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[ Abstract ] Immune checkpoint inhibitors (ICIs) have revolutionized cancer therapy, but their use is frequently complicated by
immune-related adverse events (irAEs), which often require management with corticosteroids or additional immunosuppressive
agents. The prognostic impact of these therapeutic strategies in the setting of irAEs has not been systematically elucidated. This
systematic review and meta-analysis aimed to evaluate the impact of corticosteroid (CS) and second-line immunosuppressant (IM)
use on survival outcomes among patients who developed irAEs during ICI therapy. Following a preregistered protocol (PROSPERO
CRD1144835), we systematically searched PubMed, Embase, Web of Science, Cochrane Library, SinoMed, CNKI and Wanfang to
identify studies published in the past 10 years (up to May 2025) reporting on the association between CS and IM use and survival
outcomes in ICI-treated patients with irAEs. Two reviewers independently performed study selection, data extraction, and quality
assessment. Meta-analyses were performed using R software. A total of 11 studies comprising 7 255 patients were included. Meta-
analysis showed that CS use versus no use was not significantly associated with overall survival (OS) (HR=0.73, 95% CI: 0.45-1.18)
or progression-free survival (PFS) (HR=0.68, 95% CI: 0.00-98.01). For post-irAE survival outcomes, higher cumulative CS dose
(per 1 000 mg increment) was associated with a mild protective effect on post-irAE OS (HR=0.95, 95% CI: 0.92-0.98) and post-
irAE PFS (HR=0.96, 95% CI: 0.94-0.99). In contrast to CS alone, IM use in combination with CS was associated with significantly
increased risk of disease progression or death for post-irAE OS (HR=1.40, 95% CI: 1.11-1.76) and post-irAE PFS (HR=1.32, 95%
CI: 1.08-1.62). Sensitivity analyses demonstrated good robustness of the main significant results. Current evidence suggests that CS
and IM management strategies may differentially affect survival outcomes in patients with irAEs following ICI therapy. Increased
cumulative CS dose is not associated with worse outcomes, whereas the addition of second-line IMs may increase the risk of adverse
survival outcomes. Further prospective studies are warranted to optimize irAE management strategies and to balance the risks of
immunosuppressive therapy with anticancer efficacy.

[ Key words ] Immune checkpoint inhibitors; Immune-related adverse events; corticosteroids; Immunosuppressants; Survival

outcomes; Meta-analysis; Systematic review
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Tab. 1 Characteristics of included studies

Study Country Study design Sample size ~ Cancer Immunotherapy Outcome NOS
Bai, et al L10] America, Multi-center retrospective 947 Melanoma Nivolumab, pembrolizumab PFS, post-irAE 8
Australia  cohort study OS, post-irAE PFS
Bruyére, et al sl France Single-center retrospective 828 Various  Anti-PD-(L)1 (90%) 0OS, PFS 7
cohort study Anti-CTLA-4 (10%)
Shimomura, et al el apan  Single-center retrospective 172 NSCLC  nivolumab OS, TTF 7
cohort study pembrolizumab
Matsukane, etal 7! Japan  Single-center retrospective 935 Various  Nivolumab, pembrolizumab, oS 6
cohort study durvalumab, atezolizumab,
avelumab
Cariou, et al f1s] France Single-center prospective 184 Various  Nivolumab, pembrolizumab, 0OS, PFS 8
cohort study nivolumab + ipilimumab
Robesti, et al L] Multiple Post hoc analysis of RCT 896 ucC Atezolizumab 0OS, PFS, CSS 9
countries
Syed, et al (20] America Single-center retrospective 167 NSCLC  Anti-PD-(L)1, Anti-CTLA-4 0OS, PFS 8
case-control study Melanoma
Verheijden, et al 2 Multiple Multi-center retrospective 606 Melanoma Anti-PD-1 (33%), Anti- Post-irAE OS, 9
countries  cohort study PD-1" anti-CTLA-4 (67%) post-irAE PFS
Curkovic, et al America Multi-center retrospective 226 Melanoma Nivolumab + ipilimumab OS, PFS 9
cohort study
Pichler, et al (23] Multiple Multi-center retrospective 335 ucC Pembrolizumab, nivolumab, OS, PFS 8
countries  cohort study atezolizumab, avelumab
Verheijden, et al (4] Multiple Post hoc analysis of RCT 1959 Various  Nivolumab-+ipilimumab OS, PFS, post-irAE 9
countries OS, post-irAE PFS
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Tab.2 Corticosteroids and immunosuppressants use characteristics of included studies

Study SamPle CStype  Timing of initiation Peak dose Cumulative Treatrr}ent IM co-administration
details dose duration
Bai,etal "’ irAE n=509 Prednisone-  Stratified: <8 weeks Stratified: High dose Not reported Median tapering Not reported
CS group (peak equivalent — vs >8 weeks; <26 (=60 mg/d) vs low duration:
dose >30mg only weeks vs >26 dose (<60 mg/d) 6 days
prednisone weeks
equivalent per
day): n=164
Bruygére, et al irAE n=78 Prednisone- Not reported High-dose Not reported Median Incomplete reporting
(sl (grade =3) equivalent corticosteroids =1 CTLA-4:
CS group: only mg/kg 42 d; PD-1:47d
n=45; CS+IM
group: n=8
Shimomura, irAE n=144; Prednisone- Time from ICI Stratified: Not reported Median: Not reported
etal ! CS group: equivalent initiation to High dose (=0.5 mg/kg) High dose: 14 d;
n=66 only corticosteroid use. vs no corticosteroids Low dose: 90 d
Median: High dose:  Low dose (<<0.5 mg/kg)
84 d; Low dose: vs no corticosteroids
91 d; Stratified:
<60dvs >60d
Matsukane, et irAE n=400; Prednisone- Not reported No-corticosteroid Not reported Not reported Not reported
a7’ CS group: equivalent administration: Low
n=170 only dose (< 0.5 mg/kg),
moderate to high
dose (0.5-2.0 mg/kg),
intravenous
methylprednisolone
pulse therapy (500-
1 000 mg, 3 days).
Stratified: Intravenous
methylprednisolone
pulse therapy vs no
pulse therapy
Cariou, irAE n=184;  Prednisone- Time from ICI Incomplete reporting Not reported ~ Median (95% 20 patients received anti-
etal " CS group: equivalent initiation to CI): TNF alpha agents,
107; CS+IM  only corticosteroid use. CS group: 3.1 cyclophosphamide,
group: n=20 Median (95% CI): (2.7-4.4) methotrexate,
CS group: 4.5 (1.6- months; azathioprine
9.1) months CS+IM group:
CS+IM group: 3.4 7.1 (4.3-29.0)
(2.0-9.3) months months
Robesti, irAE n=195 Prednisone- Not reported Incomplete reporting Not reported Not reported Not reported
ctal "’ CS group: =99  equivalent Stratified:
only CS alone use vs no use
Syed, et al irAE n=167 Time from ICI Not reported Not reported Median (IQR):  Mycophenolate mofetil
(2] CS group: Prednisone- initiation to CS group: 2.17 15 (42.9%) patients,
n=132 equivalent  corticosteroid use. (1.50, 4.00) infliximab 12 (34.3%)
CS+IM group: only Median (IQR): months; patients, rituximab
n=35 CS group: 2.99 (1.56, CS+IM group: 3 (8.6%) patients,
7.84) months; 3.00 (2.00, tocilizumab 2 (5.7%)
CS+IM group: 2.77 5.08) months patients, methotrexate
(1.23, 8.13) months 2 patients (5.7%),
tacrolimus 2 (5.7%)
patients;
Stratified: CS+IM use vs
CS alone use
Verheijden, et Time time from Median (IQR): Median (IQR): Not reported TNF inhibition 102
al 2! irAE n=606 Prednisone- irAE onset to CS group: 1503-3 743 (56%) patients,
CS group: 425 equivalent  immunosuppression 80 (60—-107) mg; mg; CS+IM mycophenolate mofetyl
CS+IM group:  only use. CS+IM group: group: 3 900 59 (33%) patients,
181 Median: 2 days 110 (80-160) mg; (24835 684) tacrolimus 22 (12%)
Stratified: mg patients, intravenous
160 mg vs 40 mg immunoglobulins (IVIg)
20 (11%) patients;
vedolizumab 9 (5%)
patients, methotrexate 5
(3%) patients, others 11
(6%) patients;
Stratified: CS+IM use vs
CS alone use
Curkovic, et irAE n=183 Time from ICI Median (IQR): 80 Incomplete Not reported Incomplete reporting;
al'? CS group: Prednisone- initiation to (60-150) days; reporting Stratified: CS+IM use vs
n=136 equivalent  corticosteroid. Stratified: Per 1 mg Stratified: Per CS alone use
CS+IM group:  only Median (IQR): increase in peak dose 1 mg increase
NS 49 (28-70.2) days in cumulative

Stratified: Per-
day delay in CS
initiation

dose
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Study SamP le CStype  Timing of initiation Peak dose Cumulative Treatnllent IM co-administration
details dose duration
Pichler, etal irAE n=122 Prednisone- Not reported Incomplete reporting; Not reported Not reported Not reported
(2] CS group: =62 equivalent Stratified: CS alone use
only VS nO use
Verheijden, et irAE n=834 Prednisone-  50% within 1 day Median (IQR): Median (IQR): Median (IQR):  Tumor necrosis factor
al %! CS group: equivalent  of irAE onset and 75 (40-125) mg, which 1 850 (680- 54 (20-102) (TNF) inhibition
n=753 only 82% started within  corresponded to 3712) mg days 44 (5%) patients;
CS+IM group: 1 week 1.0 mg/kg (IQR, 0.54-  Stratified: Per mycophenolate
n=79 1.51 mg/kg); 1000 mg mofetil 22 (3%)
Stratified: 0.5 vs 1.0 vs increase in patients; intravenous
2.0 mg/kg cumulative immunoglobulins (IVIg)
dose 14 (2%) patients; others
9 (1%) patients;
Stratified: CS+IM use vs
CS alone use
CS group: Corticosteroids group; CS+IM group: Corticosteroids + immunosuppressants group.
A
Study HR HR 95% CI Weight
Robesti, et al - I?J —'— 0.86  0.48-1.54 67.6%
Pichler, et al [**/ —& 0.52  0.22-1.21 324%
Common effect model - 0.73  0.45-1.18 100.0%
Prediction interval 0.03-16.44
Heterogeneity: I:=0.0%, 7'=0, P=0.336 7 0'1 0' o é 1'0
Test for overall effect: Z=-1.28 ( P=0.200 4) ’ ’
B HR (95% CI)
Study HR HR 95% CI Weight
Robesti, etal '’ 0.92  0.63-1.35 62.5%
Pichler, et al "**’ 041 0.17-0.99 37.5%
Random effects model (HK) 0.68  0.00-98.01 100.0%
Prediction interval T 0.00-1 380.92

Heterogeneity: /=63.2%, ©=0.206 3, P=0.099 5 | i '

Test for overall effect: £,=-0.99 (P=0.504 0) 0.001 o1 10 1000
HR (95% CI)

E2 HEERS5O0SMPFSHIMetad 7 FRHkE
Fig. 2 Forest plot comparing corticosteroid use versus non-use on OS and PFS of the patients

A: OS comparing corticosteroid use versus non-use in patients with irAE; B: PFS comparing corticosteroid use versus non-use in patients with irAE.

A
Study HR HR 95% CI Weight
Verﬁeijgen, et ai o  CheckMiate 067 (melanom ; 093 0.88-0.98 36.1%
Verheijden, et a eckMate 067 (melanoma 1 R o
Verheijden, et al "'/ CheckMate 142 (MSI-H/dMMR CRC) 0.97 - 0.91-1.04 23'504
Verheijden, et al '’/ CheckMate 214 (RCC) i 896 0.45-179.27 0.0%
Verheijden, et al "*'/ CheckMate 648 (esophageal SCC) ] 098  0.91-1.06 18.0%
Verheijden, et al mj /CheckMate 743 (mesothelioma) 1 0.98 0.85-1.13 52%
Verheijden, et al "'’/ CheckMate 9LA (NSCLC) 4 090  0.82-0.98 13.5%
_ 0,
Common effect model 0-89 0.75-1.05 3.8%
Prediction interval
Heterogeneity: I'=0.0%, 7°<<0.000 1, P=0.435 4 I T I T 1 0.95  0.92-0.98 100.0%
Test for overall effect: Z=-3.42 (P=0.000 6) oot o1 1 10 100 0.91-0.98
HR (95% CI)
B

Study HR HR 95% CI Weight
verheijden, et o | CheckMate 067 (metanoma) & 0.94  0.90-0.98 36.0%
Verheijden, et a eckMate 067 (melanoma —=r ~ o
Vetheijden, et al ">’/ CheckMate 142 (MSI-H/dMMR CRC) o — 096 0.90-1.03 14 0/"
Verheijden, et al '’/ CheckMate 214 (RCC) - 137 1.06-1.78 1.0%
Verheijden, et al ‘> / CheckMate 648 (esophageal SCC) —— 0.99  0.94-1.05 21.3%
Verheijden, et al “4j / CheckMate 743 (mesothelioma ) —& 0.98 0.87-1.10 4.7 %
Verheijden, et al "'/ CheckMate 9LA (NSCL C) - 094  0.87-1.02 10.3%

i _ 0
Common effect model Q¢ 0.9 0.89-1.03 122%
Prediction interval =
Heterogeneity: I'=38.4%, ©°<<0.000 1, P=0.136 1 0.75 1 L5 0.96  0.94-0.99 100.0%
Test for overall effect: z=-3.04 (P=0.002 4) ’ ’ 0.93-0.99

HR (95% CI)

E3 ZERFEFIESpost-irAE OSFIPFSHIMetas> #i 2tk El
Fig.3 Forest plots evaluating the effect of cumulative corticosteroid dose on post-irAE OS and PFS of the patients

MSI-H/dMMR CRC: Microsatellite instability-high/mismatch repair-deficient colorectal cancer; NSCLC: Non-small cell lung cancer. A: Effect of
cumulative corticosteroid dose on post-irAE OS; B: Effect of cumulative corticosteroid dose on post-irAE PFS.
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A Study HR HR 95% CI Weight
Curkovic, et al 2 | 194 1.12-3.36 16.3%
Syed, etal ) B 0.82 0.46-1.47 16.0%
Verheijden, et al =~ )/ CheckMate 067 (melanoma) - 0.94 0.51-1.74 15.6%
Verheijden, et al 241/ CheckMate 142 (MSI-H/dMMR CRC) - 6.63 0.31-142.69 2.8%
Verheijden, et al > . “J/ CheckMate 214 (RCC) 5 1.47 0.74-3.04 14.5%
Verheijden, et al -~ '/ CheckMate 648 (esophageal SCC) —— 1.28 0.38-4.35 9.9%
Verheijden, et al 21/ CheckMate 743 (mesothelioma) —— 1.36 0.66-2.81 14.5%
Verheijden, et al > “1/ CheckMate 9LA (NSCLC) —= 12.19 3.82-38.88 10.4%
Random effects model (HK) = 1.66 0.82-3.34 100.0%
Prediction interval , | | —_I | 0.32-8.56
Heterogeneity: I'=66.1%, ©°=0.404 2, P=0.004 3
Test for overall effect: £,1.70 (P=0.132 9) oo1 ol 1 10 100

HR (95% CI)

B Study HR HR 95% CI Weight
Syed, et all? . —= 0.75 0.46-1.23 18.1%
Curkovic, etal = i 1.62 0.99-2.66 18.1%
Verheijden, et al : 1241/ CheckMate 067 (melanoma) i 1.44 0.82-2.53 16.1%
Verheijden, et al - %)/ CheckMate 142 (MSI-H/dMMR CRC) 1.04 0.15-7.32 2.7%
Verheijden, et al * 241/ CheckMate 214 (RCC) — 1.05 0.62-1.78 17.1%
Verheijden, et al * 21/ CheckMate 648 (esophageal SCC) — 0.59 0.18-1.95 6.2%
Verheijden, et al - %)/ CheckMate 743 (mesothelioma) — 1.18 0.61-2.29 13.7%
Verheijden, et al "> “J/ CheckMate 9LA (NSCLC) — & 4.46 1.63-12.22 8.0%
Random effects model (HK) ﬁ 1.24 0.80-1.91 100.0%
Prediction interval 0.53-2.89
Heterogeneity: ’=48.2%, 7'=0.098 8, P=0.060 7 0'1 0' 5 ]' 2' 1'0
Test for overall effect: £,=1.17 (P=0.280 7) : :

HR (95% CI)

C Study HR HR 95% CI Weight
Verheijden, et al "*' = 134 0.99-1.82 57.4%
Verheijden, et al 12¢)/ CheckMate 067 (melanoma) 4 093  0.50-1.72 14.1%
Verheijden, et al 1241/ CheckMate 142 (MSI-H/dAMMR CRC) — 6.10  0.27-137.42 0.5%
Verheijden, et al '**!/ CheckMate 214 (RCC) —+— 141 0.68-2.92 10.0%
Verheijden, et al 124)/ CheckMate 648 (esophageal SCC) T 1.49  0.44-5.08 3.5%
Verheijden, et al ">’/ CheckMate 743 (mesothelioma) e 146  0.71-3.01 10.1%
Verheijden, et al '**'/ CheckMate 9LA (NSCLC) P—— 6.80  2.24-20.65 4.3%
Common effects model > 140 1.11-1.76 100.0%
Prediction interzval 2 | | p— | | 0.69-3.26
Heterogeneity: I'=42.5%, 7=0.069 7, P=0.107 3
Test for overall effect: Z=2.87 (P=0.004 2) 0.01 0.1 1 10 100

HR (95% CI)

D Study HR HR 95% CI Weight
Verheijden, et al *' 1 — 132 1.02-1.74 60.4%
Verheijden, et al "**'/ CheckMate 067 (melanoma) —T— 1.31  0.70-2.45 10.5%
Verheijden, et al > . “J/ CheckMate 142 (MSI-H/dMMR CRC) 1.17  0.15-9.11 1.0%
Verheijden, et al -~ %)/ CheckMate 214 (RCC) —— 1.04  0.59-1.82 13.1%
Verheijden, et al 21/ CheckMate 648 (esophageal SCC) —_— 0.73  0.22-2.44 2.8%
Verheijden, et al > . “1/ CheckMate 743 (mesothelioma) I 1.60  0.80-3.20 8.5%
Verheijden, et al *~ 1/ CheckMate 9LA (NSCLC) —‘— 370 1.27-10.76 3.6%
Common effects model <S> 1.32 1.08-1.62 100.0%
Prediction interval | | i | | 1.03-1.71
Heterogeneity: I'=0.0%, ©°=0, P=0.480 0 0.1 05 1 2 10
Test for overall effect: Z=2.72 (P=0.006 6) : :

HR (95% CI)
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Fig. 4 Forest plots comparing second-line immunosuppressant (IM) use versus corticosteroid alone on OS and PFS of the patients

MSI-H/dMMR CRC: Microsatellite instability-high/mismatch repair-deficient colorectal cancer; NSCLC: Non-small cell lung cancer. A: Effect of
second-line immunosuppressant use on OS; B: Effect of second-line immunosuppressant use on PFS; C: Effect of second-line immunosuppressant use
on post-irAE OS; D: Effect of second-line immunosuppressant use on post-irAE PFS.

MatsukaneZs ' fE Z R SL KR ir AE SR

[l YR S B o, R e e el A T
HirAER], OSEEH 2 (HR=2.19, 95% CI:
1.34~2.86, P<<0.001) , i M7 &4 i g %
(<2 mg/kg ) ff FAEL 2 B B A K520
BruyéreZs UM AR =39 MY irAE B
H, ORBE R B (] 5 PRSI AN ARG
(HR=3.0, 95% CL: 1.6~5.4, P=0.0004) , Ifi%}
P =39 ir ABAR B A A 745 R P A S
CariouZs " {3l , fEirAERE T, Bl

FHAE Kz B i & A e OS (HR=1.964, 95% CI:
1.262~3.057, P=0.003 ) FIPFS ( HR=1.643, 95%
CI: 1.11~2.431, P=0.013) ¥R EK%E, MBS
il FH 2R AR PR AR B A AP AN R .
2.7 RFREFFEIES T

XFHEEM vs RETHA (n=2) , HTFE
AN, RIFFTRAESHT. SRR AIM vs
HMEYHA, EggerllH1k MBeggh oA Bn
BERA . £RBULRFEL T, post-irAE PFS
(I Eggerf 36 PIE 40.022, 4578 Al RELE7E e, {H



914 =R, 5§ REEXAEREHPBEEIREREMGIFISERBNBEEFLEHFN : AN SMetan i

SEAN R (K3, K5, 6) .

3 ) 2R S Bt A L8 b7 R 70 T [ 2 000 R AR 6 4%
PR 2 e A T AU BT . 25 SR B RS AR
[N AR TR () 45 3500 B A e, Ui Metady
Wras B otane . g Chnp R M Hvs Al
) EAFECE s B, RSN A A

TEEXEAY, 2580 FE X, (AR
BT I3, $RARGERARZ B BRI, e
{1138 4T T Leave-One-Outfif /B 73 #r ( LOOSy
), WOREBARRON B, BRI R
IR BER LI EER (R4, KT, 8) .

R3 RS

Tab.3 Results of publication bias analysis

Risk factor n Egger's regression P value ~ Begg's rank correlation P value
Corticosteroid use vs non-use (OS) 2 - -
Corticosteroid use vs non-use (PFS) 2 - -
Corticosteroid plus IM vs corticosteroids alone (OS) 8 0.081 0.399
Corticosteroid plus IM vs corticosteroids alone (PFS) 8 0.805 0.905
Corticosteroid plus IM vs corticosteroids alone (post-irAE OS) 7 0.102 0.136
Corticosteroid plus IM vs corticosteroids alone (post-irAE PFS) 7 0.771 1.000
Cumulative corticosteroid dose (post-irAE OS) 7 0.325 0.562
Cumulative corticosteroid dose (post-irAE PFS) 7 0.022 0.239
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Fig. 5 Funnel plots for publication bias: second-line immunosuppressant use versus corticosteroid alone in patients with irAE

A: OS; B: PFS; C: Post-irAE OS; D; Post-irAE PFS.
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Fig. 6 Funnel plots for publication bias: cumulative corticosteroid dose in patients with irAE
A: Post-irAE OS; B; Post-irAE PFS.
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Tab. 4 Results of sensitivity analysis
Risk factor Fixed effect model Random effect model
Corticosteroid use vs non-use (OS) 0.73 (0.45-1.18) 0.73 (0.04-14.55)
Corticosteroid use vs non-use (PFS) 0.81(0.57-1.15) 0.68 (0.00-98.01)
Corticosteroid plus IM vs corticosteroids alone (OS) 1.42 (1.09-1.85) 1.66 (0.82-3.34)
Corticosteroid plus IM vs corticosteroids alone (PFS) 1.21 (0.96-1.52) 1.24 (0.80-1.91)
Corticosteroid plus IM vs corticosteroids alone (post-irAE OS) 1.40 (1.11-1.76) 1.50 (0.90-2.49)
Corticosteroid plus IM vs corticosteroids alone (post-irAE PFS) 1.32 (1.08-1.62) 1.32 (1.04-1.69)
Cumulative corticosteroid dose (post-irAE OS) 0.95 (0.92-0.98) 0.95(0.91-0.98)
Cumulative corticosteroid dose (post-irAE PFS) 0.96 (0.94-0.99) 0.96 (0.92-1.00)
A HR B HR
1 2 34 1.0 15 2.0
Syed, et all E Syed, et all .
Verheijden, et al/CheckMate 067 : Verheijden, et al/CheckMate 648 :
> Verheijden, et al/CheckMate 743 i % Verheijden, et al/CheckMate 214 ]
2 Verheijden, et al/CheckMate 648|- : 2 Verheijden, et al/CheckMate 743}~ :
,g Verheijden, et al/CheckMate 214~ L ,3 Verheijden, et al/CheckMate 142~ e
8 Pooled estimate[- + 8 Pooled estimate[- +
‘g Curkovic, et all- - 'S Verheijden, et al/CheckMate 067[ .
O Verheijden, et al/CheckMate 142 | ©] Curkovic, et alf- 0
Verheijden, et al/CheckMate 9LA[- '.—'—_:—< ) ) Verheijden, et al/CheckMate 9LA[- - ; - )
0.0 0.5 1.0 1.5 0.4 0.0 0.4 0.8
LogHR LogHR
Original pooled effect: 1.66 (95% CI: 0.82-3.34) Original pooled effect: 1.24 (95% CI: 0.80-1.91)
C HR D HR
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Verheijden, et al/CheckMate 067 : Verheijden, et al/CheckMate 214} :
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Z Pooled estimatef- : Z Verheijden, et al[- :
«3 Verheijden, et al/CheckMate 214 : § Verheijden, et al/CheckMate 067 :
B Verheijden, et al/CheckMate 648 + B Verheijden, et al/CheckMate 142 +
E Verheijden, et al/CheckMate 743 + é Pooled estimate|- +
O Verheijden, et al/CheckMate 142 : O Verheijden, et al/CheckMate 743} :
Verheijden, et al/CheckMate 9LA[- - T - ) Verheijden, et al/CheckMate 9LA[- - T - .
0.0 0.2 0.4 0.6 0.0 0.2 0.4 0.6
LogHR LogHR
Original pooled effect: 1.40 (95% CI: 1.11-1.76) Original pooled effect: 1.32 (95% CI: 1.08-1.62)
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Fig. 7 Leave-one-out sensitivity analysis for second-line immunosuppressant use versus corticosteroid alone

A: OS; B: PFS; C: Post-irAE OS; D; Post-irAE PFS.
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Fig. 8 Leave-one-out sensitivity analysis for cumulative corticosteroid dose in patients with irAE

A: Post-irAE OS; B; Post-irAE PFS.
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Supplementary | : Comprehensive forest plot data for all treatment combinations

Combination Study HR 95% CI Weight/% Model
Corticosteroid use vs non-use (OS) Robesti, et al 0.86 0.48-1.54 67.62
Pichler, et al 0.52 0.22-1.21 32.38
Pooled effect 0.73 0.45-1.18 Fixed-effect
Corticosteroid use vs non-use (PFS) Robesti, et al 0.92 0.63-1.35 62.5
Pichler, et al 0.41 0.17-0.99 37.5
Pooled effect 0.68 0.00-98.01 Random-effect
Corticosteroid plus IM vs Verheijden, et al 1.34 0.99-1.82 57.38
corticosteroids alone (post-irAE
0S) Verheijden, et al/CheckMate 067 0.93 0.50-1.72 14.07
Verheijden, et al/CheckMate 142 6.10 0.27-137.42 0.55
Verheijden, et al/CheckMate 214 1.41 0.68-2.92 10.02
Verheijden, et al/CheckMate 648 1.49 0.44-5.08 3.53
Verheijden, et al/CheckMate 743 1.46 0.71-3.01 10.15
Verheijden, et al/CheckMate 9LA 6.80 2.24-20.65 431
Pooled effect 1.40 1.11-1.76 Fixed-effect
Corticosteroid plus IM vs Verheijden, et al 1.32 1.02-1.71 60.39
corticosteroids alone (post-irAE
PFS) Verheijden, et al/CheckMate 067 1.31 0.70-2.45 10.51
Verheijden, et al/CheckMate 142 1.17 0.15-9.11 0.98
Verheijden, et al/CheckMate 214 1.04 0.59-1.82 13.12
Verheijden, et al/CheckMate 648 0.73 0.22-2.44 2.84
Verheijden, et al/CheckMate 743 1.60 0.80-3.20 8.54
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Combination Study HR 95% CI Weight/% Model
Verheijden, et al/CheckMate 9LA 3.70 1.27-10.76 3.62
Pooled effect 1.32 1.08-1.62 Fixed-effect
Corticosteroid plus IM vs Curkovic, et al 1.94 1.12-3.36 16.29
corticosteroids alone (OS)
Syed, et al 0.82 0.46-1.47 15.97
Verheijden, et al/CheckMate 067 0.94 0.51-1.74 15.65
Verheijden, et al/CheckMate 142 6.63 0.31-142.69 2.75
Verheijden, et al/CheckMate 214 1.47 0.71-3.04 14.5
Verheijden, et al/CheckMate 648 1.28 0.38-4.35 9.91
Verheijden, et al/CheckMate 743 1.36 0.66-2.81 14.51
Verheijden, et al/CheckMate 9LA 12.19 3.82-38.88 10.42
Pooled effect 1.66 0.82-3.34 Random-effect
Corticosteroid plus IM vs Syed, et al 0.75 0.46-1.23 18.08
corticosteroids alone (PFS)
Curkovic, et al 1.63 0.99-2.66 18.05
Verheijden, et al/CheckMate 067 1.44 0.82-2.53 16.12
Verheijden, et al/CheckMate 142 1.04 0.15-7.32 2.68
Verheijden, et al/CheckMate 214 1.05 0.62-1.78 17.09
Verheijden, et al/CheckMate 648 0.59 0.18-1.95 6.23
Verheijden, et al/CheckMate 743 1.18 0.61-2.29 13.7
Verheijden, et al/CheckMate 9LA 4.46 1.63-12.22 8.05
Pooled effect 1.24 0.80-1.91 Random-effect
Cumulative corticosteroid dose Verheijden, et al 0.93 0.88-0.98 36.13
(post-irAE OS)
Verheijden, et al/CheckMate 067 0.97 0.91-1.04 23.47
Verheijden, et al/CheckMate 142 8.96 0.45-179.27 0.01
Verheijden, et al/CheckMate 214 0.98 0.91-1.06 17.98
Verheijden, et al/CheckMate 648 0.98 0.85-1.13 5.16
Verheijden, et al/CheckMate 743 0.90 0.82-0.98 13.47
Verheijden, et al/CheckMate 9LA 0.89 0.75-1.05 3.78
Pooled effect 0.95 0.92-0.98 Fixed-effect
Cumulative corticosteroid dose Verheijden, et al 0.94 0.90-0.98 36.03
(post-irAE PFS)
Verheijden, et al/CheckMate 067 0.96 0.90-1.03 14.35
Verheijden, et al/CheckMate 142 1.37 1.06-1.78 0.97
Verheijden, et al/CheckMate 214 0.99 0.94-1.05 21.33
Verheijden, et al/CheckMate 648 0.98 0.87-1.10 4.75
Verheijden, et al/CheckMate 743 0.94 0.87-1.02 10.33
Verheijden, et al/CheckMate 9LA 0.96 0.89-1.03 12.24

Pooled effect 0.96 0.94-0.99 Fixed-effect
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