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Oncology, Xiangya Hospital, Central South University, Changsha, Hunan, China, 6National Clinical
Research Center for Geriatric Disorders, Xiangya Hospital, Central South University, Changsha,
Hunan, China
Background: In the contemporary era of cancer treatment, lung cancer (LC)

holds the unenviable position of being the primary contributor to cancer-

induced mortality worldwide. Although immunotherapy has expanded the

therapeutic landscape for metastatic non-small cell lung cancer (NSCLC), the

advent of immune checkpoint inhibitors has been accompanied by a

concomitant increase in immune-related adverse events (irAEs). Timely

detection of irAEs is pivotal for efficacious management and enhanced patient

outcomes. Diagnostic imaging, encompassing x-ray and CT scans, can facilitate

the identification and supervision of irAEs, thereby ensuring the prompt

recognition of associated patterns and alterations for expeditious treatment.

Methods: The present inquiry undertook a systematic exploration of multiple

databases, incorporating a diverse array of studies such as randomized

controlled trials and observational analyses. Patient demographics, imaging

outcomes, and risk of bias were extracted from the data. Meta-analysis was

executed utilizing R Statistical Software, with the results of the risk of bias

assessment summarized accordingly.

Findings: The analysis unveiled a higher prevalence of irAEs in patients receiving

first-line treatment for NSCLC compared to those receiving subsequent

treatments, with a statistically significant distinction observed for both high-

and low-grade irAEs (p < 0.001). Pneumonitis, thyroiditis, and colitis emerged as

the most frequently reported irAEs, whereas hepatitis and pancolitis were less

commonly documented. This investigation signifies a crucial advancement in

elucidating the function of imaging in the treatment of NSCLC with PD-1/PD-L1

inhibitors and emphasizes the imperative for ongoing research in this domain.
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frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fonc.2023.1191681/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1191681/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1191681/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1191681/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1191681/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1191681/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2023.1191681&domain=pdf&date_stamp=2023-09-29
mailto:xiongz1007@csu.edu.cn
mailto:zhourr@csu.edu.cn
https://doi.org/10.3389/fonc.2023.1191681
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2023.1191681
https://www.frontiersin.org/journals/oncology


Mohammed et al. 10.3389/fonc.2023.1191681
1 Introduction

Lung cancer is the main cause of cancer-related death globally, and

novel therapeutic approaches are required to enhance patient

outcomes. “Programmed cell death protein 1 (PD-1) and

programmed death-ligand 1 (PD-L1) inhibitors “are a promising

class of drugs that have demonstrated effectiveness in the treatment

of advanced NSCLC (1). These agents function by preventing PD-1

and PD-L1 from interacting., which are proteins expressed on immune

cells and tumor cells, respectively. This interaction suppresses the

immune system and allows cancer cells to evade immune

surveillance. By blocking this interaction, PD-1 and PD-L1 inhibitors

activate the immune system to target and destroy cancer cells.

PD-1 inhibitors, such as pembrolizumab and nivolumab, and

PD-L1 inhibitors, such as durvalumab and atezolizumab, have been

approved for the treatment of NSCLC based on the results of

randomized clinical trials. These studies have shown that PD-1 and

PD-L1 inhibitors can improve progression-free survival and overall

survival in NSCLC patients compared to standard of care therapies

(2–4). However, the effects of PD-1 and PD-L1 inhibitors on clinical

imaging indices in lung cancer have not been well-established (5, 6).

To address this knowledge gap, we conducted a meta-analysis

and systematic review of the literature to assess the effects of PD-1

and PD-L1 inhibitors on clinical imaging indices in lung cancer.

Our primary research question was: What is the effect of PD-1 and

PD-L1 inhibitors on clinical imaging indices in lung cancer? This

review is important because understanding the effects of these

treatments on clinical imaging indices can inform the use of these

agents in clinical practice and guide future research.

There have been several meta-analyses and systematic reviews

that have evaluated the effectiveness of PD-1 and PD-L1 inhibitors in

the treatment of lung cancer. However, to our knowledge, this is the

first meta-analysis and systematic review to specifically assess the

effects of these treatments on clinical imaging indices in LC. Previous

reviews have focused on outcomes such as overall survival and

progression-free survival (2–5), while our review expands on this

literature by examining the impact of PD-1 and PD-L1 inhibitors on

clinical imaging indices such as tumor response and progression. Our

review also includes a broader range of studies, including both

randomized controlled trials and observational studies, whereas

some previous reviews have only included randomized controlled

trials. Overall, our review adds to the existing evidence on the use of

PD-1 and PD-L1 inhibitors in LC by providing a comprehensive

assessment of their effects on clinical imaging indices.
2 Methods

2.1 Literature search

The present study conducted a systematic search and meta-

analysis of several databases including PubMed, Web of Science,

Science Direct, and Scopus to identify relevant studies on the

changes in clinical imaging-related indexes after PD-1/PD-L1

treatment of lung cancer. The search was conducted between

2011 and 2021 and included a variety of search terms, including
Frontiers in Oncology 02
“PD1-PD-L1 treatment of lung cancer, immune checkpoint

inhibitors, programmed cell death 1, non-small cell lung cancer,

programmed cell death ligand 1, Imaging and treatment-related

adverse effects”. The research method used included the following

search terms: “Imaging OR Radiology OR CT” and “adverse events

OR irAEs” and “PD-1 inhibitors OR PD-1 treatment” and “Lung

cancer”. The search was last conducted on October 15, 2021.
2.2 Inclusion and exclusion criteria

In this study, we conducted a systematic review to examine the

effectiveness of PD-1 and PD-L1 inhibitors in the treatment of non-

small cell lung cancer (NSCLC). We included single-arm or

randomized trials evaluating these inhibitors as a single agent, as

well as studies that used them in combination with other therapies.

The inclusion criteria for the studies included in the review were:

patients with advanced or recurrent NSCLC who had previously been

treated with PD-1/PD-L1 monotherapy, patients who had successive

imaging information for the evaluation of immune checkpoint

inhibitors pneumonitis and objective responses, and patients

treated with immune checkpoint inhibitors as monotherapy. We

excluded studies that did not meet these criteria, such as those that

included patients who received immunotherapy in combination with

chemotherapy or had previous tuberculosis or fungi infectious

diseases in the lung before immunotherapy.
2.3 Data extraction

The researchers conducted a thorough review of titles, abstracts,

and full texts to extract data from each study for the purpose of

analyzing imaging findings. The extracted data included the

number of enrolled patients, mean or median age and sex of

participants, distribution of lesions, and typical and less common

abnormalities such as ground-glass opacities, consolidation, linear

opacities, patchy shadow, air bronchogram, bronchial wall

thickening or bronchiectasis, vascular enhancement, and pleural

effusion. They also analyzed the diagnostic value of CT or CXR in

the diagnosis of lung cancer if data was available in the studies.
2.4 Risk of bias assessment

The risk of bias was assessed using the New Castle-Ottawa scale,

and the results are summarized in Table 1. Each study was evaluated

based on its methodology, and the number of stars indicates the

level of detail provided for that specific item.
2.5 Statistical analysis

In this study, meta-analysis was conducted using the-R

Statistical Software. The prevalence of adverse effects related to

radiologic findings in patients treated with PD-1 and PD-L1

inhibitors was analyzed using dichotomous data (events, total).
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TABLE 1 Assessment of articles Quality, Newcastle Ottawa Scale.

Study Name

Selection Comparability Outcome

Representativeness
of the exposed

cohort

Selection of
the non
exposed
cohort

Ascertainment
of exposure

Demonstration that
outcome of interest was
not present at start of

study

Assessment
of outcome

Was follow-up
long enough for
outcomes to

occur

Adequacy
of follow
up of

cohorts

Francesco
Alessandrino
et al, 2019 (7)

* * * * * *

Hyesun Park
et al, 2020 (8)

* * * * * *

Karthik Suresh
et al, 2018 (9)

* * * * *

KENJI
Nakahama
et al, 2018
(10)

* * *

Zongqiong
Sun et al, 2021
(11)

* *

Tomoko
Yamamoto
Funazo et al,
2019 (12)

* * *

Daniel A.
Smith et al,
2021 (13)

* * *

Biagio Ricciuti
et al, 2018
(14)

* * * *

Tomohiro
Itonaga et al,
2021 (15)

* * * *

Federica
Ciccarese et al,
2021 (16)

* * *

Myriam
Delaunay et al,
2017 (17)

Keigo
Kobayashi
et al, 2018
(18)

*

Yuwen Zhou
et al, 2020
(19)

* * * *

Shao et al.,
2020 (20)

* * * *

Jun Fukihara
et al, 2019
(21)

* * * * * *

Pierpaolo
Correale et al,
2020 (22)

* * * * *

Xiangling
Chua et al.,
2020 (23)

* * * *
F
rontiers in Onco
logy
 f03
"*", high-quality choices.
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The incidence and severity of immune-related adverse events were

ranked in the extracted literature. The prevalence and 95%

confidence interval of the frontline and subsequent therapy

groups were estimated by dividing the number of observed

follow-ups by the person-time follow-up. Heterogeneity was

evaluated using Chi2 testing and the I2 statistic. A P value less

than 0.05 indicated significant heterogeneity, and an I2 value greater

than 50% was considered considerable heterogeneity.
3 Results

The study analyzed the incidence and types of immune-related

adverse events (irAEs) in patients treated with immune checkpoint

inhibitors (ICIs) for non-small cell lung cancer (NSCLC). A total of
Frontiers in Oncology 04
2383 articles were identified through database searching, but only

17 of them were selected for analysis based on certain criteria (7–19,

21–24), such as the type of therapy used, the number of patients,

and the duration of follow-up.

The baseline characteristics of the selected studies were grouped

according to various factors, including the number of patients

receiving first-line or subsequent ICI treatment, the type of

therapy used, and the duration of follow-up (Table 2; Figure 1).

The incidence of irAEs was found to be more prevalent in

patients receiving first-line treatment for NSCLC compared to

those receiving subsequent treatments. This difference was

statistically significant (p<0.001) for both high and low-grade

irAEs. This means that the likelihood of experiencing an irAE was

significantly higher for patients receiving first-line treatment

compared to those receiving subsequent treatment.
frontiersin.or
)

TABLE 2 Baseline of the Selected Studies.

Author- Year First Time Treated
with PD-1/PD-L1

Subsequent
Therapy

Therapy Age
mean /
median

Duration Of
FollowUp
(weeks)
First time

Duration of
Follow Up
Subsequent

Line

1-Francesco
Alessandrino-
2019

137 – PD-1 inhibitor nivolumab
monotherapy

65 5 –

2-Hyesun Park-
2020

53 - PD-1/PD-L1 monotherapy 65 12.1 –

3-Karthik Suresh-
2018

- 199 All patients, including those in
whom ICI therapy was
discontinued

68 34.2 34.2

4-Kenji
Nakahama-2018

201 Nivolmab 64 – 13.91

5- Zongqiong
Sun-2021

98 - PD-1/PD-L1 inhibitor
monotherapy

59 156 –

6-Tomoko
Yamamoto
Funazo-2019

111 - Nivolumab 68 9.7 –

7- Daniel A.
Smith-2021

136 - ICI 65 – –

8-Biagio Ricciuti-
2018

- 195 PD1 (nivolumab or
pembrolizumab)

63 – –

9-Tomohiro
Itonaga-2020

29 PD-1 inhibitors 71 29 –

10- Federica
Ciccarese-2021

82 – ICI 68.5 – –

11-Myriam
Delaunay-2017

15 64 PD-L1/PD1 63 1 7

12-Keigo
Kobayashi-2018

– 142 Nivolumab 67 – –

13- Yuwen Zhou-
2020

191 – PD-1 inhibitors 58 9 –

14-Satoshi
Watanabe2019

231 Nivolumab
Pembrolizumab

66 34 –

13-Keigo
Kobayashi-2018

– 142 Nivolumab 67 – –

(Continued
g
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TABLE 2 Continued

Author- Year First Time Treated
with PD-1/PD-L1

Subsequent
Therapy

Therapy Age
mean /
median

Duration Of
FollowUp
(weeks)
First time

Duration of
Follow Up
Subsequent

Line

14- Yuwen Zhou-
2020

191 – PD-1 inhibitors 58 9 –

15-Jun
Fukihara2019

170 Nivolumab or pembrolizumab
monotherapy

67 –

16-Pierpaolo
Correale-2020

189 - Received therapy with anti-PD-1
(nivolumab or pembrolizumab)

64 –

17-Xiangling
Chua-2020

102 189 ICIs 62 –
F
rontiers in Oncolog
y
 05
"-", Not Applicable.
FIGURE 1

Flowchart of the Study Selection.
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The most common irAEs in the clinical studies were pneumonitis,

thyroiditis, and colitis. Less common irAEs were hepatitis,

pancreatitis and pancolitis.

The outcome data for the 17 included articles is presented in

Table 3. This data provides further information about the

characteristics of the studies and the patients included in

the analysis.

The study also looked at the prevalence of specific irAEs, such as

pneumonitis, colitis, and SCAD, in different subgroups of patients.

The results were as follows:

Pneumonitis: A meta-analysis of 10 studies (n=1543) shows

prevalence of pneumonitis-related adverse effects, The degree of

heterogeneity in the interpretation of the forest plot is high, as

indicated by the I2 value of 89.1% and the significant p-value in the

test of heterogeneity (p < 0.0001) Figure 2. Possible publication bias

was determined by visual inspection of a funnel plot Figure 3 and

the egger test conducted Table 4.

Colitis: A meta-analysis of 6 studies (n=720) showed the pooled

prevalence of colitis-related adverse effects The degree of

heterogeneity in the interpretation of the forest plot for colitis is

substantial, as indicated by the I2 value of 84.5% and the significant

p-value in the test of heterogeneity (p < 0.0001). Figure 4.

Segmental Colitis associated with diverticulosis (SCAD): A

meta-analysis of 2 studies (n=190) showed the pooled prevalence

of SCAD-related adverse effects compared to controls or other

subgroups. SCAD forest plot shows low heterogeneity (I2 2.2%,

p=0.3119). Small, significant effect size seen (0.0187 common effect,

0.0188 random effects, 95% CI: 0.0024 to 0.0461). Figure 5.

Meta-analysis of thyroiditis prevalence shows high

heterogeneity (I2 93.5%, p<0.0001). 4 studies (n=415, 62 events)

combined, proportion 0.1989 (95% CI [0.0611, 0.3864]) using

random effects model Figure 6.

Other irAEs (e.g., hepatitis, pancreatitis): No statistical

analysis was presented for these irAEs, so it is not clear how

the prevalence of these events compared to controls or

other subgroups.

Age and prior treatment with radiotherapy were found to be

determinant factors in the overall association with irAEs. This

means that these factors may have influenced the likelihood of

experiencing an irAE.

One study indicated a high incidence of checkpoint inhibitor

pneumonitis, although it is not clear how this incidence compares

to other studies or subgroups.
4 Discussion

The main findings of the study were that the incidence of

irAEs was more prevalent in patients receiving first-line

treatment for NSCLC compared to those receiving subsequent

treatment and that the most common irAEs were pneumonitis,

hypothyroidism, hyperthyroidism, and skin reactions. This

suggests that the likelihood of experiencing an irAE may be

higher in patients receiving their first course of ICI treatment for

NSCLC. This finding is consistent with previous research on the

incidence of irAEs in patients treated with ICIs, which has also
Frontiers in Oncology 06
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Pneumonitis Colitis Hepatitis Pancreatitis Pancolitis SCAD Thyroiditis

14 - - - - - -

- 21 - - - - -

- - - - - - 20

5 3 - 1 - - -

30 - - - - - -

- 4 - - - - 15

- - - - - - 24

16 - - - - - -

4 - - - - - -

29 - - - - - -

45 - - - - - -
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.119
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0
7

study
ID

sample
size

weight

first time
treated wit
PD-1/PD L1

(n)

Previously
treated (n)

Male
%

Age GGO Consolidation
Interlob

sept
thicke

Funazo et al,
2019 (11)

Daniel A. Smith
et al, 2021 (12)

136 5% 136 - 45 65 - 49 -

Biagio Ricciuti
et al, 2018 (13)

195 8% na 195 66 63 - - -

Tomohiro
Itonaga et al,
2021 (15)

29 1% 29 - 80 71 - - -

Federica
Ciccarese et al,
2021 (16)

82 3% 82 - 66 68.5 3 - -

Myriam
Delaunay et al,
2017 (17)

79 3% 15 64 64 63 52 34 10

Keigo Kobayashi
et al, 2018 (18)

142 6% na 142 79 67 - - -

Yuwen Zhou
et al, 2020 (19)

191 7% 191 - 72 58 - - -

Shao et al., 2020
(20)

231 9% 231 - 79 66 16 - -

Jun Fukihara
et al, 2019 (21)

170 7% 170 - 74 67 25 - -

Pierpaolo
Correale et al,
2020 (22)

189 7% 189 - 80 64 29 - -

Xiangling Chua
et al, 2020 (23)

300 12% 102 198 80 62 2 - -

"-", Not Applicable.
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found a higher incidence in patients receiving first-line

treatment compared to those receiving subsequent treatment

(8, 20).

The study also found that the prevalence of specific irAEs, such

as pneumonitis, colitis, and SCAD, varied across different

subgroups of patients. For example, the meta-analysis of 10

studies (n=1543) found a significantly higher prevalence of

pneumonitis-related adverse effects compared to controls or other

subgroups (p<0.01, statistically significant heterogeneity with I2

testing at 89%). This means that the likelihood of experiencing

pneumonitis as an irAE was significantly higher in the subgroup of

patients included in these ten studies compared to controls or other
Frontiers in Oncology 08
subgroups. On the other hand, the meta-analysis of 2 studies

(n=190) found a low prevalence of SCAD-related adverse effects

compared to controls or other subgroups (p>0.01, statistically non-

significant heterogeneity). This indicates that the likelihood of

experiencing SCAD as an irAE was not significantly different in

the subgroup of patients included in these two studies compared to

controls or other subgroups. The incidence of thyroiditis was also

high in many trials, as reported by Park et al. (2020), with many

patients presenting with thyrotoxicosis and subsequently

developing hypothyroidism (8). Thyroiditis is hard to diagnose

because sometimes it presents as a normal progression of cancer,

and in some cases, it is entirely asymptomatic. If the patient is not
FIGURE 2

Shows a meta -Analysis of 10 studies of pneumonitis related radiologic findings.
FIGURE 3

Shows the Pneumonitis funnel plot.
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closely monitored or thyroid-stimulating hormone (TSH) is not

checked regularly, the symptoms may go unnoticed, leading to

severe, sometimes irreversible consequences due to under diagnosis.

Therefore, clinicians must stay vigilant and make sure patients

continue with clinical imaging to detect the slightest change in

thyroid function to manage the side effects better. Immune-related

thyroiditis is seen via Positron Emission Tomography, abbreviated

as (PET) CT, and presents as new fluorodeoxyglucose (FDG)

uptake in the thyroid gland. Park et al. (2020) noted that even

though the routine CT scans are not very specific, there was a

change in the heterogeneous enhancement of the gland when

immune checkpoint therapy was started, which calls for further

evaluation (8).

The finding that the prevalence of specific irAEs varies across

different subgroups of patients highlights the importance of

considering patient-specific factors in the management of irAEs.

For example, clinicians may need to be more vigilant in monitoring

and managing irAEs in patients at higher risk of experiencing these

events, such as those with a higher prevalence of pneumonitis.

In addition to the type of ICI treatment received and the specific

type of irAE, the study found that age and prior treatment with

radiotherapy were determinant factors in the overall association

with irAEs. This suggests that these factors may influence the

likelihood of experiencing an irAE and should be considered in

the management of these events.

One study included in the analysis indicated a high incidence of

checkpoint inhibitor pneumonitis (23), although it is not clear how

this incidence compares to other studies or subgroups. Pneumonitis

is a potentially serious irAE that can have significant impacts on

treatment outcomes and patient quality of life. Therefore, it is

important for clinicians to be aware of the potential for pneumonitis

in patients treated with ICIs and to implement appropriate

monitoring and management strategies.
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Overall, the results of this study highlight the importance of

considering the potential for irAEs in patients treated with ICIs for

NSCLC and the need for careful monitoring and management of

these events. The finding that the incidence of irAEs is higher in

patients receiving first-line treatment and that the prevalence of

specific irAEs varies across different subgroups of patients

underscores the need for personalized approaches to the

management of irAEs, taking into account the unique

characteristics and needs of each patient. Future research should

focus on identifying strategies to mitigate the impact of irAEs on

treatment outcomes and improve the quality of life of patients

experiencing these events.

The role of imaging in the management of irAEs was also

discussed in the article. All imaging studies included in the analysis

were performed after nivolumab discontinuation and before

starting subsequent therapy and were included as irAEs can occur

months or even years after treatment discontinuation. One study

example had patients developing irAEs that were radiologically

notable, with an average onset time of about seven weeks. The study

found that imaging can be useful in the diagnosis and management

of irAEs, as it can help to identify specific patterns and changes

associated with these events.
5 Limitations

In the examination of the results, it is essential to consider several

limitations inherent in the present study. Primarily, the majority of

the studies incorporated in this review were retrospective cross-

sectional investigations, which hold the potential to introduce

biases into the outcomes. This potential bias was evidenced by

the funnel plot and Egger’s test results, suggesting the presence of

publication biases. Moreover, the studies demonstrated considerable

heterogeneity, which may impact the generalizability of the findings.

Thus, when interpreting the results, it is crucial to account for the

possibility of heterogeneity, given the nature of the studies included in

this review. Despite these limitations, the analysis sheds light on

various aspects of the research question and provides valuable

insights for future investigations.
TABLE 4 Linear regression test of funnel plot asymmetry.

Z p

sei 0.74 0.47
The table shows Regression test for Funnel plot asymmetry (“Egger’s test”).
FIGURE 4

A meta -analysis of colitis-related radiologic findings.
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6 Conclusion

The present study provides important insights into the

incidence and types of irAEs in patients treated with ICIs for

NSCLC and the role of imaging in the management of these

events. These results highlight the need for careful monitoring

and management of irAEs to ensure the best possible outcomes

for patients treated with ICIs for NSCLC.
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4. Reck M, Rodrıǵuez-Abreu D, Robinson AG, Hui R, Csőszi T, Fülöp A, et al.
Pembrolizumab versus chemotherapy for PD-L1-positive non-small-cell lung cancer.
New Engl J Med (2016) 375:1823–33. doi: 10.1056/NEJMoa1606774
FIGURE 5

A meta -Analysis Of SCAD related radiologic findings.
FIGURE 6

A meta -Analysis Of thyroiditis-related radiologic findings.
frontiersin.org

https://doi.org/10.1158/1078-0432.ccr-21-0344
https://doi.org/10.1056/NEJMoa1501824
https://doi.org/10.1016/s0140-6736(16)32517-x
https://doi.org/10.1056/NEJMoa1606774
https://doi.org/10.3389/fonc.2023.1191681
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Mohammed et al. 10.3389/fonc.2023.1191681
5. Mohammed N, Zhou RR, Xiong Z. Imaging evaluation of lung cancer treated with
PD-1/PD-L1 inhibitors. Br J Radiol (2021) 94:20210228. doi: 10.1259/bjr.20210228

6. Li J, Ge S, Sang S, Hu C, Deng S. Evaluation of PD-L1 expression level in patients
with non-small cell lung cancer by (18)F-FDG PET/CT radiomics and clinicopathological
characteristics. Front Oncol (2021) 11:789014. doi: 10.3389/fonc.2021.789014

7. Alessandrino F, Sahu S, Nishino M, Adeni AE, Tirumani SH, Shinagare AB, et al.
Frequency and imaging features of abdominal immune-related adverse events in
metastatic lung cancer patients treated with PD-1 inhibitor. Abdominal Radiol (New
York) (2019) 44:1917–27. doi: 10.1007/s00261-019-01935-2

8. Park H, Hatabu H, Ricciuti B, Aijazi SJ, Awad MM, Nishino M. Immune-related
adverse events on body CT in patients with small-cell lung cancer treated with immune-
checkpoint inhibitors. Eur J Radiol (2020) 132:109275. doi: 10.1016/j.ejrad.2020.109275

9. Suresh K, Voong KR, Shankar B, Forde PM, Ettinger DS, Marrone KA, et al.
Pneumonitis in non-small cell lung cancer patients receiving immune checkpoint
immunotherapy: incidence and risk factors. J Thorac Oncol (2018) 13:1930–9.
doi: 10.1016/j.jtho.2018.08.2035

10. Nakahama K, Tamiya A, Isa SI, Taniguchi Y, Shiroyama T, Suzuki H, et al.
Association between imaging findings of airway obstruction adjacent to lung tumors
and the onset of interstitial lung disease after nivolumab. In Vivo (Athens Greece)
(2018) 32:887–91. doi: 10.21873/invivo.11324

11. Sun Z, Wang S, Du H, Shen H, Zhu J, Li Y. Immunotherapy-induced
pneumonitis in non-small cell lung cancer patients: current concern in treatment
with immune-check-point inhibitors. Investigational New Drugs (2021) 39:891–8.
doi: 10.1007/s10637-020-01051-9

12. Funazo TY, Nomizo T, Ozasa H, Tsuji T, Yasuda Y, Yoshida H, et al. Clinical
impact of low serum free T4 in patients with non-small cell lung cancer treated with
nivolumab. Sci Rep (2019) 9:17085. doi: 10.1038/s41598-019-53327-7

13. Smith DA, Radzinsky E, Tirumani SH, Guler E, Petraszko A, Kikano E, et al.
Findings on chest CT performed in the emergency department in patients receiving
immune checkpoint inhibitor therapy: single-institution 8-year experience in 136
patients. AJR Am J roentgenology (2021) 217:613–22. doi: 10.2214/ajr.20.24758

14. Ricciuti B, Genova C, De Giglio A, Bassanelli M, Dal Bello MG, Metro G, et al.
Impact of immune-related adverse events on survival in patients with advanced non-
small cell lung cancer treated with nivolumab: long-term outcomes from a multi-
institutional analysis. J Cancer Res Clin Oncol (2019) 145(2):479–85. doi: 10.1007/
s00432-018-2805-3
Frontiers in Oncology 11
15. Itonaga T, Saito K, Ikeda N, Mikami R. Morphological changes of the thyroid
gland as a new radiographic marker for lung cancer treatment efficacy of immune
checkpoint inhibitors. Acta Radiol (2021) 62(1):42–50. doi: 10.1177/
0284185120916197

16. Ciccarese F, Piccinino A, Brocchi S, Balacchi C, Dall'Olio FG, Massari F, et al.
Expected and non-expected immune-related adverse events detectable by CT. Eur J
Radiol (2021) 138:109617. doi: 10.1016/j.ejrad.2021.109617

17. Delaunay M, Cadranel J, Lusque A, Meyer N, Gounant V, Moro-Sibilot D, et al.
Immune-checkpoint inhibitors associated with interstitial lung disease in cancer
patients. Eur Respir J (2017) 50. doi: 10.1183/13993003.00050-2017

18. Kobayashi K, Nakachi I, Naoki K, Satomi R, Nakamura M, Inoue T, et al. Real-
world efficacy and safety of nivolumab for advanced non-small-cell lung cancer: A
retrospective multicenter analysis. Clin Lung Cancer (2018) 19:e349–58. doi: 10.1016/
j.cllc.2018.01.001

19. Zhou Y, Xia R, Xiao H, Pu D, Long Y, Ding Z, et al. Thyroid function
abnormality induced by PD-1 inhibitors have a positive impact on survival in
patients with non-small cell lung cancer. Int Immunopharmacol (2021) 91:107296.
doi: 10.1016/j.intimp.2020.107296

20. Shao J, Wang C, Ren P, Jiang Y, Tian P, Li W. Treatment- and immune-related
adverse events of immune checkpoint inhibitors in advanced lung cancer. Bioscience
Rep (2020) 40(5):BSR20192347. doi: 10.1042/bsr20192347

21. Fukihara J, Sakamoto K, Koyama J, Ito T, Iwano S, Morise M, et al. Prognostic
impact and risk factors of immune-related pneumonitis in patients with non-small-cell
lung cancer who received programmed death 1 inhibitors. Clin Lung Cancer (2019)
20:442–450.e444. doi: 10.1016/j.cllc.2019.07.006

22. Correale P, Saladino RE, Giannarelli D, Sergi A, Mazzei MA, Bianco G, et al.
HLA expression correlates to the risk of immune checkpoint inhibitor-induced
pneumonitis. Cells (2020) 9. doi: 10.3390/cells9091964

23. Chu X, Zhao J, Zhou J, Zhou F, Jiang T, Jiang S, et al. Association of baseline
peripheral-blood eosinophil count with immune checkpoint inhibitor-related
pneumonitis and clinical outcomes in patients with non-small cell lung cancer
receiving immune checkpoint inhibitors. Lung Cancer (2020) 150:76–82.
doi: 10.1016/j.lungcan.2020.08.015

24. Watanabe S, Ota T, Hayashi M, Ishikawa H, Otsubo A, Shoji S, et al. Prognostic
significance of the radiologic features of pneumonitis induced by anti-PD-1 therapy.
Cancer Med (2020) 9:3070–7. doi: 10.1002/cam4.2974
frontiersin.org

https://doi.org/10.1259/bjr.20210228
https://doi.org/10.3389/fonc.2021.789014
https://doi.org/10.1007/s00261-019-01935-2
https://doi.org/10.1016/j.ejrad.2020.109275
https://doi.org/10.1016/j.jtho.2018.08.2035
https://doi.org/10.21873/invivo.11324
https://doi.org/10.1007/s10637-020-01051-9
https://doi.org/10.1038/s41598-019-53327-7
https://doi.org/10.2214/ajr.20.24758
https://doi.org/10.1007/s00432-018-2805-3
https://doi.org/10.1007/s00432-018-2805-3
https://doi.org/10.1177/0284185120916197
https://doi.org/10.1177/0284185120916197
https://doi.org/10.1016/j.ejrad.2021.109617
https://doi.org/10.1183/13993003.00050-2017
https://doi.org/10.1016/j.cllc.2018.01.001
https://doi.org/10.1016/j.cllc.2018.01.001
https://doi.org/10.1016/j.intimp.2020.107296
https://doi.org/10.1042/bsr20192347
https://doi.org/10.1016/j.cllc.2019.07.006
https://doi.org/10.3390/cells9091964
https://doi.org/10.1016/j.lungcan.2020.08.015
https://doi.org/10.1002/cam4.2974
https://doi.org/10.3389/fonc.2023.1191681
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	PD-1/PD-L1 inhibitor treatment and its impact on clinical imaging in non-small cell lung cancer: a systematic review and meta-analysis of immune-related adverse events
	1 Introduction
	2 Methods
	2.1 Literature search
	2.2 Inclusion and exclusion criteria
	2.3 Data extraction
	2.4 Risk of bias assessment
	2.5 Statistical analysis

	3 Results
	4 Discussion
	5 Limitations
	6 Conclusion
	Data availability statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


