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ABSTRACT
With the increasing use of immune checkpoint inhibitors (ICIs) in combination regimens and in earlier 
stages of advanced melanoma, the effective management of immune-related adverse events (irAEs) is key 
to balancing immunotherapy efficacy and toxicity. Conflicting evidence exists on possible detrimental 
effects of immunosuppression with corticosteroids for irAEs on ICI effectiveness. We conducted 
a multicenter, retrospective cohort study of immunotherapy-naïve advanced melanoma patients under
going treatment with ipilimumab and nivolumab and a small cohort treated with nivolumab/relatlimab. 
We utilized univariate tests to assess response, PFS, and OS based on presence of irAE, receipt of steroids 
for irAEs, peak dose, and time-to-steroid, as well as multivariable analysis for response, OS, and PFS in 
patients receiving steroids for irAEs. Among 226 total ipilimumab/nivolumab patients, those without irAEs 
had poorer PFS and OS compared to irAE groups regardless of steroid administration. In subgroup analysis 
of patients receiving steroids for an irAE, increased time-to-steroid was significantly associated with 
improved response (aOR, 1.026 p = 0.0005), PFS (aHR, 0.986 p = 0.001), and OS (aHR, 0.983 p = 0.0008). 
Higher peak steroid dose was significantly associated with poorer PFS (aHR, 1.002 p = 0.005), and OS (aHR, 
1.002 p = 0.003). Use of additional immunosuppressants was associated with poorer OS (aHR, 1.941 p =  
0.018). Cumulative dose was not significantly associated with outcomes. Among 42 additional patients 
treated with nivolumab/relatlimab, irAEs were significantly associated with improved PFS/OS, which 
appeared to be slightly mitigated by steroid administration; dosing relationships were limited by small 
numbers.
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Introduction

Immune checkpoint inhibitors (ICIs) have transformed the 
landscape of melanoma treatment within the last decade. 
Current ICIs used in the treatment of melanoma target the 
programmed death-1/ligand-1 (PD-1/PD-L1), cytotoxic 
T lymphocyte antigen-4 (CTLA-4), and lymphocyte activation 
gene-3 (LAG-3) checkpoint molecules. Under normal circum
stances, activity of these checkpoints and binding by their 
ligands lead to dampened T-cell proliferation, effector func
tion, and enhancement of regulatory T cell (Treg) immuno
suppressive activity to regulate T cell activation and prevent 
auto-immune inflammation. By prohibiting their activity, ICIs 
disinhibit the immune system to promote tumor cytotoxicity. 
With broad, nonspecific activation of the immune system to 
generate an anti-tumor response, subsequent T cell activation 
and loss of self-tolerance frequently lead to off-target autoim
mune-like inflammation, known as immune-related adverse 
events (irAEs.)1 This inflammation can occur in virtually any 
organ system, leading to irAEs like hypophysitis, colitis, hepa
titis, pneumonitis or very commonly, cutaneous manifesta
tions. Nearly all patients receiving dual checkpoint blockade 
with anti-PD-1 and anti-CTLA-4 agents will experience some 

form of irAE, with severe irAEs seen in up to 50% of these 
patients. Though irAEs are less common in monotherapy regi
mens, rates of mild and severe irAEs in anti-PD-1-treated 
patients approach 70% and 20%, respectively.2,3 With the 
increasing use of ICIs, often in combination regimens and in 
earlier stages of advanced melanoma, the effective manage
ment of irAEs is paramount in balancing immunotherapy 
administration and efficacy with its toxicities.4

Depending on their severity, irAEs may lead to lapses in 
treatment, permanent discontinuation of therapy, and signifi
cant morbidity for patients.5,6 While indications for the treat
ment of irAEs with corticosteroids often vary by organ system, 
irAE severity, and society guidelines, the Common 
Terminology Criteria for Adverse Events (CTCAE) is utilized 
to grade the severity of irAEs from grades one (mild) through 
five, with grades three and above considered severe.7 The 
mainstay of treatment for most moderate-to-severe irAEs in 
current practice guidelines is systemic corticosteroids, with 
additional immunosuppressants used for steroid-refractory 
irAEs.8,9 Corticosteroids have historically been an effective 
method of mitigating irAEs due to their immunosuppressive 
effect directly opposing ICI-induced broad immune activation. 
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Since ICIs must unleash immune checkpoint “brakes” to be 
effective, the potential for corticosteroids and other immuno
suppressants to stymie the anti-tumor immune response 
remains an incompletely elucidated topic of concern.

Few studies have examined associations between therapeu
tic outcomes and more detailed corticosteroid use character
istics for the treatment of irAEs, such as dose, duration, and 
their use with other steroid-sparing immunosuppressants. 
Furthermore, existing studies have drawn conflicting conclu
sions on the potential role of corticosteroids to impede ther
apeutic outcomes. Indication for which steroids are used (e.g. 
cancer-related vs immune-related) may delineate a branch 
point between proposed associations with decreased or 
improved OS and PFS, with earlier studies lacking adjustment 
by indication of steroid exposure. Further studies have demon
strated that steroid use for cancer-related indications, such as 
for central nervous system metastases (which is independently 
often associated with a worse prognosis), has been associated 
with poorer outcomes. However, the development of irAEs has 
also independently been correlated with improved outcomes, 
which may further impact this observed difference.10–15

As corticosteroids continue to serve as a pillar in the man
agement of irAEs, greater investigation into the nuances of 
their use and subsequent impact on outcomes is warranted. 
Herein, we present findings associating presence, dosing, and 
timing of corticosteroid use with response, PFS, and OS in 
a cohort of immunotherapy-naïve advance melanoma patients 
treated with ipilimumab and nivolumab.

Methods

Patients and study design

This retrospective multicenter cohort study included patients 
from two U.S. cancer centers. Included patients were immu
notherapy-naïve patients with metastatic melanoma who 
initiated treatment with ipilimumab and nivolumab between 
December 2014 and September 2023. Patients were excluded if 
they had received any prior immunotherapy, including single- 
agent checkpoint inhibition with ipilimumab or PD-1/PD-L1 
blocking agents, or interleukin-2 (IL-2). An additional cohort 
of patients who received nivolumab/relatlimab at any line was 
also included and analyzed separately.

Data collection and outcome assessment

Baseline patient and tumor characteristics were collected at the 
start of ICI treatment, including age, sex, primary tumor type 
(cutaneous, acral, mucosal, uveal, or unknown), known tumor 
mutations, M stage (AJCC 8th Ed.), Eastern Cooperative 
Oncology Group (ECOG) performance status, lactate dehydro
genase (LDH), and presence or absence of an existing autoim
mune condition. Prior treatment information was collected, 
including lines of treatment, as well as start and end dates of 
treatment, total doses, and reason for treatment discontinuation. 
Continuation of treatment with PD-1 monotherapy and date of 
cessation were noted.

Best response was assessed using Response Evaluation 
Criteria in Solid Tumors (RECIST). Progression Free Survival 

(PFS, months) was defined as the time from starting treatment 
until progressive disease (PD) or death. Overall survival (OS, 
months) was defined as the time from starting treatment until 
death.

The irAE type, grade, date of onset, and irAE treatment 
details were collected for irAEs occurring within 3 months 
of any dose of ipilimumab and nivolumab or nivolumab/ 
relatlimab. Steroid history for treatment of each irAE was 
collected including date of steroid initiation, cessation, peak 
dose, cumulative dose, route of administration, and use of 
any additional immunosuppressants. Peak and cumulative 
doses were converted to per os (PO) prednisone equiva
lents for final analysis. Topical steroids, intra-articular ster
oid injections, and steroids with localized absorption, such 
as budesonide, were not included in cumulative dose cal
culations for systemic steroid exposure. In patients who 
experienced irAEs that required adrenal replacement 
doses of corticosteroids, the date of cessation for irAE 
treatment was noted as the last day prior to decreasing to 
replacement level dosing (typically 5–10 mg prednisone as 
determined by clinician adjustment) and continuation on 
adrenal replacement was noted. Steroids and subsequent 
dose calculations were attributed to an irAE based upon 
clinician notes in the EHR. Multiple courses of steroids 
used for multiple irAEs in a single patient were separated 
in dose calculations per physician attribution of steroid 
course to individual irAEs as documented. Additionally, 
baseline steroid use for other indications (most commonly, 
cancer-related symptoms) was noted if present before or 
during ICI treatment. Patients were excluded if insufficient 
information regarding irAE grade, treatment duration, or 
cumulative and peak dose of corticosteroids were unable to 
be recorded accurately.

Statistical methods

Baseline characteristics of independent steroid variables of 
interest, irAE presence and outcomes, and covariates were 
analyzed using descriptive statistics. Univariate tests to 
assess response, PFS, and OS by several groupings (pre
sence of irAE, receipt of steroids for irAEs, peak dose 
quartiles, and time-to-steroid quartiles) were conducted 
utilizing Chi-squared test (categorical data) and Kaplan– 
Meier curves with log-rank test (time-to-event data). 
Patients were censored on the date of their last follow-up 
visit or death. Multivariable analysis utilizing logistic 
regression for response and Cox proportional hazard 
regression for OS and PFS in patients receiving steroids 
for irAEs was conducted. Steroid-specific variables of inter
est, including peak and total steroid dose, time-to-first 
steroid, and use of additional immunosuppressants were 
adjusted for in the model. Additional covariates included 
institution, age, sex, primary tumor, M stage, prior thera
pies, ECOG performance status, LDH elevation, baseline 
steroid use, and use of steroid replacement for adrenal 
insufficiency. Missing covariate data were imputed using 
multiple imputation. Due to sample size limitations, back
ward selection was used with a conservative cutoff to avoid 
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overfitting in each multivariable model. All statistical ana
lyses were performed in R version 4.3.2.

Results

Patient characteristics

In total, 226 patients treated with ipilimumab and nivolumab 
for advanced melanoma were included; patients were treated at 
Vanderbilt Ingram Cancer Center (158; 69.9%) and 
Massachusetts General Hospital Cancer Center (68; 30.1%). 
A total of 183 (81.0%) patients experienced any grade irAE. 
Mean age of the predominantly male (63.7%) cohort was 59.3  
y. Most patients had cutaneous or melanoma of unknown 
origin (191; 84.5%) and higher stage metastatic disease 
(75.2% M1c/M1d vs. 24.8% M1a/M1b) with only 10.2% of 
patients having received a prior line of therapy. ECOG perfor
mance status was ≤1 in most (90.3%) patients, with elevated 
LDH in 50.9%. Baseline use of steroids for a preexisting con
dition, including for cancer-related symptoms, was present in 
12.4% of patients. Ultimately, following the onset of irAE, 
19.0% of patients continued to replace corticosteroids for 
adrenal insufficiency (Table 1).

Outcomes in patients with and without irAEs

Given the previously established association of irAE develop
ment and improved outcomes, we first compared outcomes in 
patients developing irAEs to those that did not. Of patients 
developing an irAE of any grade (n = 183), 53.6% responded to 

treatment compared with 18.6% of patients who did not 
develop an irAE (p < 0.0001). PFS and OS were longer in the 
irAE group, with a median PFS of 18.4 months and a median 
OS of 51.8 months compared with 1.2 months and 4.9 months 
in the non-irAE group, respectively (p < 0.0001) (Figure 1).

Outcomes among patients without irAEs and with or 
without steroids for irAEs

We then assessed whether patients who received steroids had 
improved outcomes. Patients who received steroids for an irAE 
had improved response, OS, and PFS compared with those not 
receiving steroids (Supplemental Figure S1). To dissect the 
disparate impact of irAEs vs. steroids (since irAEs are known 
to associate with improved outcomes), we assessed patients 
with irAEs treated with steroids, vs. those with irAEs not 
treated with steroids, vs. those lacking irAEs. Notably, steroid 
presence or absence did not appear to impact PFS or OS, 
although both groups performed superiorly compared with 
those lacking irAEs (p < 0.0001) (Figure 1).

Peak steroid dose and time-to-steroid initiation

To better understand whether specific aspects of steroid 
administration may impact outcomes in patients receiving 
steroids for irAE, as suggested by some studies, we conducted 
additional univariate analyses by quartiles for peak steroid dose 
and time-to-steroids.

Peak dose quartiles were 5–60 mg (n = 49), 60–80 mg (n = 20), 
80–150 mg (n = 36), and 150–1250 mg (n = 31) in prednisone 

Table 1. Basic demographic and treatment characteristics of the entire study cohort.

Presence of AE:
No 

(n = 43)
Yes 

(n = 183)
Overall 

(n = 226)

Institution
MGH 6 (14.0%) 62 (33.9%) 68 (30.1%)
VUMC 37 (86.0%) 121 (66.1%) 158 (69.9%)
Age
Mean (SD) 61.0 (13.7) 58.8 (13.3) 59.3 (13.3)
Median [Q1, Q3] 64.0 [49.0, 69.5] 61.0 [51.0, 68.0] 61.5 [50.2, 69.0]
Sex
Female 15 (34.9%) 67 (36.6%) 82 (36.3%)
Male 28 (65.1%) 116 (63.4%) 144 (63.7%)
Primary Tumor
Cutaneous/unknown 34 (79.1%) 157 (85.8%) 191 (84.5%)
Acral/mucosal/uveal 9 (20.9%) 26 (14.2%) 35 (15.5%)
M stage
M1a/M1b 10 (23.3%) 46 (25.1%) 56 (24.8%)
M1c/M1d 33 (76.7%) 137 (74.9%) 170 (75.2%)
Therapy prior to combined aPD1/aCTLA4
No 35 (81.4%) 168 (91.8%) 203 (89.8%)
Yes 8 (18.6%) 15 (8.2%) 23 (10.2%)
ECOG
0 6 (14.0%) 68 (37.2%) 74 (32.7%)
1–3 36 (83.7%) 112 (61.2%) 148 (65.5%)
Missing 1 (2.3%) 3 (1.6%) 4 (1.8%)
LDH elevated
No 8 (18.6%) 91 (49.7%) 99 (43.8%)
Yes 32 (74.4%) 83 (45.4%) 115 (50.9%)
Missing 3 (7.0%) 9 (4.9%) 12 (5.3%)
Baseline steroid use for preexisting condition
No 34 (79.1%) 164 (89.6%) 198 (87.6%)
Yes 9 (20.9%) 19 (10.4%) 28 (12.4%)
If adrenal insufficiency, use of steroid therapy for AE
No 43 (100%) 140 (76.5%) 183 (81.0%)
Yes 0 (0%) 43 (23.5%) 43 (19.0%)
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equivalents. Response rates by quartile (in order of increasing 
peak doses) were 71.4%, 60.0%, 36.1%, and 45.2%. Median PFS 
by quartile was not reached, 31.7, 5.0, and 5.0 months. Similarly, 
median OS in the 5–60 mg quartile (not reached) and 60–80 mg 
quartile (not reached) was longer than for those patients receiving 
peak doses above 80 mg (18.3 and 55.9 months). Differences in 
response (p = 0.0077), PFS (p = 0.0011), and OS (p = 0.00074) 
were significant (Figure 2).

Similarly, time-to-first-steroid exposure was assessed in quar
tiles from 0–28 d (n = 40), 28–49 d (n = 30), 49–70.2 d (n = 32), 
and 70.2–144 d (n = 34). Response rates appeared to decrease 
with shorter time-to-steroid initiation at 32.5%, 50.0%, 65.6%, 
73.5% for quartiles increasing in time-to-steroid as listed pre
viously. Median PFS by increasing quartile was 5.36, 7.84, not 
reached, and 70.92 months, respectively. Median OS was 23.6, 
32.6 months and not reached in the quartiles beyond 49 d. 
Differences in response (p = 0.002), PFS (p = 0.009), and OS (p  
= 0.002) were significant (Figure 2).

Multivariable regression: cumulative and peak dose, 
time-to-steroids, and use of additional 
immunosuppressants

Given that outcomes may be impacted by a multitude of factors 
apart from steroid use, we conducted multivariable regression 
analyses adjusting for several covariates including institution, 
age, sex, primary tumor, M stage, prior therapy, ECOG per
formance status, LDH elevation, baseline steroid use, use of 
steroid replacement for adrenal insufficiency, time to first 

steroid, peak steroid dose, cumulative steroid dose, and use of 
additional immunosuppressants.

In subgroup analysis of patients receiving steroids for an 
irAE, increased time-to-steroid was significantly associated 
with improved response (aOR, 1.026 [95% CI 1.011–1.041] 
p < 0.001), PFS (aHR, 0.986 [95% CI 0.977–0.994] p = 0.001), 
and OS (aHR, 0.983 [95% CI 0.973–0.993] p < 0.001). Higher 
peak steroid dose was significantly associated with poorer 
PFS (aHR, 1.002 [95% CI 1.000–1.003] p = 0.005), and OS 
(aHR, 1.002 [95% CI 1.001–1.004] p = 0.003). Likewise, use 
of additional immunosuppressants was associated with 
poorer OS (aHR, 1.941 [95% CI 1.123–3.357] p = 0.018). 
Cumulative dose was not significantly associated with 
response and was not retained in the final models for OS 
and PFS by backward selection. Acral/mucosal/uveal pri
mary tumor type was associated with poorer response, 
while prior therapy was associated with poorer OS (aHR, 
3.037 [95% CI 1.245–7.410] p = 0.015). Both ECOG perfor
mance status of 1–3 (aHR, 0.535 [95% CI 0.306–0.936] p =  
0.029) and use of replacement steroid therapy for adrenal 
insufficiency (HR, 0.441 [95% CI 0.216–0.897] p = 0.024) 
were associated with improved OS (Figures 3, 4 through 5).

In the entire study population (n = 226), presence of an irAE 
(aOR, 3.57 [95% CI 1.271–10.021] p = 0.016) and use of repla
cement steroid therapy for adrenal insufficiency (aOR, 2.19 
[95% CI 1.003–4.760] p = 0.049) were significantly associated 
with improved response, while acral/mucosal/uveal primary 
tumor types were significantly associated with lowered 
response (aOR, 0.237 [95% CI 0.092–0.612] p = 0.003). 
Similarly, the presence of an irAE, male sex, and the use of 

Figure 1. Kaplan–Meier curves for PFS and OS in patients with and without irAEs (top panel) and in patients who received steroids for an irAE, patients who developed 
an irAE but did not receive steroids, and patients without irAEs (bottom panel).
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replacement steroid therapy for adrenal insufficiency were 
significantly associated with improved PFS and OS. Baseline 
use of steroids was significantly associated with poorer PFS and 
OS, while higher M stage (M1c/M1d) was significantly asso
ciated with poorer PFS only (Supplemental Figure S2). Receipt 
of steroids for an irAE was not significantly associated with 
response, PFS, or OS.

Nivolumab/relatlimab cohort

We identified 42 patients treated with nivolumab/relatlimab 
(Supplemental Table S1). Median age was 74 y, 26 patients (62%) 
were male, 50% had stage IV M1c/d disease, and 17 (40%) had 
prior therapy. As with ipilimumab and nivolumab, outcomes were 
improved in patients with irAEs (n = 25) vs. those without (n = 17) 
for response (60% vs. 11.8%, p = 0.005), PFS (median 31.5 vs. 9.0  

Figure 2. Kaplan–Meier curves for PFS and OS in patients who received steroids for an irAE divided into dose quartiles (top panel) and in patients who received steroids 
for an irAE divided into time-to-first-steroid exposure quartiles (bottom panel.) peak dose quartiles shown are 5–60 mg (n = 49), 60–80 mg (n = 20), 80–150 mg (n = 36), 
and 150–1250 mg (n = 31) in prednisone equivalents. Time-to-first-steroid exposure quartiles shown are from 0–28 d (n = 40), 28–49 d (n = 30), 49–70.2 d (n = 32), and 
70.2–144 d (n = 34).

Figure 3. Table and forest plot demonstrating odds ratios (OR) for response and covariates listed among patients who received steroids for an irAE (n = 136). The logistic 
regression model was significant for primary tumor (acral/mucosal/uveal) and time-to-first-steroid initiation. Significant ORs are denoted in red.
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months, p = 0.002), and OS (median 96.4 vs. 19.3 months, p <  
0.001). In contrast, there were only non-statistically significant 
trends toward improvement among patients who received steroids 
for irAEs (n = 16) vs. those who did not (n = 26) for response 
(62.5% vs. 26.9%, p = 0.05), PFS (median 19.5 vs. 12.9 months, p  
= 0.16) and OS (median 96.4 vs. 67.4 months, p = 0.18) 
(Supplemental Figure S3). There was no clear difference in clinical 
outcome based on peak steroid dose, although only 16 patients 
received steroids.

Discussion

In this multicenter retrospective cohort study, we identified 
several factors related to steroid use for irAEs that impacted 
response, PFS, and OS. Steroid use overall did not impact 
outcomes; however, both univariate and multivariate analyses 
suggested that shorter time to steroid administration, higher 
peak dose of steroids, and use of additional immunosuppres
sants did correlate with inferior clinical outcomes. In contrast, 
cumulative (total) dose was not significantly associated with 

Figure 4. Table and forest plot demonstrating hazard ratios (HR) for PFS and covariates listed among patients who received steroids for an irAE (n = 136). The cox 
regression model was significant for time-to-first-steroid initiation and peak steroid dose. Significant HRs are denoted in red.

Figure 5. Table and forest plot demonstrating hazard ratios (HR) for OS and covariates listed among patients who received steroids for an irAE (n = 136). The cox 
regression model was significant for all covariates listed, except age and primary tumor (acral/mucosal/uveal), including prior therapy, ECOG 1–3, time-to-first-steroid 
initiation, peak steroid dose, use of additional immunosuppressants, and use of adrenal replacement dose steroid therapy following irAE development. Significant HRs 
are denoted in red.
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outcomes, at least once controlled for peak dose. In addi
tion, baseline use of steroids (such as for cancer-related 
symptoms) was significantly associated with poorer PFS 
and OS.

Most patients treated with ipilimumab and nivolumab (81.0%) 
experienced any grade irAE, reflective of the toxicity profile of dual 
checkpoint blockade with ipilimumab and nivolumab. Patients 
lacking irAEs had dismal outcomes, with ORR < 20%. Although 
similar trends have been reported with anti-PD-1 monotherapy, 
this striking finding suggests that patients who lack even minor 
irAEs with combination checkpoint blockade may lack the ability 
to mount any kind of robust immune response.3,16,17

The severity and steroid-responsiveness of an irAE fre
quently dictates management of irAEs regarding dose, time- 
to-initiation, and use of additional steroid sparing agents, 
which have demonstrated variable association with outcomes. 
A recent multicenter study also found that high corticosteroid 
peak dose was associated with worse PFS and OS (aHR 1.14; 
95% CI 1.01–1.29; aHR 1.29; 95% CI 1.12–1.49 for 80 vs 40  
mg), while cumulative dose was not.18 Methylprednisolone 
pulse dosing (500–1000 mg) was also associated with poorer 
OS and PFS in one study.19 Our study findings are consistent 
with these prior studies, adding to a growing body of literature 
regarding the effect of peak steroid doses on therapeutic 
outcomes.

Several studies also report timing of steroid initiation may 
play a role, with initiation within 4 weeks or under 2 months, 
impacting PFS and OS, respectively.12,13 We similarly saw an 
association between greater time-to-steroid initiation and 
improved response, PFS, and OS.

The use of additional steroid-sparing immunosuppressants 
in cases of steroid-refractory irAEs is also relatively common. 
In some studies, as in our present study, they have been 
associated with worse PFS and OS, with others demonstrating 
improved OS and PFS compared with patients being treated 
with steroids alone.18,20–22

To our knowledge, we also performed the first assessment of 
steroid dose and nivolumab/relatlimab outcomes. We observed 
broadly similar trends, with poor outcomes for patients lacking 
all irAEs, and no obvious impact of steroid administration. 
However, the sample size (particularly the number of patients 
receiving steroids) did not allow for more nuanced considera
tions, and larger cohorts will be needed to provide more 
granularity for PD-1/LAG-3 blockade.

The relation between irAEs, steroids, and clinical outcomes 
has been nuanced and ill-defined, but our study and other recent 
data have provided some clarity. First, irAEs, particularly asso
ciated with combination PD-1/CTLA-4 blockade clearly associ
ate with superior outcomes. Second, low doses of steroids and 
those given later in a patient’s course (e.g. >50 d in our study) do 
not appear to severely hamper ongoing immune responses, 
although higher doses, earlier administration, and additional 
agents could potentially blunt the anti-tumor response. Finally, 
peak steroid dose, but not total dose, correlates with worse 
outcomes, although the two are inextricably entwined. Despite 
these findings, steroids remain a cornerstone of management, 
though efforts to test lower doses (and perhaps delay adminis
tration) are needed. Ultimately, the immediate risk of severe, 

life-threatening adverse events must be balanced with the risk of 
potential detriment to ICI effectiveness when determining 
a treatment approach.
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