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Background: Checkpoint inhibitor-related pneumonitis (CIP) induced by immune checkpoint inhibitors
(ICISs) is one of the most fatal immune-related adverse events (irAE). However, only limited data are available
on rechallenge with ICIs after CIP. We evaluated the efficacy and safety of rechallenge after CIP in patients
with advanced lung cancer to identify the potential populations that would benefit.

Methods: We conducted a multicenter retrospective study of advanced lung cancer patients who received
further ICI treatment (rechallenge) or did not undergo re-administration after grade >1 CIP between May
2017 and May 2021. Progression-free survival (PFS) and overall survival (OS) were estimated from first or
second ICI initiation to disease progression (PFS1 and PFS2, respectively), death, or last follow-up (OS1
and OS2, respectively). The recurrence of CIP and new irAEs in these patients after ICI rechallenge were
calculated.

Results: Among 107 patients afflicted with CIP, 45 (42.1%) received ICI rechallenge. Multivariate analysis
showed that severe grade (grades >3) and ground-glass opacity of pneumonitis lesions were negatively
associated with rechallenge. Following rechallenge, 9 (20.0%) patients developed recurrent pneumonitis,
and 11 (24.4%) developed a new irAE. Severe grade of CIP and poor performance status at initial CIP
as well as levels of interleukin (IL)-6 and C-reactive protein (CRP), and absolute white blood cell and
neutrophil counts at the time of ICI rechallenge were associated with a higher recurrence rate. The median
(95% confidence interval) PFS1 and PFS2 were 17.9 (9.9-24.2) and 15.5 (5.5-25.6) months, respectively.
The median (95% confidence interval) OS1 and OS2 were 23.5 (16.5-30.5) and 18.4 (10.1-26.7) months,

respectively. Lower OS2 was observed in patients with severe grade of CIP and poor performance status at
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the initial CIP, recurrence of CIP, and in patients with high levels of CRP and IL-6 at rechallenge. Only IL-6

was found to affect OS2 on multivariate analysis.

Conclusions: ICI rechallenge following CIP may be a promising treatment for patients with advanced

lung cancer, particularly in those with low-grade of CIP and good performance status at initial CIP, and low

levels of IL-6 and CRP at the time of initial challenge. Prospective studies are needed for further verification.
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Introduction

Immune checkpoint inhibitors (ICIs), including those
targeting cytotoxic T-lymphocyte antigen-4 (CTLA-4),
programmed cell death 1 (PD-1), and programmed cell
death ligand-1 (PD-L1), used alone or in combination
therapy (including ICI + chemotherapy and dual
immunotherapy) have markedly improved overall survival
(OS) in patients with advanced lung cancer (1,2). However,
ICIs are also associated with certain immune-related
adverse events (irAEs) (3). Checkpoint inhibitor-related
pneumonitis (CIP) is the most fatal irAE in patients
receiving anti-PD-1/PD-L1 agents (4). In clinical studies
the incidence of CIP is reportedly 3—5% (5), but is higher
in real-world data, ranging from 10% to 19% (6-9). A
meta-analysis demonstrated that non-small cell lung cancer
(NSCLC) was more likely to be associated with all-grade or
high-grade CIP than other cancers (10).

The official guidelines indicate patients with grade 1
CIP can resume ICI therapy on radiographic evidence of
improvement or resolution of the pneumonitis episode;
grade 2 CIP requires temporary discontinuation of
ICIs until resolution to < grade 1; and CIP of grade 3—4
requires permanent discontinuation of ICIs (11-13). These
recommendations are based both on expert consensus and
anecdotal experience because there is at present a lack
of adequate clinical data on ICI retreatment after CIP
improvement.

A recent study reported that the OS of irAE patients
in the rechallenge group was longer than that in the non-
rechallenge group (38.6 vs. 24.9 months) (14). A recent
cohort of 144 NSCLC patients who were retreated with
ICIs exhibited encouraging rechallenge efficacy, especially
for patients who had an interruption of the first ICI
treatment due to toxicity or following a clinical decision
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(treatment withdrawal in view of the long-term benefit
achieved or the patient’s needs despite disease control and
absence of toxicities), for those not receiving systemic
treatment between the two IClIs, and for those with good
Eastern Cooperative Oncology Group performance status
(ECOG PS) at rechallenge (15). To date, evidence regarding
effectiveness of retreatment following CIP is scarce. It
is not clear which patients can benefit from rechallenge.
Studies have shown that the recurrence rate of irAEs after
ICI rechallenge varied between 39% and 55% for various
types of cancer (16-18). Dolladille er al. found that the
recurrence rate of CIP, colitis, and hepatitis were higher
than that of other irAEs (19). Continuing ICIs without any
suspension as well as resuming ICIs after suspension remain
challenging, and more data would be helpful in selecting
patients for rechallenge.

This study was designed to evaluate the safety and
efficacy of rechallenge of ICIs in patients with advanced
lung cancer and to identify the potential risk factors
associated with the recurrence of CIP. We present the
following article in accordance with the STROBE reporting
checklist (available at https://tlcr.amegroups.com/article/
view/10.21037/tlcr-22-732/rc).

Methods
Patient selection

This multicenter, retrospective, observational cohort study
was conducted in 3 centers [First Affiliated Hospital of
Guangzhou Medical University (FHGMU), Sun Yat-sen
University Cancer Center (SYUC), and Shanghai Chest
Hospital (SCH)]. Medical records of consecutive patients
who received at least 1 dose of an ICI between May 2017
and May 2021 were reviewed. Patients with stage IV or
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unresectable stage III (including but not limited poor
cardiopulmonary function, bulky nodal involvement, T4N2
disease or N3 disease, etc.) lung cancer [according to the
2015 World Health Organization Classification of Lung
Tumors (20)] who experienced CIP were included in this
study. Patients with other cancers, early lung cancer, or
lacking complete data, were excluded. CIP was diagnosed by
a multidisciplinary team that utilized the guidelines of the
National Comprehensive Cancer Network, the American
Society for Clinical Oncology, and the European Society for
Medical Oncology (11-13). CIP was defined as new-onset
infiltrates on chest imaging and/or clinical symptoms such
as cough, expectoration, shortness of breath, or fever that
were likely caused by ICIs, with other etiologies excluded.
Enrolled patients were divided into two groups according to
their subsequent re-exposure to ICIs: patients who received
ICI therapy without interruption or who restarted ICI
therapy after interruption (rechallenged group); and patients
who did not undergo re-administration (non-rechallenged
group). The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the Ethics Committee of the First Affiliated
Hospital of Guangzhou Medical University (No. 2021-38).
Individual consent for this retrospective analysis was waived.
All participating hospitals/institutions were informed and
agreed the study.

Data collection and study assessment

The following information was retrospectively collected
from each patient’s medical record: demographics (age, sex),
ECOG PS, ICI (type, duration of treatment, and outcomes),
CIP data (time to CIP onset, symptoms, maximum CIP
grade, imaging features, clinical type, management, and
outcomes), and laboratory findings. All patients received
follow-up from enrollment, through an electronic medical
record system review and telephone follow-up. For patients
with recurrent CIP or new irAEs during follow-up, the time
and grade of occurrence were recorded. In the rechallenged
group, the time from CIP occurrence to rechallenge and
type of ICI used when treatment was restarted were also
collected.

ECOG PS was evaluated prior to ICI treatment and at
the time point of the most severe grade of pneumonitis.
The severity of CIP was graded according to the Common
Toxicity Criteria for Adverse Events (version 4.0). Based
on the imaging findings, CIP lesions were divided into
5 subtypes: cryptogenic organizing pneumonitis (COP),

© Translational Lung Cancer Research. All rights reserved.

2291

ground-glass opacity (GGO), interstitial, hypersensitivity,
and pneumonitis not otherwise specified (NOS) (6). CIP was
classified into 3 types in terms of clinical factors: pure type
(idiopathic, with or without autoimmune disease), induced
type (i.e., having distinct etiologies, such as radiotherapy,
cytomegalovirus infection, or Epstein-Barr virus reactivation),
and mixed type (combined with infectious pneumonia,
tumor progression or radiation-related pneumonitis) (21).
Improvement of CIP was defined as an improvement of
symptoms, reduction in oxygen demand, or improvement in
the infiltrates. Conversely, worsening of CIP was defined as
an exacerbation of symptoms, increased oxygen demand, or
increased infiltration.

Clinical responses were classified according to RECIST
version 1.1. The overall response rate (ORR) in patients
receiving the first and second ICI was defined as the
percentage of patients achieving a complete response (CR) as
well as partial response (PR). The disease control rate (DCR)
corresponded to all patients with CR, PR and stable disease
(SD) treated with the first or second ICI. Progression-
free survival (PFS) from the first ICI (PFS1) was estimated
as the duration from the first ICI administration to
disease progression or death. The PFS under rechallenge
(PFS2) was defined as the time from the initiation of the
rechallenge to disease progression or death. OS under the
first ICI (OS1) was defined as the time from the initiation
of ICI to death due to any cause or the last follow-up date
(1 July 2021), and OS2 was estimated from the initiation of
the rechallenge.

Laboratory findings included the absolute white blood
cell count (WBC), absolute neutrophil count (ANC),
absolute lymphocyte count (ALC), absolute eosinophil
count (AEC), and the levels of interleukin (IL)-6 and -10,
lactate dehydrogenase (LDH), albumin (ALB), C-reactive
protein (CRP), and Krebs von den Lungen-6 (KL-6). The
neutrophil-to-lymphocyte ratio (NLR) was calculated by
dividing the ANC by the ALC. These laboratory findings
were collected at the initial CIP for each included case.
In the rechallenged group, we also collected the same
laboratory findings at the initiation of the rechallenge
treatment.

Statistical analysis

Statistics are summarized as the frequency and percentage
for categorical variables and as the median (range) for
continuous variables. Independent-samples z-test or
the Mann-Whitney U test was used for the continuous
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Figure 1 Flowchart showing study design and patient inclusion. CIP, checkpoint inhibitor-related pneumonitis; ICI, immune checkpoint

inhibitor.

variables. Differences in the categorical variables were
assessed using the Chi-square (x’) or Fisher’s exact test.
Spearman’s rank correlation was performed for the
correlation analysis of clinical factors and the severity
of initial CIP. Logistic univariate analysis was applied to
identify which factors were associated with rechallenge.
Variables with P<0.1 in the univariate analysis were analyzed
in the multivariate logistic regression analysis.

Receiver operating characteristic (ROC) and area under
curve (AUC) values were applied for exploring the value
of laboratory findings to predict recurrent CIP in the
rechallenged group. Youden’s index was used to determine
the best cutoff value. Logistic univariate analysis was used
to determine which factors were associated with recurrent
CIP among the rechallenged patients. The sample size of
the recurrent CIP patient group was too small to conduct
multivariate analysis. The severity of initial and recurrent
CIP was compared using the Wilcoxon signed-rank test.

The Kaplan-Meier method was used to estimate PFS
and OS with a 95% confidence interval (CI), and the log-
rank test was used to evaluate between-group differences.
Cox regression was applied to calculate the hazard ratios
(HRs) with a 95% CI of factors associated with PFS and
OS. All P values were based on the two-sided hypothesis
test, and P<0.05 was considered statistically significant. All
analyses were conducted using IBM SPSS Statistics version
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25 (Armonk, NY).

Results
Participants

There were 124 patients with CIP after ICI therapy at
FHGMU (n=105), SYUC (n=15), and SCH (n=4). A total
of 17 patients were excluded: 11 with other cancers, 2 with
early lung cancer, and 4 lacking complete data. Ultimately,
107 patients were included in the study (Figure 1) and
their characteristics are summarized in Tzble 1. The
median age of all participants was 66 (range, 36-85) years.
Squamous cell carcinoma was the most common tumor
type (45.8%), followed by adenocarcinoma (32.7%) and
small cell lung cancer (SCLC) (12.1%). Of the 107 patients,
19 (17.8%) had preexisting lung diseases (16 chronic
obstructive pulmonary disease, 2 pulmonary fibrosis, and
1 pulmonary tuberculosis), and 33 (30.8%) had a prior
history of radiotherapy (23 with thoracic radiotherapy, 7
with extrathoracic radiotherapy and 3 both with thoracic
and extrathoracic radiotherapy). Among the 50 participants
(46.7%) whose PD-L1 expression was determined, PD-L1
<1%, 1-49%, and >50% in 28 (26.2%), 15 (14.0%) and 7
(6.5%) patients, respectively. Initial ICI therapy was a PD-1
inhibitor in 100 patients (93.5%) and a PD-L1 inhibitor in
7 patients (6.5%).
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Table 1 Characteristics of advanced lung cancer patients treated with ICIs

Variable All patients (n=107) Rechallenge (n=45) Non-rechallenge (n=62) P value

Age (years), median [range] 66 [36-85] 65 [36-85] 66 [43-85] 0.58

Sex, n (%) 0.34
Male 92 (86.0) 37 (82.2) 55 (88.7)

Female 15 (14.0) 8(17.8) 7(11.3)

Smoking status, n (%) 0.29
Current/former 68 (63.6) 28 (62.2) 40 (64.5)
Never 39 (36.4) 17 (37.8) 22 (35.5)

Histologic type, n (%) 0.48
Squamous 49 (45.8) 23 (561.1) 26 (41.9)
Adenocarcinoma 35 (32.7) 11 (24.4) 24 (38.7)

SCLC 13 (12.1) 6 (13.3) 7 (11.3)
Other 10 (9.3) 5(11.1) 5(8.1)

Preexisting lung disease, n (%) 19 (17.8) 8(17.8) 11 (17.7) 0.99
Chronic obstructive pulmonary disease 16 (15.0) 6(13.3) 10 (16.1) 0.69
Pulmonary fibrosis 2(1.9) 2 (4.4 0 0.18
Pulmonary tuberculosis 1(0.9) 0 1(1.6) 1

Radiation before CIP, n (%) 33 (30.8) 10 (22.2) 23 (37.1) 0.10
Chest 23 (21.5) 6 (13.3) 17 (27.4) 0.080
Non-chest 7 (6.5) 2 (4.4) 5 (8.1) 0.19
Both 3(2.8) 2(4.4) 1(1.6) 0.57

ECOG PS, n (%) 1
0-1 103 (96.3) 43 (95.6) 60 (96.8)
=2 4(3.7) 2 (4.4) 2(3.2)

PD-L1 expression status, n (%) 0.40
<1% 28 (26.2) 14 (31.1) 14 (22.6)

1-49% 15 (14.0) 4(8.9) 11(17.7)
>50% 7 (6.5) 3(6.7) 4 (6.5)
Unknown 57 (563.3) 24 (53.3) 33(53.2)

Treatment lines, n (%) 0.33
1 73 (68.2) 33(73.3) 40 (64.5)
>2 34 (31.8) 12 (26.7) 22 (35.5)

ICl type, n (%) 0.45
Anti-PD-1 100 (93.5) 41 (91.1) 59 (95.2)

Anti-PD-L1 7 (6.5) 4(8.9) 3(4.8)

Table 1 (continued)
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Variable All patients (n=107) Rechallenge (n=45) Non-rechallenge (n=62) P value
Treatment data, n (%) 0.36
Monotherapy 23 (21.5) 6(13.3) 17 (27.4)
Combination with chemotherapy 65 (60.7) 30 (66.7) 35 (56.5)
Combination with anti-angiogenesis 54.7) 24.4 3(4.8)
Combination with chemotherapy and anti-angiogenesis 14 (13.1) 7 (15.6) 7(11.3)
Best response, n (%) 0.011*
Partial response 45 (42.1) 27 (60.0) 18 (29.0)
Stable disease 47 (43.9) 17 (37.8) 30 (48.4)
Progression of disease 8 (7.5) 1(2.2) 7(11.3)
Not evaluated 7 (6.5) 0 7 (11.3)
ORR (%) (95% CI) 45.0 (35.1-54.9) 60.0 (45.1-74.9) 32.7 (19.9-45.5) 0.006*
Median PFS (months) (95% ClI) 8.8 (6.3-12.2) 17.9 (11.2-24.6) 7.0 (5.6-8.4) 0.008*
Median OS (months) (95% Cl) 17.2 (10.5-24.0) 23.5 (16.5-30.5) 12.6 (9.4-15.7) 0.024*

*, P<0.05. ICI, immune checkpoint inhibitor; SCLC, small cell lung cancer; CIP, checkpoint inhibitor-related pneumonitis; ECOG PS,
Eastern Cooperative Oncology Group performance status; PD-L1, programmed death ligand-1; PD-1, programmed cell death protein-1;
ORR, overall response rate; Cl, confidence interval; PFS, progression-free survival; OS, overall survival.

Of the 107 patients, 45 (42.1%) patients received further
ICI treatment (with or without interruption) after initial
CIP (rechallenged group), and 62 were not rechallenged
(non-rechallenged group) (Figures 1,2). ICI combination
therapy was the predominant treatment type in both groups,
but accounted for a larger proportion (86.7%) of treatment
in the rechallenged group (P=0.080) (7able I).

Initial CIP and rechallenge

The median time from the onset of ICI therapy to first
CIP was 3.4 months (range, 0.2-13.9 months); 13 patients
(12.1%) had no symptoms. The main symptoms of CIP
were cough (74.8%), shortness of breath (62.6%), and
expectoration (57.0%). The severity of CIP was grade 1-2
in 66 patients (61.7%), grade 3—4 in 33 patients (30.8%),
and grade 5 in 8 patients (7.5%). GGO was the predominant
imaging lesion (49.5%), followed by interstitial pneumonitis
(21.5%) and COP (18.7%). Among the 107 patients, 48
had pure-type CIP, 13 had induced-type CIP, and 46 were
mixed-type CIP (Table 2).

The proportion of severe grade (grades 3-5) along with
poor ECOG PS score (>2) at initial CIP was higher in the
non-rechallenged group than in the rechallenged group

© Translational Lung Cancer Research. All rights reserved.

(58.1% vs. 11.1%, P<0.001; 83.9% vs. 44.4%, P<0.001;
respectively). GGO accounted for the highest proportion of
lesions on imaging in the two groups, but was higher in the
non-rechallenged group (62.9% vs. 31.1%, P=0.001). In the
rechallenged group, the proportion of pure-type CIP was
the highest, but in the non-rechallenged group the mixed
type CIP was predominant. When pneumonitis occurred,
the frequency of disease progression (PD) in the non-
rechallenged group was higher than in the rechallenged
group (24.2% vs. 6.7%, P=0.017) (Tuble 2).

The ALC, AEC, and ALB detected at initial CIP were
statistically significantly lower in the non-rechallenged group
than in the rechallenged group. Conversely, KL.-6, ANC, and
NLR were lower in the rechallenged group (Zable 2). These
peripheral blood parameters (ALC, ALB, KL-6, and NLR)
were statistically associated with the severity of the first CIP
episode (Table S1).

Of the 107 patients, 78 (72.9%) were treated
with glucocorticoids (including methylprednisolone,
prednisolone, and dexamethasone), including 24 in the
rechallenged group and 54 in the non-rechallenged group
(53.3% vs. 87.1%, P<0.001).

CIP recovered, improved, or stabilized in all patients in
the rechallenged group, with an improvement rate of 93.3%
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Figure 2 Flowchart of patients with immune checkpoint inhibitor rechallenge who developed CIP recurrence and their outcomes. CIP,

checkpoint inhibitor-related pneumonitis.

Table 2 Patients’ characteristics at CIP

Variable All patients (n=107) Rechallenge (n=45) Non-rechallenge (n=62) P value
Duration of drug administration (months) 3.4 (0.2-13.9) 2.9 (0.7-13.9) 4.1 (0.2-12.4) 0.17
Asymptomatic 13 (12.1) 11 (24.4) 2(3.2 0.001*
Symptoms
Fever 19 (17.8) 5(11.1) 14 (22.6) 0.13
Cough 80 (74.8) 30 (66.7) 50 (80.6) 0.10
Expectoration 61 (57.0) 23 (51.1) 38 (61.3) 0.29
Shortness of breath 67 (62.6) 20 (44.4) 47 (75.8) 0.001*
ECOG PS <0.001*
0-1 35 (32.7) 25 (55.6) 10 (16.1)
>2 72 (67.3) 20 (44.4) 52 (83.9)
Grade <0.001~
1-2 66 (61.7) 40 (88.9) 26 (41.9)
3-4 33(30.8) 5(11.1) 28 (45.2)
5 8 (7.5) 0 8 (12.9)

Table 2 (continued)
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Variable All patients (n=107) Rechallenge (n=45)  Non-rechallenge (n=62) P value
Radiological features 0.010*
COP 20 (18.7) 13 (28.9) 7(11.3)
GGO 53 (49.5) 14 (31.1) 39 (62.9)
NSIP 23 (21.5) 11 (24.4) 12 (19.4)
NOS 7 (6.5) 4 (8.9 3(4.8)
Unknown 4 (3.7) 3(6.7) 1(1.6)
Clinical type 0.002*
Pure 48 (44.9) 29 (64.4) 19 (30.6)
Induced 13 (12.1) 4 (8.9 9 (14.5)
Mixed 46 (43.0) 12 (26.7) 34 (54.8)
Progression of disease at first CIP 18 (16.8) 3(6.7) 15 (24.2) 0.017*
Combined with other irAEs 23 (21.5) 9 (20.0) 14 (22.6) 0.75*
Laboratory values at first CIP
IL-6, pg/mL 14.0 (1.9-309.7) 8.2 (1.9-31.8) 20.7 (2.3-309.7) 0.19
IL-10, pg/mL 3.1(0.6-20.4) 2.9(0.6-5.2) 3.2 (1.9-20.4) 0.30
LDH, U/L 276.3 (149.0-512.7) 250.0 (149.0-307.0) 297.4 (185.3-512.7) 0.08
ALB, g/L 34.2 (28.0-41.5) 37.1 (33.5-41.5) 32.8 (28.0-36.3) 0.001*
CRP, mg/L 32.3 (1.9-318.0) 8.2 (1.9-31.8) 103.9 (4.8-318.0) 0.14
KL-6, U/mL 743 (222-9,358) 245 (222-4,022) 1192 (391-9,358) 0.014*
WBC, K/uL 8.0 (1.0-49.7) 7.7 (1.0-22.9) 8.8 (3.4-49.7) 0.12
ALC, K/uL 0.7 (0.3-2.1) 1.3(0.4-2.1) 0.5 (0.3-1.3) <0.001*
AEC, K/uL 0.1 (0-0.5) 0.2 (0.1-0.5) 0.1 (0-0.3) <0.001*
ANC, K/pL 7.0 (2.2-18.5) 3.3 (2.2-9.9) 8.4 (2.3-18.5) 0.012*
NLR 8.0 (1.3-46.3) 5.5(1.3-13.0) 12.8 (2.5-46.3) <0.001*
Systemic corticosteroid use 78 (72.9) 24 (53.3) 54 (87.1) <0.001*
Outcome of CIP <0.001*
Recovery/improved 82 (76.6) 42 (93.3) 40 (64.5)
Stabilized 10 (9.3) 24.4) 8(12.9)
Worsened/death 12 (11.2) 0 12 (19.4)
Unknown 3(2.8) 1(2.2) 2(3.2
Time to improvement (months) 0.8 (0.1-7.6) 0.9 (0.1-7.6) 0.4 (0.1-3.9) 0.008*
Recurrence of CIP 17 (15.9) 9 (20.0) 8(12.9) 0.32

The data are shown as n (%) or median (range). *, P<0.05. CIP, checkpoint inhibitor-related pneumonitis; ECOG PS, Eastern Cooperative
Oncology Group performance status; COP, cryptogenic organizing pneumonitis; GGO, ground glass opacities; NSIP, non-specific
interstitial pneumonia; NOS, pneumonitis not otherwise specified; irAEs, immune-related adverse events; IL, interleukin; LDH, lactate
dehydrogenase; ALB, albumin; CRP, C-reactive protein; KL-6, Krebs von den Lungen-6; WBC, absolute white blood cell count; ALC,
absolute lymphocyte count; AEC, absolute eosinophil count; ANC, absolute neutrophil count; NLR, neutrophil-to-lymphocyte ratio.
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versus 64.5% in the non-rechallenged group (P<0.001). The
improvement time in the rechallenged group was longer
than in the non-rechallenged group (0.9 vs. 0.4 months,
P=0.008).

Multivariate analysis showed that severe grade of CIP
[odds ratio (OR) =0.16, 95% CI: 0.04-0.73, P=0.018]
and GGO (OR =0.27, 95% CI: 0.09-0.86, P=0.027) were
significantly and independently associated with non-
rechallenge of ICI (Table S2).

Safety of rechallenge

45 patients who were rechallenged with an ICI, of which 10
continued ICI treatment without interruption, and 35 re-
initiated ICI therapy after an interruption. Most patients
(88.9%) received the same ICI or ICI combination therapy.
The median duration from initial CIP to ICI rechallenge
was 0.8 months (range, 0-5.9 months).

Overall, 30 (66.7%) patients did not experience any
subsequent irAEs, 9 (20.0%) had recurrence of CIP, and 11
(24.4%) developed a new irAE (Table 3, Figure 34). Of the
9 patients who experienced CIP recurrence, the severity of
CIP was grade 2 in 3 patients, grade 3 in 1 patient, grade
4 in 2 patients, and grade 5 in 3 patients. The second
CIP episodes were more severe than the initial event.
The median time from rechallenge to recurrent CIP was
shorter than from the initial ICI to first CIP (41 vs. 113 days,
P=0.007). Eventually, 3 patients died, 2 progressed, 1
stabilized, and 3 improved (Figure 2). Excluding the 12
patients with pneumonitis progression or death, 8 patients
(16.0%) experienced recurrent pneumonitis in the non-
rechallenged group during follow-up, of whom 3 patients
(37.5%) died. The grade of recurrent pneumonitis was also
higher than that of the initial pneumonitis episode in the
non-rechallenged group. The 10 patients who did not have
immunotherapy suspended after grade 1 initial CIP did not
develop exacerbations or recurrent CIP.

A total of 11 patients experienced a new irAE, all of
which were grade 1-2, except for 2 cases of myocarditis.
New irAEs post-rechallenge were most commonly hepatitis;
6/36 patients (16.7%) without recurrent pneumonitis
developed other irAEs (Figure 3B), and 5/9 patients (55.6%)
with recurrent pneumonitis and other irAE complications
(Figure 3C).

Three treatment-related deaths occurred. In one
case, a patient treated with anti-PD-1 combined with
bevacizumab initially developed grade 3 CIP (mixed type)
and recovered after 20 days. The disease progressed and
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the patient was treated with a PD-L1 inhibitor combined
with chemotherapy, but 14 days later redeveloped CIP,
which resulted in death. In the second patient, grade 1
CIP occurred after receiving anti-PD-1 combined with
chemotherapy, and the original treatment was continued
for 3 courses. The patient developed CIP and myocarditis
and eventually died. In the third patient, after receiving the
PD-1 inhibitor plus chemotherapy, grade 3 CIP occurred
and immunotherapy was suspended. After further multi-
line anti-tumor therapy, the disease progressed. The patient
was treated with anti-PD-1 and anti-CTL-4 therapy, but
1 week later, CIP and myocarditis developed, which led to
death. All 3 patients had a history of chronic obstructive
pulmonary disease, and the third case had a pneumothorax
at initial CIP.

Factors associated with CIP recurrence

The characteristics of patients with recurrent CIP in
the rechallenged group are summarized in 7able 3. The
frequency of grade 3—4 initial CIP in the recurrence cohort
was significantly higher than in the non-recurrence cohort
(44.4% vs. 2.8%, P=0.004). Similarly, the proportion of
patients with ECOG PS >2 at initial CIP was higher in the
recurrence cohort than in the non-recurrence cohort (77.8%
vs. 36.1%, P=0.057). Upon univariate analysis, severe grade
of CIP (OR =28.0, 95% CI: 2.6-303.5, P=0.006) and poor
PS (OR =6.2, 95% CI: 1.1-34.3, P=0.037) at initial CIP
were significantly associated with CIP recurrence (Table 4).

Notably, patients with CIP recurrence had significantly
higher peripheral blood levels of IL-6, CRP, WBC and
ANC at ICI rechallenge than those without CIP recurrence.
ROC curve analysis was performed to determine the
best threshold for IL-6, CRP, WBC, and ANC levels for
the prediction of CIP recurrence: 8.08 pg/mL for IL-6
(AUC =0.83, P=0.017), 30.62 mg/L for CRP (AUC =0.75,
P=0.062), 8.61 K/pL for WBC (AUC =0.73, P=0.091), and
6.75 K/pL for ANC (AUC =0.73, P=0.091) (Figure SI).
Univariate logistic regression analysis revealed that IL-6
(OR =12.0, P=0.031), CRP (OR =10.5, P=0.022), WBC (OR
~12.0, P=0.005), and ANC (OR =13.5, P=0.003) at the time
of ICI rechallenge were significantly associated with CIP
recurrence (1able 4).

Effectiveness of rechallenge

The overall median follow-up for this analysis was
15.9 months. The ORR was higher in the rechallenged
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Variable CIP recurrence (n=9) CIP non-recurrence (n=36) P value
Age (years), median [range] 65 [65-75] 66 [36-85] 0.79
Male, n (%) 9 (100.0) 28 (77.8) 0.18
Initial ICI type, n (%) 0.57
Anti-PD-1 9 (100.0) 32 (88.9)
Anti-PD-L1 0 4(11.1)
Initial treatment data, n (%) 0.011
Monotherapy 2 (22.2) 3(8.3)
Combination with chemotherapy 2(22.2) 27 (75.0)
Combination with anti-angiogenesis 2 (22.2) 1(2.8)
Combination with chemotherapy and anti-angiogenesis 3(33.3) 5(13.9)
Median time to first CIP (months) (range) 3.8 (1.5-5.3) 2.6 (0.7-13.9) 0.55
ECOG PS (22) at first CIP, n (%) 7 (77.8) 13 (36.1) 0.057
Severe grade of first CIP, n (%) 4 (44.4) 1(2.8) 0.004*
Radiological features, n (%) 0.24
COoP 4 (44.4) 9 (25.0)
GGO 1(11.1) 13 (36.1)
NSIP 4 (44.4) 7(19.4)
NOS 0 4(11.1)
Unknown 0 3(8.3)
Clinical type, n (%) 0.30
Pure 4 (44.4) 25 (69.4)
Induced 1(11.1) 3(8.3)
Mixed 4 (44.4) 8 (22.2)
Laboratory values at rechallenge, median (range)
IL-6, pg/mL 25 (8.1-51.6) 7.6 (1.3-49.1) 0.007*
IL-10, pg/mL 3.5 (1.4-22.0) 2.2 (0.8-29.9) 0.32
LDH, U/L 262.0 (165.6-2,111.3) 227.1 (126.8-397.0) 0.24
ALB, g/L 35.5 (25.9-39.0) 37.0 (28.7-43.4) 0.54
CRP, mg/L 32.3 (10.0-107.5) 10.1 (1.2-188.2) 0.032*
KL-6, U/mL 1,730.5 (395.0-2,385.0) 822.5 (386.0-2,283.0) 0.29
WBC, K/pL 10.3 (4.9-16.4) 6.9 (4.3-15.3) 0.022*
ALC, K/uL 1.8(0.4-3.2) 1.3(0.6-3.2) 0.69
AEC, K/uL 0.1 (0-0.5) 0.1 (0-0.4) 0.63
ANC, K/pL 7.2(3.2-11.7) 4.6 (1.7-12.4) 0.030*
NLR 3.6 (2.0-24.3) 3.5(0.7-8.5) 0.46

Table 3 (continued)
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Table 3 (continued)

Variable CIP recurrence (n=9) CIP non-recurrence (n=36) P value

Rechallenge with same ICI or ICI combination, n (%) 7 (77.8) 33(91.7) 0.26

Median duration from first CIP to rechallenge (months) (range) 1.4 (0-4.4) 0.8 (0-5.9) 0.43

Occurrence of new irAEs, n (%) 5 (55.6) 6 (16.7) 0.028*
Hepatitis 3(33.3) 5(13.9) 0.33
Myocarditis 3(33.9) 0 0.036*
Colitis 0 1(2.8) 1
Encephalitis 0 1(2.8) 1

*, P<0.05. ICI, immune checkpoint inhibitor; PD-1, programmed cell death protein-1; PD-L1, programmed death ligand-1; CIP, checkpoint
inhibitor-related pneumonitis; ECOG PS, Eastern Cooperative Oncology Group performance status; COP, cryptogenic organizing
pneumonitis; GGO, ground glass opacities; NSIP, non-specific interstitial pneumonia; NOS, pneumonitis not otherwise specified; IL,
interleukin; LDH, lactate dehydrogenase; ALB, albumin; CRP, C-reactive protein; KL-6, Krebs von den Lungen-6; WBC, absolute white
blood cell count; ALC, absolute lymphocyte count; AEC, absolute eosinophil count; ANC, absolute neutrophil count; NLR, neutrophil-to-

lymphocyte ratio; irAEs, immune-related adverse events.

ncephalitis + hepatitis 2.2%
Colitis 2.2%

CIP 20%

\, Non-irAEs
66.7%

Myocarditis + h
11.1%

Figure 3 Pie chart showing the distribution irAEs in the rechallenged group (A). Venn diagram of irAEs distribution in patients without

CIP recurrence (B) and with CIP recurrence (C). irAEs, immune-related adverse events; CIP, checkpoint inhibitor-related pneumonits.
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Table 4 Univariate logistic regression analysis for the risk factors of
recurrence of CIP

Variable OR 95% Cl P value
Grade 3-4 of first CIP 28.0 2.6-303.5 0.006*
ECOG PS (=2) of first CIP 6.2 1.1-34.3 0.037*

Clinical type of first CIP

Pure Reference
Induced 2.1 0.2-25.3 0.57
Mixed 3.1 0.6-15.5 0.16

Laboratory values at rechallenge

IL-6 (=8.08 pg/mL) 12.0 12-1154  0.031*
CRP (30.62 mg/L) 105 1.4-781  0.022*
WBC (28.61 K/pL) 12.0 2.1-68.6  0.005*
ANC (26.75 K/pL) 135 2.4-76.8  0.003*

*, P<0.05. ANC, absolute neutrophil count; Cl, confidence
interval; CIP, checkpoint inhibitor-related pneumonitis; CRP,
C-reactive protein; ECOG PS, Eastern Cooperative Oncology
Group performance status; IL, interleukin; OR, odds ratio; WBC,
absolute white blood cell count.

group than in the non-rechallenged group (60.0% vs. 32.7%,
P=0.006). In addition, longer PFS (17.9 vs. 7.0 months;
HR, 0.50, 95% CI: 0.30-0.84; P=0.010) and OS (23.5 vs.
12.6 months; HR, 0.51, 95% CI: 0.28-0.92; P=0.027) were
achieved in the rechallenged group compared with the non-
rechallenged group (Zable 1, Figure S2).

After the first ICI treatment, 27 achieved PR (60.0%),
17 had SD (37.8%) and 1 had PD (2.2%). The ORR was
60.0%, and the DCR was 97.8%. With ICI rechallenge,
9 achieved PR (20.0%), 33 had SD (73.3%) and 3 had PD
(6.7%) (Figure S3).

On analysis, 21 patients displayed progression or death
after rechallenge therapy. The median PFS1 and PFS2 were
17.9 months (95% CI: 9.9-24.2) and 15.5 months (95% CI:
5.5-25.6), respectively (Figure 4). According to the univariate
analysis, the median PFS2 was even longer in patients
with grades 1-2 initial CIP (HR: 0.20, 95% CI: 0.06-0.62;
P=0.005), ECOG PS of 0-1 at initial CIP (HR: 0.24, 95%
CI: 0.10-0.57; P=0.001), low levels of TL-6 (HR: 0.33, 95%
CI: 0.13-0.84; P=0.020) and ANC at rechallenge (HR:
0.33, 95% CI: 0.14-0.82; P=0.017), and those without CIP
recurrence (HR: 0.28, 95% CI: 0.11-0.73; P=0.009) (1able 5).

The median OS1 was 23.5 months (95% CI: 16.5-30.5)
and the median OS2 was 18.4 months (95% CI, 10.1-26.7)

© Translational Lung Cancer Research. All rights reserved.
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(Figure 4), with 17 deaths. In the univariate analysis, the
median OS2 differed significantly according to the severity
of the initial CIP (1-2 wvs. >3: 22.1 vs. 1.5 months; HR: 0.12,
95% CI: 0.04-0.39; P<0.001), ECOG PS at the initial CIP
(0~1 vs. >2: 22.1 vs. 7.6 months; HR: 0.19, 95% CI: 0.07-0.57;
P=0.003), IL-6 at rechallenge (<8.08 vs. >8.08 pg/mL: 15.5
vs. 7.6 months; HR: 0.15, 95% CI: 0.05-0.51), CRP at
rechallenge (<30.62 vs. >30.62 mg/L: NR vs. 7.4 months;
HR: 0.24, 95% CI: 0.08-0.70), and CIP recurrence (no vs.
yes: 22.1 vs. 7.4 months; HR: 0.19, 95% CI: 0.06-0.57). After
entering all these factors into the multivariate analysis, only
low IL-6 levels at the rechallenge initiation was observed to
have a favorable association with OS2 (Table 5).

Among the patients who were rechallenged after initial
grade 1 CIP, the median OS2 of patients continuing ICI
without interruption was longer than that of patients who
resumed ICI after interruption (22.1 vs. 15.5 months,
P=0.97).

Discussion

This multicenter, retrospective study investigated 107 lung
cancer patients with CIP, of whom 45 were rechallenged
with an ICI and 62 were not. We found that severe grade
and GGO at time of the first CIP were negatively associated
with the ICI rechallenge outcome. Among the rechallenged
patients, 9 (20.0%) developed recurrent CIP. The
recurrence rate was associated with the grade 3-4 of CIP
and ECOG PS >2 of the first CIP and with the levels of
IL-6, CRP, WBC, and ANC at rechallenge. Most patients
achieved a good response and curative effect following the
first or rechallenge treatment with ICIL To our knowledge,
our study is the most extensive characterization of ICI
rechallenge after CIP in lung cancer patients.

On multivariate analysis, a severe grade of the first
CIP was significantly and independently associated with
non-rechallenge with ICI. For grade 3-4 CIP, the major
guidelines do not recommend rechallenge (11-13). GGO
was also negatively correlated with ICI rechallenge. One
study showed that the survival of patients with GGO was
significantly shortened (22), which may partly explain the
reduced frequency of patients with GGO restarting ICI.
Another possible reason was that the majority of patients
with GGO were severe cases, leading clinicians to be
cautious in choosing rechallenge. In the present study, the
proportion of mixed-type CIP in the rechallenged group
was lower than in the non-rechallenged group, and the
mixed-type CIP was a negative factor for rechallenge in the
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Figure 4 Kaplan-Meier survival curves of PFS and OS of patients who received ICI rechallenge treatment. (A) PFS from the first ICI
treatment (PFS1). (B) PES from the ICI rechallenge treatment (PFS2). (C) OS from the first ICI treatment (OS1). (D) OS from ICI
rechallenge treatment (OS2). PES, progression-free survival; OS, overall survival; ICI, immune checkpoint inhibitor.

univariate analysis results. Mixed-type CIP is pneumonitis
with infection or PD or radiation pneumonitis, most of
which are grade 2—4, with high severity (21), which reduces
the opportunity for rechallenge. Interestingly, disease
progression following the initial CIP episode may affect the
choice of ICI rechallenge, because pneumonitis combined
with disease progression complicate the patient’s condition,
leading to clinicians to cautiously assess ICI rechallenge.

A CIP recurrence rate of 20.0% was observed in the
rechallenged group. A study that included patients with
ICI rechallenge after discontinuation for grade >2 irAEs,
including 18 CIP, showed that 6 (33.3%) of these 18 patients
had recurrent CIP (16). Another study showed that the
recurrence rate of the same irAEs after rechallenge was
28.8%, and for CIP the rate was higher, reaching 34% (19).
The lower recurrence rate in our study may be related
to the inclusion criteria of the rechallenge group, which
consisted of patients who did not had ICI suspended but
continued treatment. In our study, 8 patients experienced
recurrent pneumonitis in the non-rechallenged group.
Asher et al. reported that among 9 patients with CIP, 7 were

© Translational Lung Cancer Research. All rights reserved.

rechallenged, and of these 3 did experience recurrent CIP,
while 3 were not rechallenged but experienced recurrent
CIP (23). In our rechallenged group, recurrent CIP was
more severe than the initial CIP, which was consistent with
the findings of Asher er /. (23). In addition, the median
time interval from rechallenge to CIP recurrence was
shorter than from the first ICI to first CIP. One possible
explanation for more severe and earlier CIP recurrence is
that the first CIP caused lung damage, even when imaging
ostensibly indicated recovery. Many studies have shown
that people with underlying lung disease are more likely to
develop CIP (24-26). Another important factor is that the
initial CIP produces memory T cells (27), resulting in a
faster activation of immune cells when ICI is rechallenged.
Patients with grade 1-2 CIP were generally selected
for rechallenge after oncology, respiratory and radiology
evaluations. Unusually, 5 patients in the study were
rechallenged after grade 3 CIP. The decision to rechallenge
ICI despite grade 3 CIP was made by a multidisciplinary
team due to the patients’ high tumor burden and
progression on multi-line treatment with no other available

Transl Lung Cancer Res 2022;11(11):2289-2305 | https://dx.doi.org/10.21037/tler-22-732



2302

Lin et al. ICI rechallenge after CIP

Table 5 Cox proportional hazards regression analysis of clinical factors associated with PFS2 and OS2 in the rechallenged group

PFS2 0S2
Variable Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR (95% Cl) Pvalue HR((95% Cl) Pvalue HR(95% Cl) P value HR (95% CIl) P value

Age =65 years 1.47 (0.64-3.39) 0.36 - - 0.93 (0.26-3.30)  0.91 - -
Male vs. female 1.02 (0.34-3.08) 0.97 - - 1.59 (0.60-4.23) 0.36 - -
Smoking (current or former vs. 1.47 (0.64-3.39) 0.37 - - 1.08 (0.41-2.81) 0.88 - -
never)
Grade 1-2 of first CIP 0.20 (0.06-0.62) 0.005* 0.70 (0.14-3.45) 0.66 0.12 (0.04-0.39) <0.001* 1.57 (0.22-11.04) 0.65
ECOG PS (0-1) of first CIP 0.24 (0.10-0.57) 0.001* 0.49 (0.12-1.98) 0.32 0.19(0.07-0.57) 0.003* 0.52 (0.12-2.26) 0.38
Clinical type of first CIP

Pure Reference Reference

Induced 1.93 (0.62-6.03) 0.26 - - 1.63 (0.44-6.11) 0.47 - -

Mixed 1.23 (0.46-3.26) 0.68 - - 1.84 (0.61-5.58) 0.28 - -
GGO vs. non-GGO at first CIP 0.99 (0.42-2.37) 0.98 - - 0.96 (0.35-2.64) 0.93 - -
Treatment line of second ICI 1.42 (0.60-3.32) 0.42 - - 0.91 (0.32-2.59) 0.86 - -
Laboratory values at rechallenge

IL-6 (<8.08 pg/mL) 0.33 (0.13-0.84) 0.020* 0.44 (0.13-1.47) 0.18 0.15(0.05-0.51) 0.002* 0.06 (0.01-0.58) 0.015*

CRP (<30.62 mg/L) 0.57 (022-1.49) 0.26 - - 0.24 (0.08-0.70) 0.010* 0.55(0.09-3.19) 0.50

WBC (<8.61 K/uL) 0.52 (0.20-1.33) 0.17 - - 0.62 (0.20-1.97) 0.42 - -

ANC (<6.75 K/uL) 0.33 (0.14-0.82) 0.017* 0.60 (0.12-3.05) 0.54 0.57 (0.19-1.70) 0.31 - -
CIP recurrence (no vs. yes) 0.28 (0.11-0.73) 0.009* 1.03 (0.18-5.97) 0.98 0.19 (0.06-0.57) 0.003* 0.98(0.12-8.20) 0.98

*, P<0.05. PFS2, progression-free survival from the rechallenge; OS2, overall survival from the rechallenge; ANC, absolute neutrophil
count; Cl, confidence interval; CIP, checkpoint inhibitor-related pneumonitis; CRP, C-reactive protein; ECOG PS, Eastern Cooperative
Oncology Group performance status; GGO, ground-glass opacity; HR, hazard ratio; IL, interleukin; ICI, immune checkpoint inhibitor; WBC,

absolute white blood cell count.

therapeutic option. Of these 5 patients, 4 experienced
recurrent CIP and 2 died and 2 improved. We found that in
both cases of death the patient had underlying lung disease,
while the other 3 did not. Upon univariate logistic regression
analysis, severe grade was related to recurrence of CIP.
Similarly, poor ECOG PS at first CIP was associated with
CIP recurrence. ECOG PS significantly correlated with the
severity of initial CIP (Spearman’s rank correlation coefficient
=0.55, P<0.001). Therefore, ICI rechallenge after grade >3
CIP should always be considered with caution, especially for
patients with underlying lung disease.

We found that the IL-6, CRP, WBC and ANC levels at
rechallenge were significantly higher in the patients with
CIP recurrence compared with those without. On univariate
analysis, these peripheral blood parameters at rechallenge
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were identified as risks factors for CIP recurrence. IL-6,
CRP, WBC, and ANC have been reported to be
inflammatory factors (28,29). A recent study analyzed CRP
values at the time of diagnosis of 10 irAEs, revealing that,
compared with patients with a CRP level less than the upper
level of normal (ULN), patients with an elevated CRP (>2-
fold ULN) had a higher risk of recurrence (P=0.054) (30).
We hypothesize that these patients were rechallenged in an
inflammatory state, and the cytokine levels were still very
high, so the threshold for the occurrence of the second
CIP may have been quite low. Upon ICI rechallenge,
immune cells may have been rapidly activated and produced
various cytokines that led to a cascade of reactions and the
recurrence of CIP. Thus, rechallenge may not be indicated
in patients when they are in an inflammatory state, even if
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they have recovered from the first CIP.

In this study, 10 patients with grade 1 initial CIP
continued ICI treatment without suspension, and none
developed exacerbation of CIP or recurrent CIP. The
median OS at rechallenge seemed to indicate a net
advantage over patients who resumed treatment with ICI
after suspension. Therefore, for patients with grade 1 CIP
and in good condition and with fewer lesions on imaging
studies, ICI may not need to be suspended. However, more
clinical data are needed to confirm these findings.

This study also demonstrated that patients in the
rechallenged group had significantly higher ORR, as well
as longer PFS and OS than those in the non-rechallenged
group. However, there were more patients with grade >3
CIP in the non-challenged group. A severe CIP grade is
reportedly associated with a poor prognosis (31). In our
cohort, patients who experienced favorable outcomes with
the initial ICI treatment also achieved similar favorable
outcomes on rechallenge in terms of PFS (17.9 wvs.
15.5 months) and OS (23.5 vs. 18.4 months). Xu et a/. reported
recently that median PFS for ICI rechallenge after disease
progression was 6.8 months (95% CI: 5.8-7.8 months),
but scant data are available in the literature to indicate the
efficacy of ICI rechallenge after CIP (32).

The univariate analysis findings showed that an initial
CIP of grade 1-2, good ECOG PS at first CIP, and non-
recurrence of CIP were associated with favorable PFS and
OS on rechallenge with ICIs. In addition, CIP recurrence
was associated with the severity of both CIP and ECOG
PS. A previous study showed that grade 1-2 CIP was
associated with increased ICI efficacy, but that outcome
evaluation did not involve an assessment of the efficacy of the
rechallenge (31). In a report on patients with NSCLC who
were rechallenged with ICI, the ECOG PS at rechallenge
was independently associated with PFS and OS at
rechallenge (14); however, the ECOG PS in our study was
collected only at the initial CIP episode. Thus, the rather
limited benefits of rechallenge in patients with severe grade or
poor ECOG PS at the initial CIP should discourage physicians
at this point from adopting rechallenge in this population.

In addition, elevated levels of IL-6 and CRP were
associated with poor OS. CRP is an acute-phase protein
induced by IL-6 in the liver (33). Indeed, in the multivariate
analysis, only the IL-6 level was shown to independently
influence OS at rechallenge. A previous clinical study we
performed IL-6 to be an independent risk factor related to
the clinical outcomes of initial ICI treatment in patients
with lung cancer (34). A recent study in patients with
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irAEs also demonstrated that the CRP level decreased after
receiving tocilizumab, an IL-6 inhibitor, resulting in clinical
improvement in 27/34 patients (35). Thus, the application
of IL-6 inhibitors may improve the effects of ICI on
rechallenge and may reduce the recurrence rate in patients
with high IL-6 levels.

This study evaluated the efficacy and safety of rechallenge
in CIP patients and may help to screen for those would
benefit from rechallenge. Nevertheless, this study has several
limitations that should be considered. First, it was a real-world
retrospective study. Second, due to the small sample size of
CIP recurrence, multivariate analysis of the CIP recurrence
rate was not carried out. Third, the practice standards of
various institutions in this study may have been different and
thus have affected both the data and its interpretation.

In conclusion, in study 20.0% of CIP patients with
advanced lung cancer underwent CIP recurrence after ICI
rechallenge. CIP recurrence of was associated with the
grade (=3) of CIP and ECOG PS (>2) at the time of the
initial CIP, and the IL-6, CRP, WBC and ANC levels at
ICI rechallenge. Immunotherapy rechallenge had a good
outcome in certain d CIP patents, particularly those with
low-grade CIP and good ECOG PS at the first CIP, and
low levels of IL-6 and CRP at rechallenge, as well as those
without CIP recurrence. The conditions for rechallenge
need to be further evaluated in prospective clinical trials.
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Supplementary

Table S1 Relationship between peripheral blood parameters and the severity of checkpoint inhibitor-related pneumonitis

ALB (g/L) KL-6 (U/mL) ALC (K/uL) AEC (K/pL) ANC (K/pL) NLR
Variable
re P value re P value rs P value re P value re P value re P value
Grade 3-5 -0.37  <0.001 0.41 0.001 -0.51  <0.001 -0.25 0.14 0.19 0.053 0.46 <0.001

ALB, albumin; KL-6, Krebs von den Lungen-6; ALC, absolute lymphocyte count; AEC, absolute eosinophil count; ANC, absolute neutrophil
count; NLR, neutrophil-to-lymphocyte ratio; rs, Spearman’s rank correlation coefficient.

Table S2 Factors associated with rechallenge of immunotherapy

Univariate analysis Multivariable analysis
Variable
OR (95% Cl) P value OR (95% CI) P value

Age =65 years 0.85 (0.39-1.84) 0.67 - -
Male vs. Female 0.59 (0.20-1.76) 0.34 - -
Monotherapy vs. Combination 0.31 (0.10-0.90) 0.031* 0.24 (0.05-1.20) 0.094
Grade 3-5 CIP 0.09 (0.03-0.26) <0.001* 0.16 (0.04-0.73) 0.018*
ECOG PS (=2 vs. 0-1) at initial CIP 0.15 (0.06-0.38) <0.001* - -
GGO vs. non-GGO 0.32 (0.14-0.74) 0.007* 0.27 (0.09-0.86) 0.027*
Clinical types

Pure Reference Reference

Induced 0.29 (0.08-1.08) 0.065 3.65 (0.39-34.10) 0.26

Mixed 0.23 (0.10-0.56) 0.001* 0.98 (0.28-3.49) 0.98
Progression of disease at initial CIP 0.15 (0.04-0.57) 0.005* 0.20 (0.04-1.05) 0.057
Recovery/improved 7.36 (2.03-26.65) 0.002* 1.95 (0.38-10.10) 0.43

*, P<0.05. Variables with P values <0.1 in univariate analysis were analyzed in multivariate logistic regression analysis. Eastern Cooperative
Oncology Group performance status (ECOG PS) was excluded from the multivariate analysis due to its high correlation with grade of
CIP (Spearman’s rank correlation: P<0.001). Cl, confidence interval; CIP, checkpoint inhibitor-related pneumonitis; GGO, ground glass
opacities; OR, odds ratio.
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Figure S1 ROC curves for predicting pneumonitis recurrence. AUC and P values were calculated and are shown in brackets. The unit for
IL-6 is pg/mL; the unit for CRP is mg/mL; the unit for WBC and ALC both are K cells/mL. IL-6, interleukin-6; CRP, C-reactive protein;

WBC, absolute white blood cell count; ANC, absolute neutrophil count; ROC, receiver operating characteristic; AUC, area under the curve.
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Figure S3 Bar graph showing best response with first ICI and ICI rechallenge. PR, partial response; SD, stable disease; PD, disease
progression; ICI, immune checkpoint inhibitor.
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