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B (P<0.05), =2 CIP (W EZFET- IR NN CIPBER A L, IR CIP 322
FET IR MR, 2SA SR (P<0.05), it Kaplan-Meier £ 77
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[ Abstract | Background and purpose: Currently, research on checkpoint inhibitor-associated pneumonia (CIP) primarily focuses
on its clinical characteristics, risk factors, prognosis, and relationship to clinical efficacy. However, these studies fail to distinguish
between low-grade and high-grade CIP. This study aims to explore the differences of clinical characteristics between low-grade and
high-grade CIP in patients with advanced non-small cell lung cancer (NSCLC), as well as the risk factors for the development of
high-grade CIP. Methods: We retrospectively collected the case records of 92 patients with advanced NSCLC who received
treatment with immune checkpoint inhibitor (ICI) at the First Affiliated Hospital of Hebei North University from January 2018 to
December 2023. CIP was graded according to the Common Terminology Criteria for Adverse Events (CTCAE) 5.0: asymptomatic/
mild (grade 1), moderate (grade 2), severe (grade 3), life-threatening (grade 4) and death (grade 5). Grades 1-2 were defined as low-
grade CIP, and grades 3-5 were defined as high-grade CIP. The clinical characteristics, laboratory indicators, imaging features,
treatment and prognosis of the two groups of patients were compared. Univariate and multivariate logistic regression analyses were
used to screen the influencing factors of high-grade CIP in NSCLC patients. Spearman's correlation coefficient was used to analyze
the correlation between neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), systemic immune-inflammation index
(SII), Krebs von den Lungen-6 (KL-6), and CIP grading. Receiver operating characteristic curve analysis was used to evaluate the
predictive value of peripheral blood KL-6 levels for high-grade CIP, and Kaplan-Meier survival curve analysis was used for survival
analysis. This study was approved by the Ethics Committee of the First Affiliated Hospital of Hebei North University (L2026025).
Results: This study ultimately included 92 CIP patients, with 56 cases of low-grade CIP and 36 cases of high-grade CIP. Low- and
high-grade CIP showed statistically significant differences in age, fever, performance status (PS) score and concurrent infections
during CIP (P<0.05). The levels of NLR, PLR, SII and KL-6 were higher in high-grade CIP than in low-grade CIP (P<0.05). There
were significant differences in nonspecific interstitial pneumonia, concurrent emphysema, concurrent pleural effusion and pleural
thickening between low- and high-grade CIP (P<0.05). Univariate logistic regression analysis revealed that fever, PS score of 3-4,
concurrent emphysema and high peripheral blood KL-6 levels were risk factors for the development of high-grade CIP in patients
with advanced NSCLC (P<0.05). Multivariate logistic regression analysis indicated that concurrent emphysema and high peripheral
blood KL-6 levels were independent risk factors for the development of high-grade CIP in patients with advanced NSCLC (P<0.05).
Baseline NLR, PLR, SII and KL-6 levels were positively correlated with CIP grade (P<0.05). The area under the curve for KL-6 in
predicting high-grade CIP was 0.895, with a sensitivity of 83.9% and a specificity of 86.1%. There were significant differences in the
duration of methylprednisolone treatment >80 mg/d, initial oral steroid dose >1 mg/kg/d, steroid response, use of
immunosuppressants, immunoglobulin, antibiotics and antifungal treatment between low- and high-grade CIP (P<0.05). The main
cause of death in high-grade CIP was the CIP disease itself, while the main cause of death in low-grade CIP was tumor progression,
with a statistically significant difference (P<0.05). Kaplan-Meier survival curve analysis showed that the median overall survival
(OS) for low-grade CIP was 19.20 months, while for high-grade CIP it was 16.60 months, with a statistically significant difference (P
<0.05). Conclusion: Compared with patients with low-grade CIP, those with high-grade CIP were older, had higher PS scores, more
frequently presented with fever and pulmonary infectious diseases, and had higher levels of NLR, PLR, SII and KL-6, which were
positively correlated with CIP grade. Imaging findings were predominantly nonspecific interstitial pneumonia, with a high
proportion of concurrent emphysema, pleural effusion and pleural thickening. Patients with high-grade CIP had higher steroid doses,
longer treatment durations and poorer prognoses. High levels of KL-6 and emphysema were independent risk factors for high-grade
CIP.

[ Key words ] Immune checkpoint inhibitors; Non-small cell lung cancer; Pneumonia; Clinical analysis; Risk factor
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(lactate dehydrogenase, LDH) . [ #H H
(albumin, ALB) . Ifil %% D- — % {k (plasma d-
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B, HESBE R R R R (IR CIP 4
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e KA IR AR WE 1, CIP 1441841, CIP2%%
38 5], CIP 3% 281, CIP42% 8%, CIP5%%0
1, G CIP 56451, =4 CIP 36 4. =2l
CIP fE4F#4=65 % . HBLEIN . PSTF4 3~4 43 I
CIP Wi[a] & IF B L iy L T &, 2 7 A 41t
RN (P<0.05), FEER]. WA . BMI, &
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JE . MGBESE . B TH PR G S O, 5 1 BH ZE P M
. RGBT R . TIREEEAE . [ BTPEE) |
AR MR oy . PD-L1RiE (g TPS=
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2.2 HEHINSCLCIR. SZ5ICIP BEHWXWE
it

%5 CIP P ¥ NLR, PLR. SII. KL-67K
i ARG CIP,  H AR 2R L A 4 S P )
Jit M i & (nonspecific interstitial pneumonia,
NSIP) h =, A I Wl =M B B fes BRI L B3] 5
W, ZEFHEGTEE L (P<0.05), mZICIPAk
JAMAAYIL-2, IL-4, IL-6, IL-10, TNF-a, LDH,
ALB, D-Dimer, CRPZKF-5{EZCIPAHLL, 25
PSR (P>0.05, #£2).

Lung cancer patients receive ICI treatment (n=826)

Inclusion criteria:

Lung cancer patients suspected of CIP (n=215)

D Age>18;

@ Complete clinical data;

(3 NSCLC in stage IIIB or IV;

Compliant with inclusion criteria (n=128)

@ Conform to the diagnostic criteria of CIP

Exclusion criteria:

Finally included patients in CIP (n=92)

(D History of tuberculosis, fungal and bacterial
infections before ICI treatment (n=20);

CIP grading according T @ Uncontrolled clinical symptoms or heart
to CTCAE 5.0 7 ¥ 1 disease (n=10);
Low-grade High-grade ® Logical error in the treatment information (n=2)
CIP (n=56) CIP (n=36)

B1 CIPEEMERSRRIEE
Fig. 1 Flowchart for screening and grading of CIP patients
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F1 BHINSCLCIR. B45|CIP BHEH—MIGKER
Tab.1 General clinical data of low- and high-grade CIP patients

(n (%) ]
Variable Low-grade CIP (n=56)  High-grade CIP (n=36) X’ value P value

Age 11.683 <0.001
=65 20 (35.71) 26 (72.22)
<65 36 (64.29) 10 (27.78)

Gender 0.014 0.905
Man 38 (67.86) 24 (66.67)

‘Women 18 (32.14) 12 (33.33)

Smoking history 0.093 0.760
Yes 42 (75) 28 (77.78)

No 14 (25) 8(22.22)

BMI/(kg*m™?) 0.692 0.405
<24 44 (78.57) 27 (75.00)
>24 12 (21.43) 9 (25.00)

Fever 10.337 0.001
Yes 8(14.29) 16 (44.44)

No 48 (85.71) 20 (55.56)

Underlying disease 0.052 0.820
No 22(39.29) 15 (41.67)

Yes 34 (60.71) 21 (58.33)

Basic pulmonary conditions 0.577 0.447
COPD 16 (28.57) 13 (36.11) 0.141 0.708
ILD 6(10.71) 3(8.33)

Pathological type 0.001 0.970
Squamous carcinoma 34 (60.71) 22 (61.11)

Non-squamous carcinoma 22 (39.29) 14 (38.89)

Tumor staging 0.043 0.835
B 23 (41.07) 14 (38.89)

v 33 (58.93) 22 (61.11)

Expression of PD-L1
Not detected 20 (35.71) 12 (33.33) 0.067 0.967
Positive 22(39.29) 15 (41.67)

Negative 14 (25) 9 (25)

PS score 4.955 0.026
1-2 38 (67.86) 16 (44.44)

3-4 18 (32.14) 20 (55.56)

Timing of immunotherapy 0.089 0.765
First-line 45 (80.36) 28 (77.78)

Second-line and above 11 (19.64) 8(22.22)

Immunotherapy drug types 0.139 0.933
Tislelizumab 20 (35.71) 13 (36.11)

Camrelizumab 19 (33.93) 11 (30.56)
Sintilimab 17 (30.36) 12 (33.33)

Combination therapy 0.067 0.996

No 6(10.71) 3(8.33)
Chemotherapy 32 (57.14) 19 (52.78)
Targeted therapy 8(14.29) 5(13.89)

Chemotherapy-+anti-angiogenic drugs 10 (17.86) 6 (16.67)

Preceding radiotherapy 2.006 0.157
No 12 (21.43) 11 (30.56)

Yes 44 (78.57) 25 (69.44)

Complicated with pulmonary infection during CIP 9.113 0.003
Yes 10 (17.86) 17 (47.22)

No 46 (82.14) 19 (52.78)

COPD: Chronic obstructive pulmonary disease; ILD: Interstitial lung disease.
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Tab.2 Comparison of laboratory data from low- and high-grade CIP
Variable Low-grade CIP (n=56) High-grade CIP (n=36) Z/t/x* value P value
Baseline peripheral blood indicator
IL-2/(pg-mL™") M (P25, P75) 12.34 (11.09, 13.59) 13.21 (11.62, 14.82) -0.820 0.412
IL-4/(pg-mL™") M (P25, P75) 13.53 (12.57, 14.54) 13.64 (12.69, 14.68) -0.844 0.399
IL-6/(pg-mL™") M (P25, P75) 8.28 (7.20,9.33) 8.42(7.90, 9.58) -0.896 0.370
IL-10/(pg-mL™") M (P25, P75) 14.75 (12.47, 15.93) 15.08 (12.60, 16.23) -0.908 0.364
TNF-o/(pg-mL™") M (P25, P75) 17.95 (16.23, 19.88) 19.07 (17.11, 20.32) -1.520 0.128
LDH/(U-L™") s 325.41+85.05 330.55+86.64 -0.281 0.780
ALB/(g-L™") xts 32.60+4.78 32.72+4.42 -0.121 0.904
NLR M (P25, P75) 3.09 (2.26, 3.25) 5.38 (4.42,6.41) -7.269 <0.001
PLR M (P25, P75) 225.72 (155.65, 269.00) 291.79 (239.25,322.44) -4.672 <0.001
SII M (P25, P75) 705.79 (692.37, 712.29) 848.72 (838.47,860.12) -8.064 <0.001
D-Dimer/(mg-L™") &+s 2.10+0.731 2.13£0.57 0.213 0.832
KL-6/(U-mL™") M (P25, P75) 634 (599, 862) 928 (843, 951) -8.065 <0.001
CRP/(mg'L'l) xts 45.74+9.68 48.24+9.40 -1.221 0.225
CIP imaging feature
OP n (%) 34 (60.72) 10 (27.78) 14.745 0.002
NSIP n (%) 20 (35.71) 18 (50)
Overlap between OP and NSIP n (%) 0(0.00) 5(13.89)
Other types n (%) 2 (3.57) 3(8.33)
Other radiological feature
Emphysema n (%) 16 (28.57) 22 (61.11) 9.570 0.002
Pleural condition
Normal n (%) 34 (60.71) 13 (36.11) 12.013 0.003
Pleural effusion n (%) 10 (17.86) 16 (44.44)
Pleural thickening n (%) 12 (21.43) 7(19.44)

OP: Organizing pneumonia.

23 EZICIHATTHBENSCLCEELXETR
7 CIP fE k& B &= /9 logistic B Y3434

DL A 00 CIP S AR i, PRI 5 1Y
ImPRZORE, SCgn g5 R b 2 R A git2r i iE

br (4EH#y . B/ A& PSTES)r .

BRI

i, CIP SR =R . MBS & . NLR, PLR,
SII. KL-67K~F-) 1EAHME 547 H I Z logistic

M=, 588w, K. PSTFSr3~44r. A IFhi
S AR I KL-6 K7 R I NSCLC & A= = 2
B CIP G N & (P<0.05, #3)., Fl2ER
A Gt bR T Z K Z o0, 45 R W
AN, A O A B A A i KL-6 7K S 2 i
NSCLC & # & A &5 9 5 CIP 1% il 57 5% i) PR 28

(P<0.05

, 3.4),

®3 BHINSCLC BERESRA CIP#EARERE logistic @A

Tab.3 Univariate logistic regression analysis of high-grade CIP in patients with advanced NSCLC

Variable B SE Wald Xz P value OR 95% CI
Age (<65, 265) 0.154 0.506 0.093 0.761 1.167 0.433-3.145
Fever (yes, no) -1.569 0.508 9.525 0.002 4.800 1.773-12.998
PS score (1-2, 3-4) 0.970 0.441 4.844 0.028 2.639 1.112-6.262
Emphysema (yes, no) 0.890 0.438 4.119 0.042 2.434 1.031-5.748
CIP imaging features (OP, other) 0.099 0.435 0.052 0.820 1.104 0.471-2.589
Pleural condition (normal, abnormality) 0.260 0.453 0.329 0.566 1.297 0.534-3.148
NLR 0.001 0.003 0.080 0.777 1.001 0.996-1.006
PLR 0.006 0.046 0.015 0.903 1.006 0.918-1.101
S 0.028 0.023 1.475 0.225 1.029 0.983-1.076
KL-6 1.981 0.405 23.966 <0.001 7.429 3.280-16.020

OR: Odds ratio.
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F4 BEINSCLC BERET LS CIPHIZE X logistic EIF 547
Tab.4 Multivariate logistic regression analysis of high-grade CIP in patients with advanced NSCLC

Variable B SE Wald X2 P OR 95% CI

Fever (yes, no) 0.472 0.995 0.635 1.603 0.228-11.259
PS score (1-2,3-4) -0.188 0.758 0.804 2.972 0.506-17.467
Emphysema (yes, no) 1.085 0.522 0.038 2.959 1.064-8.230
KL-6 0.020 0.006 12.303 <0.001 1.021 1.009-1.032
2.4 EEZNLR. PLR. Sll. KL-6 5 CIP 4> Z#Y o
B2 =

% H Spearman #H 5 ¥ 73 A1 XJ A 2 NLR . osl
PLR. SII. KL-6 CIP 734 i AH K HEREAT 4347,
iR R, HZLNLR. PLR. SII. KL-6 5 CIP 2 06
Sr ¥ 5OE M EHE (7=0.896. 0.755. 0.727, 2
0.919, P=0.001). 3 oaf
2.5 SpEIMKL-6 FilE 25! CIP B &

AN It KL-6 Tl & 4% 551 CIP (4 i £k T A 02}
0.895 (95% CI: 0.831~0.959), ZPEI&%040.70,
i AE B W {E o 786 U/mL, il I A% R B 0.0 02 04 06 08 1o
83.9%, FERIEH86.1% (Kl2), 1-Specificity

2.6 BEHANSCLCIK. &4 5ICIPHIETT
RGO CIP A LE, =540 CIP H ik Je JE 7
#>80 mg/d, ALUR TR E >1 mg/kg/d, MET
RPE CIP ., A S eiilsn . e sk & . ik
K. PUERIR IS, HHFRIE =80 mg/d
PR R, 2295A 50 AE X (P<0.05, 35).
2.7 MEHINSCLCIR. &% 5| CIP /g
SR CIP AL, &2 CIP fFET -5
m (P<0.05), FESET- IR, ARZ%5 CIP IH [

2 SMEAmMKL-6 TS %S CIPHMNE
Fig.2 The value of peripheral blood KL-6 in predicting high-
grade CIP

TR e ) e s, R CIP I AT CIP
FIRA GG, 258512 E XL
(P<0.05, #6). %M Kaplan-Meier 4= /7 #2853
MR, (RGO CIP A0S }19.20H , &
N CIPA16.601H, log-rank K2 A 5511
Y (¢=63.40, P<0.001, K3),

*5 MHINSCLC 2ER. B4&ACIPHAYER
Tab.5 Drug management for low- and high-grade CIP in patients with advanced NSCLC

(n (%) ]

Item Low-grade CIP (n=56)  High-grade CIP (n=36) 7/ value P value

Methylprednisolone >80 mg/d 18 (32.14) 30 (83.33) 23.01 <0.001
Methylprednisolone =80 mg/d course of treatment (d) 10 (9,12) -8.188 <0.001
Initial oral administration of steroids>1 mg/kg/d 8(14.29) 24 (66.67) 26.505 <0.001
Hormone-resistant CIP

Yes 6 (10.71) 14 (38.89) 92.00 <0.001

No 50 (89.29) 22 (61.11)
Immunosuppressant 3(5.36) 10 (27.78) 9.078 0.001
Immunoglobulin 0 (0.00) 8(22.22) 10.974 <0.001
Antibiotic treatment (excluding sulfanilamide) 8(14.29) 12 (33.33) 123.156 <0.001
Antifungal treatment 2(3.57) 7 (19.44) 4.586 0.032
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Tab. 6 Prognosis of low-grade and high-grade CIP in patients with advanced NSCLC
[n (%) ]
Item Low-grade CIP (n=56)  High-grade CIP (n=36) X’ value P value
Cure 20 (35.71) 2(5.56)
Improve 10 (17.86) 3(8.33)
Stable 6(10.71) 5(13.89) 17.627 0.001
Deteriorate 4(7.14) 6 (16.67)
Death 16 (28.57) 20 (55.56)
Cause of death
CIP 4 (25.00) 13 (65.00)
Tumor progression 10 (62.50) 5(25.00) 6.062 0.048
Other (heart disease or other underlying diseases) 2 (12.50) 2 (10.00)
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Fig.3 Survival curves for low- and high-grade CIP in patients
with advanced NSCLC
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