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Background: Immune checkpoint inhibitors (ICIs) have previously been reported to have

a promising potential in terms of the improvement of outcomes in non–small cell lung

cancer (NSCLC). Fatal adverse events (FAEs) of ICIs are relatively uncommon, and the

incidence and risk in NSCLC remain unclear. In the present study, we conducted a

systematic review and meta-analysis to evaluate the risk of FAEs in NSCLC patients

administered with ICIs.

Methods: Potentially relevant studies were identified in PubMed, EMBASE, and

Cochrane library database from inception to September 16, 2020. The systematic review

and meta-analysis included randomized controlled trials that reported treatment-related

FAEs in NSCLC. The pooled incidence and risk ratios (RRs) were calculated to evaluate

prospective risk.

Results: Twenty clinical trials that included a total of 13,483 patients were selected for

the meta-analysis. The overall incidence of FAEs was 0.65% [95% confidence interval (CI)

= 0.31–1.07, I2 = 50.2%] in ICI monotherapy, 1.17% (95% CI = 0.74–1.69, I2 = 56.3%)

in chemotherapy, and 2.01% (95%CI= 1.42–2.69, I2 = 5.9%) in the combination therapy

(ICI and chemotherapy). ICI monotherapy was associated with lower incidence of FAEs

caused by blood system disorders (RR= 0.23, 95%CI= 0.07–0.73, P= 0.013, I2 = 0%)

and infectious diseases (RR = 0.29, 95% CI = 0.13–0.63, P = 0.002, I2 = 0%). The

incidence of pneumonitis significantly increased in immunotherapy (RR = 5.72, 95% CI

= 1.14–28.80, P = 0.03, I2 = 0%).

Conclusions: The results of the present study demonstrate that ICI monotherapy

decreases the risk of FAEs, whereas the combined regimens with chemotherapy

have the opposite tendency as compared to conventional chemotherapy. While

the patients who received chemotherapy suffered the risks of death mainly from

myelosuppression and infection, those who received immunotherapy were mainly

threatened by immune-related pneumonitis.
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INTRODUCTION

Lung cancer is a major threat to human health (1). Non–small
cell lung cancer (NSCLC) is the most common pathological
type of lung cancer and accounts for ∼85% of all lung cancer
cases (2). A considerable number of patients are characterized as
NSCLC with locally advanced disease (3). In the past decades,
chemotherapy is the primary treatment option for advanced
NSCLC; however, patients with advanced NSCLC still have a
poor prognosis (4, 5). Although new therapeutic agents, like the
molecular targeted therapy for lung cancer, have significantly
improved the treatment of NSCLC (6), only the subset of patients
with corresponding genetic mutations can benefit from this
therapy (7).

Recent advances in immune checkpoint inhibitors (ICIs),
which have been approved by US Food and Drug Administration
for the application in the advanced NSCLC (8, 9), have made a
dramatic breakthrough in the field of cancer treatment. To date,
the ICI drugs have mainly included cytotoxic T-lymphocyte–
associated protein 4 (CTLA-4) and programmed death-1/ligand-
1 (PD-1/PD-L1) inhibitors, which could enhance the T-cell
immune response to avoid the immune escape of tumor cells (10).
Previous research has demonstrated a promising potential of
immunotherapy in terms of improvement of clinical outcomes in
advanced NSCLC (11). However, with the increased application
of ICI drugs in NSCLC, the number of reports about toxicity has
also increased, which warrants further research, particularly with
regard to treatment-related fatal adverse events (FAEs) (12, 13).
Of note, most previous studies focused on the overall incidence
of adverse events among all applicable cancers or considered
the specific incidence of a certain system (14–17). There are
scarce reports focused on FAEs, and further investigations
are needed.

In this context, to comprehensively evaluate the risk of FAEs
associated with ICI drugs in NSCLC and to provide more
references for the clinical management, in the present study, we
conducted a systematic review and meta-analysis of published
clinical trials.

MATERIALS AND METHODS

Data Source and Search Strategy
This study was reported according to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
statement (18) (Supplementary Material 1). The protocol
was registered in PROSPERO (Supplementary Material 2).
Potentially eligible studies were identified in PubMed, EMBASE,
and Cochrane library database from inception to September
16, 2020. Conference abstracts from annual meetings of
the American Society of Clinical Oncology and European
Society for Medical Oncology in the years 2010–2020 were
also searched. During the search for relevant studies, the
following key words were used: “Nivolumab,” “Pembrolizumab,”
“Atezolizumab,” “Durvalumab,” “Avelumab,” “Ipilimumab,”
“Tremelimumab,” “PD-1,” “PD-L1,” “CTLA-4,” “non–small cell
lung cancer.” Further detail on the search strategy is provided in
Supplementary Table 1.

Inclusion and Exclusion Criteria
The final dataset included previously published studies that
met the following five inclusion criteria: [1] participants:
patients histologically diagnosed as NSCLC; [2] intervention:
ICI monotherapy alone or combined with immunotherapy,
chemotherapy, target therapy, and radiotherapy; [3] comparison:
the independent control arm administered with chemotherapy;
[4] outcomes: reporting the treatment-related FAEs; [5]
randomized controlled trials (RCTs). Exclusion criteria used in
the present meta-review were as follows: [1] reviews and quality
of life studies, [2] animal studies or basic experiments, [3] single
arm trials, and [4] non-English articles.

Data Extraction and Quality Assessment
Two individual reviewers independently extracted the data
according to a self-designed collection form. Disagreements
were resolved through discussion and consensus among all
authors. From the included studies, we extracted the following
information: name of the first author, year of publication,
study name, registered clinical trial ID, study phase, sample
size, treatment regimens, and treatment-related FAEs. The
methodological quality of the reviewed studies was evaluated
using the Cochrane Risk-of-Bias Tool (19).

Statistical Analyses
The clinical heterogeneity of the studies included in the review
was evaluated by the study design, characteristics of patients,
interventions, and outcomes. The meta-analysis was conducted
using the meta package in R software. Pooled risk ratios
(RRs) and 95% confidence intervals (CIs) were calculated to
evaluate the prospective risk. In order to avoid overestimation
caused by the continuity correction for zero events, the pooled
proportion was calculated using Freeman-Tukey double-arcsine
transformation. The heterogeneity was assessed by the I2 and
Cochrane Q statistic. I2 > 50% was considered to represent
significant heterogeneity, and a random-effects model was
selected. Otherwise, a fixed-effects model was conducted. The
publication bias was evaluated by the funnel plot and Egger’s
linear regression test.

RESULTS

Search Results
The initial search yielded a total of 5,705 potentially eligible
studies. After removing duplicates, 4,186 records were selected
for the review of title and abstract. After this review, 141
studies were submitted to the assessment to full texts. Finally,
upon application of the aforementioned inclusion and exclusion
criteria (see Inclusion and Exclusion Criteria), we selected 20
clinical trials that included a total of 13,483 patients (20–39). The
flowchart of the literature screening process is shown in Figure 1.

Study Characteristics and Quality
Assessment
The eligible studies included in the final dataset comprised
16 phase III clinical trials, three phase II trials, and one
phase II/III trial. A total of seven trials investigated anti–PD-1
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FIGURE 1 | The flowchart of literature screening process.

monotherapy and four trials investigated anti–PD-1 combined
with chemotherapy. Furthermore, five trials investigated anti–
PD-L1 monotherapy, and three trials investigated anti–PD-L1
combined with chemotherapy. Only two trials investigated anti-
CTLA4 combined with chemotherapy. The detailed baseline
characteristics of the trials included in the final dataset are
summarized in Table 1. The results of our evaluation of
methodological quality of the reviewed studies are presented in
Supplementary Table 2. Most of the included trials experienced
low risk, and the overall risk of bias was regarded as acceptable.

Incidence of Treatment-Related Fatal
Adverse Events
Based on the 13,483 patients in the included trials, we
investigated the incidence of treatment-related FAEs among
different therapeutic strategies. As shown in Table 2, among
4,577 patients who received ICI monotherapy, the pooled
incidence of FAEs was 0.65% (95% CI = 0.31–1.07, I2 = 50.2%).
To compare, the pooled incidence of FAEs among 5,797 patients
treated with chemotherapy was 1.17% (95% CI= 0.74–1.69, I2 =
56.3%). Furthermore, the incidence of FAEs among 947 patients

who received ICI plus another ICI was 1.47% (95% CI = 0.78–
2.36, I2 = 0%). Of note, the incidence of FAEs among 2,162
patients who had undergone combination therapy of ICI plus
chemotherapy was 2.01% (95% CI = 1.42–2.69, I2 = 5.9%). The
overall incidence of FAEs among all patients in the reviewed
studies was 1.12% (95% CI= 0.83–1.45, I2 = 57.40%).

Relative Risk of Fatal Adverse Events
We calculated the respective contribution of ICI monotherapy
and combination therapy to the FAEs as compared to
chemotherapy (Figure 2). The results showed that PD-1/PD-L1
monotherapy was significantly related to the decreased risk of
FAE occurrence (RR = 0.55, 95% CI = 0.37–0.83, P = 0.004,
I2 = 0%). In contrast, the combined therapy of PD-1/PD-L1
plus chemotherapy significantly increased the risk of FAEs (RR
= 1.76, 95% CI = 1.04–3.01, P = 0.037, I2 = 0%). The results of
our assessment of CTLA-4 plus chemotherapy revealed a similar
tendency of risk (RR = 3.91, 95% CI = 0.82–18.74, P = 0.088,
I2 = 3%). Moreover, the therapeutic regimen of ICI plus ICI
also increased the risk of FAE occurrence (RR = 1.51, 95% CI
= 0.66–3.49, P = 0.329, I2 = 0%).
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TABLE 1 | The detailed baseline characteristics of included clinical trials.

References Study ID NCT number Phase ICI drug Treatment Number of patients

ICI Control arm

Wu et al. (20) CheckMate 078 NCT02613507 III PD-1 Nivolumab 337 156

Hellmann et al. (21) CheckMate 227(1a) NCT02477826 III PD-1 Nivolumab 391 387

Mok et al. (22) KEYNOTE-042 NCT02220894 III PD-1 Pembrolizumab 636 615

Reck et al. (23) KEYNOTE-024 NCT02142738 III PD-1 Pembrolizumab 154 150

Carbone et al. (24) CheckMate 026 NCT02041533 III PD-1 Nivolumab 267 263

Herbst et al. (25) KEYNOTE-010 NCT01905657 II/III PD-1 Pembrolizumab 682 309

Borghaei et al. (26) CheckMate 057 NCT01673867 III PD-1 Nivolumab 287 268

Brahmer et al. (27) CheckMate 017 NCT01642004 III PD-1 Nivolumab 131 129

Planchard et al. (28) ARCTIC NCT02352948 III PD-L1 Durvalumab 179 173

Rizvi et al. (29) MYSTIC NCT02453282 III PD-L1 Durvalumab 369 352

Barlesi et al. (30) JAVELIN Lung 200 NCT02395172 III PD-L1 Avelumab 393 365

Fehrenbacher et al. (31) OAK NCT02008227 III PD-L1 Atezolizumab 609 578

Fehrenbacher et al. (32) POPLAR NCT01903993 II PD-L1 Atezolizumab 142 135

Paz-Ares et al. (33) KEYNOTE-407 NCT02775435 III PD-1 Pembrolizumab

+ chemotherapy

278 280

Jotte et al. (34) IMpower131 NCT02367794 III PD-L1 Atezolizumab +

chemotherapy

334 334

Hellmann et al. (21) CheckMate 227(1b) NCT02477826 III PD-1 Nivolumab +

chemotherapy

172 183

West et al. (35) IMpower130 NCT02367781 III PD-L1 Atezolizumab +

chemotherapy

473 232

Socinski et al. (36) IMpower150 NCT02366143 III PD-L1 Atezolizumab +

chemotherapy

393 394

Govindan et al. (37) CA184-104 NCT01285609 III CTLA-4 Ipilimumab +

chemotherapy

388 361

Langer et al. (38) KEYNOTE-021 NCT02039674 II PD-1 Pembrolizumab +

chemotherapy

59 62

Lynch et al. (39) CA184-041 NCT00527735 II CTLA-4 Ipilimumab +

chemotherapy

65 71

Hellmann et al. (21) CheckMate 227 NCT02477826 III PD-1/

CTLA4

Nivolumab +

ipilimumab

576 570

Rizvi et al. (29) MYSTIC NCT02453282 III PD-L1/

CTLA4

Durvalumab +

tremelimumab

371 352

TABLE 2 | Overall incidence of treatment-related fatal adverse events.

Treatment regimens No. of Sample Pooled 95% CI I2

FAEs size incidence, %

ICI 38 4,577 0.65 0.31–1.07 50.2%

Chemotherapy 81 5,797 1.17 0.74–1.69 56.3%

ICI + ICI 14 947 1.47 0.78–2.36 0.00%

ICI + chemotherapy 48 2,162 2.01 1.42–2.69 5.9%

Overall 181 13,483 1.12 0.83–1.45 57.40%

Relative Risk of System-Specific Disorders
The results of the FAE frequency classified by specific
system disorders are summarized in Table 3. Compared to
chemotherapy, ICI monotherapy was associated with lower
incidence of FAEs caused by blood system disorders (RR
= 0.23, 95% CI = 0.07–0.73, P = 0.013, I2 = 0%) and

infectious diseases (RR = 0.29, 95% CI = 0.13–0.63, P =

0.002, I2 = 0%). However, no statistical differences were found
in other systems. Furthermore, the results of our comparison
between combination therapy and chemotherapy showed that,
in the former, the percentage of almost all FAEs was higher
than in the latter, although this difference did not reach
statistical significance. This finding suggests a potential risk of
combined therapy.

Pooled Incidence of Specific Disease in
Interested Systems
In order to ensure accuracy of our meta-analysis, we initially
focused on the diseases systematically reported in the reviewed
studies, thus excluding isolated reports of FAEs. In the results, we
noticed that the cases of FAEs in infectious diseases (49/167) and
respiratory system disorders (47/167) accounted for most of the
deaths among the patients from the ICI group and the ICI plus
chemotherapy group (Table 3). Therefore, we further explored
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FIGURE 2 | Risk of fatal adverse events of ICI therapy compared with chemotherapy.

the incidence of FAEs in specific diseases. For infectious diseases,
the pooled incidence of FAEs among the patients who received
chemotherapy was remarkably higher than among those who
received ICI monotherapy (Figure 3). For the respiratory system
disorders, we primarily focused on the incidence of pneumonitis,
which was a major cause of death among the patients who
received ICI monotherapy (10/38) and was related to a potential
immunologic cause. The incidence of fatal pneumonitis in ICI
therapy was ∼0.3% (Figure 3). Compared to chemotherapy, the
application of ICI was significantly related to an increase in the
incidence of pneumonitis (RR= 5.72, 95% CI= 1.14–28.80, P =

0.03, I2 = 0%). For other immune-related adverse events (irAEs),
we did not calculate the pooled incidence because of the small
numbers of cases among the reviewed studies. Definite reports of
irAEs in the reviewed studies are summarized in Table 4. Taken
together, the incidence of these fatal irAEs was relatively low.

Among all cases, reports of hepatitis were the most frequent. Of
note, except for one case of myocarditis reported after avelumab
monotherapy, all other irAEs were associated with the combined
therapy (ICI plus chemotherapy or ICI plus another ICI).

Publication Bias
The publication bias was evaluated by the funnel plot and Egger’s
test. The funnel plot was symmetric (Supplementary Figure 1).
The results of Egger’s test also indicated the lack of publication
bias (t =−0.10, P = 0.92).

DISCUSSION

To our knowledge, this is the largest and most comprehensive
systematic review and meta-analysis that characterize FAEs
associated with ICI therapy among NSCLC patients. While

Frontiers in Medicine | www.frontiersin.org 5 February 2021 | Volume 8 | Article 627089

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Yu et al. Fatal Adverse Events of Immunotherapies

TABLE 3 | Incidence and risk of system-specific FAE in ICI and chemotherapy.

System ICI Chemotherapy RR 95% CI P-value

Events/total % Events/total %

Monotherapy Infections and infestations 6/3,774 0.16 24/3,283 0.73 0.29 0.13-0.63 0.002

Respiratory system disorders 18/3,681 0.49 12/3,034 0.40 1.17 0.59–2.34 0.656

Blood and lymphatic system disorders 0/3,025 0 10/2,559 0.39 0.23 0.07–0.73 0.013

Cardiac disorders 5/2,190 0.23 4/1,580 0.25 0.89 0.29–2.72 0.834

Metabolism and nutrition disorders 0/1,711 0 3/1,289 0.23 0.25 0.04–1.54 0.136

Renal and urinary disorders 1/393 0.25 1/365 0.27 0.93 0.06–14.79 0.958

Nervous system disorders 2/1,314 0.15 1/1,270 0.08 1.35 0.26–6.89 0.718

Vascular disorders 1/973 0.10 1/771 0.13 0.70 0.12–4.10 0.693

Gastrointestinal disorders 1/636 0.16 0/615 0 2.90 0.12–71.08 0.514

Hepatobiliary – – – – – – –

Death not otherwise specified 3/1,325 0.23 3/1,265 0.24 0.96 0.26–3.51 0.947

Combination Infections and infestations 9/1,709 0.53 10/1,485 0.67 0.86 0.37–2.02 0.734

Respiratory system disorders 12/1,316 0.91 5/1,089 0.46 1.99 0.75–5.26 0.165

Gastrointestinal disorders 1/393 0.25 2/394 0.51 0.50 0.05–5.51 0.572

Nervous system disorders 1/393 0.25 1/394 0.25 1.00 0.06–15.97 0.999

Renal and urinary disorders 0/278 0.00 1/280 0.36 0.34 0.01–8.21 0.503

Cardiac disorders 5/1,085 0.46 1/846 0.12 1.99 0.44–9.09 0.374

Blood and lymphatic system disorders 4/624 0.64 1/639 0.16 2.27 0.51–10.17 0.283

Hepatobiliary 3/1,085 0.28 0/846 0.00 2.39 0.39–14.79 0.348

Vascular disorders 2/565 0.35 0/577 0.00 3.10 0.32–29.67 0.327

Metabolism and nutrition disorders — — — — — — —

Death not otherwise specified 3/751 0.40 0/512 0.00 2.99 0.36-24.78 0.309

FIGURE 3 | Pooled incidence of specific disease in interested systems.

previous studies primarily compared safety and toxicity among
various therapeutic regimens of ICIs in different cancers (13,
40), in the present review, we focused on the incidence of
FAEs in different organ systems of NSCLC patients. Overall,

although several previous studies reported the incidence of
adverse events from different perspectives (41, 42), fatal events
are relatively uncommon, and their incidence is not completely
consistent with previous reports about non-fatal adverse events.
The present review focused on more than 13,000 patients from
20 well-designed clinical trials. We evaluated the incidence and
relative risk of FAEs in ICI therapy as compared to conventional
chemotherapy. Furthermore, we also performed the pooled
analysis to compare different distribution features of FAEs
between immunotherapy and chemotherapy in various systems.
The results demonstrated that, as compared to the patients who
received standard chemotherapy, the patients who received ICI
therapy had a significantly higher risk of lethal pneumonitis.

Chemotherapy remains one of the primary treatment
strategies for the patients with advanced NSCLC. However, long-
term chemotherapy can lead to drug resistance and side effects,
which may result in poor compliance and tolerance among

patients (43, 44). Immunotherapy has dramatically transformed
treatment paradigms of lung cancer. Previous studies reported

the safety evaluation for ICI monotherapy and combination
therapy (45). Based on this evidence, in the present review,
we investigated the incidence of FAEs in NSCLC patients in

ICI monotherapy and combination therapy. The corresponding
incidence rates were found to amount to 0.65 and 2.01%,
respectively. Compared to the near 100% fatality rate for
advanced lung cancer, the eligible patients could derive certain
benefits from ICI therapy. However, consistently with previous
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TABLE 4 | Fatal immune-related adverse events in included NSCLC trials.

Events Total %

Monotherapy Myocarditis 1 393 0.254

Hepatitis 4 1,566 0.255

Combined Myocarditis 1 576 0.174

Colitis 1 388 0.258

studies (46), we found that the combination therapy of ICI
plus chemotherapy increased the risk of FAEs as compared to
standard chemotherapy. Therefore, in the selection of optimal
treatment regimens, more attention should be paid to potential
adverse events.

The results of our comparison of the distribution features of
FAEs between ICI therapy and chemotherapy revealed that the
patients who received chemotherapy were susceptible to FAEs
caused by blood system disorders and infectious diseases. This
significantly increased incidence of FAEs in chemotherapy can
be explained by the fact that the cytotoxic drugs applied in
the conventional chemotherapy regimens exert their antitumor
effects via the interference to the cell cycle, thereby inducing
the side effect of bone marrow suppression (47, 48). The
results of our meta-analysis showed that, because of the
completely different action mechanisms that make it possible
to avoid the hematological toxicities and complications, ICI
therapy can help to avoid the risk of myelosuppression and
infectious diseases.

The trials included in the review (33, 35) have shown that ICIs
combined with chemotherapy could improve the progression-
free survival and overall survival. While the conventional
chemotherapy can reduce the tumor burden and influence the
immune regulation process, with positive synergistic effects
of immunotherapy, the combination of these two regimens
could result in more adverse events. In our results, the
incidence of FAEs was 2.01% for the ICIs combined with
chemotherapy, which was the highest among all regimens.
Further explorations are needed to develop high-efficacy and
low-toxicity treatment schemes.

With regard to fatal irAEs, the cases reported in the
reviewed clinical trials included pneumonitis, hepatitis,
myocarditis, and colitis. Incidence rate of cases with fatal
irAEs was different from that of mild irAE cases with low AE
grade. While fatal irAEs were rare, they tended to progress
to a serious grade. Although the incidence of these fatal
irAEs was ∼0.2–0.3%, it requires vigilance, as the serious
irAEs could disrupt the treatment scheme. Of note, the
combined therapy had a potential association with fatal irAEs.
Therefore, the patients who receive ICI combined therapy
require increased monitoring and prompt disposal of potential
irAEs, including discontinuation, supportive management,
or glucocorticoids.

Our review of treatment-related FAEs suggested that
pneumonitis is a frequently reported irAE in ICI arms of

the reviewed clinical trials. According to several previous
studies, the incidence of pneumonitis was in the range
of 2–5% in all grades and 0.7–2% in grades 3–5 after ICI
monotherapy (49–51). Low-grade pneumonitis could result
in treatment discontinuation, and serious pneumonitis was
life-threatening. The results of our meta-analysis further
revealed that the incidence of fatal pneumonitis in ICI
therapeutic regimens was ∼0.3% in patients with advanced
NSCLC. Compared to chemotherapy, ICI therapy can
significantly increase the incidence of fatal pneumonitis.
Accordingly, and considering that the symptoms of pneumonitis
frequently lack specificity, non-specific manifestations of
pneumonitis, such as progressively dry cough and shortness
of breath, deserve more attention and differentiation during
ICI treatment.

Finally, our results revealed the frequent causes of death
in immunotherapy and chemotherapy. Specifically, while
fatal events in chemotherapy were mainly derived from
myelosuppression and infection, in immunotherapy, FAEs
were mainly caused by non-infectious pneumonitis, which
might result from the overactivation of immune system
(52). These findings suggest more corresponding emphasis
should be placed on potential FAEs in different antitumor
pharmaceutical interventions. Disorders with potentially life-
threatening risks require early detection and timely management.
Particularly during the combination therapy, adverse events
associated with each of the therapies can overlap and lead to
fatal outcomes.

There remained several limitations in our study. First,
the information on adverse events was provided by various
institutions from different clinical trials. The definitions
of FAE were not standardized. This might result in
inaccurate data collection. Second, considering that FAEs
are relatively rare, the results might be influenced by
incidental events. Third, as we focused only on the RCT,
the characteristics of the patients who did not meet the
inclusion criteria of RCT were missing. Therefore, the results
of the present review might not be generalizable to the
overall population.

CONCLUSIONS

The present review investigated the incidence of FAEs
in immunotherapy among advanced NSCLC patients.
Overall, compared to conventional chemotherapy, ICI
monotherapy was found to decrease the risk of FAEs, while
the combined therapy (with another ICI or chemotherapy)
had the opposite tendency. Furthermore, while the patients
who received chemotherapy mainly suffered from the
risks of death from myelosuppression and infection, those
who received immunotherapy were mainly threatened by
immune-related pneumonitis. To conclude, our results
provide meaningful insights for the assessment and
management of risks associated with FAEs in the medication
administration process.
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