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Systematic review of the safety of immune rechallenge after immune-related hepatitis
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ABSTRACT: OBJECTIVE To systematically evaluate the safety of rechallenge with immune checkpoint inhibitors (ICIs) in
cancer patients who experienced immune-mediated hepatitis (IMH) during initial ICI therapy, and to explore the characteristics of
potential beneficiary populations. METHODS We systematically searched databases, including CNKI, from inception to June 9,
2025, for studies reporting ICI rechallenge after an initial episode of IMH. RevMan 5. 4 and Stata 18. 0 were used for the system-
atic review and meta-analysis of the safety of ICI rechallenge. RESULTS A total of 23 studies were included, comprising 21 ret-
rospective studies and 2 prospective studies, with data from 399 patients with IMH who underwent rechallenge. Meta-analysis
showed that the rechallenge rate after an initial episode of IMH was 39. 0% (95% CI: 0.31 - 0. 48, P<<0.01), and the recurrence
rate of IMH after rechallenge was 18. 0% (95% CI: 0.12 - 0.25, P=0. 004 2). Compared with the initial episode of IMH, ICI
rechallenge significantly increased the risk of both all-grade (OR=2.20, 95% CI: 1.62 - 2.97, P<0.01) and high-grade (OR=
2.52, 95% CI: 1.72 - 3. 67, P<<0.01) IMH, with statistically significant differences. Subgroup analysis showed that when the
interval between discontinuation after the initial IMH episode and rechallenge was <<45 d, the risk of recurrence was significantly
increased. CONCLUSION  ICI rechallenge significantly increases the risk of IMH recurrence, especially when the rechallenge
interval is <<45 d.
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R1 PANHARHFHINE-BREERNOSREIFME ()
Tab 1 Newcastle-Ottawa scale (NOS) quality assessment of the included studies (points)

AR L L o o
A B C D E F G H
Hountondji"'*2023 1 0 1 1 2 1 1 1 8
Lil"*2020 1 1 1 1 2 1 1 0 8
Mizuno!'72025 1 1 1 1 1 1 1 1 8
Park YJ"#2025 1 1 1 1 1 1 1 1 8
Zhang""2024 1 1 1 1 2 1 1 1 9
Miah*"2023 1 1 1 1 1 1 1 0 7
Matsukane®2023 1 0 1 1 2 1 1 0.5 7.5
Swanson*2022 1 0.5 1 1 1 1 1 0.5 7
Cunningham®%2021 1 0.5 1 1 1 1 1 0.5 7
da Silva®*2021 1 0 1 1 1 1 1 1 7
Bruyere2021 1 0 1 1 2 1 1 1 8
Personeni>*2021 1 0 1 1 1 0 1 1 6
Ngamphaiboon®"2021 1 0 1 1 2 1 1 1 8
Miller**2020 1 0 1 1 1 1 1 1 7
Riveiro-Barciela2020 1 1 1 1 1 0 1 1 7
Gauci®2020 1 0 1 1 1 1 1 0 6
Abou Alaiwi®2020 1 1 1 1 1 1 1 0 7
Mouri*22019 1 1 1 1 0 1 1 1 7
Cheung™2018 1 0 1 1 1 0 1 1 6
De Martin®2018 1 0 1 1 2 0 0 1 6
TREMF2022 1 0 1 1 1 1 1 1 7
Julien®*2020 1 0 1 1 1 1 1 1 7

HE(note) : A, ZR B2 ZH 19402 ME 4] < 1 43 (How representative is the exposed group: 1 point) ; B, I #8 2 93 # J775 : 1 43 (The selection method
of the non-exposed group: 1 point) ; C, #% #% [K 2 (K & 75 % : 1 4+ (The method for determining the exposure factor: 1 point) ; D, fifi i€ ifF 53 2 4 i}
i A H B AR A 45 Ry F 44 : 143 (Whether the outcome event to be observed has not occurred at the start of the study : 1 point) s E, B3 FMIZE 143
M 25 FE 72 58 FR ZR B ALY 1T HeA%: < 2 4 (Whether the comparability of the exposed and non-exposed groups is considered in the design and statis-
tical analysis: 2 points) ; F, i 78 %5 T 25 R I PEH 7245 7843 1 43 (Whether the evaluation of the results is sufficient: 1 point) ; G , 253 & A 5 B 5 /&
ALK 143 (Whether the follow-up after the occurrence of the result is long enough: 1 point) ; H, %% 88 41 flAE B R H M BE VT 25 7500 1 4%

(Whether the follow-up of the exposed and non-exposed groups is sufficient: 1 point) .

Study Events Total Proportion 95%=Cl Weight
Mizuno 2025 27 1 —— 0.38 [0.27;0.50] 5.7%
Park YJ 2025 7 13 el — 0.54 [0.25;0.81] 3.9%
Zhang 2024 12 51 @ —=— 0.24 [0.13;0.37] 5.2%
Mouri 2018 1 3 0.33 [0.01;0.91] 1.6%
Miah 2023 1 64 —— 0.17 [0.08;0.29] 52%
Hountondji 2023 51 117 = = 0.44 [0.34;0.53] 5.9%
Matsukane 2023 33 65 88— 0.51 [0.38;0.63] 5.6%
Swanson 2022 1 6 ——-F 0.17 [0.00;0.64] 1.9%
Cunningham 2021 7 7 - 0.41 [0.18;0.67] 4.3%
da Silva 2021 1 3 0.33 [0.01;0.91] 1.6%
Bruyére 2021 3 12 —%— 0.25 [0.05;0.57) 3.4%
Personeni 2021 6 9 —_— 0.67 [0.30,0.93] 3.2%
Ngamphaiboon 2021 17 27 —a— 0.63 [0.42;0.81] 4.8%
Miller 2020 31 100 - 031 [0.22;0.41] 5.8%
Riveiro-Barciela 2020 6 28 —%— 0.21 [0.08;0.41] 4.5%
Gauci 2020 8 21 i 0.38 [0.18;0.62] 4.5%
Li 2020 31 102 - 0.30 [0.22;0.40] 5.8%
Abou Alaiwi 2020 5 16 . 0.31 [0.11;0.59] 4.0%
Cheung 2018 4 21 ——— 0.19 [0.05;0.42] 4.0%
De Martin 2018 3 16 —— 0.19 [0.04;0.46] 3.5%
Rini 2020 100 125 - 0.80 [0.72;0.87] 5.8%
Julien 2020 18 37 - 0.49 [0.32;0.66] 5.2%
Su Chunmei 2022 16 23 —_— 0.70 [0.47;0.87] 4.5%
Random effects model 947 - 0.39 [0.31; 0.48] 100.0%

Heterogeneity: /% = 82.0%, ¥ = 0.5174, p <0.0001 T 1 T 1
0 02 04 06 08 1

2 WL IMH R f-E R A Meta 43 HT 2R AR
Fig2 Meta-analysis forest plot of the rechallenge rate after initial IMH
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Study Events Total Proportion 95%=Cl Weight
Mizuno 2025 1 27 #— 0.04 [0.00;0.19] 3.7%
Park YJ 2025 0 7 0.00 [0.00;0.41] 2.1%
Zhang 2024 0 12— 0.00 [0.00;0.26] 2.2%
Mouri 2019 0 1 : 0.00 [0.00;0.97] 1.7%
Miah 2023 0 Mr—- 0.00 [0.00;0.28] 2.2%
Hountondji 2023 12 51 = 0.24 [0.13;0.37] 10.4%
Matsukane 2023 8 33 — 0.24 [0.11;0.42] 9.4%
Swanson 2022 0 1 - 0.00 [0.00;0.97] 1.7%
Cunningham 2021 1 7 —8— 0.14 [0.00; 0.58] 3.4%
da Silva 2021 0 1 0.00 [0.00;0.97] 1.7%
Bruyeére 2021 1 3 : 0.33 [0.01;0.91] 2.8%
Personeni 2021 0 6 0.00 [0.00;0.46] 2.1%
Ngamphaiboon 2021 3 17 —— 0.18 [0.04;0.43] 6.6%
Miller 2020 8 31 —_— 0.26 [0.12;0.45] 9.4%
Riveiro-Barciela 2020 0 6 r—— 0.00 [0.00;0.46] 2.1%
Gauci 2020 0 8 0.00 [0.00;0.37] 2.1%
Li 2020 2 31 = 0.06 [0.01;0.21] 5.7%
Abou Alaiwi 2020 2 5§ —/—m%¥— 0.40 [0.05;0.85] 4.3%
Cheung 2018 0 b 0.00 [0.00;0.60] 2.0%
De Martin 2018 1 3 : 0.33 [0.01;0.91] 2.8%
Rini 2020 45 100 : — 0.45 [0.35;0.55] 12.1%
Julien 2020 2 18 —— 0.11 [0.01;0.35] 5.6%
Su Chunmei 2022 1 16 &—— 0.06 [0.00;0.30] 3.6%

Random effects model

399 <

Heterogeneity: 1 = 49.3%, ¥ = 0.4052, p =/0.0047 T T T

ICIs FFHkARA IMH & % R 11 Meta 73 HT ZR AR IE]

Rechallenge Initial

Study or Subgroup __ Events Total Events Total Weight M-H, Fixed. 95% Cl M-H, Fixed, 95% C
1.4.1 bR B O
Abou Alaiwi 2020 2 $ 16 499  0.4% 20.13 [3.14, 128.92] —_—
Cheung 2018 0 “ 21 453 0.9% 2.24[0.12,42.86)
Cunningham 2021 1 T 17 450 0.9%  4.25[0.48, 37.25] ]
De Martin 2018 1 3 19 536 0.3% 13.61[1.18, 156.68] T
Hountondji 2023 12 51 117 1058 16.8% 2.47 [1.26, 4.86] —_—
Matsukane 2023 8 33 65 1008 6.4%  4.64(2.01,10.70] T
Miah 2023 0 11 64 1096 2.7% 0.70 [0.04, 11.94]
Ngamphaiboon 2021 3 17 27 414 3.6% 3.07 [0.83, 11.34] T
Swanson 2022 0 1 4 112 0.2% 8.04[0.29, 226.03]
Wt 2022 1 16 23 224 5.9% 0.58 [0.07, 4.62] - -
Subtotal (95% CI) 148 5850 38.1% 2.81[1.85,4.28]
Total events 28 373
Helerogeneity: Chi? = 11.15, df = 9 (P=0.27); I'= 19%
Test for overall effect: Z = 4.83 (< 0.00001)
1.1.2 Wi 9
Julien 2020 2 18 37 262 8.7% 0.76 [0.17, 3.44] D
Rini 2020 45 100 125 429 53.2% 1.99 [1.27, 3.11) &
Subtotal (95% CI) 118 691  61.9% 1.82[1.19, 2.77] >
Total events 47 162
Helerogeneity: Chi? = 1.44, df = 1 (P= 0.23); I'= 30%
Test for overall effect: Z=2.78 (P = 0.005)
Total (95% Cl) 266 6541 100.0%  2.20 [1.62, 2.97) L 4
Total events 75 535
Helerogeneity: Chi? = 16.29, df = 11 (P= 0.13); /= 32% 100 = of1 1 1‘0 F 00‘

Test for overall effect: 7 =5.10 (P < 0.00001)

Test for subaroun differences: Chi? = 2.07. df =1 (P=

0 02 04 06 08

Fig3 Meta-analysis forest plot of the recurrence rate of IMH After ICI rechallenge
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Fig4 Meta-analysis forest plot of all-grade IMH events in the initial ICI group versus the ICI rechallenge group
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Rechallenge Initial Odds Ratio Odds Ratio
.H. Fi o -H, Fixed, 95% C
Abou Alaiwi 2020 1 5 T 499 0.5% 17.57 [1.74, 177.88] —_—
Cheung 2018 0 4 14 453 12%  3.37[0.17,65.53] *
Cunningham 2021 0 7 13 450 1.8% 2.16 [0.12, 39.80]
da Silva 2021 0 1 3 151 0.3% 14.14[0.49,411.89] ¥
Bruyere 2021 1 3 12 828 0.2% 34.00 [2.88, 400.83] _—
Gauci 2020 0 8 21 339 44%  0.87[0.05, 15.61]
Hountondji 2023 8 51 96 1058 31.0% 1.86 [0.85, 4.08] %
Park YJ 2025 0 7 13 213 3.8%  0.99[0.05, 18.27]
Li 2020 2 31 102 1913 12.7% 1.22[0.29, 5.20] D
Matsukane 2023 6 33 33 1008 7.1%  6.57[2.54, 16.98] -
Miah 2023 0 11 34 1096 3.0%  1.34[0.08, 23.19]
Miller 2020 8 31 100 5762 3.3% 19.69[8.60, 45.09] =
Mizuno 2025 1 27 71 12711 11.9% 0.65 [0.09, 4.86] - = |
Mouri 2019 0 1 3 98  04% 9.10([0.31, 265.45] ¥
Personeni 2021 0 6 9 58 7.8% 0.40[0.02,7.73] *
Riveiro-Barciela 2020 0 6 28 414 3.7%  1.04[0.06, 18.99]
Zhang 2024 0 12 51 5326 1.0% 4.10[0.24,70.13]
JiAitty 2022 0 16 10 224 6.0% 0.62[0.03, 11.04]
Total (95% Cl) 260 21161 100.0% 2.52[1.72, 3.67] >
Total events 27 620
itv: Chiz = = - - P =619 } + + +
Heterogeneity: Chi? = 43.42, df = 17 (P = 0.0004); I* = 61% 0.05 02 1 5 20

Test for overall effect: Z=4.78 (P < 0.00001)

5 B ICTs 406 L TCTs TR AL 9 2 00 IMH & A2 S0 1) Meta 7387 ARBRIE]

Favours [Rechallenge]

Favours [Initial]

Fig5 Meta-analysis forest plot of high-grade IMH events in the initial ICI group versus the ICI rechallenge group

Experimental Control Odds Ratio Odds Ratio
_H. Fi o -H, Fixed, 95% C

PRARE: SUVS ]
Gauci 2020 0 8 21 339 18.3% 0.87 [0.05, 15.61]
Li 2020 2 31 102 1913 53.2% 1.22[0.29, 5.20] F
HArHy 2022 0 16 10 224 25.0% 0.62[0.03, 11.04] =
Subtotal (95% Cl) 55 2476 96.5% 1.00 [0.31, 3.25] ‘
Total events 2 133
Heterogeneity: Chiz = 0.19, df =2 (P=0.91); ' = 0%
Test for overall effect: Z = 0.00 (2= 1.00)
2.1.2 B
da Silva 2021 0 1 2 74 1.7% 9.67 [0.31, 301.47]
Mouri 2019 0 1 3 98 1.8% 9.10[0.31, 265.45]
Subtotal (95% Cl) 2 172 3.5% 9.37[0.84, 104.16] e —
Total events 0 5
Heterogeneity: Chi? = 0.00, df = 1 (P = 0.98); I’ = 0%
Test for overall effect: Z = 1.82 (p=0.07)
Total (95% Cl) 57 2648 100.0% 1.30 [0.46, 3.63]

Total events 2 138

T .

Heterogeneity: Chi? = 2.92, df = 4 (P= 0.57); '= 0%
Test for overall effect: Z= 0.49 (P=0.62)
Test for subaroup differences: Chi? = 2.67. df = 1 (P=0.10). /* = 62.6%

6 JRIEZETURY Meta S BT AR AR IA]
Fig 6 Meta-analysis forest plot by cancer type
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Li 2020 2 31 102 1913 48.3% 1.22[0.29, 5.20]

Mizuno 2025 1 27 71 1271 45.2% 0.65 [0.09, 4.86)

Zhang 2024 0 12 51 5326 3.8%  4.10[0.24,70.13]

Subtg(al (95% Cl) 70 8510 97.3% 1.07[[0.36, 3.171] ‘

Total events 3 224

Heterogeneity: Chi? = 1.13, df = 2 (P= 0.57); I'= 0%

Test for overall effect: Z = 0.12 (P = 0.90)

2.2.2 <45k

Abou Alaiwi 2020 1 5 7 499  1.8% 17.57[1.74,177.88] ——
Bruyére 2021 1 3 12 828 0.9% 34.00 [2.88, 400.83] —_—
Subtotal (95% Cl) 8 1327 2.7% 23.19 [4.32, 124.36) e
Total events 2 19

Heterogeneity: Chi? = 0.15, df = 1 (P= 0.70); I'= 0%

Test for overall effect: Z = 3.67 (P = 0.0002)

Total (95% Cl) 78 9837 100.0%  1.66 [0.70, 3.98] -

Total events 5 243

Heterogeneity: Chi? = 11.13, df = 4 (P = 0.03); I'= 64% o.i)z of 7 : 1’0 5’0

Test for overall effect: Z = 1.14 (P = 0.25)
Test for subaroup differences: Chi? = 9.09. df = 1 (P = 0.003). I’ = 89.0%
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Fig7 Meta-analysis forest plot of the interval between initial IMH and rechallenge
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Rechallenge Initial Odds Ratio Odds Ratio
i % Cl M-H, Fixed, 95% CI
231 JeXeH
Abou Alaiwi 2020 1 5 7 499 0.4% 17.57[1.74,177.88) —
Cunningham 2021 0 7 13 450 1.7%  2.16[0.12, 39.80]
Li 2020 2 31 102 1913 12.0% 1.22[0.29, 5.20) — 1
Miah 2023 0 1 34 1096 2.8% 1.34 [0.08, 23.19]
Miller 2020 8 31 100 5762 3.1% 19.69 [8.60, 45.09] —
Subtotal (95% CI) 85 9720 20.1%  4.55[2.46, 8.43] -
Total events " 256
Heterogeneity: Chi? = 17.45, df = 4 (P=0.002); '= 77%
Test for overall effect: Z = 4.82 (P < 0.00001)
232 K
Cheung 2018 0 4 14 453 1.1%  3.37[0.17,65.53]
da Silva 2021 0 1 3 151 0.3% 14.14[0.49, 411.89]
Bruyeére 2021 1 3 12 828 0.2% 34.00 [2.88, 400.83) P
Gauci 2020 0 8 21 339 4.1%  0.87[0.05, 15.61]
Hountondji 2023 8 51 96 1058 29.3% 1.86 [0.85, 4.08) T
Personeni 2021 0 6 9 58 7.4% 0.40[0.02, 7.73]
Riveiro-Barciela 2020 0 6 28 414 35% 1.04 [0.06, 18.99]
Subtotal (95% Cl) 79 3301 45.8%  1.75[0.92, 3.32] e
Total events 9 183
Heterogeneity: Chi* = 8.55, df =6 (P = 0.20):12 =30%
Test for overall effect: Z = 1.70 (P= 0.09)
233 WM
Park YJ 2025 0 T 13 213 3.6%  0.99[0.05, 18.27]
Matsukane 2023 8 33 65 1008 12.3%  4.64[2.01, 10.70) —_—
Mizuno 2025 1 27 71 12711 11.2% 0.65 [0.09, 4.86] —
Mouri 2019 0 1 3 98 04% 9.10[0.31, 265.45]
Zhang 2024 0 12 51 5326 0.9% 4.10[0.24,70.13]
H4Fli 2022 0 16 10 224 5.6% 0.62 [0.03, 11.04)
Subtotal (95% CI) 9% 8140 34.1%  2.32 [1.21, 4.45] -
Total events 9 213
Heterogeneity: Chi? = 6.11, df = 5 (P= 0.30); I’ = 18%
Test for overall effect: Z = 2.53 (P = 0.01)
Total (95% CI) 260 21161 100.0% 2.50 [1.73, 3.62] >
Total events 29 652
Heterogeneity: Chi? = 41.69, df = 17 (P= 0.0007); /* = 59% ” :)5 ofz 3 5 2‘0

Test for overall effect: Z = 4.87 (P < 0.00001)
Test for subarouo differences: Chi? = 4.73. df = 2 (P= 0.09). /= 57.8%

8 HbIX K Meta 43 BT AR
Fig8 Meta-analysis forest plot by geographic region

Meta-analysis estimates, given named study is omitted
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Rechallenge Initial Odds Ratio Odds Ratio
_Study or Sub Events Total Events Total Weight M-H, Fixed, 95% CI M-H., Fixed, 95% CI
Abou Alaiwi 2020 1 5 7 499  0.5% 17.57 [1.74,177.88] —_—
Cheung 2018 0 4 14 453 1.2% 3.37[0.17, 65.53]
Cunningham 2021 0 7 13 450 1.9% 2.16 [0.12, 39.80]
da Silva 2021 0 1 3 151 0.3% 14.14[0.49, 411.89]
Bruyeére 2021 1 3 12 828  0.2% 34.00[2.88, 400.83] -2
Gauci 2020 0 8 21 339  4.5% 0.87 [0.05, 15.61]
Hountondji 2023 8 51 96 1058 32.1%  1.86(0.85,4.08] T
Park YJ 2025 0 7 13 213 3.9% 0.99 [0.05, 18.27]
Li 2020 2 31 102 1913 13.1% 1.22[0.29, 5.20] - 1
Matsukane 2023 6 33 33 1008 7.4% 6.57 [2.54, 16.98] .
Miah 2023 0 1 34 1096 3.1% 1.34 [0.08, 23.19]
Miller 2020 8 31 100 5762 0.0% 19.69 [8.60, 45.09]
Mizuno 2025 1 27 711271 12.3% 0.65 [0.09, 4.86] T
Mouri 2019 0 1 3 98 04% 9.10[0.31, 265.45]
Personeni 2021 0 6 9 58 8.1% 0.40[0.02, 7.73] *
Riveiro-Barciela 2020 0 6 28 414 3.8% 1.04 [0.06, 18.99]
Zhang 2024 0 12 51 5326 1.0%  4.10[0.24,70.13]
JiArtty 2022 0 16 10 224 6.2% 0.62[0.03, 11.04]
Total (95% Cl) 229 15399 100.0% 1.93[1.25, 2.97] >
Total events 19 520
Heterogeneity: Chi? = 21.57, df = 16 (= 0.16); I' = 26% o ’05 0‘2 i 5 2‘0

Test for overall effect: Z = 2.98 (P = 0.003)

F10 5% Miller 2020 Ji5 2% ) (=3 2% IMH (1) Meta 43 7 AR AR E

Favours [Rechallenge] Favours [Initial]

Fig 10 Meta analysis forest plot of high-level (= 3 levels) IMH after removing Miller 2020

5 Funnel plot with pseudo 95% confidence limits
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