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Background: Immune checkpoint inhibitors (ICIs) and bevacizumab-based therapy are a promising
treatment approach to significantly improving overall survival (OS) of non-small cell lung cancer (NSCLC)
patients. However, the incidence of adverse events induced by a combination treatment with programmed
cell death-1 or programmed death ligand 1 [PD-(L)1] inhibitor and bevacizumab remains unknown. The
current evidence from prospective studies is limited. Thus, efforts using real-world data to further improve
our understanding of the potential adverse events will be necessary.

Methods: The present study included 15,872 participants with NSCLC in the FDA Adverse Event
Reporting System (FAERS) database from April 2013 to September 2019. The definition of adverse
events (AEs) relied on the Medical Dictionary for Regulatory Activities (MedDRA). Statistical analysis was
performed, and odds ratio (ORs) with 95% confidence intervals (Cls) were calculated.

Results: Of the 15,872 participants with NSCLC, 15,463 cases were treated with the PD-(L)1 inhibitor
monotherapy, while 409 cases were treated with both PD-(L)1 inhibitor and bevacizumab. Compared with
monotherapy, combination therapy had lower risks of pneumonitis, respiratory failure, edema, disease
progression, and death; however, combination therapy was also associated with significantly higher risks
of pyrexia, general physical health deterioration, stomatitis, dehydration, thrombocytopenia, peripheral
neuropathy, nephritis, bone marrow failure, immune thrombocytopenic purpura, neutropenia, and serious
AEs. The results of the multivariate analysis suggested that combination therapy was the independent risk
factor for pyrexia, neutropenia, nephritis, I'TP, and the independent protective factor for respiratory failure.
Conclusions: We observed that the spectrum and risk of irAEs differed widely between therapeutic
regimens, and irAEs involved multiple organ systems both in monotherapy or combination therapy.
Deepening our understanding of irAEs has a great clinical value for improving individualized clinical patient

management and the safety of medication use.
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Introduction

Non-small cell lung cancer (NSCLC) is the leading cause of
cancer-related death in the world and has a poor prognosis (1).
At present, treatments for NSCLC patients include
resection, chemotherapy, radiotherapy, targeted therapy, and
immunotherapy (1). Cancer immunotherapies have created
a significant paradigm shift in the therapeutic landscape of
NSCLC. The frequently used immunotherapeutic drugs
are immune checkpoint inhibitors (ICIs), such as specific
antibodies targeting programmed cell death protein 1 (PD-1)
and its ligand, programmed death-ligand 1 (PD-L1).

PD-1, primarily expressed on activated T cells, transmits
inhibitory signals to limit the activity of T cells upon
binding to PD-L1which is widely expressed on tumor
cells. This then promotes tumor immune escape (2,3). The
antibodies against PD-1/PD-L1 prevent their interaction,
thus relieving this suppression and restoring the activity
of T cells. ICIs have been shown to improve survival in
advanced NSCLC. The extent of PD-L1 expression is
the most promising biomarker to select patients who can
benefit from PD-1/PD-L1 inhibitors. In two randomized
phase III trials (CheckMate 017 and 057) (4,5), among
the advanced NSCLC patients, nivolumab continued
to demonstrate benefit to overall survival (OS) and
progression-free survival (PFS) compared to docetaxel, with
S-year survival rates of 13.4% vs. 2.6% and PFS rates 8.0%
vs. 0%, respectively. Preliminary recent results of phase II
trials (SAKK 16/14) on primary resectable stage ITIA (N2)
NSCLC patients have shown an objective response rate
(ORR) of 44.8% in the chemotherapy stage compared with
59.7% in the neoadjuvant immune stage (6). The phase III
trial CheckMate-816 showed promising results that the
pathological complete response (pCR) was 24%, compared
with 2.2 percent in the chemotherapy alone arm. (7).
A recent pooled analysis showed that chemotherapy
plus immunotherapy may improve efficacy outcomes
over immunotherapy alone (8). To date, both antibodies
targeting PD-1 (nivolumab and pembrolizumab), and PD-
L1 (atezolizumab, durvalumab) have been approved by the
US Food and Drug Administration (FDA). However, only
approximately 20% of unselected patients with advanced
NSCLC have durable responses to monotherapy with
ICIs (9). Therefore, developing new therapeutic strategies
to improve patient response rates, especially combination
therapies, have become increasingly common.

Vascular endothelial growth factor (VEGF)-dependent
angiogenesis plays a critical role in tumor growth and

© Translational Lung Cancer Research. All rights reserved.

2615

metastasis of NSCLC (10,11). Bevacizumab, a recombinant
humanized immunoglobulin (Ig) G1 monoclonal
antibody targeting VEGEF, was the first angiogenesis
inhibitor approved by the US FDA for treating advanced
NSCLC patients according to significant clinical benefit
demonstrated from two phase 11 trials (ECOG4599 and
AVAIL) (12-14). It has been further proposed that VEGF
can attenuate the antitumor immune response through
multiple mechanisms, including the inhibition of T cells
function (15), the suppression of dendritic cells (DCs)
differentiation and activation (16,17), and the induction
and proliferation of regulatory T cells (Tregs) (18) and
myeloid-derived suppressor cells (MDSCs) (19,20). These
observations suggest a potentially synergistic effect of
combining immunotherapy with anti-VEGF therapy by
reprogramming the tumor immune microenvironment.

However, when combination therapy is considered for
treatment, the clinical benefit and overlapping toxicities of
agents must be carefully considered. ICIs have brought new
hope to patients at the cost of unique side effects, known as
immune-related adverse events (irAEs). irAEs affect most
human organs, including the skin, bowels, liver, kidneys,
endocrine tissues, and even the central nervous system, with
varying frequencies and severities (21). The most common
side effects of bevacizumab are hypertension, asymptomatic
proteinuria, thromboembolic events, gastrointestinal
perforation, and wound-healing complications (22).
However, whether combination treatment may increase
the risk of toxicity in NSCLC patients is unknown, when
considering the frequency of irAEs is dependent on the
agents used and the specific characteristics of patients.
Herein, we performed a comparative study to investigate
whether there was an association between irAEs and the
combination of PD-(L)1 and bevacizumab, based on the
FDA Adverse Event Reporting System (FAERS), a real-
world database.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/tler-21-464).

Methods
Data collection

We extracted data for patients with NSCLC registered
between April 2013 and September 2019 in the FDA
Adverse Event Reporting System (FAERS). The patients
had been previously de-identified by the FAERS database.
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Therefore, no institutional review board approval was
needed for the study. AEs were coded according to
system organ class (SOC) and preferred terms (PTs)
using the Medical Dictionary for Regulatory Activities
(MedDRA). Serious AEs mean that one or more of the
following outcomes were documented in the report: death,
hospitalization, life-threatening complications, disability,
congenital anomaly, and/or other serious outcomes. The
PD-(L)1 inhibitors in the study included pembrolizumab,
nivolumab, durvalumab, atezolizumab. Subsequently, we
identified patients with AEs. Comorbidity included diabetes
mellitus, chronic obstructive pulmonary disease, myocardial
infarction, dementia, hemiplegia, connective tissue disease,
liver disease, congestive heart failure, peripheral vascular
disease, cerebrovascular disease, peptic ulcer disease,
moderate-to-severe chronic kidney disease, leukemia,
malignant lymphoma, and acquired immune deficiency
syndrome. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Statistical analysis

Data manipulation and statistical analyses were performed
using Microsoft Excel (2010, Microsoft Corp.) and SPSS
software (version 21.0, IBM Corp.). Odds ratios (ORs)
and 95 % confidence intervals (Cls) were calculated using
relevant 2x2 contingency tables. Adjusted ORs were
analyzed by multivariable logistic regression. The variables
considered in the models were combination therapy,
comorbidity, disease progression, stage, and chemotherapy.
Comparisons for which the 95% Cls of the corresponding
ORs did not include 1 were considered as significantly
different. Venn diagrams were visualized using TBtools (23).

Results
Basic information of the patients

We identified 15,872 NSCLC cases. Among them, 409
and 15,463 cases were treated with the PD-(LL)1 inhibitor
in combination with bevacizumab or PD-(LL)1 inhibitor
monotherapy, respectively. In the combination therapy
group, the median age was 65 years, the median weight
was 60 kg, and 61.12% were female, and 370 patients
received chemotherapy. Meanwhile, in the monotherapy
group, the median age was 68 years, the median weight
was 64 kg, and 62.92% were female (Table I). The ORs

of irAEs were summarized according to system organ
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class, which included general disorders, gastrointestinal
disorder, lung disorder, renal and urinary disorders, nervous
system disorders, metabolism and endocrine disorders,
blood and cardiac disorders, and hepatobiliary disorders
(Figure 14,B,C,D,E,F,G,H). In addition to the irAEs
discussed above, other normal tissues would also suffer from
irAEs, such as eye, reproductive system, musculoskeletal
and connective tissue. However, those irAEs subgroups had
too few patients to be included in the analysis. Statistically
significant results are shown in Figure 2. The types of
irAEs differed markedly between the two regimens. Anti-
PD-(L)1 monotherapy had a wide distribution of fatal
irAEs including pneumonitis (n=1,089), pyrexia (n=839),
respiratory failure (n=379), edema (n=356), and neutropenia
(n=345). The most frequent combination therapy irAEs
were neutropenia (n=63), pyrexia (n=34), pneumonitis
(n=18), thrombocytopenia (n=16), and nephritis (n=15).
Notably, simultaneous irAEs occurred in some patients
(Figure 34).

The associations of irAEs with different immunotherapy
regimens

The incidence of irAEs is different according to the therapy
class. Compared with monotherapy, combination therapy
had a lower risk of pneumonitis (OR, 0.61; 95% CI, 0.38-
0.98), respiratory failure (OR, 0.29, 95% CI, 0.09-0.91), and
edema (OR, 0.31; 95% CI, 0.10-0.98). However, pyrexia
(OR, 1.58; 95% CI, 1.11-2.26), general physical health
deterioration (GPHD, OR, 1.90; 95% CI, 1.03-3.51),
stomatitis (OR, 2.41; 95% CI, 1.12-5.20), dehydration (OR,
2.60; 95% CI, 1.32-5.17), thrombocytopenia (OR, 2.75;
95% CI, 1.64-4.60), peripheral neuropathy (OR, 3.06; 95%
CI, 1.54-6.10), nephritis (OR, 3.29; 95% CI, 1.92-5.62),
bone marrow failure (OR, 4.34; 95% CI, 1.71-11.00),
immune thrombocytopenic purpura (ITP, OR, 5.59; 95%
CI, 2.76-11.32), neutropenia (OR, 7.98 95% CI, 5.98-
10.65) all showed a significantly higher chance of occurring
with combination therapy than with monotherapy.
Furthermore, combination therapy showed a significantly
higher risk of serious AEs (OR, 3.13; 95% CI, 1.55-6.32)
and a lower risk of disease progression (OR, 0.42; 95% CI,
0.30-0.58) and death (OR, 0.48; 95% CI, 0.37-0.62).

To confirm this observation, we conducted multivariable
logistic regression analysis to adjust for confounders, such
as combination therapy, comorbidity, disease progression,
stage, and chemotherapy (7ables 2-6). The results of the

multivariate analysis suggested that combination therapy
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Table 1 Characteristics of 15,872 NSCLC patients. Clinical characteristics of patients treated with the PD-(L)1 inhibitor in combination with

bevacizumab, and PD-(L)1 inhibitor monotherapy

Characteristic

Combination therapy (n=409)

Anti-PD- (L)1 monotherapy (n=15,463)

Age, median (IQR), year 65 [67-71]
Weight, median (IQR), kg 60 [53-72]
Sex, No. (%)
Female 250 (61.12)
Male 135 (33.01)
Not reported 24 (5.87)
Country, No. (%)
Asia
Japan 185 (45.23)
China 5(1.22)
Other 16 (3.91)
Non-Asia
United States of America 38 (9.29)
France 22 (5.38)
Other 143 (34.97)
Reporting year, No. (%)
2013-2014 1(0.24)
2015 5(1.22)
2016 18 (4.40)
2017 52 (12.71)
2018 106 (25.92)
2019 227 (55.51)

68 [61-74]
64 [54-75]

9,729 (62.92)
4,669 (30.19)
1,065 (6.89)

5,560 (35.96)
319 (2.06)
599 (3.87)

3,703 (23.95)
1,057 (6.84)
4,225 (27.32)

56 (0.36)
602 (3.89)
2,009 (12.99)
3,079 (19.91)
4,765 (30.82)
4,952 (32.03)

IQR, interquartile range.

was an independent risk factor for pyrexia (OR, 2.12; 95%
CI, 1.43-3.16), neutropenia (OR, 1.89; 95% CI, 1.39-2.56),
nephritis (OR, 1.90; 95% CI, 1.05-3.43), ITP (OR, 5.02;
95% CI, 2.11-11.94). Meanwhile, combination therapy was
found to be an independent protective factor for respiratory
failure (OR, 0.27; 95% CI, 0.09-0.86). The data were
basically consistent with those of the univariate analysis.
The results of the univariate analysis regarding comorbidity,
disease progression, stage and chemotherapy can be seen in
the supplementary materials (Figures S1-54).

Clinical characteristics of irAEs

To determine the risk of irAEs associated death among
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NSCLC patients, we assessed the fatality rates for different
irAEs (Figure 3B). Patients with respiratory failure carried
the highest risk of death, with 254 (66.49%) deaths among
382 cases. General physical health deterioration, immune
thrombocytopenic purpura, dehydration, pneumonitis,
pyrexia, thrombocytopenia, edema, and stomatitis all had
fatalities in 20% to 50% of reported cases.

Discussion

Combination treatment with the PD-(L)1 inhibitor and
bevacizumab, as a new therapeutic modality, is currently the
focus of research on the treatment of NSCLC. However,
as treatment regimens move toward combination therapy,
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A General Disorders E Nervous System Disorders
No. of No. of
) ) - Odds Ratio No. of No. of .
irAEs Anti-PD-(L)1 Combination P value (95% Cl) irAEs Anti-PD—(L)1 Combination Pvalue Odc:s Ratio
Monotherapy _ Therapy Monotherapy  Therapy (95% CI)
Overall 0.800 097(0.75t01.26) 4~ Overall <0.001 2.09 (1.4 to 3.02) ——
Pyrexia 839 34 0.011 1.58 (1.1t 2.26) —— Peripheral Neuropathy 113 9 0.001 3.06 (1.54 10 6.10) —
Pain 849 22 0922 098(063t0151)  —o— Dizziness 134 5 0446 1.42(0.58103.48)  ——————
GPHD 222 " 0.0871.90(1.03 to 3.51) e Seizure 97 5 0137 1.96 (0.79 10 4.84) o
Fatigue 451 9 0394 0.75(0.38t0 1.46) +—o+— Headache 152 4 0.992 1.00(0.37t02.70) ————+——
Malaise 289 8 0898 1.05(052t0213) +—p—— Hypoaesthesia 63 4 0.079 2.41(0.88 to 6.67) o
Asthenia 405 6 0.148 0.55(0.25t01.25) +—o—— Syncope 48 3 0.136  2.37 (0.74 to 7.65) —0
Chills 89 3 0.681 1.27 (0.40 to 4.05) ¢ Cerebrovascular Accident 58 3 0.248 1.96 (0.61 to 6.29) o
Edema 356 3 0.035 0.31(0.10t0 0.98) +0— '
T T T T T T T 1
T T T T T T T 1
Abbreviations: GPHD, general physical health deterioration. 0 1 2 3 4 5 6 7 8
0 1 2 3 4 5 6 7 8 <---Favors Combination Therapy Favors Anti-PD—-(L)1 Monotherapy--->
<---Favors Combination Therapy Favors Anti-PD—-(L)1 Monotherapy---> F Metabolism and Endocrine Disorders
B  Gastrointestinal Disorder No. of No. of '
IrAES Anti-PD-(L)1 Combination pvalue 20ds Ratio
No. of No. of 0Odds Ratio (95% c|)
IrAES Anti-PD~(L)1 Combination Pvalue g 1 Monotherapy _ Therapy
0
Monotherapy _ Therapy . Overall 0.957 0.9 (0.69 to 1.43) ——
\ Decreased Appetite 417 9 0.54 0.81(0.42to 1.58) ——
Overall 0.085  1.27 (0.97 to 1.66) o Dehydration 132 9 0.004 2.60 (1.32t05.17) *
Diarrhoea 680 25 0.097  1.42(0.94 to 2.14) — Hypothyroidism 373 9 0.783  0.91 (0.47 to 1.78) —e—
Colitis 541 21 0.077  1.49 (0.95 to 2.33) o— Diabetes Mellitus 233 4 0.384 0.65(0.24t01.74) +—O—f——
Nausea 403 14 0.308 1.32(0.77 to 2.28) P Hyponatraemia 153 4 0.982 0.99 (0.37 to 2.69) —_—
Vomiting 296 10 0.441 1.28 (0.68 to 2.43) ——
Abdominal Pain 197 9 0.102 1.74 (0.89 to 3.43) H—— T T T T T 1
Stomatitis 111 7 0.021 2.41(1.12t0 5.20) ; L 2 0 1 2 3 4 5 6
Constipation 172 5 0.834 1.10 (0.45 to0 2.70) "'—“i'—‘ <---Favors Combination Therapy Favors Anti-PD-(L)1 Monotherapy--->
Enterocolitis 128 4 0.741 1.18 (0.44 to 3.22) — Bl . .
\ ood and cardiac disorders
Pancreatitis 100 3 0.829 1.14 (0.36 to 3.60) -—0:—- G No. of No. of
Gastritis 51 3 0.166 2.23 (0.69t07.18 L 2 ; i i
. ) : itAEs Anti-PD~(L)1 Combination Pvaiye 00 Ratlo
T * T T T T T T 1 Monotherapy  Therapy (95% CI)
0 1 2 3 4 5 6 7 8 ’_‘_‘
<-—-Favors Combination Therapy Favors Anti-PD-(L)1 Monotherapy---> Overall <0.001 3.63 (2.86 to 4.60) ;
Neutropenia 345 63 <0.001 7.98 (5.98 to 10.65) ' _———
C Lung Disorder Thrombocytopenia 226 16 <0.001 2.75(1.64 to 4.60) ——
No. of No. of Oude Rati Anaemia 396 9 0.648 0.86 (0.44t0 1.67) 44— :
irAEs Anti-PD-(L)1 Combination Pvalue (95; C; 0 ITP 62 9 <0.001 5.59 (2.76 to 11.32) j ¢
Monotherap Therap o Bone Marrow Failure 44 5 0.001 4.34 (1.71 to 11.00) —
: DIC 82 3 0.578 1.39(0.44 to 4.41) —_
Overall 0.011  0.69 (0.51 to 0.92) .—+—. Pericardial Effusion 179 3 0.427 0.63(0.20to 1.98) +&+— !
Pneumonitis 1089 18 0.038 0.61 (0.38 to 0.98) —— . . . ; ; | . T . ; . . !
Interstitial Lung Disease 878 15 0.082 0.63 (0.38 to 1.06) —— Abbreviations: ITP, immune thrombocytopenic purpura,
Haemoptysis 189 9 0.079 1.82(0.93 to 3.58) ' g DIC, disseminated intravascular coagulation. 0 1 2 3 4 5 6 7 8 9 10 11 12
Pleural Effusion 409 7 0.243 0.64 (0.30 to 1.36) ——T <---Favors Combination Therapy Favors Anti—-PD-(L)1 Monotherapy--->
Pneumothorax 143 4 0.912  1.06 (0.39 t0 2.87) + » X
Respiratory Failure 379 3 0.025 0.29(0.09t00.92) +—&——— H Hepatobiliary Disorders
| : | | | No. of No. of )
IrAEs Anti-PD—(L)1 Combination pyalye 098 Ratio
0 1 2 3 4 (95% Cl)
o Monotherapy  Therapy
<---Favors Combination Therapy Favors Anti-PD-(L)1 Monotherapy---> !
. . Overall 0.210 1.31(0.86 t0 2.02) H——
D _ Renaland Urinary Disorders Hepatic Function Abnormal 280 10 0.345 1.36 (0.72 to 2.57) N ——
No. of No. of . Cholangitis 141 6 0.247 1.62(0.71 to 3.68) -
IrAES Anti-PD~(L)1 Combination pyaue 2008 Ratio Hepatitis 236 4 0370 0.64(0.24101.72) —o———
Monotherapy _ Therapy (95% ClI) Hepatic Failure 48 3 0.136 2.37 (0.74 to 7.65) : &
Overall 0.005 1.80 (1.18 to 2.75) — T T T T T T T !
Nephritis 177 15 <0.001 3.29 (1.92 to 5.62) 1 < 0 1 2 3 4 5 6 7 8
/':CUtel l;ic!lney Injury ?gg i gg;g (1)?; 582(1) :0 gggg — <-—-Favors Combination Therapy Favors Anti-PD-(L)1 Monotherapy--->
enal Failure . . .41 to 3. —_—
T T T T T 1
0 1 2 3 4 5 6

<---Favors Combination Therapy Favors Anti-PD-(L)1 Monotherapy--->

Figure 1 The associations of irAEs with different immunotherapy regimens according to system organ class. (A) General disorders; (B) gastrointestinal disorder; (C) lung disorder; (D) renal and urinary disorders; (E) nervous system disorders; (F) metabolism and endocrine disorders; (G) blood and cardiac
disorders; (H) hepatobiliary disorders. Combination therapy reduced the risk of pneumonitis, respiratory failure and edema, but increased the risk of neutropenia, pyrexia, thrombocytopenia, nephritis, GPHD, I'TP, peripheral neuropathy, dehydration, stomatitis, and bone marrow failure. irAEs, immune-

related adverse events; GPHD, general physical health deterioration; I'TP, immune thrombocytopenic purpura.
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No. of No. of .
IrAEs Anti-PD-(L)1 Combination Pvalue gﬁ: g;t'o
Monotherapy Therapy
Overall <0.001 2.12 (1.73to 2.60) ——
Neutropenia 345 63 <0.001 7.98 (5.98 to 10.65) : _—
Pyrexia 839 34 0.011 158 (1.11to 2.26) »—H
Pneumonitis 1089 18 0.038  0.61(0.38to 0.98)  re- !
Thrombocytopenia 226 16 <0.001 2.75(1.64 to 4.60) —_——
Nephritis 177 15 <0.001 3.29(1.92to 5.62) ——
GPHD 222 11 0.037  1.90 (1.03 to 3.51) —0:—~
ITP 62 9 <0.001 5.59 (2.76 to 11.32) ' *
Peripheral Neuropathy 113 9 0.001 3.06 (1.54 to 6.10) —_—————
Dehydration 132 9 0.004 260 (1.32t0 5.17) —_—y
Stomatitis 111 7 0.021  2.41(1.12to 5.20) —_————
Bone Marrow Failure 44 5 0.001  4.34 (1.71 to 11.00) : *
Respiratory Failure 379 3 0.025 0.29(0.09to 0.91) r—i !
Edema 356 3 0.035 0.31(0.10to 0.98) +—f !
Serious 14554 401 0.001  3.13(1.55to 6.32) ]
DiseaseProgression 2985 37 <0.001 0.42 (0.30to 0.58) "
Died 4768 72 <0.001 0.48 (0.37 to 0.62) »
Abbreviations: GPHD, general physical health deterioration; ; | : : ; ; ; ; ; | | .

ITP, immune thrombocytopenic purpura.

o 1 2 3 4 5
<---Favors Combination Therapy

6 7 8 9 10 11 12

Favors Anti-PD-(L)1 monotherapy--->

Figure 2 The associations of statistically significant irAEs with different immunotherapy regimens. Combination therapy increased overall

irAE risk but reduced the risk of pneumonitis, respiratory failure, edema, death, and disease progression. irAEs, immune-related adverse

events.

Pneumonitis

Respiratory failure

Neutropenia

Pyrexia

Cases and fatality rates

Pneumonitis 1107‘

Pyrexia 873|

Neutropenia
Respiratory Failure
Edema
Thrombocytopenia
GPHD

Nepbhritis

Dehydration
Peripheral Neuropathy
Stomatitis

ITP

Bone Marrow Failure

1 Number of irAEs Reported

[ Fatality Rate, %

Figure 3 Clinical characteristics of irAEs. (A) Overlap of co-occurring fatal irAEs including neutropenia, pyrexia, pneumonitis, respiratory

failure, edema. (B) Number of cases (left) and fatality rate (right) for each irAE. Note: the number of cases including combination treatment

or PD-L1 inhibitor monotherapy. irAEs, immune-related adverse events; GPHD, general physical health deterioration; I'TP, immune

thrombocytopenic purpura.

one problem is becoming increasingly pressing: inevitable
irAEs and unknown toxicity profiles. The current data are
limited to small prospective studies, and a real-world study
with a large sample size is still lacking. To our knowledge,

© Translational Lung Cancer Research. All rights reserved.

the present study is the first large-scale real-world data
analysis of this combination treatment in relation to adverse
reactions based on the FAERS database. We found that

the combination therapy reduced the risk of pneumonitis,
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Table 2 Multivariate analysis of risk factors of immune-related adverse events (irAEs). Combination therapy was an independent risk factor for
pyrexia and neutropenia

Pyrexia Neutropenia Pneumonitis

Variable

Adjusted OR (95% ClI) P value Adjusted OR (95% ClI) P value Adjusted OR (95% ClI) P value
Combination therapy 2.12 (1.43-3.16) <0.001 1.89 (1.39-2.56) <0.001 0.76 (0.46-1.24) 0.270
Comorbidity 0.48 (0.32-0.71) <0.001 0.79 (0.67-1.43) 0.913 1.04 (0.80-1.34) 0.789
Disease progression 1.32 (1.12-1.55) 0.001 0.53 (0.38-0.74) <0.001 0.73 (0.61-0.86) <0.001
Stage IV 0.91 (0.68-1.23) 0.534 1.22 (0.92-1.64) 0.173 0.72 (0.53-0.96) 0.025
Chemotherapy 0.74 (0.59-0.92) 0.007 9.09 (11.37-7.27) <0.001 0.77 (0.63-0.93) 0.007

Cl, confidence interval.

Table 3 Multivariate analysis of risk factors of immune-related adverse events (irAEs). Combination therapy was an independent risk factor for
nephritis

Thrombocytopenia Nephritis GPHD

Variable

Adjusted OR (95% ClI) P value Adjusted OR (95% ClI) P value Adjusted OR (95% ClI) P value
Combination therapy 1.49 (0.85-2.59) 0.164 1.90 (1.05-3.43) 0.034 1.88 (0.96-3.68) 0.066
Comorbidity 0.71 (0.39-1.28) 0.256 0.66 (0.35-1.26) 0.210 0.93 (0.52-1.67) 0.798
Disease progression 0.78 (0.54-1.11) 0.164 0.32 (0.18-0.56) <0.001 2.26 (1.72-2.98) <0.001
Stage IV 1.05 (0.66-1.66) 0.843 1.96 (1.28-3.01) 0.002 0.50 (0.25-0.99) 0.046
Chemotherapy 2.25 (1.66-3.04) <0.001 1.65 (1.15-2.36) 0.006 1.30 (1.86-0.91) 0.154

Cl, confidence interval; GPHD, general physical health deterioration.

Table 4 Multivariate analysis of risk factors of immune-related adverse events (irAEs). Combination therapy was an independent risk factor for
immune thrombocytopenic purpura

ITP Peripheral neuropathy Dehydration

Variable

Adjusted OR (95% Cl) P value Adjusted OR (95% Cl) P value Adjusted OR (95% Cl) P value
Combination therapy 5.02 (2.11-11.94) <0.001 1.66 (0.79-3.50) 0.181 1.69 (0.80-3.57) 0.166
Comorbidity 0.64 (0.20-2.04) 0.448 0.83 (0.38-1.79) 0.627 1.28 (0.70-2.35) 0.420
Disease Progression 0.85 (0.33-2.18) 0.376 0.83 (0.51-1.36) 0.456 1.07 (0.70-1.63) 0.762
Stage IV 0.86 (0.44-1.68) 0.737 1.12 (0.60-2.09) 0.722 1.52 (0.89-2.61) 0.124
Chemotherapy 1.16 (0.59-2.26) 0.667 2.21 (1.44-3.38) <0.001 1.62 (1.06-2.47) 0.024

Cl, confidence interval; ITP, immune thrombocytopenic purpura.

respiratory failure, edema, disease progression, and death,
while increasing the risk of pyrexia, GPHD, stomatitis,
dehydration, thrombocytopenia, peripheral neuropathy,
nephritis, bone marrow failure, I'TP, neutropenia, and
serious AEs.

Pneumonitis caused by ICIs has attracted considerable
attention due to its high discontinuation and mortality

© Translational Lung Cancer Research. All rights reserved.

rates. The increasing application of ICIs in the treatment
of NSCLC will undoubtedly result in an increased absolute
burden and mortality of pneumonitis. Previous meta-
analyses have reported the incidence of pneumonitis during
PD-(L)1 inhibitor monotherapy to be approximately
3.1% to 4.1% in NSCLC (24,25). Another meta-analysis
found that pneumonitis was more common when NSCLC
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Table 5 Multivariate analysis of risk factors of immune-related adverse events (irAEs). Combination therapy was not the independent risk factor

for stomatitis and bone marrow failure

Stomatitis Bone marrow failure

Variable

Adjusted OR (95% Cl) P value Adjusted OR (95% ClI) P value
Combination therapy 1.82 (0.75-3.98) 0.203 1.05 (0.40-2.73) 0.926
Comorbidity 0.94 (0.46-2.15) 0.987 0.81 (0.25-2.70) 0.734
Disease progression 1.73 (1.15-2.60) 0.008 0.31 (0.10-1.01) 0.052
Stage IV 0.70 (0.32-1.53) 0.371 0.54 (0.19-1.54) 0.246
Chemotherapy 1.83 (1.16-2.87) 0.009 10.25 (5.55-18.96) <0.001

Cl, confidence interval.

Table 6 Multivariate analysis of risk factors of immune-related adverse events (irAEs). Combination therapy was the independent protective

factor for respiratory failure

Respiratory failure Edema
Variable
Adjusted OR (95% CI) P value Adjusted OR (95% ClI) P value

Combination therapy 0.27 (0.09-0.86) 0.045 0.38 (0.12-1.21) 0.100
Comorbidity 1.79 (1.28-2.51) 0.002 1.21 (0.80-1.83) 0.362
Disease progression 1.19 (0.93-1.52) 0.209 1.33 (1.04-1.71) 0.022
Stage IV 1.40 (0.98-2.00) 0.040 1.03 (0.67-1.60) 0.883
Chemotherapy 0.87(0.64-1.81) 0.372 0.81 (0.59-1.13) 0.215

Cl, confidence interval.

patients received PD-(L)1 combined with (cytotoxic
T-lymphocyte-associated protein 4) CTLA4 inhibitors (26).
However, our data suggest that the risk of PD-(L)1
inhibitor-induced pneumonitis may be significantly
reduced when in combination with bevacizumab treatment,
although it is not independent risk factor. A previous study
showed that bevacizumab efficiently diminishes bronchial
inflammation via reducing the expression of VEGFR2, and
IL-6 genes and enhancing the expression of IL-10 gene (27).
Besides, it has been proposed that VEGF may reprogram
the tumor immune microenvironment through multiple
mechanisms (15). Other previous study has indicated that
pneumonitis may be related to those T cells that are similar
to tumor-infiltrating T cells in patients treated with a
PD-1 inhibitor (either nivolumab or pembrolizumab) (28).
However, clinical comparative analysis of NSCLC patients
treated with the PD-(L)1 inhibitor in combination with
bevacizumab versus PD-(L)1 inhibitor monotherapy is still
lacking. Thus, the results of this study may be a valuable
insight for physicians, especially regarding patients treated
with PD-(LL)1 inhibitor and bevacizumab. Pneumonitis is

© Translational Lung Cancer Research. All rights reserved.

a potentially fatal irAE if not treated promptly. Therefore,
early detection, early diagnosis, and standard pharmaceutical
administration are the keys to improving the cure rate and
reducing the mortality. Further study is needed to reveal the
exact biological mechanism behind this clinical observation.

As irAEs, neutropenia and thrombocytopenia are rare.
A meta-analysis that included 9,324 patients found that
the incidence of neutropenia and thrombocytopenia
during PD-(L)1 inhibitor therapy were 0.94% and 2.84%,
respectively (29). In our present study, the combination
treatment with PD-(L)1 inhibitor and bevacizumab
significantly increased the risk of neutropenia and
thrombocytopenia in comparison with PD-(L)1 inhibitor
monotherapy. However, combined treatment was not an
independent risk factor for thrombocytopenia. There
are no clinical data available concerning the neutropenia
and thrombocytopenia in relation to this combination
treatment. It should be noted that bevacizumab may
increase the risk of hematologic AEs. The E1505 study
suggested that neutropenia was more common for
NSCLC patients treated with bevacizumab for 1 year
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with adjuvant chemotherapy (30). A phase III randomized
trial (bevacizumab in glioblastoma) showed a higher
incidence of thrombocytopenia versus placebo (34.1%
vs. 27.3%) (31). In a previous case report, a 59-year-
old man with adenocarcinoma of the colon developed
thrombocytopenia after bevacizumab treatment (32). The
meta-analysis by Kut ez 4/. indicated that VEGF is mostly
concentrated in the platelets in cancer patients (33), while
in vitro experiments have suggested that VEGF exerts
potentiating effects on platelet activation (34). Thus, it is
theoretically possible that the interaction of bevacizumab
with the platelet VEGEF contribute to thrombocytopenia.
Awareness of this potential complication is important and
may have a significant impact on the choice of therapeutic
strategies.

Nephritis is a rare irAEs associated with ICIs. The
present findings indicate that combination therapy may be
associated with a higher risk of nephritis compared with
monotherapy. To our knowledge, no previous study has
reported this association. A previous meta-analysis found
that the nephritis incidence in 12,808 oncologic patients
treated with anti-PD-(L)1 agent was less than 1%, while
in phase 1 (35) and phase 2 trials (36), acute kidney injury
in the form of nephritis was reported, with an incidence
as high as 6.7%. The current literature on immune-
related nephritis is limited, and the mechanism behind this
phenomenon remains unknown. Therefore, multicentre,
and multidisciplinary studies are necessary to establish the
optimal management of immune-related nephritis patients
to optimize their cancer and kidney outcomes.

We observed that PD-(L)1 inhibitor combined with
bevacizumab had a protective effect on disease progression
and death of NSCLC patients but increased the risk of
serious AEs. This suggests that combined therapy may
provide a survival benefit to NSCLC patients but may
concurrently increase the complexity and severity of AEs.
According to the NCCN guidelines, patients are required
to undergo clinical exam at each visit to detect any potential
irAEs and assess treatment response. Periodic imaging
should be performed if there were clinical indications. The
routine hematological tests are repeat performed prior to
each treatment or every 4 days during immunotherapy, and
then in 6-12 days. The skin and cardiovascular system need
periodic testing based on abnormal baseline or symptoms.
Pulmonary status needs to repeat oxygen saturation tests
based on symptoms. Laboratory tests should be obtained
every 4-6 weeks during immunotherapy, and follow-
up every 6-12 weeks after completion of treatment to

© Translational Lung Cancer Research. All rights reserved.
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assess for organ function of Thyroid, pituitary, or adrenal.
Pancreatic and musculoskeletal status does not require
routine monitoring if asymptomatic. Therefore, for patients
with advanced NSCLC, the patient’s comorbidity, general
condition, and survival prospects should be considered
carefully before selecting the optimum treatment. Besides,
close observation of patients’ condition to implement timely
treatment adjustments is recommended.

Limitation

Our study of FAERS data involved several limitations.
First, it is difficult to establish a causal relationship between
combination treatment and AEs. Second, there were no
data on PD-(L)1 levels, TMB levels, the specific treatment
and the time of onset and death for patients in the database.
Third, clinical efficacy is usually evaluated using ORR
and disease control rate, but this information was not
available in the FAERS database, which solely includes
information regarding disease progression. Thus, we could
only analyse the relationship between the risk of irAEs and
disease progression. Furthermore, healthcare professional
and consumer reporting are spontaneous and voluntary,
potentially leading to reporting bias and underreporting.
Also, the reporting of the association between combination
treatment and AE risk may be confounded by comorbid
conditions and concomitant drugs. Although the FAERS
has a large sample size, the number of certain fatal irAEs
reports was too small to include in this analysis. Therefore,
the data cannot be interpreted as definitive evidence of a
reaction, but merely as an indication of an increased risk
with a particular drug.

Conclusions

In conclusion, we observed that irAEs involved multiple
organ systems in both treatments, while the spectrum
and risk of irAEs differed widely between the therapeutic
regimens. The mechanism by which irAEs occur is unclear
and has a complex implication for anticancer treatment
strategies. Given this potential risk, the key points of this
study are to improve the overall understanding of the
irAE spectrum for clinicians, particularly with respect to
fatal irAEs, such as pneumonitis, nephritis, etc. In clinical
practice, physicians should pay more attention to the early
signs of these AEs and be able to diagnose and treat them,
and this may have significant implications for clinical
practice and ongoing research.
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Supplementary

IrAEs Disease  Progression Free Pvalue Odds Ratio
Progression Survival (95% ClI)
Ll
Overall 0.005 0.87 (0.79 to 0.96) 91
Pyrexia 206 667 <0.001 1.34 (1.14 to 1.57) v o—e—
Pneumonitis 166 941 <0.001 0.74 (0.62 to 0.87) 0
Edema 86 273 0.016 1.35(1.06 to 1.73) V[——
Respiratory Failure 82 300 0.221 1.17 (0.91 to 1.49) —
GPHD 79 154 <0.001 2.21 (1.68t0 2.91) E —_——
Neutropenia 39 369 <0.001 0.44 (0.32 to0 0.62) o— !
Thrombocytopenia 36 206 0.096 0.74 (0.52 to 1.06) —
Stomatitis 33 85 0.013 1.66 (1.11 to 2.48) Ve
Dehydration 27 114 0.974 1.01 (0.66 to 1.54) ———
Peripheral Neuropathy 19 103 0.328 0.78 (0.48 to 1.28) — T
Nephritis 13 179 <0.001 0.31(0.17t00.54) +~&— .
ITP 10 61 0.286 0.70 (0.36 to 1.36) ———
Bone Marrow Failure 3 46 0.021 0.28 (0.09 to 0.89) >—0—i'
Abbreviations: GPHD, general physical health deterioration; (I) 1 ; ; ;

ITP, immune thrombocytopenic purpura.

Figure S1 The associations of immune-related adverse events (irAEs) with disease progression. Patients with tumor progression had a lower

risk of pneumonitis, neutropenia, nephritis, and bone marrow failure.

. - . Odds Ratio
irAEs Comorbidity non-Comorbidity P value (95% Cl)
1
Overall 0.247 0.91(0.78 to 0.07) *
Pneumonitis 68 1039 0.942 1.01 (0.78 to 1.30) —o—
Respiratory Failure 38 344 0.001 1.73 (1.23 to 2.44) , —_——
Neutropenia 34 374 0.055 1.42 (0.99 to 2.02) ——
Pyrexia 26 847 <0.001 0.46 (0.31 to 0.68) ——
Edema 25 334 0.485 1.16 (0.77 to 1.75) —_—
GPHD 12 221 0.545 0.84 (0.47 to 1.50) -—OE——'
Thrombocytopenia 12 230 0.457 0.80 (0.45 to 1.44) ——
Dehydration 12 129 0.228 1.44(0.79 to 2.61) . L4
Nephritis 10 182 0.606 0.85 (0.45 to 1.60) —
Stomatitis 7 111 0.942 0.97 (0.45 to 2.09) —_——————
Peripheral Neuropathy 7 115 0.869 0.94 (0.43 to 2.02) —_—
ITP 3 68 0.510 0.68 (0.21 to 2.16) o
Bone Marrow Failure 3 46 0.993 1.01(0.31to0 3.24) :
Abbreviations: GPHD, general physical health deterioration; (I) 1 ; :; ‘I‘

ITP, immune thrombocytopenic purpura.

Figure S2 The associations of immune-related adverse events (irAEs) with comorbidity. Patients with comorbidity had lower risk of pyrexia.

However, there was no statistical significance between comorbidity status with overall irAE risk.
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Odds Ratio

irAEs StagelV non-StagelV Pvalue (95% Cl)

Overall 0.029 1.17 (1.02 to 1.35) >—+—-

Neutropenia 67 341 <0.001 2.85(2.18t0 3.73) ' —_————
Pneumonitis 51 1056 0.004 0.63 (0.49 to 0.88) —-— |

Pyrexia 50 823 0.235 0.84 (0.63 to 1.12) ——1,

Respiratory Failure 35 347 0.052 1.42 (1.00 to 2.02) ————

Nephritis 28 164 <0.001 2.41(1.61t0 3.62) ' 4

Edema 23 336 0.821 0.95 (0.62 to 1.46) '—QI—E—'

Thrombocytopenia 22 220 0.135 1.40 (0.90 to 2.18) I e —

Dehydration 17 124 0.011  1.92 (1.15 to 3.02) ’ L 4

Peripheral Neuropathy 12 110 0.165 1.52(0.84 to 2.78) —¢

GPHD 9 224 0.081 0.56 (0.28 to 1.09) ——,

Stomatitis 7 111 0.737 0.88 (0.41 to 1.89) —_—

ITP 5 66 0.909 1.06 (0.42 to 2.62) -

Bone Marrow Failure 4 45 0.682 1.24 (0.44 to 3.45) :#

Abbreviations: GPHD, general physical health deterioration; (l) 1 2 :|3 ‘Il

ITP, immune thrombocytopenic purpura.

Figure S3 The associations of immune-related adverse events (irAEs) with stage. Patients with stage IV had increased overall irAE risk but

reduced the risk of pneumonitis.

) non-— Odds Ratio
irAEs Chemotherapy Chemotherapy Pvalue (95% Cl)
J
Overall <0.001 1.51(1.38to 1.66) +
Neutropenia 266 142 <0.001 10.73 (8.71 to 13.21) ' ———
Pneumonitis 137 970 <0.001 0.72 (0.60to 0.86) &
Pyrexia 119 754 0.037 0.81(0.66 to 0.99) L
Thrombocytopenia 76 166 <0.001 2.42(1.84to 3.18) =
Nephritis 56 136 <0.001 2.16 (1.58 to 2.96) ——
Respiratory Failure 54 328 0.277 0.85(0.64to 1.14) o E
GPHD 46 187 0.135 1.28(0.93to 1.77) M
Edema 45 314 0.059 0.74 (0.54 to 1.01) L4
Peripheral Neuropathy 39 83 <0.001 2.46 (1.68to 3.61) [ ——
Dehydration 38 103 <0.001 1.93 (1.33to 2.80) Ho—
Bone Marrow Failure 32 17 <0.001 9.88(5.481t0 17.81) ' L g
Stomatitis 31 87 0.003 1.86 (1.23to 2.81) '—E-Q—'
ITP 18 53 0.035 1.77 (1.03to 3.02) - o—
!
Abbreviations: GPHD, general physical health deterioration; I I I I
2 4 8 10 12

ITP, immune thrombocytopenic purpura.

Figure S4 The associations of immune-related adverse events (irAEs) with chemotherapy. Patients with tumor progression had a higher risk

of neutropenia, thrombocytopenia, nephritis, neuropathy peripheral, dehydration, bone marrow failure, stomatitis, ITP.
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