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ABSTRACT
◥

Purpose: Programmed cell death receptor-1 (PD-1) inhibitors
are frontline therapy in advanced melanoma. Severe immune-
related adverse effects (irAEs) often require immunosuppressive
treatment with glucocorticoids (GCCs), but GCC use and its
correlation with patient survival outcomes during anti–PD-1
monotherapy remains unclear.

Experimental Design: In this multicenter retrospective anal-
ysis, patients treated with anti–PD-1 monotherapy between 2009
and 2019 and detailed GCC use, data were identified from five
independent cohorts, with median follow-up time of 206 weeks.
IrAEs were tracked from the initiation of anti–PD-1 until disease
progression, initiation of a new therapy, or last follow-up.
Correlations between irAEs, GCC use, and survival outcomes
were analyzed.

Results: Of the entire cohort of 947 patients, 509 (54%) devel-
oped irAEs. In theMGH cohort [irAE(þ) n¼ 90], early-onset irAE
(within 8 weeks of anti–PD-1 initiation) with high-dose GCC use

(≥60-mg prednisone equivalent once a day) was independently
associated with poorer post-irAE PFS/OS (progression-free surviv-
al/overall survival) [post-irAE PFS: HR, 5.37; 95% confidence
interval (CI), 2.10–13.70; P < 0.001; post-irAE OS: HR, 5.95;
95% CI, 2.20–16.09; P < 0.001] compared with irAEs without early
high-dose GCC use. These findings were validated in the combined
validation cohort [irAE(þ) n ¼ 419, post-irAE PFS: HR, 1.69; 95%
CI, 1.04–2.76; P¼ 0.04; post-irAE OS: HR, 1.97; 95% CI, 1.15–3.39;
P ¼ 0.01]. Similar findings were also observed in the 26-week
landmark analysis for post–irAE-PFS but not for post–irAE-OS. A
sensitivity analysis using accumulated GCC exposure as the mea-
surement achieved similar results.

Conclusions: Early high-dose GCC use was associated with
poorer PFS and OS after irAE onset. Judicious use of GCC early
during anti–PD-1 monotherapy should be considered. Further
prospective randomized control clinical trials designed to explore
alternative irAE management options are warranted.

Introduction
The addition of programmed cell death receptor-1 (PD-1) inhib-

itory antibodies to the arsenal of therapies for the treatment of
advanced melanoma has greatly improved the outcome of these
patients, with unique but generally manageable toxicities (1–3). The
mechanism of action of anti–PD-1 therapy gives rise to a potential

immune response against self-antigens that can lead to the emergence
of immune-related adverse effects (irAEs; refs. 4, 5). On the basis of this
intrinsically shared mechanism behind anti–PD-1 efficacy and irAEs,
it has been reported that irAEs were associated with higher objective
response rate (ORR) in advanced melanoma and longer relapse-free
survival (RFS) when given in the adjuvant setting (6, 7). A long-
standing concern has been that immunosuppressive agents (generally
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systemic glucocorticoids, GCCs) to treat moderate or severe irAEs,
might impair the efficacy of anti–PD-1. This concern has been
supported by accumulating data in similar situations, specifically
high-dose GCCs for ipilimumab-associated hypophysitis (8), baseline
GCC use before anti–PD-1/PD-L1 blockade (9) and shorter RFS with
extended use of GCCs in the adjuvant setting (7). Still, the impact of
high-dose GCCs for the management of irAEs after anti–PD-1 mono-
therapy initiation (5) remains unclear. To address these issues, we
performed a retrospective analysis on 947 patients with advanced
unresectable stage III or stage IV melanoma (Supplementary Table)
treated with anti–PD-1 monotherapy at five independent cancer
centers and analyzed the correlation between survival, irAE and the
impact of GCC exposure. We defined irAE as any AEs deemed
immunologic in nature by treating clinical team.

Materials and Methods
Patients

Patients with advancedmelanoma treated with anti–PD-1 antibody
monotherapy (no prior anti–PD-1 exposure, initiated between May
2009 and Aug 2019) and with detailed GCC use data available were
identified at Massachusetts General Hospital Cancer Center (MGH),
Vanderbilt University Medical Center (VUMC), Memorial Sloan
Kettering Cancer Center (MSKCC), Melanoma Institute Australia
(MIA), and Dana-Farber Cancer Institute (DFCI). Last follow-up was
in January 2021. All patients treated both within and outside clinical
trial settings were included. Medical notes of each patient were
reviewed and data independently QCed. The following clinical data
were collected: baseline demographics, melanoma pertinent informa-
tion [subtype, mutational status, AJCC stage, baseline lactate dehy-
drogenase (LDH)], previous treatment(s), survival, irAEs, and detailed
use ofGCC(s) (when given at the peak dose of above 30-mg prednisone
equivalent per day), including peak dose (expressed as mg pred-
nisone equivalent), and detailed tapering schedule. Effectiveness of
anti–PD-1 monotherapy was determined by local radiologists or
interpretation of radiology reports/physical exam by treating phy-
sicians. All participant centers used 12 weeks as the standard
imaging schedule. Our primary goal was annotation of GCC(s)
treatment and its correlation with anti–PD-1 monotherapy effec-
tiveness (survival outcomes). This study has been conducted in
compliance with Declaration of Helsinki, and informed written
consent was obtained from each patient or each patient’s guardian
when local IRB considered necessary.

Assessments of irAE and effectiveness of anti–PD-1
monotherapy

irAEs were defined as any AE deemed immunologic in nature by
treating clinicians. They were assessed until disease progression
(PD), initiation of a new therapy, or last follow-up. They were
graded on the basis of clinical descriptions from medical notes,
clinical trial data, and/or by the National Cancer Institute Common
Terminology Criteria for Adverse Events version 4.0 when objec-
tively based and to the best of the clinical judgement. All datasets
were independently evaluated by a second, independent clinician to
assure accuracy. All irAEs were included for the cohorts of MGH,
VUMC, MSKCC and MIA for irAE subtype and GCC exposure
specific analyses. The initial irAE, first GCC-associated irAE, and
first grade 3/4 irAE were included in the cohort of DFCI for the
purpose of GCC exposure-specific analyses. Because of feasibility
and scientific rationale (10), the detailed usage of GCC was collected
only for GCC above 30-mg prednisone equivalent per day. IrAE of
interest was defined as the first irAE that led to the use of GCC above
30-mg prednisone equivalent once a day or the initial irAE of a
patient if no GCC above 30-mg prednisone equivalent once-a-day
dose was given. For progression-free survival (PFS) and overall
survival (OS), the start date of anti–PD-1 monotherapy was used
as the index date. Post-irAE PFS and post-irAE OS were defined as
the period from onset date of irAE of interest to disease progression/
death or last follow-up time and were chosen as survival endpoints
for the association analysis between high-dose GCC use and survival
to eliminate the immortal time bias. High-dose GCC was defined as
equal to or above 60-mg prednisone equivalent once a day.

To allow for the duration andmagnitude of the tapering schedule to
be taken into consideration, a sensitivity test assessing the correlation
between accumulated GCC exposure and survival outcomes was
performed. R package “maxstat” was used to determine the threshold
for dichotomization that maximizes the post-irAE PFS difference
using log-rank as the computed statistic and Hothorn & Lausen as
the approximation of P value (11). The cutoff value for the accumu-
lated GCC exposure dichotomization was calculated in the MGH
cohort as 306-mg prednisone equivalent (as an example, 60 mg daily
for 5 days would be 300 mg). Thus, patients with accumulated GCC
exposure of above 300-mg prednisone equivalent was defined as high-
accumulated GCC exposure.

Statistical analysis
The MGH cohort was used as the exploratory cohort. VUMC,

MSKCC, MIA, and DFCI were combined as validation for correlation
analysis of initial irAE and survival, as well as GCC exposure and
correlation with post-irAE survival. Because of the discrepancy of
data collection for irAEs, only VUMC, MSKCC, and MIA (DFCI
excluded) was used as the validation cohort for the irAE subtype
specific analyses (Fig. 1). Categorical variables were summarized by
frequency and percentage whereas the continuous variables were
summarized by median and range.

The relationships between irAE incidence and PFS/OS were ana-
lyzed using univariate and multivariate extended Cox models with
onset of irAE as a time-dependent covariate to adjust for the immortal
time bias. Analyses of specific irAE subtypes with respect to PFS/OS
were conducted between the patients who experienced the specific
subtype of irAE and patients who did not, regardless of the presence of
other irAE subtypes.

The distributions of post-irAE PFS and post-irAE OS were sum-
marized using Kaplan–Meier analysis and compared by the log-rank
test. Multivariable Cox proportional hazards regression models were

Translational Relevance

Anti–PD-1 monotherapy as the standard-of-care treatment for
patients with advanced melanoma has brought in substantial
survival improvement at the cost of irAEs. Instinctively, the use
of immunosuppressive agents (systemic glucocorticoids, GCC) to
treat severe irAEs might impair the efficacy of anti–PD-1 mono-
therapy. Here, we report the results of a large sample cohort
study [in total n ¼ 947; irAE(þ) n ¼ 509] demonstrating that
early onset severe irAEs (within 8 weeks after anti–PD-1 mono-
therapy initiation) that led to early use of high-dose GCC (≥60-mg
prednisone equivalent once a day) are associated with more rapid
disease progression and poorer OS in both exploratory and com-
bined validation cohorts. These findings trigger caution, given the
widespread use of high-dose GCCs for the treatment of irAEs.
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used to adjust for potential imbalanced prognostic factors among
different groups, including previous treatment(s), baseline LDH, M
stage, melanoma subtypes, and hospital/institute (for the combined
validation cohort).

For landmark analyses, two preset landmarks, namely week 8
(2 months, approximation of median high-dose GCC–associated
irAE onset time in the MGH exploratory cohort) and week 26
(6 months, approximation of 90th percentile of high-dose GCC–
associated irAE onset time in the MGH exploratory cohort) were
used (Fig. 1). Patients who already experienced the progression and
survival events by landmark time points were excluded from the
post-irAE PFS and post-irAE OS landmark analyses, respectively.
High-dose GCC–associated irAEs (defined as those led to the
use of GCC with peak dose ≥60-mg prednisone equivalent once
a day; approximation of guideline-recommended dosage) occurring
within 8/26 weeks after anti–PD-1 monotherapy initiation were
treated as positive; otherwise, those occurring after this time frame,
or irAEs that did not lead to high-dose GCC use, were treated as
negative. In the sensitivity analysis, high-accumulated GCC expo-
sure–associated irAEs (defined as those led to the accumulated
exposure of GCC > 300-mg prednisone equivalent) occurring
within 8/26 weeks after anti–PD-1 monotherapy initiation were
treated as positive; otherwise, those occurring after this time frame,
or irAEs that did not lead to high-accumulated GCC exposure, were
treated as negative.

Statistical tests were two-sided, and P < 0.05 was defined as
statistically significant. All analyses were performed using R version
3.6.0. (R packages survival, survminer, maxstat, and ggplot2).

Results
In total, 947 patients with advanced melanoma treated with anti–

PD-1 monotherapy were identified from five independent centers in
the US and Australia (MGH, n ¼ 169; VUMC, n ¼ 246; MSKCC,
n ¼ 311; MIA, n ¼ 114; DFCI, n ¼ 107). The median follow-up time
was 206 weeks (IQR, 146–274). Baseline characteristics and general
survival data of the entire cohort are shown in Supplementary Table S1
(online only).

IrAEs of any grade occurred in 509/947 (54%) of the combined
MGH, VUMC, MSKCC, MIA, and DFCI cohorts. Median irAE onset
time was 9 weeks after anti–PD-1 monotherapy initiation. Detailed
irAE characteristics are listed in Supplementary Tables S2–S4 (online
only). Occurrence of any irAE (regardless of type or severity) was not
significantly associated with PFS in both exploratory and validation
cohorts. Occurrence of any irAE was not associated with OS in the
exploratory cohort (HR, 0.80; 95% CI, 0.48–1.33; P ¼ 0.38), but was
associated with better OS in the validation cohort (HR, 0.63; 95%
CI, 0.51–0.78; P < 0.001; Supplementary Table S5, online only).
We then explored the correlation between irAEs and survival
outcomes based on the system affected after adjustment for

Patients from six independent melanoma centers

(n = 947) 

All irAE data collected Selected irAE data collected*
MGH (n = 169) VUMC (n = 246)
MSKCC (n = 311) MIA (n = 114) 

DFCI (n = 107)

PatIents with irAEs (post-irAE survival analysis)

(n = 509)
Exploratory cohort Validation  cohort (n = 419)

MGH (n = 90) VUMC (n = 101) 
MSKCC (n = 170)
MIA (n = 97)
DFCI (n = 51)

IrAE occurrence and its correlation with PFS/OS

(the initial irAE per individual patient) 
(n = 947)

Exploratory cohort
MGH (n = 169)

Validation cohort (n = 778)
VUMC (n = 246)
MSKCC (n = 311)
MIA (n = 114)
DFCI (n = 107)

High-dose-GCC# and its correlation with
survival

Whole population analysis

Exploratory cohort (MGH, n = 169)
High-dose-GCC (+) (n = 29)
High-dose-GCC(–) (n = 140)

Validation cohort (combined, n = 778)
High-dose-GCC(+) (n = 90)

    VUMC (n = 28)
    MSKCC (n = 35)
    MIA (n = 17)
    DFCI (n = 10)
High-dose-GCC(–) (n = 688) 
    VUMC (n = 218)
    MSKCC (n = 276)
    MIA (n = 97)
    DFIC (n = 97)

Landmark analysis for post-irAE PFS

Exploratory cohort (MGH)
8-week (n = 83) 26-week (n = 52)

Positive (n = 11)
Negative (n = 72)

Positive (n = 12)
Negative (n = 40)

Validation cohort (combined)
8-week (n = 404) 26-week (n = 321)

Positive (n = 26)
Negative (n = 378)

Positive (n = 37)
Negative (n = 284)

Landmark analysis for post-irAE OS

Exploratory cohort (MGH)
8-week (n = 88) 26-week (n = 84)

Positive (n = 12)
Negative (n = 76)

Positive (n = 25)
Negative (n = 59)

Validation cohort (combined)
8-week (n = 418) 26-week (n = 397)

Positive (n = 29)
Negative (n = 389)

Positive (n = 48)
Negative (n = 349)

(n = 840)
Exploratory cohort

MGH (n = 169)

Validation cohort (n = 671)
VUMC (n = 246)
MSKCC (n = 311)
MIA (n = 114)

with PFS/OS

Figure 1.

Patient populations included in this retrospective study. Overview of IrAEs and correlation with survival. �Selected irAEs are defined as the initial irAE, first
GCC-associated irAE, and first grade 3/4 irAE per individual patient. #High-dose GCC exposurewas defined as peak dose ≥60-mg prednisone equivalent once a day.
For 8/26-week landmark analysis, high-GCC exposure–associated irAEs occurring within 8/26 weeks after anti–PD-1 monotherapy initiation, respectively, were
treated as positive; otherwise, those occurring after this time frame, or irAEs that did not lead to high-dose GCC use, negative.
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immortal time bias in the cohorts with detailed data of all irAEs
available (MGH as exploratory and VUMC/MSKCC/MIA com-
bined as validation). In multivariate analysis, no irAE subtypes were
associated with either PFS or OS in the MGH (exploratory) cohort
that was validated in the VUMC/MSKCC/MIA combined cohort
(Supplementary Table S6, online only).

GCC use and correlation with PFS/OS
Overall, 164/509 (32%) patients who were irAE(þ) received GCC

with the peak dose >30-mg prednisone equivalent per day, among
whom 59 (11%) had the peak dose ≥100 mg, 60 (12%) between 60 and
100 mg, and 45 (9%) had between 30 and 60 mg. When taking into
account the duration of GCC use, 73 (15%) patients had the accu-
mulated GCC exposure (calculated as the area under the GCC dose-
time curve) above 1,000-mg prednisone equivalent, 63 (12%) had
between 300 and 1,000mg. Themedian time of tapering to a lower dose
was 6 days. Details are listed in Table 1.

When using the peak dose of ≥60-mg prednisone equivalent once a
day as the threshold of high-dose GCC (approximation of guideline-
recommended dosage), there were 119 (23%) patients treated with
high-dose GCC.

The most commonly seen irAE subtypes that led to the use of
high-dose GCC involved gastrointestinal (n ¼ 33, 28%), respiratory
(n ¼ 31, 26%), and hepatic (n ¼ 20, 17%) systems (Table 2). In uni-
and multivariate analyses adjusting for prognostic factors, including
previous treatment(s), baseline LDH, M stage, melanoma subtypes,
BRAF mutational status, and hospital/institute (for the combined
validation cohort), high-dose GCC–associated irAE (treated as a
time-dependent variable, adjusted for immortal time bias) was
correlated with significantly poorer PFS in the MGH cohort (HR,
1.79; 95% CI, 1.05–3.06; P ¼ 0.03), and with a trend in the
multicenter validation cohort (HR, 1.29; 95% CI, 0.95–1.75; P ¼

0.11; Table 3). High-dose GCC–associated irAE was not associated
with OS in either MGH exploratory or combined validation cohort
(Supplementary Table S7, online only). A sensitivity test using

Table 1. GCC usea in the irAE(þ) subgroup in different cohorts (n ¼ 509).

Number (%)

Entire cohort MGH
Combined
validation cohort

GCC use (n ¼ 509) (n ¼ 90) (n ¼ 419)

GCC peak dose
(mg once-a-day prednisone equivalent)
[300– > 1,000] 11 (2) 6 (7) 5 (1)
[100–300] 48 (9) 10 (11) 38 (9)
[60–100] 60 (12) 13 (14) 47 (11)
[30–60] 45 (9) 6 (7) 39 (9)
[0–30] 345 (68) 55 (61) 290 (69)

Accumulated GCC exposure
(mg prednisone equivalent)a

[3,000– >10,000] 18 (4) 6 (7) 12 (3)
[1,000–3,000] 55 (11) 10 (11) 45 (11)
[500–1,000] 42 (8) 9 (10) 33 (8)
[300–500] 21 (4) 4 (4) 17 (4)
[0–300] 28 (6) 6 (7) 22 (5)
0 345 (68) 55 (61) 290 (69)

Mean tapering schedule (d)a,b (n ¼ 164) (n ¼ 35) (n ¼ 129)
Median (d) 6 6 6
(7– > 14) 52 (32) 11 (31) 41 (32)
[5–7] 42 (26) 10 (29) 32 (25)
[3–5] 44 (27) 5 (14) 39 (30)
[1–3] 26 (16) 9 (26) 17 (13)

aGCC data collected at the peak dose of >30-mg prednisone equivalent once a day only.
bMean duration of GCC given at each single dose during tapering.

Table 2. Overview of irAEs that led to GCC with peak dose
≥60-mg prednisone equivalent once a day (n ¼ 119).

Number (%)
Entire
cohort

MGH
cohort

Combined
validation

IrAE leading to
high-dose
GCC use (n ¼ 119) (n ¼ 29) cohort (n ¼ 90)

Median onset time (range,
wk)

15 (0.1–269) 10 (1–96) 16 (0.1–269)

Grade
1 5 (4) 2 (7) 3 (3)
2 42 (35) 8 (28) 34 (38)
3 58 (49) 14 (48) 44 (49)
4 13 (11) 4 (14) 9 (10)
NA 1 (1) 1 (3) 0

Anti–PD-1 monotherapy
Discontinuation 77 (65) 19 (66) 58 (64)
No discontinuation 41 (34) 10 (34) 31 (34)
NA 1 (1) 0 1 (1)

System involved
GI 33 (28)a 8 (28) 25 (28)a

Endocrine 4 (3) 3 (10) 1 (1)
Musculoskeletal 2 (2) 0 2 (2)
Skin 6 (5) 0 6 (7)
Respiratory 31 (26) 5 (17) 26 (29)
Liver 20 (17)a 5 (17) 15 (17)a

Others 24 (20) 8 (28) 16 (18)

Abbreviation: NA, not available.
aOne patient developed irAEs-affecting GI and liver simultaneously.
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accumulated GCC exposure as the measurement also demonstrated
significant correlation between high accumulated GCC exposure
and poorer PFS and the lack of correlation in OS (Supplementary
Table S8).

GCCwas given either intravenously or orally. IntravenousGCCwas
generally given at a higher dose (Supplementary Table S9) and was
always tapered down to oral GCC. Further analyses comparing the
survival between patients with intravenous GCC use versus without
yielded negative results after the adjustment of GCC peak dose and
other above-mentioned prognostic factors (Supplementary Table S10,
online only).

Timing of GCC use and its correlation with post-irAE PFS/OS in
patients who are irAE(+)

Our previous data showed that major antitumor response was
established within 6 months after anti–PD-1 monotherapy initia-
tion (12), we thus hypothesized the timing of high-dose GCC use
in patients who were irAE(þ) may affect subsequent outcomes.
Noticeably, there was a high degree of variability in terms of
onset time of high-dose GCC–associated irAEs (Table 2). Thus,

to directly assess the influence of GCC on survival outcomes and to
eliminate the lead-in time bias of irAE occurrence, we used the
endpoints of post-irAE PFS/OS and two preset landmarks (namely
week 8 and 26).

Early onset (both within 8 and 26 weeks after anti–PD-1 mono-
therapy initiation) irAEs that led to the use of high-dose GCC were
associated with poorer post-irAE PFS in the MGH cohort (with
statistical significance for 8-week landmark analysis and marginal
significance for 26-week) and this was validated in the combined
cohort (Table 4). The median post-irAE PFS was 8 weeks (95% CI, 6
to not reached) versus 90 weeks (95% CI, 67 to not reached) in
the MGH cohort (HR, 5.37; 95% CI, 2.10–13.70; P < 0.001,
multivariate analysis), and 38 weeks (95% CI, 25–85) versus
114 weeks (95% CI, 87–182) in the combined validation cohort
(HR, 1.69; 95% CI, 1.04–2.76; P ¼ 0.04, multivariate analysis), for
patients with and without irAEs leading to high-dose GCC use
within 8 weeks after anti–PD-1 initiation, respectively. In the 26-
week landmark analysis, corresponding median post-irAE PFS was
77 weeks (95% CI, 26 to not reached) versus not reached (95% CI,
90 to not reached) in the MGH cohort (HR, 2.49; 95% CI, 0.87–7.12;
P ¼ 0.09, multivariate analysis), and 67 weeks (95% CI, 38 to not
reached) versus 326 weeks (95% CI, 173 to not reached) in
the combined validation cohort (HR, 1.93; 95% CI, 1.19–3.13;
P ¼ 0.008, multivariate analysis), respectively.

We further tested the correlation between irAEs that led to the
use of high-dose GCC and post-irAE OS. Notably, in the 8-week
landmark analysis, irAEs that led to high-dose GCC were associ-
ated with poorer post-irAE OS in both cohorts. For patients with
and without high-dose GCC–associated irAEs within 8 weeks after
anti–PD-1 monotherapy initiation, the median post-irAE OS
was 48 weeks (95% CI, 39 to not reached) versus not reached
(95% CI, 189 to not reached) in the MGH cohort (HR, 5.95; 95%
CI, 2.20–16.09; P < 0.001, multivariate analysis). In the combined
validation cohort, it was 126 weeks (95% CI, 70 to not reached)
versus 289 weeks (95% CI, 240 to not reached; HR, 1.97; 95% CI,
1.15–3.39; P ¼ 0.01, multivariate analysis; Fig. 2, Table 4; Sup-
plementary Fig. S1, online only). In the 26-week landmark analysis,
marginal significant negative correlation between high-dose GCC–

Table 3. High-dose GCC (peak dose ≥60-mg prednisone
equivalent once a day)–associated irAEs and their association
with PFS in the MGH and multicenter validation cohorts.

MGH cohort
Validation
cohort

(n ¼ 169) (n ¼ 778)

Survival
type

Analysis
type

HR (95% CI) P HR (95% CI) P

PFS Univariate 2.21 (1.32–3.70) 0.003 1.33 (0.98–1.79) 0.06
Multivariatea 1.79 (1.05–3.06) 0.03 1.29 (0.95–1.75) 0.11

aOther covariates included in the multivariate Cox proportional hazard regres-
sion model were melanoma subtype (cutaneous vs. noncutaneous), previous
treatment (yes vs. no), BRAF mutation status (BRAF V600 mutant versus wild-
type), M stage (M1a, M1b, M1c, M1d, M0), LDH elevation at baseline (yes vs. no),
different melanoma institute within the validation cohort (VUMC, MSKCC, MIA,
DFCI).

Table 4. Early high-dose GCC–associated irAEs and their correlations with post-irAE PFS and post-irAE OS.

MGH cohort Validation cohort
Landmark Survival type Analysis type HR (95% CI) P HR (95% CI) P

8-week
(n ¼ 83; positive, n ¼ 11) (n ¼ 404; positive, n ¼ 26)

Post-irAE PFS Univariate 6.28 (2.67–14.75) <0.001 1.78 (1.11–2.85) 0.02
Multivariate 5.37 (2.10–13.70) <0.001 1.69 (1.04–2.76) 0.04

(n ¼ 88; positive, n ¼ 12) (n ¼ 418; positive, n ¼ 29)
Post-irAE OS Univariate 5.46 (2.45–12.16) <0.001 1.91 (1.14–3.21) 0.01

Multivariate 5.95 (2.20–16.09) <0.001 1.97 (1.15–3.39) 0.01
26-week

(n ¼ 52; positive, n ¼ 12) (n ¼ 321; positive, n ¼ 37)
Post-irAE PFS Univariate 2.26 (0.90–5.68) 0.08 1.79 (1.13–2.82) 0.01

Multivariate 2.49 (0.87–7.12) 0.09 1.93 (1.19–3.13) 0.008
(n ¼ 84; positive, n ¼ 25) (n ¼ 397; positive, n ¼ 48)

Post-irAE OS Univariate 2.15 (0.99–4.65) 0.05 1.17 (0.73–1.88) 0.51
Multivariate 2.25 (0.96–5.31) 0.06 1.18 (0.71–1.98) 0.52

Note: Other covariates included in the multivariate Cox proportional hazard regression model were melanoma subtype (cutaneous vs. noncutaneous), previous
treatment (yes vs. no), BRAFmutation status (V600mutant versuswild-type),M stage (M1a,M1b,M1c,M1d,M0), LDHelevation at baseline (yes vs. no), andmelanoma
institute within the validation cohort (VUMC, MSKCC, MIA, DFCI).
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associated irAEs and post-irAE OS was only observed in the MGH
exploratory cohort but not in the combined validation cohort
(Table 4, Supplementary Fig. S1, online only).

Sensitivity tests using accumulated GCC exposure as the measure-
ment yielded similar results at both 8- and 26-week landmarks
(Supplementary Table S11).

Discussion
PD-1 blockade has improved survival outcomes for patients with

advanced melanoma at the expense of irAEs. Early data (6, 7) suggest
improved outcomes (ORR and RFS in the palliative and adjuvant
settings, respectively) in patients with irAEs versus those who do not
experience them, but there are no existing datasets that explore the
impact of irAE management on long-term outcomes. This report
presents the first large, multinational group of patients with both
mature follow-up and detailed information on dose and duration of
steroids. Importantly, we find that early onset irAEs (within 8 weeks)
leading to the use of high-dose GCC (≥60-mg prednisone equivalent
once a day) is correlated with poorer post-irAE PFS and post-irAE OS
compared with later-onset irAEs with high-dose GCC use, or low-
dose/no GCC use.

Although exploratory and observational, the demonstration of early
high-dose GCC–associated attenuation of anti–PD-1 effectiveness
may factor into the decision-making of treating clinicians when
considering the risk/benefit of immunosuppressive treatments of
irAEs, particularly in less severe and non–life-threatening toxicities
during the early anti–PD-1 treatment window. Furthermore, this
information should strengthen efforts to identify toxicity/mecha-
nism-specific approaches to dampen auto-immunity. It also warrants
further prospective randomized control trials (RCTs) testing alterna-
tive modalities of irAE management.

Themajor limitation of this study is that it is a retrospective analysis,
making it susceptible to potential selection, measurement, and report-
ing biases. Although we used objective measurements for most cases,
those biases cannot be entirely excluded. Over half of the irAEs that led
to early use of high-dose GCC also led to the early discontinuation of
anti–PD-1monotherapy, whichmay contribute to the poorer survival.
Given the contribution of data frommultiple high-volume centers, the
spectrum of irAEs differed among the five cohorts. Of note, we initially
considered Peking University Cancer Hospital from China as well in
the validation cohort, but elected to exclude due to conspicuous
difference in terms of irAE occurrence (lower incidence of grade
3/4 irAEs), significantly less frequent use of GCC, and higher pro-
portion of acral and mucosal melanomas, which are associated with
poorer anti–PD-1 efficacy (13).

We report that the occurrence of irAE regardless of subtype or
severity was not correlated with PFS but longer OS (in the large
combined validation cohort) after adjustment for immortal time bias,
consistent with two previous reports (6, 14). Notably, if we adopted
na€�ve COX proportional hazard regression model without immortal
time bias correction, we reached the false conclusion that irAE
occurrence was positively correlated with both PFS and OS, a finding
consistent with a previous analysis using the same model (15). This
discrepancy originated from the fact that the na€�ve COX model does
not take into consideration the intrinsic correlation between higher
irAE incidence and longer anti–PD-1monotherapy exposure, and thus
is not appropriate to use in this setting. We did not observe any
correlation between different types of irAEs and survival in this study,
not even in skin irAEs. Of note, we did not differentiate vitiligo, which
is known for its correlation with better survival in melanoma (16),
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Figure 2.

Week-8 landmark analysis for high GCC exposure–associated irAEs and its
correlationwith post-irAEPFS andpost-irAEOS. [Positive if the patientwaswith
high-dose GCC–associated irAEs (defined as those led to the use of GCC with
peak dose ≥60-mg prednisone equivalent once a day) occurring within 8 weeks
after anti–PD-1monotherapy initiation; otherwise, negative.]A,Post-irAE PFS in
theMGH exploration cohort.B, Post-irAE PFS in the combined validation cohort.
C, Post-irAE OS in the MGH exploration cohort.D, Post-irAE OS in the combined
validation cohort. In the MGH cohort, median post-irAE PFS was 8 weeks (95%
CI, 6 to not reached) and 90 weeks (95% CI, 67 to not reached) for patients with
and without high-dose GCC-associated irAEs within 8 weeks after anti–PD-1
monotherapy initiation, respectively. In the combined validation cohort, median
post-irAE PFS was 38 weeks (95% CI, 25–85) and 114 weeks (95% CI, 87–182) for
patients with and without high-dose GCC–associated irAEs within 8 weeks after
anti–PD-1 monotherapy initiation, respectively. In the MGH cohort, median post-
irAE OS was 48 weeks (95% CI, 39 to not reached) and not reached (95% CI, 189
to not reached) for patients with and without high-dose GCC–associated irAEs
within 8 weeks after anti–PD-1 monotherapy initiation, respectively. In the
combined validation cohort, median post-irAE OS was 126 weeks (95% CI, 70
to not reached) and 289 weeks (95% CI, 240 to not reached) for patients with
and without high-dose GCC–associated irAEs within 8 weeks after anti–PD-1
monotherapy initiation, respectively.
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from other skin irAEs, implicating that different types of irAEs, even
when affecting the same system,may have distinct correlation patterns
with survival. Further studies with higher granularity are warranted.

It has been reported that the use of high-dose GCCs was associated
with reduced survival in a subset of ipilimumab [anti-cytotoxic T-
lymphocyte antigen-4 (CTLA-4) antibody]-treated melanoma and
anti–PD-1 monotherapy treated patients with non–small cell lung
cancer (NSCLC; used before/at anti–PD-1 initiation, significant for
palliative indications; refs. 8, 9, 17). Also reported is a negative impact
of GCC use over 30 days on RFS in patients with stage III melanoma
who received adjuvant pembrolizumab after surgery (7). In concert
with these previous reports, we observe that high-dose GCC is
associated with poorer PFS in both the exploratory and validation
cohorts with statistical or marginal significance (Table 3), and this
observation is confirmed by the sensitivity analysis using the accu-
mulated GCC exposure as the measurement.

We also note that the use of GCC differed greatly between
different individual patients, in terms of starting time, peak dose,
tapering schedule, and accumulated exposure (Tables 1 and 2). Of
note, compared with the combined large validation cohort, MGH
demonstrated high early GCC use, higher peak doses, and higher
total exposure, whereas the likelihood of early termination of anti–
PD-1 were well balanced between MGH and the combined vali-
dation cohort.

We hypothesized that early high-dose GCC exposure, before the full
establishment of antimelanoma immune responses triggered by anti–
PD-1 antibody, together with early termination of anti–PD-1, may be
more detrimental than if this occurred later. Therefore, we carried out
two pre-set landmark analyses at weeks 8 and 26. Our data demon-
strated that high-dose GCC–associated irAEs that occurred within
8 weeks after anti–PD-1 initiation were associated with both poorer
post-irAEPFS and post-irAEOS,whichwas confirmed bymultivariate
analysis and validated by a large, multinational validation cohort, and
was further confirmed by a sensitivity analysis using the accumulated
GCC exposure as the measurement. This finding is supported by an
earlier observation of the deleterious effect of baseline GCC (in this
case >10 mg of prednisone or its equivalent) use in patients with
NSCLC (9). We acknowledge that the number of patients with early
onset high-dose GCC–associated irAEs is small, but considering the
sample size of the reference group, we believe that our observation is
not artifactual. Of note, comparedwithweek 8, the hazard ratio ofweek
26 landmark analysis dropped but was still marginally or statistically
significantly associated with poorer post-irAE PFS in uni- and mul-
tivariate analyses in the exploratory and validation cohorts, respec-
tively; but not post-irAE OS. This suggests that the timing of irAE
onset, subsequent GCC use, and anti–PD-1 termination matters. We
notice that themagnitude of correlation varied across different cohorts
and acknowledge that there might be patient selection and/or other
factors contributing to this phenomenon aside from the fact thatMGH
is the center where GCC use was heaviest. Of note, this negative
correlation between early high-dose GCC and post-irAE PFS/OS
might at least partially be attributed to associated early termination
of anti–PD-1 monotherapy observed in more than half of these
patients. Because of the observational and exploratory nature of this
study, we acknowledge that it is challenging to deconvolve whether
high-dose GCC exposure, early anti–PD-1 discontinuation, or some
unknown factors may contribute to our observations. To answer this
question, future prospective RCTs with large sample size focusing on
irAE management should be implemented to assess this question in a
more controlled fashion. Because of the lack of other superior ther-
apeutic modalities for the management of irAEs, currently GCC

remains the important option for these patients. Experimental arms
of the future RCTs should consider, including irAE management
recommendations, including early intervention for mild irAE by delay
of anti–PD-1 antibody with or without the use of lower dose GCC
exposure. Itmay also be relevant to consider quicker tapering strategies
to limit the total GCC exposure, and possible delayed use of GCC.
Given that a subset of irAEs occur abruptly with high severity andmay
be life-threatening, high-dose GCC therapy continues to be necessary
in select patients, which adds another layer of complexity on optimal
trial design. Of greater relevance to the future of the field of immu-
notherapy, this work highlights the need to develop better biomarkers
to diagnose emerging toxicities as well as need for RCTs testing
alternative management options (both in terms of alternative GCC
dosing schedules and also alternative drugs) for irAEs.
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