database. Five categories of psychiatric adverse events were defined as ICI-related psychiatric adverse events
(pAEs). The median age of reports with ICI-related pAEs was 70 (interquartile range [IQR] 24-95), with 21.54% of
reports having a fatal outcome. Cases with indications for lung cancer, skin cancer and kidney site cancer
accounted for the majority. The odds of ICI-related pAEs increased in older patients (65-74: OR = 1.44
[1.22-1.70], P < 0.0001: >75: OR = 1.84 [1.54-2.20], P < 0.0001). The occurrence of ICI-related pAEs may be
related to NOTCH signalling and dysregulation of synapse-associated pathways.

Interpretation This study investigated psychiatric adverse events highly associated with ICI treatment, their influ-
encing factors and potential biological mechanisms, which provides a reliable basis for further in-depth study of ICI-
related pAEs. However, as an exploratory study, our findings need to be further confirmed in a large-scale prospective
study.
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Research in context

Evidence before this study

Neuropsychiatric adverse reactions are one of the categories
of adverse events associated with ICls that have a small
incidence and varying symptom severity. While possible
neurological adverse events associated with ICls have been
well summarized, study and summary of psychiatric adverse
events associated with ICls is still lacking. Psychiatric adverse
events associated with ICls are a real-world occurrence and
reported sporadically.

Added value of this study
Our pharmacovigilance analysis based on ICls data in the
FAERS database comprehensively investigated and identified

Introduction

Immune checkpoint inhibitors (ICIs) have become an
extremely important part of cancer treatment. It was
reported in 2018 that for 44% of oncology patients, ICIs
were a suitable treatment.'! To date, ICIs targeting
cytotoxic T lymphocyte-associated protein 4 (CTLA-4)
(ipilimumab and tremelimumab), programmed cell
death 1 (PD-1) (nivolumab, pembrolizumab, and cemi-
plimab), and programmed cell death ligand 1 (PD-L1)
(atezolizumab, avelumab, and durvalumab) have been
approved by the U.S. Food and Drug Administration
(FDA) for use in humans.? ICIs have been widely used
in the treatment of various malignancies, such as ipili-
mumab for late-stage melanoma, pembrolizumab
approved by the FDA as a first-line agent for non-small
cell lung cancer (NSCLC), and atezolizumab approved
for bladder cancer.’ While ICIs are widely used in can-
cer treatment, their collateral effect on the immune
system, namely, various immune-related adverse events
(irAEs), pose a great challenge to the clinical application
of ICIs.”* The occurrence of irAEs may be related to
overactivation of the immune system and disturbance of
immune homeostasis in patients after ICI treatments.’
The most common complications caused by ICIs
include skin, gastrointestinal, and endocrine toxicities.
However, the rarer complications include neurologic,
renal, ocular, and cardiovascular toxicities.

The number of pharmacovigilance studies reporting
on ICI-related irAEs are increasing in the face of their
complexity, varying severity, and various influencing
factors. These studies on the adverse effects of ICIs can
help to identify potential clinical adverse -effects

five categories of psychiatric adverse events highly associated
with ICls.

Implications of all the available evidence

Our study is the first to investigate ICl-related psychiatric
adverse events. Results of this study will provide a better
basis for understanding possible psychiatric adverse events
and help clinicians pay attention to them and intervene
early. Large population-based prospective studies are
needed for further study of ICl-related psychiatric adverse
events.

associated with IClIs, draw clinical attention to them,
and bring additional benefits to patients treated with
ICIs. In patients with cancer and pre-existing autoim-
mune disease, studies have suggested that their irAEs
occur with high frequency but can be managed without
discontinuing ICIs.”* In-depth study of the impact of
ICI treatment strategies, various clinical characteristics
of patients, and interactions between different drugs on
ICI-related irAEs will facilitate appropriate, targeted, and
safe treatment strategies for different patients while
expanding the applications of tumour immunotherapy.
Baldini et al. found that elderly oncology patients were
more likely to develop serious and multiple irAEs after
anti-PD-1 (L1) treatment than younger patients, sug-
gesting a more comprehensive evaluation before and
after ICI administration for elderly patients.*'
Neuropsychiatric adverse reactions are one of the
categories of adverse reactions associated with ICIs that
have a small incidence and varying symptom severity.
Serious neuropsychiatric adverse reactions have also
been reported in some clinical trials and post marketing
studies. The common neurotoxicities from ICIs can be
divided into those found in the central nervous system
and in the peripheral nervous system, and studies have
been performed to systematically summarize the
possible neurological adverse events associated with
ICIs.""* For example, a study by L. Spain et al. found
that the neurotoxicity of ICIs (such as motor peripheral
neuropathy and aseptic meningitis) is common and may
occur in patients receiving a combination of ipilimumab
and nivolumab, requiring more clinical attention for
such patients.” However, a comprehensive study and
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summary of psychiatric adverse events associated with
ICIs is still lacking. The occurrence of psychiatric
adverse events in cancer patients treated with ICIs re-
mains unknown and has rarely been investigated in
preapproved pivotal trials. However, psychiatric adverse
events associated with ICIs are a real-world occurrence.
For example, Larkin et al. reported six cases of patients
with melanoma treated with nivolumab or nivolumab/
ipilimumab combination therapy who presented with
psychiatric abnormalities such as altered mental state,
confusion, aphasia, and agitation.”* After pembroli-
zumab treatment, nearly 1% of 173 patients with ad-
vanced melanoma resistant to ipilimumab developed a
confusional state and peripheral sensory neuropathy.”
The actual clinical and epidemiological impact of these
relatively rare adverse events (e.g., psychiatric disorders)
can be better assessed in real world data (e.g., the
FAERS database) than in registration trials.

In summary, given the potential clinical benefit, a
comprehensive analysis is needed to explore the rela-
tionship between ICIs and psychiatric adverse events
and the factors influencing them. Based on the ICI
reports in the FAERS database from 2012 to 2021,
psychiatric adverse events were counted, and dispro-
portionality analysis was conducted to identify psychi-
atric adverse reactions and explore possible influencing
factors and potential biological mechanisms that are
highly related to ICIs. This study aims to provide an in-
depth and comprehensive understanding of psychiatric
adverse events associated with ICIs and to provide a
useful reference for clinical practice.

Methods

Data source

We conducted a pharmacovigilance study on psychiatric
adverse events associated with ICIs based on the FAERS
database, a publicly available database of safety reports
submitted by patients, healthcare professionals, and
pharmaceutical companies.” The protocol of this study
was developed in February 11, 2022 and was approved
in February 20, 2022 (Supplementary File). ICIs,
including anti-PD-1 agents (nivolumab, pembroli-
zumab, and cemiplimab), anti-PD-L1 agents (atezolizu-
mab, avelumab, and durvalumab), and anti-CTLA-4
agents (ipilimumab and tremelimumab), were used as
keywords to obtain report data of ICIs from the FAERS
Publish Dashboard for the decade 2012-2021 (January
1, 2012-December 31, 2021). Only cases with suspected
use of ICIs were included. In addition, reported adverse
reactions in the FAERS database are coded based on
preferred term (PT) codes from the Medical Dictionary
for Regulatory Activities (MedDRA), which is logically
structured to contain five levels. PTs are unique de-
scriptors of a single medical concept, such as signs and
symptoms and disease diagnosis. There are also “high-
level terms” (HLTs) and “high-level group terms”
(HLGTs) in its hierarchy. Finally, HLGTs are grouped
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into “systemic organ classes” (SOCs), which are group-
ed by aetiology, site of presentation, or purpose.
Different PTs are grouped into different SOCs, but
there is a primary SOC, a feature called multiaxiality.
According to system organ class (SOC) = “psychiatric
disorders” and primary SOC = “Yes”, PTs of all psy-
chiatric adverse reactions (N = 564) in MedDRA (version
24.1) were obtained and used for the subsequent anal-
ysis, thus ensuring that the analysed PTs were actual
psychiatric adverse reactions from a clinical point
of view.

Data processing procedure

We deduplicated the reports of ICIs obtained from the
FAERS database, and the detailed screening process is
shown in Fig. 1. Reports with the same value in fields
including sex, age, country, event date, adverse reaction,
drug and indication were identified as duplicate reports.
The remaining reports were further screened to exclude
reports of psychiatric adverse events that might be
caused by other factors based on the following criteria:
(1) PTs with the potential to induce psychiatric adverse
reactions such as “metastases to meninges”, “tumour
associated fever”, “infection”, “metastases to central
nervous system”, “encephalopathy”, and “encephalitis”
among the reported adverse reactions; (2) treatment
indications with “brain cancer metastatic”, “metastases
to central nervous system”, and other cases with central
nervous system (CNS) disease progression or brain
metastases among the reported adverse reactions; and
(3) concomitant drug prescriptions that may treat exist-
ing psychiatric disorders, such as benzodiazepines and
antidepressants, as well as the concurrent use of corti-
costeroids or psychostimulants. While we can mitigate
the impact of these non-ICI factors to some extent,
complete elimination of their effects is not possible. In
addition, we retained only adverse reaction reports for
those aged 18 years or older. We further screened ICI
treatment strategies based on adverse reaction reports,
retaining reports of ICI monotherapy as well as reports
of ICI combination therapy (only anti-CTLA4 plus anti-
PD1/PD-L1 were considered). After the above steps of
deduplication as well as screening of ICI data, the
overall adverse reaction reports of patients treated with
ICIs in the FAERS database used for further analysis
were finally obtained (N = 91,683).

Signal mining

In the context of pharmacovigilance studies, dispro-
portionality analysis primarily served as a tool to eval-
uate possible association between a specific adverse
event and a particular drug which can then be investi-
gated through clinical assessment of individual case
reports.” The reporting odds ratio (ROR) compares the
odds of reporting an event of interest for a particular
drug to all other events, relative to the reporting odds for
other drugs in the FAERS database,”” and we used the
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v
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Futher scanning based on therapeutic strategies:
Monotherapy:
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Ipilimumab, N = 73
Tremelimumab, N = 0

Nivolumab+Ipilimumab, N = 138
Durvalumab+Tremelimumab, N = 16
Pembrolizumab+Ipilimumab, N = 2

Fig. 1: Flow chart showing the analysis process of the study. A detailed description of the selection process of psychiatric adverse events for
immune checkpoint inhibitors (ICls) in the Food and Drug Administration Adverse Event Reporting System (FAERS).

ROR to detect signals of psychiatric adverse events in
ICI reports in this study.”? Using adverse reaction re-
ports from the full FAERS database as comparators, we
performed disproportionality analysis to assess potential
association between psychiatric adverse reactions and
ICIs by calculating the ROR.* Before conducting the
disproportionality analysis of psychiatric adverse re-
actions and IClI-related psychiatric adverse events (ICI-
related pAEs) correlated with ICIs, we first created a
drug adverse reaction contingency table (Supplementary
Table S1) and used this table as the basis for the sub-
sequent calculation of ROR.

The following formula was used to calculate the ROR
and 95% confidence interval (CI):

_ak
ROR_b/d

95% CI= gln(ROR)xl.96\/%+%+%+%

Psychiatric adverse reaction signal was considered
valid and highly associated with ICI treatment if the
number of reports of psychiatric adverse events was not
less than three and the lower limit of the 95% CI of the
ROR exceeds one.” Overall, PTs of psychiatric disorders
that meet the aforementioned conditions were defined
as ICI-related pAEs. ICI reports with the occurrence of
ICI-related pAEs were screened out for further analysis
(N = 998).

Descriptive analysis

We performed a descriptive analysis of the clinical
characteristics of reports with ICI-related pAEs after
screening, including sex, age, age group, country,
outcome, latest year of FDA acceptance, ICI treatment
strategy, treatment indication, case priority, report type,
and other clinical characteristics. Serious outcomes re-
ported included life-threatening events or hospitaliza-
tion, disability, and death. The onset time of ICI-related
PAEs was obtained by subtracting the event start time
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from the therapy start time.”” Cumulative distribution
curves were used to present event-to-onset information
for ICI-related pAEs in different groups.

Calculating the enrichment scores of biological
pathways in TCGA pan-cancer

We downloaded the transcriptome data in FPKM format
from the University of California, Santa Cruz (UCSC)
Xena database’ for 26 cancer species in the TCGA
project and converted the FPKM expression matrix into
a transcripts per million (TPM) matrix.”” We performed
single-sample gene set enrichment analysis (ssGSEA) at
the pan-cancer level with the GSVA package.”* Based on
the gene sets of Gene Ontology (GO), Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) pathways and
Reactome pathways obtained from the MSigDB data-
base,” which stores tens of thousands of annotated gene
sets of biological process, we calculated the enrichment
scores of these biological pathways in the samples of
each cancer type. The enrichment score of a specific
gene set represents the activity level of the biological
process in which the members of the gene set are
coherently up- or down-regulated.”” The average
enrichment score in a given pathway represents the
activation level of that pathway in that type of cancer.”
By analyzing the correlation between ICI-related pAEs
ROR and the activation level of biological pathways from
the pan-cancer level, we hope to identify the biological
mechanisms that may be related to ICI-related pAEs.

Statistical analysis

We used the Kaplan—Meier method to estimate the event
free probabilities for the time to onset of ICI-related pAE.
Log-rank test and nonparametric Mann-Whitney U test
were used to compare the median time to onset between
different groups within cases of ICI-related pAEs. Since
all cases had experienced the event of interest and their
fatal outcome happened after ICI-related pAEs, we did
not account for censoring or competing risk in our
analysis. For the analysis of between-group differences
in categorical variables and statistical tests in dispro-
portional analysis, we used the Chi-square test or
Fisher’s exact test. Factors such as ICI treatment strat-
egy, age, sex, whether the individual had combined
chemotherapy or targeted therapy, and severity of the
outcome were defined as exposure factors for ICI-related
PAEs. Univariate logistic regression analysis was used to
calculate the odds ratio (OR) for the occurrence of ICI-
related pAEs under different exposures. Correlation
analysis between pan-cancer level ICI-related pAEs
RORs, and enrichment scores of biological pathways
were performed using Spearman’s rank correlation co-
efficient. The human anatomy heatmap was achieved by
MOAHIT web tool.*> Samples containing missing values
were excluded during statistical analysis for each clinical
characteristic (e.g., sex, age, time to onset, etc.). We
controlled for multiple testing by calculating false
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discovery rate (FDR) value utilizing the Benjamini—
Hochberg method via the ‘P.adjust’ function from the
‘stats’ R package. In this study, P < 0.05 or FDR < 0.05
was considered statistically significant, and all statistical
tests were two-tailed tests. All statistical analyses and
visualizations were conducted using R software (https://
www.1r-project.org/; version 4.0.0). This study is reported
as per the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guideline.*’

Ethical statement

Since the FAERS database is accessible to the public and
patient records are anonymized and de-identified, ethical
clearance and informed consent are not required for this
study.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. All authors had full access to all
data in the study and had final responsibility for the
decision to submit for publication.

Results

Psychiatric adverse events among ICl users in the
FDA adverse events reporting system, 2012-2021
We first investigated the occurrence of psychiatric
adverse events among patients treated with ICIs in the
FAERS database from 2012 to 2021. The detailed data
processing procedure is shown in Fig. 1. After excluding
cases in which psychiatric adverse events may have
occurred due to concomitant medications and/or
adverse reactions, and related treatment indications,
statistics on psychiatric adverse reactions in cases
treated with ICIs over the 10 year period were obtained.
Psychiatric adverse events accounted for only a small
fraction of the total adverse reactions in all of the ICI
reports, with a case number of 2488 which accounted
for 2.71% (2488/91,683) of the overall cases. In addition,
the number of cases per year was only a small but
relatively constant proportion (2.25%-3.41%) of the
overall cases for that year (Fig. 2A). The occurrence of
psychiatric adverse events also varied among different
ICI treatment strategies. With the combination of anti-
CTLA-4 and anti-PD-1 (L1), the number of cases with
psychiatric adverse events was 2.99%; for monotherapy,
the number of cases treated with anti-PD-1 with psy-
chiatric adverse events was 1.91% (Fig. 2B). Overall, the
proportion of psychiatric adverse events under various
ICI treatment strategies suggests that it is a non-
negligible part of the adverse events that may be asso-
ciated with ICIs.

Scanning for ICl-related psychiatric adverse events
We counted the categories of psychiatric adverse events
and the number of cases in the reports of ICIs
(Supplementary Table S2). Confusional state (N = 557,
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Fig. 2: Statistics on the occurrence of psychiatric adverse events in ICls reports from the FAERS database during 2012-2021. A) The upper bar
plot shows the number of ICI reports with psychiatric adverse reactions versus ICl reports without psychiatric adverse events in the FAERS
database during 2012 and 2021, as well as the overall situation. The proportional bar plot below shows the amount of ICI reports with
psychiatric adverse events versus ICl reports without psychiatric adverse events in the FAERS database during 2012 and 2021, as well as the
overall situation. B) The upper bar plot shows the number of ICl reports with psychiatric adverse events versus ICl reports without psychiatric
adverse events for different ICl treatment strategies in the FAERS database from 2012 to 2021 and the overall situation. The proportional bar
plot below shows the amount of ICl reports with psychiatric adverse events versus ICl reports without psychiatric adverse events for different ICI
treatment strategies in the FAERS database from 2012 to 2021 and overall situation. The ICl treatment strategies included ICl combination
therapy, ICl monotherapy, and anti-CTLA-4, anti-PD-1, and anti-PD-L1. Red indicates reports with psychiatric adverse events, and blue indicates

reports without psychiatric adverse events.

17.09%), insomnia (N = 389, 11.94%), anxiety (N = 298,
9.14%), depression (N = 260, 7.98%), and delirium
(N =231, 7.09%) were the five categories of psychiatric
adverse events with the highest numbers of cases. We
performed a disproportionality analysis by calculating
the ROR of PTs with no less than 3 cases (N = 76) in the

above psychiatric adverse events, using the full FAERS
database as a comparator. After filtering by our criteria
of a valid signal, we found different psychiatric adverse
events associated with different ICI treatment strategies
(Fig. 3A). Finally, five PTs for psychiatric disorders
(confusional state, delirium, mental status changes,
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Fig. 3: Scanning for ICl-related psychiatric adverse events based on the FAERS database. A) The heatmap shows the ROR for 76 psychiatric
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combination therapy, ICI monotherapy, anti-CTLA-4, anti-PD-1, and anti-PD-L1). Red indicates ROR values greater than 1, dark blue indicates
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meet the criteria that in the overall situation, the lower limit of the 95% confidence interval for the ROR greater than 1 and the number of cases
occurring no less than 3. B) The bar plot shows the number of reported cases for five categories of ICl-related pAEs under different ICI treatment
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eating disorder, fear of eating) that were highly associ-
ated with the treatment of ICIs in the overall context
were defined as ICI-related psychiatric adverse events
(ICL-related pAEs) (Supplementary Table S3). Fear of
eating was the ICl-related pAEs with the lowest
numbers of cases but high ROR signals in the overall
contexts (Fig. 3B). Fig. 3C provides the affiliation of the
PTs for ICI-related pAEs with other hierarchies in
MedDRA, and their primary SOC was psychiatric dis-
order. Based on the full FAERS database, we again
calculated the ROR for ICI-related pAEs. Overall, ICI
treatments were significantly associated with the
occurrence of ICIl-related pAEs (ROR = 1.423
[1.336-1.515], FDR < 0.0001), but there were differences
between treatment strategies for ICIs (Fig. 3D). In
addition, anti-PD-L1 treatment was significantly associ-
ated with the occurrence of ICI-related pAEs with the
lowest ROR (ROR = 1.214 [1.033-1.427], FDR = 0.027)
(Fig. 3D and Supplementary Table S4).

Descriptive analysis of cases with ICl-related
psychiatric adverse events

After screening the reports of ICIs in the FAERS
database, we obtained cases with ICI-related pAEs
(N = 998) and statistically described the clinical char-
acteristics of these cases (Table 1). The median age of
the patients was 70 years (interquartile range [IQR]
24-95, with data available in 783 case reports). Using
65 and 75 years as the cut-off, we divided the patients
into 3 different age groups, with the majority of pa-
tients older than 65 years (N = 525, 52.6%). The ma-
jority of reported cases were male (N = 615, 61.6%), and
most cases were reported from the United States
(N =505, 50.6%). Cases with a fatal outcome accounted
for 21.54% (215/998). Anti-PD-1 as well as ICI combi-
nation therapy accounted for most of the ICI treatment
strategies (Anti-PD-1: 62.1%, 620/998; combination
therapy: 15.6%, 156/998) (Fig. 4A). Concomitant
chemotherapy and targeted therapy treatments ac-
counted for 9.4% (94/998) and 11.6% (116/998) of
cases with ICI-related pAEs, respectively. Among the
cases with ICI-related pAEs, cases with indications for
lung cancer (28.4%, 283/998), skin cancer (17.6%, 176/
998) and kidney site cancer (10.9%, 109/998) accounted
for the majority (Fig. 4B).

Time to onset analysis

More than 70% of cases of ICI-related pAEs occurred
during the first two months of initiating ICI treatments,
with a median onset time of 30 days (IQR 15-77)

(Supplementary Figure S1A). The median onset time
was significantly shorter in the fatal group than in the
non-fatal group (Days: 26 vs. 32, P = 0.017) (Fig. 4C).
The median onset time was 14 days longer in cases
receiving concomitant targeted therapy than in cases not
receiving concomitant targeted therapy (Days: 30 vs. 44,
P =0.026) (Fig. 4D). Different ICI treatment strategies
may not influence the median onset time of ICI-related
pAEs (P = 0.83) (Fig. 4E). Notably, the median onset
time was highest under combination therapy at 33 days
(IQR 14-70.25); the shortest median onset time was
achieved with anti-CTLA-4 treatment at 27 days (IQR
20-37). However, we did not observe that age, gender,
and concomitant chemotherapy had a significant impact
on the onset time of ICI-related pAEs (Supplementary
Figure S1B). Additional Kaplan-Meier plot with Log-
rank test also validated above results (Supplementary
Figure S2).

Comparison between the fatal and non-fatal
groups

In cases where ICI-related pAEs occurred, more than
20% of cases had a fatal outcome. Although the occur-
rence of ICl-related pAEs may not be the direct cause of
death, analysis of the differences between the fatal and
non-fatal groups may suggest clues to improve patient
outcomes. Males (P = 0.069) as well as patients in the
higher age group (P = 0.26) tended to be more repre-
sented in the fatal group (Supplementary Figure S1C
and D). The proportion of cases with combination
chemotherapy (P = 0.90) or targeted therapy (P = 0.72)
did not differ significantly between the fatal and non-
fatal groups (Supplementary Figure S1E and F). There
was no significant difference in the distribution of the
number of cases with different cancer original site be-
tween the fatal and non-fatal groups (P = 0.055). Among
the top three most common therapeutic indications,
cases with lung cancers had a higher mortality rate
(24.73%, 70/283) than skin site cancers (21.59%, 38/
176) and kidney site cancers (15.60%, 17/109).

Influencing factors for ICl-related pAEs

We have additionally examined co-reported adverse
events that may act as influencing factors for ICI-related
pAEs. Among the 998 cases with ICI-related pAEs that we
screened, 88% of cases were accompanied by the occur-
rence of other adverse events, while 12% of cases had
only ICI-related pAEs (Fig. 5A). Among cases with other
concomitant adverse events, general disorders and
administration site conditions, nervous system disorders,

strategies. C) Sankey diagram depicting the hierarchical relationship of PTs for five categories of ICl-related pAEs in MedDRA. NES indicates not
classified elsewhere. PT indicates the preferred term, HLT indicates the high level term, HLGT indicates the high level group term, and SOC
indicates the system organ class. D) Forest plot shows the ROR of ICl-related pAEs (considering the five categories of ICl-related pAEs as one
category of adverse events) under different ICl treatment strategies (including overall situation, ICI combination therapy, ICI monotherapy, and
anti-CTLA-4, anti-PD-1, and anti-PD-L1). NS indicates Not Significant, *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.
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Clinical characteristics Fatal (N = 215) Non-fatal (N = 783) Total (N = 998) P-value
Gender
Male 145 (67.4%) 470 (60.0%) 615 (61.6%) 0.069
Female 61 (28.4%) 272 (34.7%) 333 (33.4%)
Missing 9 (4.2%) 41 (5.2%) 50 (5.0%)
Age 0.026
Mean (SD) 69.5 (10.2) 67.6 (11.8) 68.1 (11.5)
Median [Min, Max] 71.0 [24.0, 91.0] 69.0 [26.0, 95.0] 70.0 [24.0, 95.0]
Missing 20 (9.3%) 195 (24.9%) 215 (21.5%)
Age group 0.26
18-65 55 (25.6%) 203 (25.9%) 258 (25.9%)
65-74 79 (36.7%) 216 (27.6%) 295 (29.6%)
>75 (28 4%) 169 (21.6%) 230 (23.0%)
Missing 0 (9.3%) 195 (24.9%) 215 (21.5%)
Time to onset
Mean (SD) 73.6 (114) 121 (204) 107 (184) 0.017
Median [Min, Max] 26.0 [1.00, 451] 32.0 [1.00, 1470] 30.0 [1.00, 1470]
Missing 106 (49.3%) 512 (65.4%) 618 (61.9%)
Country 0.002
us 106 (49.3%) 399 (51.0%) 505 (50.6%)
JP 42 (19.5%) 72 (9:2%) 4 (11.4%)
0y 5 (23%) 9 (2.4%) 4 (2.4%)
GB 4 (1.9%) 8 (3.6%) 2 (3.2%)
FR 11 (5.1%) 51 (6.5%) (6 2%)
DE 10 (4.7%) 8 (2.3%) 8 (2.8%)
CA 7 (3:3%) 53 (6.8%) (6 0%)
AU 4 (1.9%) 8 (2.3%) 2 (2.2%)
Other country 24 (11.2%) 101 (12.9%) 125 (12.5%)
Missing 2 (0.9%) 4 (3.1%) 6 (2.6%)
Received year 0.019
2012 2 (0.9%) 5 (0.6%) 7 (0.7%)
2013 0 (0%) 8 (1.0%) 8 (0.8%)
2014 4 (1.9%) 19 (2.4%) 23 (2.3%)
2015 11 (5.1%) 26 (3.3%) 37 (3.7%)
2016 23 (10.7%) 64 (8.2%) 87 (8.7%)
2017 32 (14.9%) 105 (13.4%) 137 (13.7%)
2018 48 (22.3%) 117 (14.9%) 165 (16.5%)
2019 0 (14.0%) 139 (17.8%) 169 (16.9%)
2020 3 (10.7%) 149 (19.0%) 172 (17.2%)
2021 42 (19.5%) 151 (19.3%) 193 (19.3%)
Treatment strategy 0.58
Anti-PD-1 139 (64 7%) 481 (61.4%) 620 (62.1%)
Anti-PD-L1 3 (15.3%) 116 (14.8%) 149 (14.9%)
Anti-CTLA4 6 (7.4%) 7 (7.3%) 73 (7.3%)
Combination therapy 7 (12.6%) 129 (165%) 156 (15.6%)
Plus chemotherapy 0.9
No 194 (90.2%) 710 (90.7%) 904 (90.6%)
Yes 21 (9.8%) 73 (9.3%) 94 (9.4%)
Plus targeted therapy 0.72
No 192 (89.3%) 690 (88.1%) 882 (88.4%)
Yes 23 (10.7%) 93 (11.9%) 116 (11.6%)
Indication organ 0.055
Lung 70 (32.6%) 213 (27.2%) 283 (28.4%)
Skin 38 (17.7%) 138 (17.6%) 176 (17.6%)
Kidney 17 (7.9%) 92 (11.7%) 109 (10.9%)
(Table 1 continues on next page)
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Clinical characteristics Fatal (N = 215) Non-fatal (N = 783) Total (N = 998) P-value
(Continued from previous page)

Head and neck 10 (4.7%) 4 (3.1%) 4 (3.4%)
Bladder 6 (2.8%) 7 (3.4%) 3 (3.3%)
Brain 3 (1.4%) (2 7%) 4 (2.4%)
Liver 3 (1.4%) 0 (2.6%) 3 (2.3%)
Lymphoid 5 (2.3%) 8 (2.3%) 3 (2.3%)
Uterus 1 (0.5%) 2 (2.8%) 3 (2.3%)
Pancreas 8 (3.7%) 2 (1.5%) 0 (2.0%)
Prostate 4 (1.9%) 5 (1.9%) 9 (1.9%)
Large intestine 4 (1.9%) 3 (1.7%) 7 (1.7%)
Stomach 6 (2.8%) 0 (1.3%) 6 (1.6%)
Breast 5(23%) 9 (1.1%) 4 (1.4%)
Cholecyst 4 (1.9%) 7 (0.9%) 11 (1.1%)
Ovary 3 (1.4%) 8 (1.0%) 11 (1.1%)
Pleura 0 (0%) 9 (1.1%) 9 (0.9%)
Hematologic 1 (0.5%) 5 (0.6%) 6 (0.6%)
Esophagus 3 (1.4%) 2 (0.3%) 5 (0.5%)
Others 3 (1.4%) 6 (2.04) 19 (0.3%)
Unspecified 21 (9.8%) 102 (13%) 123 (12.3%)

Case priority
Direct 13 (6.0%) 53 (6.8%) 66 (6.6%) <0.001
Expedited 199 (92.6%) 651 (83.1%) 850 (85.2%)
Non-expedited 3 (1.4%) 79 (10.1%) 82 (8.2%)

Reporter type
Consumer 26 (12.1%) 162 (20.7%) 188 (18.8%) 0.005
Healthcare professional 189 (87.9%) 610 (77.9%) 799 (80.1%)
(Missing) 0 (0.0%) 11 (1.4%) 11 (1.1%)

Table 1: Characteristics of reports with ICl-related psychiatric adverse events sourced from the FAERS database (January 1 2012-December 31 2021).

and gastrointestinal disorders were the top three most
frequently reported concomitant adverse events which
occurred in more than 50% of ICl-related pAE cases.
Metabolism and nutrition disorders were present in
38.25% of cases, while co-reported immune system dis-
orders were present in only 2.38% of cases (Fig. 5B).
Additionally, hyponatremia (4.99%), diarrhea (10.22%),
rash (5.11%), and pneumonia (5.45%), which were
associated with ICI, were among the top 30% of co-
reported adverse events (Fig. 5C).

We further explored factors that might influence the
occurrence of ICI-related pAEs by univariate logistic
regression analysis based on the total ICI reports. Sex
was not an influencing factor for ICl-related pAEs.
Compared to the odds of ICI-related pAEs for patients
under 65, patients aged 65-70 have 1.44 times higher
odds (OR =1.44 [1.22-1.70], P < 0.0001) and those over
75 have 1.84 times higher odds (>75: OR = 1.84
[1.54-2.20], P < 0.0001). Whether ICIs are combined
with chemotherapy or targeted therapy were not an
influencing factor of ICI-related pAEs (plus chemo-
therapy: OR = 0.9 [0.72-1.11], P = 0.90; plus targeted
therapy: OR = 1.15 [0.94-1.39], P = 0.16). Compared
with anti-PD-1, other ICI treatment strategies

including ICI combination therapy did not significantly
affect the occurrence of ICI-related pAEs and the OR
was small (P > 0.05) (Fig. 5D and Supplementary
Table S5).

Analysis of the intrinsic biological mechanism
associated with ICl-related pAEs

We also explored the potential biological mecha-
nisms underlying the occurrence of ICl-related
PAEs. At the pan-cancer level, the ICl-related pAE
ROR varied with the cancer type. The ROR of ICI-
related pAEs was highest in brain lower grade gli-
oma (LGG) (ROR = 11.38, 95% CI [3.50-37.00],
FDR = 0.0074) and lowest in esophageal carcinoma
(ESCA) (ROR = 078, 95% CI [0.33-1.90],
FDR = 0.81) (Fig. 6A and Supplementary Table S6).
Combining the transcriptome data analysis for
TCGA pan-cancers, we observed that the pan-cancer
level ICI-related pAE ROR was significantly posi-
tively associated with the NOTCH signalling pathway
(R =0.698, FDR = 0.038), neurexins and neuroligins
signature (R = 0.734, FDR = 0.038), and synaptic
adhesion-like molecules signature (R = 0.685,
FDR = 0.038) (Fig. 6B).
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Fig. 4: Descriptive analysis of reports with ICl-related psychiatric adverse events. A) The bar plot shows the number of reports with ICl-related
pAEs for different ICI treatment strategies. B) The site statistics for cancer occurrence in reports with ICl-related pAEs. On the left is the
anatomical diagram of the patient’s original cancer site and the number of cases. The darker the colour, the more cases with cancer originated
form this site. The pie chart on the right shows the proportional composition of the patient’s cancer original sites. The pie chart on the top
shows the proportional distribution of the case numbers for organs which were greater than 15. Among them, cancer sites with a case number
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Discussion

While irAEs associated with ICIs have been widely re-
ported and studied,® there is a lack of comprehensive
studies on the possible psychiatric adverse events asso-
ciated with ICIs. This study is the first pharmacovigi-
lance study of psychiatric adverse events associated with
ICIs based on real-world data from the FAERS database.
Using the full FAERS database as a comparator, we
identified five psychiatric adverse events that were
highly relevant to the treatment of ICIs by dis-
proportionality analysis, explored the clinical character-
istics of the reports in which such adverse reactions
occurred, and explored the associated biological mech-
anisms in conjunction with the pan-cancer tran-
scriptomic data.

Psychiatric adverse events are a stable but a less
frequently occurring category of adverse reactions
associated with ICIs. The FAERS database showed that
psychiatric adverse events occurred in 2.71% (2.25%-
3.41%) of the reports treated with ICIs for the
2012-2021 decade. The proportion of psychiatric
adverse events was slightly higher in ICI reports of pa-
tients receiving combination therapy than in reports of
patients receiving monotherapy (2.99% vs. 2.67%). We
screened the ICI reports by excluding potential factors
that could induce psychiatric adverse reactions and by
searching in MedDRA based on standardized MedDRA
queries (SMQs) for PTs of psychiatric disorders to
ensure that we screened for true psychiatric adverse
reactions associated with ICI treatment. Among the five
ICl-related pAEs we defined, confusional states and
eating disorders had metabolic and nutritional disorders
and neurological disorders as secondary SOCs, respec-
tively, in addition to psychiatric disorders as the primary
SOC. They are both common psychiatric disorders.
Anorexia nervosa (AN) and bulimia nervosa (BN) are
specific eating disorders* that are closely related to
psychiatric disorders. Takayama et al. reported a case of
malnutrition due to severe anorexia and nausea during
treatment with nivolumab.” Delirium or acute confu-
sional state is a clinical syndrome characterized by
impairment of consciousness, cognitive function or
perception, with serious adverse consequences such as
death and dementia.*® The occurrence of both is usually
associated with systemic disease, brain disease or drug
toxicity, often induced by hypokalaemia and hypona-
tremia,”’ while the latter is associated with ICIs.*** A
confusional state is frequently reported in studies of
adverse events of ICIs.”**** These results suggest that
the ICI-related pAEs we found are likely to occur real-
istically during patients’ treatment with ICIs. In

addition, the occurrence of psychiatric adverse events is
associated with multiple factors, such as CNS disease,
disease progression, medications, and prolonged hos-
pitalization.” This study, which screened ICI reports,
was conducted to demonstrate that ICI-related pAEs are
highly relevant to the treatment of ICIs. These ICI-
related pAEs require more attention, early detection
and intervention in clinical practice.

In a further investigation of factors affecting ICI-
related pAEs, we observed higher odds of ICI-related
PAEs was associated with a higher age group. Previous
studies have been controversial regarding the effect of
age on adverse drug reactions to ICIs. For example,
there are studies that have shown that age does not
affect the outcome of patients treated with ICIs despite
the different profiles of toxicities in older and younger
adults (early detection and intervention), but other
studies suggest that age has an impact on the adverse
effects caused by ICIs.”** Undeniably, psychiatric dis-
orders and other co-morbidities themselves are frequent
in the elderly population with poor outcomes,” which
may contribute to the development of ICI-related pAEs.
While it may be difficult to separate the effects of age
and co-morbidities in the development of pAEs, earlier
identification and intervention should be implemented
to improve the outcome of elderly patients.

In terms of treatment strategies for ICIs, we did not
find any significant difference in the odds of ICI-related
pAEs for different ICI treatment strategy groups,
including ICI combination therapy. This differs from
the general situation where combination therapy as well
as anti-CTLA-4 are associated with more negative events
following anti-PD-1 and anti-PD-L1 treatment.***
Whether ICIs are combined with chemotherapy or tar-
geted therapy is not an influencing factor of ICI-related
pAEs, suggesting that the occurrence of these ICI-
related pAEs is likely to be related to ICIs. In addition,
it has been controversial whether ICI combined with
chemotherapy has an effect on irAEs.** However, the
sample size was smaller under different ICI treatment
strategies when analysed by univariate logistic regres-
sion. Conclusions related to factors influencing ICI-
related pAEs need to be further validated by larger
studies or clinical trials.

In fact, our findings indicate that in 88% of the cases,
the occurrence of ICI-related pAEs may be directly or
indirectly related to the occurrence of other concomitant
adverse events. Specifically, hyponatremia, a metabolic
and nutritional disorder, was observed in 4.99% of cases
with concomitant AEs. Previous studies have reported
an association between ICI and hyponatremia, and the

less than 15 are classified as other (marked in red). The pie chart at the bottom shows the proportional distribution of the case numbers for
cancer originated from other. C, D and E) From the left to right, the cumulative distribution curves demonstrate the onset time of ICl-related
pAEs after treatment with ICls in different subgroups (fatal status, whether plus targeted therapy and different ICI treatment strategies).
Statistical tests were conducted using the nonparametric Wilcoxon rank sum test.
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Fig. 5: Factors influencing ICl-related psychiatric adverse events. A) Bar plot shows the proportion of cases with and without co-reported AEs in
cases with ICl-related pAEs. B) Bar plot shows the statistics of SOC regarding PTs of co-reported adverse events. The percentage values labeled in
the figure represent the proportion of cases with such adverse events out of the total ICl-related pAE cases with co-reported adverse reactions.
C) Bar plot shows the statistics of the top 30% PTs of co-reported adverse events. The colour indicates the SOC of the corresponding PT. The
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latter is also a common symptom of paraneoplastic
syndrome.”® Additionally, co-reported gastrointestinal
adverse events such as diarrhea and vomiting, and co-
reported metabolic and nutritional adverse events such
as dehydration, also occur in a certain proportion of
patients. They may cause hyponatremia in patients,
thereby indirectly affecting the occurrence of ICI-related
PAEs. We posit that the concurrent presence of hypo-
natremia or inducing factors of hyponatremia may
elucidate the mechanism behind the ICI-related pAEs in
this subgroup of cases.

Our study identified psychiatric adverse events that
were highly associated with ICIs based on real-world
data. However, unlike ICI-related irAEs, we could only
perform a preliminary exploration of the possible
mechanisms of ICI-related pAEs by combining pan-
cancer transcriptome data. According to the results,
the ICI-related pAE ROR was much higher in patients
with brain tumours (LGG, GBM) than in tumours at
other sites. Although patients with brain tumours can
exhibit psychiatric symptoms such as mood symptoms,
mood changes and anorexia,”’ the fact that adverse
events are recorded after ICI administration suggests
that clinical attention should be given to possible psy-
chiatric adverse events that may occur in patients with
brain tumours after treatment with ICIs, especially
mental status changes.

The present study correlated the activation level of
biological pathways in various cancer types with the
ROR of ICI-related pAEs. Activation of the NOTCH
signalling pathway has been suggested to play an
important role in neurodevelopment and adult brain
homeostasis and is also associated with the development
of bipolar disorder and epilepsy, as well as the formation
of fear memory.”” Additionally, NOTCH signalling
also causes activation of the immune system, leading to
autoimmune diseases and inflammation.”* Synaptic-
related pathways, which are closely linked to the oc-
currence of psychiatric disorders,** are also highly
positively associated with the ROR of ICI-related pAE.
The above evidence implies possible intrinsic biological
mechanisms that may give rise to ICI-related pAEs. We
observed the highest ICI-related pAE ROR in two types
of CNS (Central Nervous System) tumours, GBM, and
LGG. Although ICIs have difficulty crossing the blood-
brain barrier (BBB), they may also act on GBM through
some intrinsic immune system mechanisms.”” In addi-
tion, PD-1 and PD-L1 are expressed in the tissues of the
central nervous system.’® This also suggests that the

occurrence of psychiatric adverse reactions associated
with ICIs may be closely related to the immune system.
However, possible psychiatric disorders induced by
CNS tumours themselves cannot be excluded. In
conclusion, whether ICIs are associated with these
psychiatric adverse reactions and by what mechanism
still needs to be further explored and verified by more
clinical studies.

There are some limitations of this study. First, the
FAERS database is a worldwide spontaneous reporting
system. It has some inherent selection bias, such as the
ethnicity and geography of the reported cases, the
timing of approval and market penetration of different
drugs, the level of public awareness of specific adverse
reactions, and the fact that not all reports of serious
adverse reactions occurring are collected. Therefore, we
could not obtain a causal relationship between ICIs and
ICI-related pAEs, nor could we calculate the incidence of
psychiatric adverse events or ICl-related pAEs.
Furthermore, we could not obtain more detailed infor-
mation about the reports, such as COVID-19 infection,
and it is not yet possible to judge the effect of COVID-19
on ICI-related pAEs. Moreover, the lack of specific time
of death for each report hindered us from conducting
further competing risk analysis on the onset time of ICI-
related pAEs. Second, due to the wide variety of anti-
cancer drugs, such as ICIs, targeted therapy agents,
chemotherapeutic drugs, biologics, etc., it is difficult for
us to extract all the anticancer drugs in the FAERS
database separately and to set the comparator of the
disproportionality analysis as anticancer drugs. This
may cause some indication bias and establish false
positive associations. It is also difficult to compare the
occurrence of psychiatric adverse events in chemother-
apeutic drugs with ICIs. It is noteworthy that a large
proportion of cases are classified as expedited reports
(i-e., serious unmarked reports from the manufacturer),
which may be from certain clinical trials. Third, a
weakness of this study is that we were unable to fully
differentiate between the medication indications, and
the impact of other adverse reactions on ICI-related
pAEs. Similarly, we did not provide strong evidence
regarding the underlying biological mechanisms of
psychiatric adverse reactions associated with ICIs.
Finally, the psychiatric adverse events associated with
ICIs that we identified have not been clinically validated,
and there is a lack of research in this area. As this study
is a complete case analysis and exploratory, our findings
regarding ICI-related pAEs needs to be confirmed in

percentage values labeled in the figure represent the proportion of cases with such adverse events out of the total ICI-related pAE cases with co-
reported adverse reactions. D) The forest plot shows the results of univariate logistic regression analysis regarding the factors influencing I1Cl-
related pAEs. The exposure factors considered included sex (red), age (light blue), outcome (green), whether combined with chemotherapy
(blue), whether combined with targeted therapy (orange) and ICI treatment strategy (grey). OR indicates odds ratio. NS indicates Not Sig-
nificant, AE indicates adverse event, PT indicates preferred term, SOC indicates systemic organ class, *P < 0.05; **P < 0.01; ***P < 0.001;

4P < 0.0001.
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Fig. 6: Assessment of the association between ICl-related psychiatric adverse events and biological pathways. A) The bar plot shows the ROR of
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a large-scale prospective study. We will consider con-  adverse events highly associated with ICIs by con-

ducting future clinical studies to further validate our
results.

In conclusion, based on real-world data from the
FAERS database, this study comprehensively investi-
gated and identified five categories of psychiatric

www.thelancet.com Vol 59 May, 2023

ducting disproportionality analysis. Although the per-
centage of ICI-related pAEs among all ICI reports of
adverse events is relatively low (1.09%, 998/91,683), our
study supports the steady presence of ICI-related pAEs,
with the occurrence ranging from 0.85% to 1.60% of the
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total number of adverse event reports for ICIs for that
year over the past decade (2012-2021). The results of
this study provide a better basis for understanding
possible psychiatric adverse events and help clinicians
pay attention to them and intervene early. As our study
is exploratory in nature, it is imperative to validate our
findings through a prospective study. In the future,
large population-based prospective studies are needed to
help determine the actual incidence of ICI-related pAEs,
and to fully elucidate the possible biological mecha-
nisms and risk factors for better risk management.
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