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[ Abstract | Background and purpose: Immune checkpoint inhibitor (ICT) has demonstrated significant efficacy in the treatment
of malignant tumors. However, the immune-related adverse event (irAE) may limit clinical benefits in some patients. Immune
checkpoint inhibitor-related liver injury (ICILI) is a common irAE and can lead to treatment discontinuation and poor prognosis in

severe cases. In China, research on the clinical characteristics and prognostic factors of severe ICILI remains limited. Therefore, this



1100 FRK, T BNEBMNERENE RIEIFIERT S RN R IEATUS DT

study aimed to investigate the clinical features and prognostic influencing factors of severe liver injury caused by ICI. Methods:

Patients with digestive system malignancies who received ICI treatment at Zhongshan Hospital, Fudan University between January
2019 and June 2023 were retrospectively enrolled. ICILI severity was graded according to the Common Terminology Criteria for
Adverse Events (CTCAE) version 5.0. Clinical features were compared across different grades of ICILI, and logistic regression
analysis was used to identify risk factors for severe ICILI. Receiver operating characteristic (ROC) curve analysis was used to
evaluate predictors of poor prognosis. This study was approved by the Ethics Committee of Zhongshan Hospital Affliated to Fudan
University (Approval Number: B2025-334R). Results: Among the 1 421 patients, 327 (23.01%) developed ICILI of any grade,
including 69 (4.86%) with grade 3/4 ICILI. Multivariate analysis identified liver metastasis (OR=3.477, 95% CI: 1.883-6.419, P
<<0.001), combined therapy with tyrosine kinase inhibitor (TKI) (OR=2.710, 95% CI: 1.298-5.657, P=0.008), and elevated baseline
gamma-glutamyl transferase (GGT) (OR=1.003, 95% CI: 1.000-1.006, P=0.047) as independent risk factors for grade 3/4 ICILI.
Among patients with grade 3/4 ICILI, 40 showed clinical improvement while 14 did not. ROC curve analysis indicated that the
Model for End-Stage Liver Disease (MELD) score predicted poor prognosis with an area under the curve (AUC) of 0.876 (95%
CI: 0.761-0.991, P<<0.001). The optimal cutoff value was 11.5, yielding a sensitivity of 85.71% and a specificity of 86.05%.
Conclusion: The incidence of grade 3/4 ICILI in patients receiving ICI for digestive system malignancies was 4.86%. Patients with

baseline liver metastasis, combined TKI therapy, or elevated initial GGT levels are at higher risk of severe ICILI. The MELD score

demonstrates good predictive performance for poor prognosis.

[ Key words ] Immune checkpoint inhibitor; Drug-induced liver injury; Clinical characteristics; Prognostic analysis
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5 506 patients received PD- 1/PD-L1 inhibitor treatment at Zhongshan
Hospital, Fudan University between January 2019 and June 2023

4 085 patients with excluded

3 464 patients with hepatobiliary malignancies or non-gastrointestinal malignancies
33 patients with abnormal liver function parameters at baseline
58 patients with abnormal liver function caused by other drugs
27 patients with infection (e.g., liver abscess, sepsis)

» 19 patients with heart failure

47 patients with obstructive jaundice

1 patients with autoimmune liver disease

168 patients with incomplete data or loss to follow-up

238 patients participating in clinical research

30 patients with other reason

\

| 1 421 individuals assessed eligibility for inclusion

Y v

| 1 094 without ICILI | |

327 without ICILI

Bl BEEFRREE
Fig.1 The flowchart of patient selection
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Tab.1 Clinical characteristics of patients with immune checkpoint inhibitor-associated liver injury across different severity grades

Overall

Grade 0, 1 Grade 2

Grade 3 Grade 4

Characteristic (n=1421) (n=1256, 88.39%) (n=96, 6.76%) (n=55, 3.87%) (n=14, 0.99%) frvalue
Gender 0.176
Male 1050 (74.89%) 938 (74.68%) 68 (70.83%) 36 (65.45%) 8 (57.14%)
Female 371 (26.11%) 318 (25.32%) 28 (29.17%) 19 (34.55%) 6 (42.86%)
Age/year 65.00 (57.50, 71.00) 65.00 (58.00, 71.00) 63.50 (55.00, 69.75) 65.00 (51.00, 73.00) 66.00 (60.00, 69.75) 0.146
Median duration from 113.00 (51.00, 262.00) 112.00 (50.25, 267.75) 103.00 (42.50, 209.25) 146.00 (79.00, 342.00) 158.00 (59.50, 277.25) 0.163
immunotherapy to
liver injury onset/d
Total infusions/n 5.00 (3.00, 10.00) 5.00 (3.00, 10.00) 5.00 (3.00, 9.75) 7.00 (4.00, 10.00) 6.50 (3.50, 12.75) 0.434
Liver metastasis 413 (29.06%) 325 (25.88%) 47 (48.96%) 33 (60.00%) 8 (57.14%) <<0.001
Primary tumor type
Esophagus 591 (41.59%) 557 (44.35%) 24 (25.00%) 9 (16.36%) 1(7.14%) <0.001
Stomach 543 (38.21%) 463 (36.86%) 46 (47.92%) 27 (49.09%) 7 (50.00%) <<0.001
Intestine 181 (12.74%) 147 (11.70%) 15 (15.63%) 14 (25.45%) 5(35.71%) <<0.001
Pancreas 102(7.18%) 85 (6.77%) 11 (11.46%) 5(9.09%) 1 (7.14%) <<0.001
Spleen 2 (0.14%) 2(0.16%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0.333
Epityphlon 2 (0.14%) 2(0.16%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0.333
Pre-existing disease
HBV 71 (5.00%) 56 (4.46%) 7 (7.29%) 6(10.91%) 2 (14.29%) 0.038
Fatty liver 132 (9.29%) 106 (8.44%) 15 (15.63%) 7(12.73%) 4(28.57%) 0.006
Diabetes 180 (12.67%) 157 (12.50%) 14 (14.58%) 7 (12.73%) 2 (14.29%) 0.944
Hypertension 403 (28.36%) 349 (27.79%) 35(36.46%) 14 (25.45%) 5(35.71%) 0.272
Combination therapy
Chemotherapeutics 776 (54.61%) 701 (55.81%) 41 (42.71%) 29 (52.73%) 5(35.71%) 0.04
Cetuximab 39 (2.74%) 31 (2.47%) 3(3.13%) 3 (5.45%) 2(14.29%) 0.03
TKI 104 (7.32%) 81 (6.45%) 11 (11.46%) 8 (14.55%) 4 (28.57%) 0.001
Statin 75 (5.28%) 65 (5.18%) 5(5.21%) 4(7.27%) 1(7.14%) 0.905
Baseline of laboratory parameters
TB/(umol L") 8.70 (6.50, 12.10) 8.70 (6.50, 12.00) 8.50 (6.43, 12.30) 9.50 (6.90, 12.70) 9.30 (7.08, 15.75) 0.628
DB/(umol-L") 6.20 (4.50, 8.60) 6.10 (4.50, 8.50) 6.00 (4.35, 8.78) 6.60 (4.80, 8.90) 6.25(5.48,10.43) 0.758
ALT/(U-L") 16.00 (11.00, 25.00) 16.00 (11.00, 23.00) 22.00 (12.25, 36.50) 21.00 (14.00, 35.00) 24.00 (17.75, 38.25) <0.001
AST/(U-L") 21.00 (16.00, 28.00) 20.00 (16.00, 26.00) 27.00 (20.25, 39.00) 24.00 (19.00, 34.00) 25.50 (20.75, 34.75) <0.001
ALP/(U-L") 87.00 (70.00,108.00) 86.50 (70.00, 106.00)  99.00 (74.50, 127.38)  88.00 (74.00, 120.00)  114.50 (98.50, 137.38)  <0.001
GGT/(U-L") 26.00 (17.00, 50.00) 25.00 (17.00, 46.00) 39.00 (21.00, 78.75) 44.00 (22.00, 81.00) 48.00 (18.50, 95.50) <0.001
LDH/(U-L") 184.00 (161.00,214.00)  181.00 (160.00,210.00)  210.00 (177.25,245.25)  204.50 (165.50,234.00)  196.50 (183.25, 226.75)  <0.001
Ser /(mg-dL") 0.81 (0.69, 0.94) 0.81 (0.69, 0.94) 0.80 (0.68, 0.92) 0.79 (0.68, 0.89) 0.75 (0.61, 0.84) 0.164
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Tab. 2 Logistic regression analysis of grade 3, 4 ICILI
Univariate Multivariate
Characteristic
OR (95% CI) P value OR (95% CI) P value

Gender

Female - 0.052

Male 1.652 (0.996-2.740)

Liver metastasis

No

Yes

HBV

No

Yes

Fatty liver

No

Yes

Chemotherapeutics

No

Yes

Cetuximab

No

Yes

TKI

No

Yes

TB

ALT

AST

ALP

GGT

LDH

Scr

3.858 (2.351-6.329)

2.683 (1.231-5.849)

1.929 (0.986-3.775)

0.799 (0.492-1.296)

3.028 (1.146-8.003)

2.883 (1.494-5.565)

1.020 (0.975-1.066)

1.014 (1.003-1.025)

1.027 (1.013-1.042)

1.008 (1.002-1.013)

1.004 (1.002-1.007)

1.001 (0.999-1.002)

0.400 (0.114-1.397)

<<0.001 - <<0.001

3.477 (1.883-6.419)

0.013

0.055

0.362

0.025

0.002 - 0.008

2.710 (1.298-5.657)

0.396

0.011

<<0.001

0.006

<<0.001 1.003 (1.000-1.006) 0.047

0.386

0.151
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Fig.2 ROC analysis for grade 3/4 ICILI
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"o 02 04 o6 08 10 22 AT SE AT B S TCTLL ) 2 7 T
I-Specificity . o) —T 52400058 . 359 04661 1)
Characteristic AUC 95% CI P value MetaZF BT A5 2 zsie 1, WA PR
MELD score 0.876 0.761-0.991 <<0.001 EE‘%%ﬁQEICILIE/‘JMBﬁE% ©
GGT 0.719 0.587-0.852 0.014 ﬁﬁz;ﬁ ’ ICIE%%TKI{%ﬁﬁﬁE&%EEP@%&
ALP 0.788 0.667-0.909 0.001 HORSE, SRR T U, ?%%ﬁ% i
NPT T PRERES, BB ZREE IR AR S BT
#3 3. ARICILIBEFSRIGHRHEES HH%ER
Tab.3 Association between clinical characteristics and prognosis in patients with grade 3, 4 ICILI
Characteristic Resolution (7=40) Non-resolution (n=14) P value
Gender 0.851
Male 24 (60.00%) 8 (57.14%)
Female 16 (40.00%) 6 (42.86%)
Agelyear 62.50 (52.25, 70.00) 67.50 (61.50, 74.00) 0.196
Liver metastasis 25 (62.50%) 8 (57.14%) 0.723
HBV 8 (20.00%) 0 (0.00%) 0.070
Combination therapy
Chemotherapeutics 21 (52.50%) 5(35.71%) 0.279
Cetuximab 4 (10.00%) 1(7.14%) 0.751
TKI 8 (20.00%) 2 (14.29%) 0.636
Pattern of ICILI
Hepatocellular 17 (42.50%) 1(7.14%) 0.016
Cholestatic 13 (32.50%) 13 (92.86%) <0.001
Mixed 10 (25.00%) 0 (0.00%) 0.038
Baseline of laboratory parameters
TB/(umol~L'1) 15.35(11.13, 28.50) 172.95 (66.78, 283.10) <<0.001
DB/(umol-L™) 8.90 (5.50, 14.00) 43.75 (7.05, 62.78) 0.002
ALT/(U'L'I) 342.00 (208.75, 514.00) 106.00 (68.25, 172.00) <<0.001
AST/U-L™ 347.00 (220.75, 592.63) 114.50 (70.25, 355.50) 0.003
ALP/(U-L") 231.25 (100.75, 493.50) 419.25 (319.25, 839.75) 0.003
GGT/(U-L") 254.50 (76.25, 516.50) 351.00 (279.50, 695.50) 0.028
MELD score 8.00 (7.00, 10.00) 16.00 (12.75, 23.00) <<0.001
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