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Background: Recent studies indicate an association between immunosuppression for immune-related adverse

ﬁyn?:f r:iu cession events (irAEs) and impaired survival in patients who received immune checkpoint inhibitors. Whether this is
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Checkpoint inhibitor assessed the association of immunosuppressant type and dose with survival in melanoma patients with irAEs.
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Methods: Patients with advanced melanoma who received immunosuppressants for irAEs induced by first-line
anti-PD-1 + anti-CTLA-4 were included from 18 hospitals worldwide. Associations of cumulative and peak
dose corticosteroids and use of second-line immunosuppression with survival from start of immunosuppression
were assessed using multivariable Cox proportional hazard regression.

Results: Among 606 patients, 404 had anti-PD-1 + anti-CTLA-4-related irAEs and 202 had anti-PD-1-related
irAEs. 425 patients (70 %) received corticosteroids only; 181 patients (30 %) additionally received second-
line immunosuppressants. Median PFS and OS from starting immunosuppression were 4.5 (95 %CI 3.4-8.1)
and 31 (95 %CI 15-not reached) months in patients who received second-line immunosuppressants, and 11 (95 %
CI 9.4-14) and 55 (95 %CI 41-not reached) months in patients who did not. High corticosteroid peak dose was
associated with worse PFS and OS (HRggj 1.14; 95 %CI 1.01-1.29; HR,qj 1.29; 95 %CI 1.12-1.49 for 80vs40mg),
while cumulative dose was not. Second-line immunosuppression was associated with worse PFS (HR,qj 1.32; 95
%CI 1.02-1.72) and OS (HR,qj 1.34; 95 %CI 0.99-1.82) compared with corticosteroids alone.

Conclusions: High corticosteroid peak dose and second-line immunosuppressants to treat irAEs are both associ-
ated with impaired survival. While immunosuppression is indispensable for treatment of severe irAEs, clinicians

should weigh possible detrimental effects on survival against potential disadvantages of undertreatment.

1. Introduction

Immune checkpoint inhibitors (ICI) have tremendously improved
prospects of patients with melanoma. However, not all patients benefit
from ICIs, which can cause immune-related adverse events (irAEs) that
can be severe, long-lasting, and sometimes lethal[1]. The frequency,
onset, and type of irAEs differ between ICI regimens[2,3]. Severe (grade
>3) irAEs occur in 40-60 % of patients treated with
anti-cytotoxic-T-lymphocyte-associated protein 4 (anti-CTLA-4) plus
anti-programmed cell death 1 (anti-PD-1) therapy and in approximately
15 % of anti-PD-1 monotherapy treated patients[4-6]. Guidelines
recommend interruption of ICI therapy for most grade 2 irAEs and
initiation of systemic corticosteroids for some grade 2 irAEs such as
colitis and pneumonitis. For most grade > 3 irAEs, permanent discon-
tinuation of ICI and high dose corticosteroids are recommended[7-10].
When symptoms do not improve within three to five days, escalation of
immunosuppression by increasing corticosteroid dose or introducing a
second-line immunosuppressant is often advised for severe irAEs. The
choice of this second-line immunosuppressant is usually based on
experience with the conventional autoimmune disease in the same organ
system, although personalized approaches have been advocated[11,12].
While tapering of immunosuppression within weeks to months is often
recommended, some irAEs may relapse or become chronic, requiring
long-term immunosuppression|[3].

Accumulating evidence suggests that development of irAEs is asso-
ciated with increased response rates to ICI and prolonged survival, even
when accounting for immortal-time bias[13]. Although immunosup-
pressants are crucial to prevent chronicity and mortality, recent studies
have demonstrated that highly dosed corticosteroids and second-line
immunosuppressants, such as tumor necrosis factor (TNF) inhibitors,
may counteract the initially favorable prognosis of patients with irAEs
[14-18]. However, no studies have simultaneously assessed the impact
of both corticosteroids and other immunosuppressants on survival while
correcting for each other. Thus, it is unclear whether corticosteroids,
second-line immunosuppressants, or both affect ICI-effectiveness. While
randomized controlled trials would ultimately provide these insights, no
trials powered to analyze effects of immunosuppression on
tumor-related outcomes are expected on short notice. Meanwhile,
observational studies could provide guidance if the following re-
quirements are met[14]. First, analysis is restricted to patients with
irAEs. Secondly, survival is assessed from immunosuppressant initiation
(in patients without progressive disease). Finally, the study population is
homogeneous in terms of tumor type and stage, line of treatment and ICI
type, with subgroups large enough to stratify or adjust for heterogeneity.
In this retrospective international multicenter cohort study, we analyzed
the associations of corticosteroid dose and second-line immunosup-
pressants with survival in patients who received immunosuppression for
irAEs upon ICI-treatment for advanced melanoma.

2. Methods
2.1. Study design

This retrospective international multicenter cohort study included
patients from 18 hospitals in 8 countries (Supplementary Table 1) be-
tween 2015 and 2022. From eleven Dutch hospitals (n = 2434 patients),
all patients receiving immunosuppressive treatment for grade > 3 irAEs
were identified using the prospective Dutch Melanoma Treatment reg-
istry and included. Among the UMC Utrecht and UZ Brussel, patients
were (additionally) identified using pharmacy registration; leading to
inclusion of all-grade irAEs in advanced melanoma patients treated with
immunosuppression in those centers. Additionally, fifteen patients were
included from hospitals participating in the ImmunoCancer Interna-
tional Registry (ICIR). This study was approved by the local ethical
committees, was not considered subject to the Dutch Medical Research
with Human Subjects Act by the medical review ethics committee, and
informed consent was waived (MREC NedMec 22/977; Dnr
2020-03429).

2.2. Patients

Patients with advanced (irresectable/metastatic) melanoma who
were treated with first-line anti-PD-1 (pembrolizumab or nivolumab)
with or without anti-CTLA-4 (ipilimumab) and who received at least one
systemic immunosuppressant to treat irAEs were included. Glucocorti-
coid suppletion for hypocortisolism was not considered
immunosuppression.

2.3. Procedures

Baseline characteristics at start of ICI including age, sex, Eastern
Cooperative Oncology Group (ECOG) performance status[19], lactate
dehydrogenase and stage according to the American Joint Committee on
Cancer, 8th edition[20] were collected from patients’ files. Character-
istics of the first irAE for which systemic immunosuppression was
administered were retrospectively reported. irAEs were graded accord-
ing to the Common Terminology Criteria for Adverse Events version 5
[21] and grouped per organ site. Peak dose of corticosteroids (maximum
dose on one day) and cumulative corticosteroid dose (the sum of all
daily doses) were calculated in mg prednisolone equivalent[22]. If
immunosuppression was escalated because of a new irAE during the
tapering phase of the initial irAE, the treatment of this new irAE was
included as well, because the indication for immunosuppression was
often indistinguishable. Immunosuppression was also included if
restarted within 42 days to include flares after (too rapid) tapering.
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2.4. Outcomes

Start of immunosuppression was considered the start date in survival
analyses. This precludes confounding by time to onset of irAE or starting
immunosuppression[23]. Overall survival (OS) was defined as time from
starting immunosuppression until death. Progression-free survival (PFS)
was defined as time from starting immunosuppression until
clinician-assessed progressive disease (PD) or death due to any cause,
and was only analyzed in patients who did not have progressive disease
prior to starting immunosuppression. Patients who remained alive (and
progression free) were censored on the date of their last follow-up visit.
Melanoma-specific survival (MSS) was assessed by censoring patients
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who died from non-melanoma related causes at the date of death.

2.5. Statistical analysis

Median follow-up time was estimated using reverse-Kaplan Meier
method. To assess the association of corticosteroids and other immu-
nosuppressants with survival, the adjusted hazard ratio (HR.qj)) was
estimated using multivariable Cox proportional hazard regression. Age
at start of ICI, sex, presence of an autoimmune disease, performance
status, stage, type of ICI, and type of irAE (colitis, hepatitis, or other)
were considered potential confounders and were added as covariates.
Since only 4 patients (0.7 %) had missing covariate data, complete case

Corticosteroid cumulative dose (mg)

Median [Q1-Q3]
Missing

Second-line immunosuppressant

TNF inhibition
Mycophenolate mofetyl
Tacrolimus

Vg

Vedolizumab
Methotrexate

Other

2320 [1503-3743]
2 (0.5 %)

0 (0 %)
0 (0 %)
0 (0 %)
0 (0 %)
0 (0 %)
0 (0 %)
0 (0 %)

3900 [2483-5684]
1 (0.6 %)

102 (56 %)
59 (33 %)
22 (12 %)
20 (11 %)
9 (5 %)
5(3 %)

11 (6 %)

Table 1
Baseline characteristics of patients with melanoma treated with immunosuppressants for immune-related adverse events.
Corticosteroids only Second-line immunosuppression Overall
(n = 425) (n =181) (n = 606)
Sex
Male 263 (62 %) 99 (55 %) 362 (60 %)
Female 162 (38 %) 82 (45 %) 244 (40 %)
Age (years)
Mean (SD) 62 (13) 61 (14) 62 (13)
Autoimmune disease
Present 18 (4 %) 10 (6 %) 28 (5 %)
ECOG performance status
0 213 (50 %) 71 (39 %) 284 (47 %)
1 177 (42 %) 86 (48 %) 263 (43 %)
>2 35 (8 %) 23 (13 %) 58 (10 %)
Missing 0 (0 %) 1 (0.6 %) 1 (0.2 %)
Stage
111 27 (6 %) 12 (7 %) 39 (6 %)
Mla 37 (9 %) 6 (3 %) 43 (7 %)
M1b 46 (11 %) 24 (13 %) 70 (12 %)
Milc 163 (38 %) 67 (37 %) 230 (38 %)
M1d 152 (36 %) 72 (40 %) 224 (37 %)
Lactate dehydrogenase
< 1xULN 270 (64 %) 108 (60 %) 378 (63 %)
1-2xULN 123 (29 %) 57 (32 %) 180 (30 %)
> 2xULN 30 (7 %) 15 (8 %) 45 (7 %)
Missing 2 (0.5 %) 1 (0.6 %) 3 (0.5 %)
Therapy
Anti-PD-1 148 (35 %) 54 (30 %) 202 (33 %)
Anti-PD-1 + anti-CTLA-4 277 (65 %) 127 (70 %) 404 (67 %)
Grade of irAE
2 94 (22 %) 20 (11 %) 114 (19 %)
3 309 (73 %) 121 (67 %) 430 (71 %)
4 19 (4 %) 37 (20 %) 56 (9 %)
5 31 %) 3 (2 %) 6 (1 %)
Type of irAE*
Gastro-intestinal 94 (22 %) 93 (51 %) 187 (31 %)
Hepatobiliary 115 (27 %) 41 (23 %) 156 (26 %)
Rheumatic 41 (10 %) 13 (7 %) 54 (9 %)
Endocrine 15 (4 %) 3(2%) 18 (3 %)
Pulmonary 47 (11 %) 53 %) 52 (9 %)
Cutaneous 31 (7 %) 1(1 %) 32 (5 %)
Renal 28 (7 %) 1(1 %) 29 (5 %)
Neuromuscular 21 (5 %) 10 (6 %) 31 (5 %)
Cardiac 6 (1 %) 6 (3 %) 12 (2 %)
Other 27 (6 %) 8 (4 %) 35 (6 %)
Corticosteroid peak dose (mg)
Median [Q1-Q3] 80 [60-107] 110 [80-160] 80 [60-140]

2780 [1643-4363]
3(0.5%)

102 (17 %)
59 (10 %)
22 (4 %)
20 (3 %)

9 (1 %)
501 %)

11 (2 %)

*Type of irAE represents the irAE for which first immunosuppression was initiated.

Abbreviations: anti-PD-1: anti-programmed cell death 1; anti-CTLA-4: anti-cytotoxic-T-lymphocyte-associated protein 4; SD: standard deviation; Q1-Q3: first quartile

to third quartile; ECOG: Eastern Cooperative Oncology Group; ULN: upper limit of normal; irAE: immune-related adverse event.
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analysis was conducted. A minority of patients received (methyl)pred-
nisolone pulse dosing (>1000 mg). This could lead to an underestima-
tion of the association between corticosteroids and survival due to the
high leverage of these extreme values and violation of the linearity
assumption. We therefore allowed for non-linearity by modeling corti-
costeroid peak dose using restricted cubic splines with 3 prespecified
knots at 80, 160 and 240 mg. The predicted HR,qj with 95 % confidence
interval (CI) for each possible dose relative to 40 mg was visualized.
Estimates for 80 and 160 versus 40 mg were reported, as they roughly
reflect 1.0 and 2.0 versus 0.5 mg per kilogram (kg) body weight (Sup-
plementary Figure 1). A sensitivity analysis was conducted in which
highest daily dose below 1000 mg was considered as corticosteroid peak
dose. Peak and cumulative dose of corticosteroids were modeled sepa-
rately given their inherent correlation. The impact of ICI resumption was
assessed by adding it to the multivariable model as covariate. Analyses
were also stratified per ICI type. Assessment of the impact of timing of
immunosuppression and possible confounding by ICI duration is
described in the Extended Methods. All analyses were conducted using R
version 4.3.2, with a two-sided alpha of 0.05.

2.6. Role of the funding source
There was no funding source for this study.
3. Results

In total, 606 patients with advanced melanoma who received
immunosuppression for irAEs were included. Patients had a mean age of
62 years (standard deviation 13 years) and the majority (60 %) was male
(Table 1, Supplementary Table 2). 404 patients (70 %) had received
combined anti-PD-1 + anti-CTLA-4 treatment and 202 had received
anti-PD-1 monotherapy (Supplementary Figure 2). Median follow-up
since ICI initiation was 37 months (95 %CI 33-39). Most patients (71
%) started immunosuppression for grade 3 irAEs. Immunosuppression
was most often started for gastro-intestinal irAEs (31 %) followed by
hepatobiliary (26 %), rheumatic (9 %), and pulmonary (9 %) irAEs.
irAEs occurred earlier in patients who received anti-PD-1 + anti-CTLA-4
(median after 42 days; Q1-Q3 23-63) than with anti-PD-1 monotherapy
(median after 112 days; Q1-Q3 45-217; Supplementary Figure 3a).
Eighteen patients (7 %) died because of irAEs; 8 due to myocarditis and/
or myositis, 7 due to colitis and one each due to myasthenia gravis,
capillary leak syndrome or nephritis.

3.1. Treatment of immune-related adverse events

425 (70 %) patients received corticosteroids only, 180 patients (30
%) received other immunosuppressants and one patient received non-
corticosteroid immunosuppression only. Median time from irAE onset
to immunosuppression initiation was 2 days, with 75 % of patients
starting within one week (Supplementary Figure 3b). Median cortico-
steroid peak dose was 80 mg prednisolone equivalent (Q1-Q3 60-140
mg; Supplementary Figure 4a,b). Twenty patients (3 %) received
(methyl)prednisolone pulse dosing, eight of whom additionally received
intravenous immunoglobulins (IVIg). Cumulative corticosteroid dose
was not reliably reported in 3 patients (0.5 %). Median cumulative
corticosteroids dose was 2780 mg (Q1-Q3 1642-4362 mg; Supplemen-
tary Figure 4c). Median time from starting first immunosuppressant to
starting second-line immunosuppression was 11 days, with more than
75 % of patients starting within one month (Supplementary Figure 3c).
Most administered second-line immune modulators were TNF inhibitors
(n = 102; 17 %; mostly infliximab), mycophenolate mofetil (n = 59; 10
%), tacrolimus (n = 22; 4 %) and IVIg (n = 20; 3 %). TNF inhibition was
most often administered for gastro-intestinal irAEs, mycophenolate
mofetil for hepatobiliary and cardiac irAEs, and IVIg for neuromuscular
and cardiac irAEs (Supplementary Figure 5).

European Journal of Cancer 207 (2024) 114172
3.2. Immunosuppression and survival

Median OS from ICI initiation was 50 months (95 %CI 38-not
reached). In patients who did and did not receive second-line immu-
nosuppressants, median PFS since immunosuppression was 4.5 (95 %CI
3.4-8.1) and 11 (95 %CI 9.4-14) months, respectively. Similarly, me-
dian OS since immunosuppression was 31 (95 %CI 15-not reached) and
55 (95 %CI 41-not reached) months for these patients. In multivariable
analyses, PFS and OS were worse in patients who received second-line
immunosuppressants compared with those who did not (HR.gj 1.32;
95 %CI 1.02-1.72, and HR,q; 1.34; 95 %CI 0.99-1.82, respectively),
which was independent of corticosteroid peak dose (Figure 1). Similarly,
higher corticosteroid peak dose was non-linearly associated with worse
PFS (HRagj 1.14; 95 %CI 1.01-1.29 for 80 vs 40 mg and HR,q; 1.42; 95 %
CI 1.03-1.95 for 160 vs 40 mg) and OS (HR,g; 1.29; 95 %CI 1.12-1.49
for 80 vs 40 mg and HR,qj 1.97; 95 %CI 1.36-2.85 for 160 vs 40 mg),
independent of second-line immunosuppression (Table 2). The hazard of
death (and progression) increases linearly with increasing corticosteroid
peak dose within the normal range (0 to + 250 mg prednisolone
equivalent) but does not increase further for pulse dose (1250 mg;
Supplementary Figure 6), although uncertainty beyond + 250 mg is
large given the low number of patients. This was confirmed in a sensi-
tivity analysis in which the highest dose below 1000 mg prednisolone
equivalent was considered the peak dose (Supplementary Table 3).
Similar associations of corticosteroids peak dose with PFS and OS were
observed when restricting to patients who did not receive second-line
immunosuppressants or to patients who did (Supplementary Figure 7).
When stratifying for type of ICI, associations with survival followed the
same trend, albeit no longer statistically significant for patients who
received anti-PD-1 + anti-CTLA-4 and stronger for patients who
received anti-PD-1 monotherapy (Table 2; Supplementary Figures 8,9).
Furthermore, associations of immunosuppression with MSS were com-
parable to those with PFS and OS (Figure 1; Supplementary Table 4).

3.3. Cumulative corticosteroid dose and survival

Higher cumulative corticosteroid dose was associated with pro-
longed PFS and OS (HRgj 0.94; 95 %CI 0.90-0.98, and HR4j 0.93; 95 %
CI 0.88-0.98 for a 1000 mg increase, respectively), but this finding is
prone to immortal-time bias. The cumulative corticosteroid dose is
correlated with the duration of corticosteroids, and patients must at least
have been alive during the course of corticosteroids. Thus, we performed
a 6-month conditional landmark analysis in which patients were only
included if they were alive (and progression free) at least 6 months after
starting immunosuppression and received corticosteroids for less than 6
months. In this analysis the association of cumulative corticosteroid
dose with PFS and OS was attenuated (HR4j 0.96; 95 %CI 0.83-1.10 and
HRagj 1.02; 95 %CI 0.91-1.14, respectively), but sample size was limited
(n = 220 and 344, respectively).

3.4. Timing of immunosuppressant initiation

It has been hypothesized that immunosuppression may have a
stronger impact on ICI-effectiveness when administered early during ICI
treatment. Since anti-PD-1 + anti-CTLA-4-related irAEs tend to occur
earlier than anti-PD-1 monotherapy-related irAEs, we stratified analyses
per ICI regimen. In patients treated with anti-PD-1 + anti-CTLA-4, the
association of both corticosteroid peak dose and second-line immuno-
suppression with worse survival were stronger when immunosuppres-
sion was started early, with a general attenuation of the detrimental
effects of immunosuppression over time (Supplementary Figure 10). For
example, the association between second-line immunosuppression and
worse OS was stronger in the 176 patients who received immunosup-
pressants for irAEs within 6 weeks (HRygj 2.47; 95 %CI 1.49-4.09) than
in the 351 patients who received immunosuppressants for irAEs within
12 weeks (HR,gj 1.27; 95 %CI 0.83-1.93). Among patients treated with
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model = OS = PFS

variable
corticosteroids peak dose 40mg
80vs40mg
160vs40mg
second-line immmunosuppression no
yes
sex male
female
age 5 years
autoimmune disease no
yes
ECOG PS 0-1
2-4
lactate dehydrogenase normal
elevated
stage I, M1a & M1b
M1c
M1d
therapy anti-PD-1
anti-PD-1 + anti-CTLA-4
colitis no
yes
hepatitis no
yes
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MSS

n HR (95 %Cl) OS hazard ratio (95 %Cl)

602 reference
1.29 (1.12-1.49) —_
1.97 (1.36-2.85) —r

423 reference

179 | 1.34 (0.99-1.82) ——

359 reference

243 | 0.79 (0.60-1.03) —

602 | 1.09 (1.03-1.15) -

574 reference

28 | 1.41(0.82-2.42) P

546 reference

56 | 1.54 (1.05-2.27) —

377 reference

225 | 1.61 (1.23-2.10) —_—

152 reference

228 | 0.97 (0.69-1.36) e

222 | 1.06 (0.75-1.51) e

201 reference

401 | 0.84 (0.62-1.14) —_—

407 reference

195 | 0.99 (0.72-1.36) e

403 reference

199 | 1.12 (0.83-1.52) e
0.5 1.0 3.0
‘favorable unfavorable -

Fig. 1. Association between immunosuppressants for immune-related adverse events and survival in patients with melanoma. Multivariable cox regression model of
the association of corticosteroids and second-line immunosuppression with overall survival (OS; black; text), progression-free survival (PFS; blue), and melanoma-
specific survival (MSS; yellow). For corticosteroid peak dose, hazard ratios (HR) and 95 % confidence interval (CI) represent estimated adjusted HR based on
restricted cubic splines models adjusted for second-line immunosuppression, sex, age, presence of autoimmune disease, performance status, lactate dehydrogenase,
tumor stage, checkpoint inhibitor regimen, and type of immune related adverse event. Number of patients (n), HR and 95 %CI relate to OS analysis. All analyses

consider immunosuppression initiation as starting time.

anti-PD-1 monotherapy, timing of immunosuppression had no clear
impact on the association between immunosuppression and survival
(Supplementary Figure 11). Importantly, these results also indicate that
duration of ICI does not confound the association between immuno-
suppression and survival (as explained in the Extended methods).

3.5. Resumption of ICI

ICIs were resumed in 61 patients (10 %): 55 (13 %) patients who
only received corticosteroids and 6 (3 %) patients who received second-
line immunosuppressants. When additionally correcting for ICI
resumption, associations of immunosuppression with PFS, OS and MSS
remained present (Supplementary Table 5).

3.6. Specific immunosuppressants and survival

Analyzing  whether the wuse of specific second-line

immunosuppressants was associated with worse survival, power only
allowed for an exploratory analysis of TNF inhibition (n =102) and
mycophenolate mofetil (n = 59), due to the low frequency of second-
line immunosuppression. There was no association between TNF inhi-
bition and PFS or OS, when correcting for corticosteroid peak dose, ICI
regimen and other baseline characteristics (HRagj 1.11; 95 %CI
0.77-1.59 and HR,q; 1.04; 95 %CI 0.69-1.58, respectively). Similarly,
there was no statistically significant association between mycophenolate
mofetil and PFS or OS (HRqg; 1.30; 95 %CI 0.89-1.89 and 1.35; 95 %CI
0.88-2.09, respectively).

4. Discussion

In this international multicenter cohort study, we observed that both
corticosteroid peak dose and second-line immunosuppression are inde-
pendently associated with impaired survival in patients with irAEs upon
ICI for advanced melanoma, while cumulative corticosteroid dose was
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Table 2
Association between immunosuppression for immune-related adverse events
and survival in patients with melanoma in multivariable analysis.

HR,qj (95 %CI) for
progression or death

HR,q5 (95 %CI)
for death

n =532
1.14 (1.01-1.29)

n =602
1.29 (1.12-1.49)

All patients
80 vs 40 mg prednisolone

eq

160 vs 40 mg prednisolone 1.42 (1.03-1.95) 1.97 (1.36-2.85)
eq

Second-line 1.32 (1.02-1.72) 1.34 (0.99-1.82)
immunosuppression

Anti-PD-1 + anti-CTLA-4
80 vs 40 mg prednisolone

n = 367
1.14 (0.98-1.33)

n = 401
1.14 (0.94-1.38)

eq

160 vs 40 mg prednisolone 1.42 (0.94-2.15) 1.41 (0.86-2.31)
eq

Second-line 1.20 (0.87-1.66) 1.15 (0.78-1.70)
immunosuppression

n =165
1.18 (0.96-1.45)

n =201
1.56 (1.23-1.98)

Anti-PD-1 monotherapy
80 vs 40 mg prednisolone

eq

160 vs 40 mg prednisolone  1.54 (0.89-2.68) 3.23 (1.72-6.08)
eq

Second-line 1.73 (1.05-2.85) 1.79 (1.08-2.98)
immunosuppression

For corticosteroid peak dose, estimated adjusted hazard ratios (HR,q;) based on
restricted cubic splines models are presented, with adjustment for sex, age,
presence of autoimmune disease, performance status, lactate dehydrogenase,
tumor stage, irAE type, and if applicable checkpoint inhibitor regimen. Abbre-
viations: anti-PD-1: anti-programmed cell death 1; anti-CTLA-4: anti-cytotoxic-T-
lymphocyte-associated protein 4; eq: equivalent; HR.qj: adjusted hazard ratio; CI:
confidence interval.

not.

Our observation that higher corticosteroid peak dose to treat irAEs is
associated with impaired survival is in line with previous studies[14]. In
two independent cohorts of 90 and 419 patients with anti-PD-1 mono-
therapy-induced irAEs, Bai and colleagues demonstrated that early use
of > 60 mg prednisolone equivalent on one day was associated with
worse PFS and OS[15]. Similarly, Dahl and colleagues observed that
> 75 mg prednisolone equivalent on one day was associated with worse
OS in patients with colitis who also received the TNF inhibitor inflix-
imab, suggesting that the negative association of corticosteroids peak
dose with survival is independent of second-line immunosuppression
[24]. Bar-Hai and colleagues did not observe a correlation between
corticosteroid dose and PFS among 157 melanoma patients, although
they observed that patients who received corticosteroids within the first
4 weeks upon ICI initiation had worse PFS compared with patients in
whom corticosteroids were started later[25]. However, they did not
account for non-linearity, included corticosteroids for other indications
than irAEs, and immortal-time bias and number of ICI cycles may have
affected this analysis despite the use of a landmark analysis.

We observed that second-line immunosuppression was associated
with reduced survival independent of corticosteroids dose, which is in
line with our previous observations in two partially overlapping cohorts
[16,17]. In a study of 222 patients with anti-PD-1 and/or anti-CTLA-4
induced irAEs, patients who received corticosteroids plus TNF inhibi-
tion had statistically significantly worse OS compared with patients who
only received corticosteroids[16]. Subsequently, in a cohort of 350 pa-
tients with severe anti-PD-1 + anti-CTLA-4-related irAEs, we observed
impaired PFS and OS in patients who received second-line immuno-
suppression, which was statistically non-significant for TNF inhibition in
multivariable analyses[17,18]. Both studies did not correct for cortico-
steroid dose. Maximally 23 % and 57 % of patients in the current study
overlapped with the previous two reports. Conversely, in three small
cohorts, numerically but statistically non-significantly improved sur-
vival was observed in patients who received second-line immunosup-
pressants compared with corticosteroids alone[26-28].
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Different second-line immunosuppressants may affect ICI-
effectiveness differently. For example, Zou and colleagues observed
that patients with ICI-induced colitis who received TNF inhibition had
worse OS than patients who received the a4p7-integrin inhibitor vedo-
lizumab in a cohort of 156 patients[29]. Similarly, in a cohort of 147
patients with rheumatic irAEs, Bass and colleagues observed worse PFS
and OS in patients treated with TNF inhibition or the interleukin-6 re-
ceptor blocker tocilizumab compared with methotrexate[30]. Surpris-
ingly, no association between TNF inhibition and survival was observed
in our current study. As we also did not observe an association of TNF
inhibition with survival when not correcting for corticosteroid dose
(data not shown), confounding by corticosteroid dose does not explain
the disparity of current findings with previous studies. As TNF inhibition
was observed to have a beneficial effect on tumor control in mice when
administered upfront together with ICI[31,32], the effects of TNF inhi-
bition in the irAE setting on survival remain controversial[33]. Alouani
and colleagues observed no survival difference between 11 patients who
received mycophenolate mofetil in addition to corticosteroids compared
with 49 patients with corticosteroids only for ICI-related hepatitis[34].
Similarly, we did not observe a statistically significant association be-
tween mycophenolate mofetil and survival. Taken together, given the
diverging results and small sample size, no definite conclusions can yet
be drawn on the impact of specific second-line immunosuppressants on
ICI-effectiveness.

Since ICIs elicit their effect early, with long-term tumor control even
after discontinuing treatment, it has been hypothesized that early
immunosuppression may be more harmful, while late introduction of
immunosuppression may hamper ICI-effectiveness only to a limited
extend. We observed that the associations between immunosuppression
and impaired survival are stronger when administered early in patients
who received anti-PD-1 + anti-CTLA-4 therapy. Although Bai and col-
leagues have observed that early corticosteroids may hamper survival in
anti-PD-1 monotherapy-treated patients[15], our results in patients with
anti-PD-1 monotherapy-related irAEs were inconclusive, possibly due to
the limited sample size. Our analyses also indicate that the association
between immunosuppressants and survival is not confounded by ICI
duration. Whether ICI duration itself is associated with survival cannot
be determined with our data.

ICI rechallenge upon irAE resolution has been deemed safe in some
cases[35,36]. Recently presented data suggest that ICI resumption was
strongly associated with prolonged survival[37]. In our cohort, ICI was
rarely resumed following immunosuppression for irAEs, and resumption
did not confound the association between immunosuppression and
survival. However, we were unable to analyze the impact of resumption
itself on survival due to immortal-time bias that we were unable to ac-
count for. A randomized controlled trial to rule out bias by indication is
needed to clarify whether resumption of ICI before progression truly
improves survival.

This study has several limitations. Despite describing the largest
cohort of patients receiving immunosuppression for irAEs thus far, no
definite conclusions on specific second-line immune modulators and
tapering regimens can be drawn. Given the observational design of this
study, residual confounding cannot be completely ruled out. Random-
ized controlled trials would ultimately answer which immunosuppres-
sive strategies are least harmful in terms of IClI-effectiveness. These
require tremendous collaborative efforts, are costly and logistically
challenging, and will take time to produce meaningful results. Mean-
while, using data of already treated patients to emulate such a trial could
be insightful[38]. This requires highly granular data of thousands of
patients to be able to compare well-defined treatment trajectories in a
homogenous population.

In conclusion, we observed that treatment of irAEs with high corti-
costeroid peak dose and administration of a second-line immunosup-
pressant are associated with impaired survival, while cumulative
corticosteroid dose is not. These data argue for a reconsideration of the
current dogma to start with high dose corticosteroids for severe irAEs.
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However, clinicians should be careful with postponing or refraining
from immunosuppression initiation based on these data, especially in
case of life threatening irAEs. In other cases, the need for immediate
highly dosed corticosteroids or second-line immunosuppression should
be weighed against the possible detrimental effects on ICI-effectiveness.

Study Protocol

Available from Prof. Dr. K.P.M. Suijkerbuijk (e-mail, K.Suijkerbuij-
k@umcutrecht.nl).

Statistical code

All analysis scripts are available online via https://github.com/rj
verheijden/ICITIS-M.

Data set

The individual patient data underlying this article cannot be shared
due to privacy regulations. Not all patients consented to make their data
publicly available.
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