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Summary: Checkpoint inhibitor-related pneumonitis (CIP) is one of the
most important immune checkpoint inhibitors side effects, and it is rare
but fatal. Identifying patients at risk of refractory CIP before the start of
CIP therapy is important for controlling CIP. We retrospectively analyzed
the clinical data of 60 patients with lung cancer who developed CIP.
Refractory CIP was defined as CIP with poor response to corticosteroid
treatment, including CIP not relieved with corticosteroid administration
or CIP recurrence during the corticosteroid tapering period. We analyzed
clinical characteristics, peripheral blood biomarkers, treatment, and out-
comes in nonrefractory and refractory CIP. Risk factors associated with
refractory CIP were assessed. Among 60 patients with CIP, 16 (26.7%)
had refractory CIP. The median onset time for patients with non-
refractory and those with refractory CIP was 16.57 (interquartile range
[IQR], 6.82-28.14) weeks and 7.43 (IQR, 2.71-19.1) weeks, respectively.
The level of lactate dehydrogenase (LDH) was significantly higher in the
refractory CIP group at baseline (255 [222, 418] vs. 216 [183, 252],
P=0.031) and at CIP onset (321.5 [216.75, 487.5] vs. 219 [198. 241],
P=0.019). An LDH level >320 U/L at CIP onset was an independent
risk factor of refractory CIP (odds ratio [OR], 8.889; 95% confidence
interval [CI]: 1.294-61.058; P=0.026). The incidence of refractory CIP is
high among patients with CIP. An increased LDH level at CIP onset is
independently  associated ~ with  refractory CIP. = Monitoring
LDH levels during immune checkpoint inhibitors treatment is
recommended.
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N umerous clinical trials have confirmed the efficacy of
immune checkpoint inhibitors (ICIs) against lung
cancer at the early, locally advanced, and advanced stages.
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However, the widespread use of ICIs has increased the
incidence of immune-related adverse events (irAEs). The
incidence of checkpoint inhibitor-related pneumonitis (CIP)
in patients with lung cancer is 1.0%—-10.7% for any grade!-2
and 0.4%-3.5% for grade 3 or higher.* Although CIP is
rare, it is a leading cause of death resulting from irAEs,
accounting for 35%-42% of all deaths related to irAEs.

Refractory CIP, which is defined as CIP that is not
responsive to corticosteroids or is recurrent during the
corticosteroid tapering period, may be a main cause of death
in CIP.” The incidence, clinical characteristics, and out-
comes of refractory CIP have not been well studied.

Refractory CIP therapy requires corticosteroid escala-
tion and administration of other immunosuppressants when
corticosteroids are ineffective,3 10 which may delay or inter-
fere with the best time for cancer treatment. Utsumi et al'!
reported a case of CIP that worsened after administration of
corticosteroid for 7 days and did not improve until treated
with pirfenidone and triple-combination therapy (high-dose
corticosteroids, tacrolimus, and cyclophosphamide). Naidoo
et al'2 reported that 6 of 44 patients with CIP presented as
refractory to a standard dose of corticosteroid; subsequently,
> 12 weeks of corticosteroid escalation or immunosuppressive
treatment were required to control the CIP. Further, the
control of refractory CIP may require restarting cortico-
steroids and prolonged corticosteroid treatment,'>!° which
may increase the incidence of opportunistic infection.
Administration of a prednisolone-equivalent dose >15 mg/
day in the initial treatment of CIP was reported to the lower
incidence of recurrent CIP.!¢ Therefore, the timely use of an
immunosuppressive agent or a higher dosage of corticosteroid
is essential to control refractory CIP and shorten the
treatment period. Thus, it is important to identify patients at
risk of refractory CIP at the onset of CIP to initiate early
treatment and reduce the risk of mortality.

This study aimed to analyze the clinical characteristics,
peripheral blood biomarkers, and radiologic characteristics
of patients with CIP and to identify the risk factors, clinical
course, and outcomes of refractory CIP.

METHODS

Patients

We analyzed the data of patients with lung cancer who
presented with CIP and were treated at Guangdong Pro-
vincial People’s Hospital from January 2016 to December
2021. All included patients had been pathologically diag-
nosed with lung cancer, including non-small cell lung cancer
(NSCLC) and small cell lung cancer. ICI treatment was
used as neoadjuvant or adjuvant therapy for resectable
NSCLC, while consolidation therapy was applied for
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unresectable locally advanced NSCLC followed by chemo-
radiotherapy or first-line and later-line treatment for
advanced NSCLC or small cell lung cancer.

The ICI agents included programmed cell death-1/
programmed cell death-ligand 1 (PD-1/PD-L1) inhibitors
and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4)
inhibitors. All included patients received at least 1 ICI dose
as a single agent or in combination with chemotherapy.
Cases were managed by a multidisciplinary team comprising
specialists in medical oncology, radiotherapy oncology, and
radiology. The diagnosis of CIP was determined based on
(1) a treatment history of ICI therapy; (2) symptoms of
nonproductive cough, unresolving dyspnea, fever, and chest
pain, and (3) classic and varied radiographic findings on
chest computed tomography (CT).%!10 Culture and sensi-
tivity of nasal, sputum, bronchoalveolar lavage, blood, and
urine should be used to distinguish infectious pneumonia
from CIP.° Bronchoscopy is not mandatory but is highly
recommended in patients with CIP grade 2 or higher and in
patients with suspected infection or tumor progression.

Refractory CIP was indicated by poor response to
corticosteroids or recurrence of CIP during the cortico-
steroid tapering period. Patients who responded poorly to
corticosteroids were defined as patients with worse clinical
symptoms or radiographic infiltrates on chest CT after the
initiation of standard corticosteroid treatment according to
the guidelines.!0 Patients with recurrent CIP were defined
as patients who improved after initial corticosteroid treat-
ment but experienced aggravated CIP during the cortico-
steroid tapering period without rechallenge with ICI. Tumor
response was evaluated at the onset of CIP and during the
treatment course using the Response Criteria in Solid
Tumors. Tumor progression should be carefully dis-
tinguished from refractory CIP. A chest CT scan was
performed if new symptoms developed or if symptoms
worsened during the CIP treatment. To distinguish CIP
from infectious pneumonia or carcinomatous lymphangitis,
bronchoscopy with bronchoalveolar lavage, with or without
transbronchial biopsy, was performed in patients whose CT
scan showed worsening pneumonitis or new lobular inter-
stitial thickening. Thoracentesis and cytologic examination
of pleural effusion were performed if a pleural effusion
developed or increased. Refractory CIP was diagnosed in
patients who met the criteria unless pathologically con-
firmed carcinomatous lymphangitis or malignant pleural
effusion was diagnosed. Patients with carcinomatous
lymphangitis were not included in our study.

We excluded patients with a history of interstitial lung
disease before ICI treatment or patients with radiation-
induced pneumonitis during ICI treatment, which is difficult
to distinguish from CIP.

Data Collection

This study was approved by the ethics board of
Guangdong Provincial People’s Hospital. Clinical charac-
teristics of the patients were collected from the medical
records. Baseline characteristics included performance sta-
tus, age, smoking status, tumor histology, and tumor staging
at the initiation of ICI treatment. Data on the history of
surgery and chest radiotherapy before ICI were collected.
Further, the underlying disease of composite obstructive
lung disease, including chronic obstructive pulmonary dis-
ease, obstruction of spirometry, or emphysema, was
documented.

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.

The ICI treatment agents and regimens were recorded.
The response to ICI treatment was evaluated using Response
Evaluation Criteria in Solid Tumors 1.1 and confirmed by at
least 2 physicians. The CIP grading was evaluated by a
multidisciplinary team based on the Common Toxicity Cri-
teria for Adverse Events (version 4.0). Time to CIP was
defined as the time from the initial ICI administration to the
onset of CIP. Data on symptoms, starting corticosteroid
dose, complications, and antibiotic use were collected.
Regarding blood parameters, we collected data on blood
routine and lactate dehydrogenase (LDH) levels at baseline
and at the onset of CIP. All patients underwent a chest CT
scan at the onset of CIP, which was compared with previous
examinations. Any new-onset changes in the lung were
carefully distinguished and recorded by a senior radiologist
(Y.H.C.). Radiologic features, including CIP involvement of
the lung parenchyma lobes and area, distribution, and
radiographic patterns, were recorded. The radiographic
patterns of CIP were classified as cryptogenic organizing
pneumonia (COP)-like pattern, hypersensitivity pneumonitis
(HP)-like pattern, nonspecific interstitial pneumonia -like
pattern, or acute interstitial pneumonia/acute respiratory
distress syndrome-like pattern.!”18 The survival periods from
the onset of CIP were recorded. The last follow-up date was
April 1, 2022.

Statistical Analysis

Categorical data were compared using the y? or Fisher
exact test. Continuous variables are described as the median
[interquartile range (IQR)] and were compared using #-tests
or the Mann-Whitney U test. Risk factors for refractory
CIP were assessed using logistic regression through uni-
variate and multivariable analyses. All the factors with P
value < 0.1 in the univariate analysis were included in the
multivariable analysis. Median overall survival (OS) after
the onset of CIP was estimated using the Kaplan—Meier
method. Statistical analyses were conducted using SPSS
version 20 (IBM Corp.). P<0.05 was considered statisti-
cally significant.

RESULTS

Baseline Characteristics

From January 2016 to December 2011, 60 patients with
lung cancer who presented with CIP were enrolled. Among
them, 16 patients had refractory CIP. Table 1 summarizes the
baseline characteristics of patients with nonrefractory and
refractory CIP. Most patients with CIP were < 65-years-old
(63.3%) and male (96.7%). Further, 56.7% of the patients were
diagnosed with adenocarcinoma and 86.7% were treated with
PD-1 inhibitors. In addition, 80% and 70% of the patients had
undergone prior surgery and chest radiotherapy, respectively.
There was no significant between-group difference in sex, age,
smoking status, composite obstructive lung disease history,
histology, tumor staging, PD-L1 expression, Eastern Coop-
erative Oncology Group Performance Status, ICI agent use,
ICI therapy regimen, treatment line, and proportion of prior
surgery and chest radiotherapy. There was a significant
between-group difference in the best response to ICI treatment
(P=0.029); however, the response to ICI treatment was not
evaluated in 31.2% of the patients with refractory CIP.

Clinical Features and Treatment of CIP

Table 2 summarizes the clinical features and treatment of
CIP. Among the 60 patients, 44 (73.3%) developed CIP >6
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TABLE 1. Baseline Characteristics in Patients with CIP

Characteristic Overall N=60 Nonrefractory CIP N=44  Refractory CIP N=16 P
Gender, n (%) — — — 1.000
Female 2(3.3) 2 (4.5) 0 (0) —
Male 58 (96.7) 42 (95.5) 16 (100) —
Age, years, n (%) — — — 0.701
>65 22 (36.7) 15 (34.1) 7 (43.8) —
<65 38 (63.3) 29 (65.9) 9 (56.2) —
Smoking status, n (%) — — — 0.240
Current 30 (50) 20 (45.5) 10 (62.5) —
Former 22 (36.7) 19 (43.2) 3 (18.8) —
Never 8 (13.3) 5(11.4) 3 (18.8) —
Composite obstructive lung disease history, n (%) — — — 0.681
No 27 (45.0) 21 (47.7) 6 (37.5) —
Yes 33 (55.0) 23 (52.3) 10 (62.5) —
Histology, n (%) — — — 0.445
Adenocarcinomas 34 (56.7) 25 (56.8) 9 (56.2) —
Squamous 18 (30.0) 14 (31.8) 4 (25) —
Small cell carcinoma 3 (5.0) 1(2.3) 2 (12.5) —
Others 5(8.3) 409.1) 1(6.2) —
Tumor staging, n (%) — — — 0.719
11 2(3.3) 2 (4.5) 0 (0) —
111 11 (18.3) 7 (15.9) 4 (25) —
v 47 (78.3) 35 (79.5) 12 (75) —
PD-L1 expression, n (%) — — — 0.426
<1% 11 (18.3) 7 (15.9) 4 (25) —
1-50% 28 (46.7) 23 (52.3) 531.2) —
> 50% 8 (13.3) 6 (13.6) 2 (12.5) —
Unknown 13 (21.7) 8 (18.2) 5(31.2) —
ECOG PS, n (%) — — — 1.000
<1 42 (70.0) 31 (70.5) 11 (68.8) —
>2 18 (30.0) 13 (29.5) 5(31.2) —
ICI agents, n (%) — — — 0.643
PD-1 inhibitor 52 (86.7) 39 (88.6) 13 (81.2) —
PD-1+ CTLA-4 inhibitor 1(1.7) 1(2.3) 0 (0) —
PD-L1 inhibitor 6 (10.0) 3 (6.8) 3 (18.8) —
PD-L1+ CTLA-4 inhibitor 1(1.7) 1(2.3) 0 (0) —
Regimen of immune therapy, n (%) — — — 0.199
ICI 35 (58.3) 23 (52.3) 12 (75) —
ICI+ chemotherapy 25 (41.7) 21 (47.7) 4 (25) —
Treatment line, n (%) — — — 0.356
Ist line 34 (56.7) 27 (61.4) 7 (43.8) —
2nd or later line 26 (43.3) 17 (38.6) 9 (56.2) —
Prior surgery, n (%) — — — 1.000
No 48 (80.0) 35 (79.5) 13 (81.2) —
Yes 12 (20.0) 9 (20.5) 3 (18.8) —
Prior chest radiotherapy, n (%) — — — 1.000
No 42 (70.0) 31 (70.5) 11 (68.8) —
Yes 18 (30.0) 13 (29.5) 5(31.2) —
Best response of ICIs, n (%) — — — 0.029
PR 26 (43.3) 21 (47.7) 5(31.2) —
SD 22 (36.7) 18 (40.9) 4 (25) —
PD 5(8.3) 3 (6.8) 2 (12.5) —
Unknown 7(11.7) 2 (4.5) 5(31.2) —

CIP indicates checkpoint inhibitor-related pneumonitis; CTLA-4, cytotoxic T-lymphocyte-associated antigen-4; ECOG PS, Eastern Cooperative Oncology
Group Performance Status; ICI, immune checkpoint inhibitor; PD, progression of disease.PD-1, programmed cell death-1; PD-L1, programmed cell death-ligand

1; PR, partial response; SD, stable disease.

weeks after initiation of ICI treatment. Most patients (60%)
presented with grade 1 or 2 CIP. The most common symp-
toms were shortness of breath (38.3%) and cough (35%).
Almost half of the patients (46.7%) simultaneously presented
with CIP and pneumonia. Further, almost all patients (85%)
received > 1 mg/kg equivalent methylprednisolone as initial
treatment. Antibiotic use was common (60%). There were no
significant between-group differences in CIP characteristics,
except for the onset time of CIP. Figure 1 shows the
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distribution of the onset times of CIP in each group and in the
overall sample. The median onset time of CIP for the overall
sample was 14.86 [5.86-27.68] weeks. Further, the onset times
of CIP for patients with nonrefractory and refractory CIP
were 16.57 [6.82-28.14] and 7.43 [2.71-19.1] weeks, respec-
tively (P=0.079). The patients were divided into those whose
onset times of CIP were <6 weeks and those whose onset
times were >6 weeks. The refractory CIP group included
more patients who developed CIP within 6 weeks than the

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 2. Clinical features and treatment of CIP

Overall Nonrefractory  Refractory
N=60 CIP N=4 CIPN=16 P
Time to CIP — — — 0.021
(wk), n (%)
<6 16 (26.7) 8 (18.2) 8 (50.0) —
>6 44 (73.3) 36 (81.8) 8 (50.0) —
CTCAE — — — 0.211
grade, n (%)
<2 36 (60.0) 29 (65.9) 7 (43.8) —
>2 24 (40.0 15 (34.1) 9 (56.2) —
Symptoms, n — — — 0.025
(7o)
Shortness of 23 (38.3) 12 (27.3) 11 (68.8) —
breath
Cough 21 (35.0) 19 (43.2) 2 (12.5) —
Fever 9 (15.0) 6 (13.6) 3(18.8) —
Others 2(3.3) 2 (4.5 0 (0) —
No 5(8.3) 5(11.4) 0 (0) —
symptoms
Pneumonia, n — — — 0.407
(%)
Yes 28 (46.7) 22 (50.0) 6 (37.5) —
Suspicious 6 (10.0) 3 (6.8) 3 (18.8) —
No 26 (43.3) 19 (43.2) 7 (43.8) —
Starting dose — — — 0.121
of
equivalent
MP (mg/
kg), n (%)
<1 9 (15.0) 7 (15.9) 2 (12.5) —
1-2 19 (31.7) 17 (38.6) 2 (12.5) —
2-3 17 (28.3) 12 (27.3) 5(31.2) —
>3 15 (25.0) 8 (18.2) 7 (43.8) —
Antibiotic use, — — — 1.000
n (%)
Yes 36 (60.0) 26 (59.1) 10 (62.5) —
No 24 (40.0) 18 (40.9) 6 (375 —

Statistically significant P values are in bold.
CIP indicates checkpoint inhibitor-related pneumonitis; CTCAE, Com-
mon Toxicity Criteria for Adverse Events; MP, methylprednisolone.

nonrefractory CIP group (50.0% vs. 18.2%, P=0.021).
Shortness of breath (68.8% vs. 27.3%) and cough (43.2% vs.
12.5%) were more and less common symptoms in the refrac-
tory and nonrefractory CIP groups, respectively.

Peripheral Blood Biomarkers in Patients with CIP

Table 3 presents the blood parameters at different time
points in both groups. We calculated changes in blood
routine and LDH levels from baseline to the onset of CIP.
There were no significant between-group differences in white
blood cell count, absolute neutrophil count, absolute
lymphocyte count, absolute eosinophil count, neutrophil-
to-lymphocyte ratio, and platelet-to-lymphocyte ratio at
different time points. Further, there were no significant
between-group differences in the changes in blood routine
from baseline to CIP onset. However, compared with the
nonrefractory CIP group, the refractory CIP group showed
significantly higher LDH levels at baseline (255 [222, 418]
vs. 216 [183, 252], P=0.031) and at CIP onset (321.5
[216.75, 487.5] vs. 219 [198. 241], P=0.019). In addition,
changes in LDH levels from baseline to CIP onset were
significantly greater in the refractory CIP group than in the
nonrefractory CIP group (66 [0, 165] vs. 7 [-24.5, 44],
P =0.042). There were no significant differences in the blood

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 1. Time from initiation of ICI treatment to onset of CIP in
refractory CIP, nonrefractory CIP and overall patients. ICl indicates
immune checkpoint inhibitor; CIP, immune checkpoint inhibitor-
related pneumonitis; ns, no significance.

routine and LDH levels between the baseline and CIP onset
in either group (Fig. 2).

Radiologic Features in Patients with CIP

Radiologic diagnosis of CIP is challenging as there are
no typical imaging findings. Some studies have investigated
and described the radiographic features of CIP.!7:13 We
defined 4 main radiologic patterns of CIP in our study
(Supplementary Fig 1, Supplemental Digital Content 1,
http://links.lww.com/JIT/A705), which were also reported
by Pozzessere et al.!8 The first pattern is a COP-like pattern,
which presented as patchy alveolar consolidations and/or
ground-glass opacities (GGOs) in the peribronchovascular
and/or subpleural region (Supplementary Fig la, Supple-
mental Digital Content 1, http:/links.lww.com/JIT/A705).
Reverse halo signs can also be recognized in some patients.
The second pattern is an HP-like pattern, which presented as
centrilobular micronodules, patchy hypoattenuated lobules,
and GGOs distributed mostly at upper lobes (Supple-
mentary Fig 1b, Supplemental Digital Content 1, http://
links.lww.com/JIT/A705). The third pattern is an non-
specific interstitial pneumonia-like pattern, which presented
as bilateral GGOs with reticulations distributed mostly in
the subpleural and/or peribronchovascular regions (Sup-
plementary Fig lc, Supplemental Digital Content 1, http:/
links.lww.com/JIT/A705). And, the last pattern is acute
interstitial pneumonia/acute respiratory distress syndrome,
which presented as diffuse GGOs with alveolar
consolidation in the parenchyma. Pleural effusion can
sometimes be seen in these patients, which should be dis-
tinguished from malignant pleural effusion (Supplementary
Fig 1d, Supplemental Digital Content 1, http:/links.lww.
com/JIT/A705)

Figure 3 shows the between-group comparisons of
radiologic features. Patients in both groups tended to have
involvement of more than 2 lung lobes (90.9% and 81.2%)
and > 25% area of the lung parenchyma (63.6% and 78.0%).
Patients with refractory CIP were likely to show a diffuse
pattern (68.8%), while those with nonrefractory CIP were
likely to show a diffuse (45.5%) or multifocal (45.5%) pat-
tern. Few patients with CIP showed a local distribution
(9.1% and 0%). Regarding the overall CIP pattern, COP-
like patterns occurred in 56.8% and 31.2% of patients with
nonrefractory and refractory CIP, respectively. The HP-like
pattern was more common in the refractory CIP group than
in the nonrefractory CIP group (31.2% vs. 18.2%).
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TABLE 3. Peripheral Blood Biomarkers in Patients with CIP

Nonrefractory CIP N =44 Refractory CIP N=16 P
At baseline
WBC, median (IQR) 7.36 (6.02, 10.35) 8.18 (6.25, 11.1) 0.772
ANC, median (IQR) 5.09 (3.85, 7.34) 5.68 (3.66, 8.35) 0.676
ALC, median (IQR) 1.46 (0.97, 1.9) 1.29 (1.07, 1.73) 0.831
AEC, median (IQR) 0.17 (0.11, 0.32) 0.1 (0.06, 0.21) 0.154
NLR, median (IQR) 3.93 (241, 5.91) 3.47 (2.71, 7.84) 1.000
PLR, median (IQR) 190.3 (111.08, 305.81) 207.29 (149.63, 441.2) 0.504
LDH, median (IQR) 216 (183, 252) 255 (222, 418) 0.031
At CIP
WBC, median (IQR) 8.21 (5.85, 11.41) 8.38 (6.24, 9.09) 0.635
ANC, median (IQR) 5.76 (3.37, 8.63) 6.12 (3.86, 7.65) 0.765
ALC, median (IQR) 1.16 (0.81, 1.66) 0.98 (0.62, 1.63) 0.580
AEC, median (IQR) 0.11 (0.04, 0.27) 0.12 (0.04, 0.2) 0.835
NLR, median (IQR) 4.71 (2.55, 10.81) 4.5(3.12,9.3) 0.993
PLR, median (IQR) 218.57 (155.5, 397.83) 262.07 (192.34, 376.04) 0.456

LDH, median (IQR) 219 (198, 241) 321.5 (216.75, 487.5) 0.019
Changes from baseline to CIP development

WBC, median (IQR) 0.45+3.38 -0.55+3.51 0.335

ANC, median (IQR) 0.57%3.53 -0.16+2.97 0.480

ALC, median (IQR) —0.23 (-0.54, 0.08) —0.22 (0.4, 0) 0.890

AEC, median (IQR) —0.04 (-0.14, 0.11) 0.03 (=0.08, 0.14) 0.493

LDH, median (IQR) 7 (-24.5, 44) 66 (0, 165) 0.042

Statistically significant P and corresponding biomarker values are in bold.
AEC indicates absolute eosinophil count; ALC, absolute lymphocyte count; ANC, absolute neutrophil count; CIP, checkpoint inhibitor-related pneumonitis;
LDH, lactate dehydrogenase, the unit for LDH is U/L; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio;, WBC, white blood cell count.

Risk Factors for Refractory CIP

Time to CIP <6 weeks (odds ratio (OR), 4.500; 95%
confidence interval (CI): 1.297-15.611), LDH levels > 320 U/L
at CIP onset (OR, 11.333; 95% CI: 2.209-58.147), and changes
in LDH levels > 66 U/L from bascline to the onset of CIP (OR,
12.083; 95% CI: 2.053-71.114) were significantly associated with
an increased risk of developing refractory CIP. The cut-off value
of LDH at CIP onset (320 U/L) and changes from baseline to
the onset of CIP (66 U/L) analyzed as risk factors were defined
by the median LDH level of refractory CIP. Compared with
cough, shortness of breath was significantly associated with
refractory CIP (OR, 7.917; 95% CI: 1.473-42.538) but not fever
(OR, 1.667; 95% CI: 0.330-8.423). Multivariable logistic analysis
revealed that only LDH levels > 320 U/L at the onset of CIP
were independently associated with an increased risk of refrac-
tory CIP (OR, 8.889; 95% CI: 1.294-61.058; P =0.026; Table 4).
Figure 4 shows the corresponding relationships between sig-
nificant risk factors and CIP types.

Clinical Course and Outcomes of Refractory CIP
Figure 5 shows the clinical course from the onset of
CIP to the clinical outcomes. All patients were treated with
sufficient doses of prednisone or methylprednisolone based
on guidelines™!? or the doctor’s clinical experience. Eleven
patients responded to the initial corticosteroid treatment;
however, they showed recurrence of CIP or worsening
symptoms during the corticosteroid tapering period. After
recurrence, the corticosteroid dose was increased. Among
them, 2 patients were treated with infliximab in addition to
corticosteroids; further, 5 patients recovered and achieved
long survival for >1 year, while the remaining 6 patients
died during the corticosteroid tapering period because of
CIP (n=3), cancer progression (n=2), and infection (n=1).
Among the 16 patients with refractory CIP, 5 did not
respond to the initial corticosteroid therapy. Among them, 1
was also treated with infliximab. All 5 patients died within
2 months, with 4 dying because of CIP and 1 dying because

68 | www.immunotherapy-journal.com

of infection. The median OS of the refractory group was
12.00 weeks (95% CI: 5.47-18.53 wk); further, 7 patients
died of CIP, 2 of infection, 4 of cancer progression, and 3
patients were alive at the last follow-up. The rate of CIP
mortality in the refractory group was 43.8% (7/16).

DISCUSSION
To our knowledge, this is the first study to investigate the
risk factors for refractory CIP. An LDH level greater than
320 U/L at the onset of CIP was found to be an independent risk
factor of refractory CIP. Generally, corticosteroid administration
is the first-line treatment for CIP. In our study, the incidence of
refractory CIP at initial corticosteroid treatment and during the
corticosteroid tapering period was 26.7%, which is consistent

with the findings of a previous report.!®
The risk factors for CIP development are well-established.
Regarding baseline characteristics, tumor invasion in the cen-
tral airway,?’ history of chronic obstructive pulmonary
disease?! or chronic pulmonary diseases,’>? PD-L1 levels
>50%,2! age 60 years or younger,?* Eastern Cooperative
Oncology Group Performance Status > 2,23 and use of inhaled
corticosteroids at ICI onset? are independently associated with
an increased incidence of CIP. A controversial study reported
an age 65 years or older as an independent risk factor for CIP.2
Adenocarcinoma!® could be a protective factor for CIP.
However, none of these aforementioned characteristics were
associated with refractory CIP in our study. Moreover, we
found that the best response to ICI treatment may be related to
refractory CIP; however, the response was not evaluated in

> 30% of patients with refractory CIP.
Dry cough, shortness of breath, and fever are common
CIP symptoms. A study showed that 88.1% and 78.6% of
patients with CIP had cough and dyspnea, respectively.2
Consistent with these findings, we found that cough (35.0%)
and shortness of breath (38.3%) were the most common
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FIGURE 2. Bar plots of Peripheral blood biomarkers in patients with nonrefractory CIP and refractory CIP at baseline and the onset of CIP.
A, White blood cell count; B, Absolute neutrophil count; C, Absolute lymphocyte count; D, Absolute eosinophil count; E, Neutrophil-to-
lymphocyte ratio; F, Platelet-to-lymphocyte ratio; G, Lactate dehydrogenase. CIP indicates checkpoint inhibitor-related pneumonitis.

symptoms. Further, shortness of breath showed a non- 7.43 wk, P=0.079). CIP with an onset <6 weeks and > 6
independent association with refractory CIP. weeks after ICI treatment was defined as early-onset and

The onset of CIP was nonsignificantly earlier in the late-onset CIP, respectively.'827 In addition, 92.9% of
refractory group than in the nonrefractory group (16.57 vs. patients with early-onset CIP had grade 3 or higher CIP,
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FIGURE 3. Radiological features in patients with nonrefractory CIP and refractory CIP. A and B, Number of lobes and area of lung
parenchyma involved of CIP; C and D, Radar charts of distribution and overall pattern of CIP. AIP/ARDS indicates acute interstitial
pneumonia/acute respiratory distress syndrome; CIP, checkpoint inhibitor-related pneumonitis; COP, cryptogenic organizing pneumonia;
HP, hypersensitivity pneumonitis; NSIP, nonspecific interstitial pneumonia.

with the mortality rate being as high as 50.0%.27 Early-onset group (50.0% vs. 18.2%, P=0.021), which could explain the
CIP has a much poorer prognosis than late-onset CIP. Our higher mortality rate in the refractory CIP group. Early-
study demonstrated that the incidence of early-onset CIP onset CIP may be an indicator of refractory CIP; however,
was higher in the refractory group than in the nonrefractory the definitions of early-onset and late-onset CIP remain

TABLE 4. Factors Associated with Refractory CIP

Univariate Analysis Multivariable Analysis
Variable OR (95% CI) P OR (95% CI) P
Best response of ICI 0.558 - -
PR vs. PD 0.357 (0.074- 2.740) 0.322 - -
SD vs. PD 0.333 (0.041- 2.699) 0.303 - -
Time to CIP (< 6w vs. >6w) 4.500 (1.297- 15.611)  0.018 3.812 (0.193- 75.405) 0.380
Symptoms 0.213 - -
Shortness of breath vs. cough 7.917 (1.473-42.538) 0.016  7.506 (0.340- 165.578)  0.202
Shortness of breath vs. fever 1.667 (0.330- 8.423) 0.537 - -
LDH at baseline (>255 vs. <255) 3.733 (0.917- 15.207)  0.066  0.926 (0.090- 9.512) 0.948
LDH at CIP (>320 vs. <320) 11.333 (2.209- 58.147)  0.004  8.889 (1.294- 61.058) 0.026

Changes of LDH from baseline to CIP development (> 66 vs. <66)  12.083 (2.053- 71.114)  0.006  5.160 (0.598- 44.514) 0.136

Statistically significant P and corresponding odds ratio values are in bold.
CI indicates confidence interval; CIP, checkpoint inhibitor-related pneumonitis; ICI, immune checkpoint inhibitor; LDH, lactate dehydrogenase; OR, odds
ratio; PD, progression of disease; PR, partial response; SD, stable disease.
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FIGURE 4. Sankey diagram of the clinical feature and peripheral
blood biomarker in refractory and nonrefractory CIP patients. w
indicates weeks; CIP, immune checkpoint inhibitor-related pneu-
monitis; LDH, lactate dehydrogenase, the unit for LDH is U/L.

controversial. One study defined early and late-onset of CIP
as <6 and > 6 months, respectively, from the initiation of
ICI therapy.!® Compared with low-grade CIP, high-grade
CIP (grade 3 or higher) showed an earlier onset. We
observed no between-group differences after dividing the
CIP cohort as previously described. Defining the early-onset
of CIP as <6 weeks may be more appropriate for identifying
refractory CIP.

Peripheral blood biomarkers are associated with the
incidence and prognosis of CIP. Baseline interleukin-8 (IL-
8) levels?! are negatively associated with the incidence of
CIP, while baseline absolute eosinophil count levels
(>0.125 x 10(9) cells/L) are positively associated with the
risk of CIP and clinical outcomes.?® Increased IL-6, IL-10,
neutrophil-to-lymphocyte ratio, and platelet-to-lymphocyte
ratio levels, as well as decreased absolute lymphocyte count
and Albumin levels, are associated with an increased risk of
CIP; additionally, high IL-6 levels and low ALB levels at the

P G G G
N W s OO

Patients

- -
- N W s OO N O O -

onset of CIP are associated with high-grade CIP and poor
prognosis.?’ In our hospital, IL levels are not routinely
tested; accordingly, IL-8 and IL-6 were not included in the
analysis. Among the peripheral blood biomarkers, only the
LDH levels were associated with refractory CIP. Increased
LDH levels are associated with lung injury and autoimmune
pneumonia.??3! Lin et al? reported a significant increase in
LDH levels from baseline to the onset of CIP (223.80 U/L
[IQR, 177.03-398.93] to 257.85 U/L [IQR, 189.03-311.83];
P=0.049]; however, no changes in LDH levels were
observed among patients without CIP. We observed no
significant differences between LDH levels at baseline and
the onset of CIP in either group. However, compared with
the nonrefractory CIP group, the refractory CIP group
showed significantly higher LDH levels at baseline and CIP
onset. In addition, the change in LDH levels from baseline
to CIP onset was significantly greater in the refractory CIP
group than in the nonrefractory group. Further analysis
revealed that an LDH level > 320 U/L at CIP onset was an
independent risk factor for refractory CIP. Accordingly,
closely monitoring changes in LDH levels may allow early
detection of patients with refractory CIP.

Patients with refractory CIP require immune sup-
pression agents and prolonged steroid treatment. In our
study, 3 patients were treated with infliximab in addition to
steroids; among them, 2 recovered and showed a long sur-
vival period (>1 y from the CIP onset). For the other
patients, the corticosteroid dose was increased. Since a high
starting dose and long duration of corticosteroids (> 30 mg/
day equivalent methylprednisolone; P=0.001) are asso-
ciated with an opportunistic infection,?® 62.5% (10/16) of the
patients were treated with antibiotics at the onset of CIP.
The low infection-related mortality (12.5%, 2/16) could be
attributed to the high usage of antibiotics, with 75% (12/16)
of the patients receiving antibiotics during CIP treatment.

The CIP-related mortality among patients with refrac-
tory CIP was high (43.8% [7/16]); contrastingly, the mortality
rate for the overall sample was 11.7% (7/60), which is lower
than the previously reported value of 22.7%.” The effect of
CIP occurrence on survival remains unclear. Li et al’?
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FIGURE 5. Clinical course and outcomes of patients with refractory CIP. CIP indicates checkpoint inhibitor pneumonitis.
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reported that CIP occurrence did not significantly affect OS
(hazard ratio, 1.14 [0.70-1.86]). Tone et al’ reported that the
median progression-free survival and OS were significantly
shorter in patients with severe grade CIP than in those with-
out. In addition, CIP development is demonstrated to be
significantly associated with increased progression-free sur-
vival and OS.33-34 In the refractory CIP group, some patients
showed a long survival period (>5 y), while others died
within 12 weeks. This indicates that successfully curing
refractory CIP may increase the survival period.

This study has several limitations. First, this was a
retrospective study with some missing clinical data, includ-
ing blood parameters and chest CT images. Moreover, the
treatment regimens for CIP were not standardized. These
aforementioned factors may result in bias during the anal-
ysis. Second, this study had a small sample size, with only 16
patients with refractory CIP being included. Further, 5
patients did not respond to the initial steroid treatment,
while 11 patients showed worsening symptoms during the
steroid tapering period. These 2 groups could not be
analyzed separately because of the small sample sizes. Since
the 2 subtypes of refractory CIP could involve different
mechanisms, future studies are warranted.

CONCLUSION

Refractory CIP is a common occurrence among patients
with CIP. Further, patients with refractory CIP showed very
high CIP-related mortality; therefore, it is important to
identify this subset of patients with CIP. We found that an
LDH level >320 U/L at CIP onset was an independent risk
factor for refractory CIP. Therefore, monitoring LDH levels
is recommended during the ICI treatment. Large-cohort
studies are required to verify our findings.
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