. eprints@whiterose.ac.uk
Whlte Rose https://eprints.whiterose.ac.uk

N
(@) Rresearch onii
N’ esearc niine Universities of Leeds, Sheffield and York

Deposited via The University of Sheffield.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/id/eprint/239158/

Version: Published Version

Article:

Gaughan, E.M., Kim, M., Mendez, |. et al. (2026) Resistance to anti-PD-1 immunotherapy
for stage Ill and IV melanoma: a global chart review study. Journal for ImmunoTherapy of
Cancer, 14 (3). e014564. ISSN: 2051-1426

https://doi.org/10.1136/jitc-2025-014564

Reuse

This article is distributed under the terms of the Creative Commons Attribution-NonCommercial (CC BY-NC)
licence. This licence allows you to remix, tweak, and build upon this work non-commercially, and any new
works must also acknowledge the authors and be non-commercial. You don'’t have to license any derivative
works on the same terms. More information and the full terms of the licence here:
https://creativecommons.org/licenses/

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

ﬁ <&, | University of

UNIVERSITY OF LEEDS & Sheffleld



mailto:eprints@whiterose.ac.uk
https://doi.org/10.1136/jitc-2025-014564
https://eprints.whiterose.ac.uk/id/eprint/239158/
https://eprints.whiterose.ac.uk/

Open access

00
*°" Journal for
... ImmunoTherapy of Cancer

To cite: Gaughan EM, Kim M,
Mendez |, et al. Resistance

to anti-PD-1 immunotherapy
for stage Ill and IV melanoma:
a global chart review study.
Journal for ImmunoTherapy
of Cancer 2026;14:014564.
doi:10.1136/jitc-2025-014564

» Additional supplemental

material is published online only.

To view, please visit the journal
online (https://doi.org/10.1136/
jitc-2025-014564).

Accepted 23 February 2026

| '.) Check for updates

© Author(s) (or their
employer(s)) 2026. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ Group.

For numbered affiliations see
end of article.

Correspondence to
Dr Xiang-Lin Tan;
xianglin.tan@merck.com

Original research

Resistance to anti-PD-1 immunotherapy
for stage III and IV melanoma: a global

chart review study

Elizabeth M Gaughan,' Miso Kim,? Ignacio Mendez
Maria Wei,®’ Alexandra So,%’ Xiaochen Zhong
.2 Stéphane Dalle,™ Caroline Robert © |
.12 Salma Alam,'® Julie Charles,'* Tessa Davies,'® Dirk Debus,'®

Ruixuan Jiang,® Tae Min Kim
Sarah Danson

Marcin Dzienis,'” Ricky Frazer,'® Christoffer Gebhardt
"9 Inga Hansen,'® Markus Vincent Heppt © ,
Lina Hildebrandt,'® James M Isaacs,?' Koung Jin Suh,?> Bhumsuk Keam © ,
Yu Jung Kim,? Thierry Lesimple,?® Philippe Saiag
325 Clemens Krepler,? Kavita Gandhi @ ,
,° Xiang-Lin Tan,® Ryan J Sullivan

Jessica C Hassel

Rosemarie Barnett
Nawab Qizilbash,*>?® Irene M Shui

ABSTRACT

Background Anti-programmed cell death protein 1 (PD-1)
immunotherapy has revolutionized the treatment of stage
Il and IV melanoma. Real-world data on its resistance

is needed to facilitate the development of combinatorial
approaches to overcome anti-PD-1 resistance.

Objectives To characterize anti-PD-1 resistance and
assess whether progressive disease assigned by clinicians
is concordant with scan data assessed by independent
central reviewers (ICR).

Methods A retrospective chart review was conducted

in adult patients with stage Ill/IV melanoma who initiated
anti-PD-1 therapy from January 2018 until 12 months
before the start of data collection at 22 sites across six
countries. Primary resistance and late relapse in the
adjuvant setting, and primary, secondary resistance, and
late progression in the advanced setting were assigned
using Society for Inmunotherapy of Cancer definitions.
Demographic and clinical characteristics by type of
resistance were compared with appropriate univariate
tests. Time to resistance (TTR) and overall survival were
analyzed using Kaplan-Meier. To compare the concordance
of progression assigned by clinicians and ICR, the positive
predictive value (PPV) was calculated in a subset of
patients.

Results Of 981 eligible patients, 738 were included. In the
adjuvant setting (n=240), 53 (22.1%) patients developed
primary resistance and 60 (25.0%) experienced late
relapse. In the advanced setting (n=498), 222 (44.6%),

50 (10.0%), and 64 (12.9%) patients developed primary,
secondary resistance, and late progression. Type of
resistance significantly differed by country, race, type of
BRAF mutation, and PD-L1 expression in both settings; and
by sex, disease stage and tumor thickness in the adjuvant
setting only (p<0.05). Mean (SD) TTR was 47.7 (1.3) and
24.2 (1.0) months in the adjuvant and advanced setting,
respectively. Patients with primary resistance had the
poorest overall survival. The PPV of progression assigned
by clinicians was 87.2% (95% Cl 72.6% to 95.7%).

2 Aparna D Rao @ *°

8
1A

&7 Carola Berking @ ,

,'® Glenn Geidel © '8
8,20

2
24 Alicia Delibes,®

3

27

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Many patients with melanoma fail to respond to
anti-programmed cell death protein 1 (PD-1) treat-
ment or relapse after initial clinical benefit, and
there is limited real-world data on the distribution
and characteristics of such patients.

WHAT THIS STUDY ADDS

= This real-world study applied harmonized Society
for Immunotherapy of Cancer definitions of PD-1
resistance in adjuvant and advanced stage IlI/IV
melanoma and identified-associated clinical and
molecular factors. Resistance or late relapse/pro-
gression was common, with patterns varying by
country, race, BRAF mutation type, PD-L1 expres-
sion and, in the adjuvant setting, by sex, stage, and
tumor thickness. There was a high concordance
between clinician and independent central review
assessments of progression.

HOW THIS MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study highlights a global unmet need in PD-1-
resistant melanoma and potential factors for patient
stratification and supports the use of clinician-
assessed evaluation of progression in future studies.

Conclusions This study showed that a substantial
proportion of patients with melanoma receiving anti-PD-1
therapy in the adjuvant (47.1%) and advanced (67.5%)
settings developed resistance or late relapse/progression,
highlighting an unmet medical need. Real-world clinical
practice provided a reliable assessment of progression.
Factors associated with different types of resistance were
identified. Further study is warranted to evaluate their
impact on patient risk stratification. (Graphical abstract)
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BACKGROUND

Although immune checkpoint inhibitors (ICIs) such
as anti-programmed cell death protein 1 (PD-1) have
revolutionized the treatment of melanoma, a significant
proportion of patients fail to respond initially (primary
resistance) or relapse after an initial clinical benefit.' * Data
from clinical trials suggest that in the advanced setting,
primary resistance occurs in approximately 30% of mela-
nomas treated with anti-PD-1 monotherapy and 25%
of melanomas treated with ipilimumab and nivolumab
combination therapy.2 Secondary resistance is reported
to occur in 17% of patients with complete response and
54% of patients with partial response to anti-PD-1 mono-
therapy, and 20% of those treated with ICI combination
therapy.” Data from phase II-II trials of anti-PD-1 therapy
in the adjuvant setting suggest recurrence rates of 69%
(stage IV at 4 years), 45% (stage IIT at 5 years), and 19%
(stage II at 2 years).” For combined immune check-
point blockade with a PD-1 and a cytotoxic T-lymphocyte
antigen 4 (CTLA-4) inhibitor, recurrence rates were 36%
after 4 years in stage IV melanoma.”

Although the percentage of patients with primary resis-
tance was broadly consistent across clinical trials, high
variability was found for observational studies, likely due
to the different study populations and lines of therapy
(LOT) assessed. Only four studies provided real-world
data on secondary resistance. Observational resistance
data from the adjuvant setting are even more sparse,
particularly for earlier recurrence (primary resistance)
versus late relapse.” A recent study (data up to 2022)
characterized recurrence in 711 patients from 17 interna-
tional sites and determined that 48% of patients treated
with anti-PD-1 in the adjuvant setting had recurrence
within 6 months of starting therapy.”

However, prior published studies have used their own
definitions of resistance, resulting in a lack of cohesion
and difficulty comparing and interpreting resistance
results. In 2020, the Society for Immunotherapy of Cancer
(SITC) published consensus definitions for resistance to
anti-PD-1 single-agent therapy, comprising primary resis-
tance and late relapse (adjuvant setting), and primary,
secondary resistance, and late progression (advanced
setting).” In 2023, this was followed by SITC consensus
definitions for resistance to combination therapy.” In a
recent systematic review exploring resistance in advanced
melanoma, whereby most of the 55 identified studies did
not specify a resistance definition, SI7C definitions were
applied by the reviewers based on additional variables/
information.

To our knowledge, this chart review study has, for the
first time, used harmonized SITC definitions to evaluate
and characterize anti-PD-1 resistance in both adjuvant
and advanced settings by pooling data from multiple sites
and countries in a retrospective chart review. Patient clin-
ical and demographic characteristics and survival were
described and compared by type of resistance. Concor-
dance of melanoma progression defined by site clinicians

versus independent central reviewers (ICR) was also
assessed (online supplemental graphical abstract).

METHODS

Study design and participants

This was a multicountry, descriptive, retrospective chart
review cohort study conducted in dermatology and
medical oncology departments from 22 sites in the USA,
France, Germany, the UK, Australia and South Korea.
Data collection was from March 17, 2023, to May 31, 2024.

Patients who initiated anti-PD-1 therapy either as mono-
therapy or in combination for histologically confirmed
cutaneous stage III or IV melanoma from January 1, 2018,
until 12 months before site-specific start of data collection
were included. Patients were aged >18 years, had at least
12 months of follow-up (unless due to death), and had
received at least two cycles of anti-PD-1 therapy as part
of routine clinical practice in the adjuvant (fully resected
stage III or IV) or advanced (unresected stage III or IV)
settings.

A subset of patients with advanced melanoma was
derived from the main cohort to assess concordance of
disease progression defined clinically or by Response
Evaluation Criteria in Solid Tumors (RECIST) V.1.1
as assigned by the site clinicians, as compared with the
assessment by ICR using only RECIST V.1.1 criteria from
scans. All participating sites in this subset routinely used
RECIST V.1.1 in clinical practice. However, the use of
RECIST V.1.1 was not a requirement for patient inclusion,
as the assessment of progression could also be based on
clinical criteria. Patients in this subset were eligible if they
participated in the main cohort and had a baseline /nadir
scan, a scan documenting progression, and a follow-up
scan at least 4 weeks after the scan documenting progres-
sion. A 4-week follow-up scan was not required for inclu-
sion of patients with rapid progression (as defined by the
study sites).

Study outcomes

The primary outcomes for this study were the percentage
and clinical/demographic characteristics of melanoma
patients developing anti-PD-1 resistance. Type of resis-
tance (primary resistance and late relapse in the adjuvant
setting, and primary, secondaryresistance and late progres-
sion in the advanced setting) was defined following the
published SITC guidelines for the adjuvant and advanced
settings4 (online supplemental figures 1 and 2). Clinical
and demographic characteristics included country, age,
sex, race, body mass index (BMI), primary tumor charac-
teristics (eg, tumor stage, Breslow thickness, ulceration),
Eastern Cooperative Oncology Group (ECOG) and Karn-
ofsky performance status, lymphedema, comorbidities,
biomarkers (eg, V-raf murine sarcoma viral oncogene
homolog Bl (BRAF) mutations, programmed cell death
protein 1 ligand (PD-L1) status), and index LOT (anti-
PD-1 monotherapy or combination therapy). Time to
resistance (TTR) and overall survival (OS) were defined

2 Gaughan EM, et al. J Immunother Cancer 2026;14:e014564. doi:10.1136/jitc-2025-014564
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as time from the index date (initiation of anti-PD-1) to
date of first relapse/progression and the date of death/
end of follow-up, respectively. TTR by diagnosis stage
and OS by type of resistance and diagnosis stage were
reported.

In a subset of study patients with advanced melanoma,
the positive predictive value (PPV) was applied to compare
progressive disease assigned by site clinicians (as per local
criteria/RECIST V.1.1 guidelines) to ICR assessment of
radiological scans using RECIST V.1.1. PPV was defined as
the probability that patients identified as having progres-
sive disease by the site clinicians did indeed have progres-
sive disease as confirmed by independent central review.

Statistical analysis

The data were analyzed using SAS V.9.4 (2025; SAS Insti-
tute, Cary, North Carolina, USA). A target sample size
of 750 patients was set to allow for the estimation of a
proportion of 10% with a precision of +2.15% at a 95%
confidence level. This calculation was based on binomial
distribution, to ensure sufficient statistical precision for
the overall study population and subgroup analyses. Of
this sample, a maximum of 25-35% could be from the
adjuvant setting.

The percentages of patients with melanoma with
primary resistance and late relapse in the adjuvant setting,
and primary, secondary resistance, and late progression in
the advanced setting were calculated. TTR and OS were
analyzed using Kaplan-Meier, and the log-rank test was
used to compare differences in TTR by diagnosis stage and
OS by type of resistance. Clinical and demographic char-
acteristics were described by type of resistance. Univariate
analyses were intended to explore and identify potential
differences in patient and treatment characteristics by
type of resistance. x* or Fisher’s exact tests were used to
compare categorical variables by type of resistance; t-test
and analysis of variance or Mann-Whitney U and Kruskal-
Wallis tests were used for continuous variables (tests not
conducted for index LOT). A two-sided p value of <0.05
was used as a threshold for statistical significance.

PPV was calculated using the formula: PPV=TP/
(TP+FP)x100, where TP represents true positives defined
as patients with progressive disease allocated by both
clinicians and ICR, and FP represents false positives as
patients with progressive disease assigned only by the site
clinicians.

RESULTS

Study population

A total of 981 patients comprised the eligible population
(figure 1). The study protocol specified a target sample
size of 750 patients, with a maximum of 25-35% from the
adjuvant setting. Screening and enrollment of patients
were conducted consecutively at each site, and adjuvant
and advanced patients were screened independently.
Consecutive eligible adjuvant patients were enrolled
starting from January 01, 2018, until the site-specific

quota was reached, and consecutive eligible patients with
advanced melanoma were enrolled starting from January
01, 2018, until the site-level target was met. Enrollment
was thus concluded on reaching the global target,
despite additional eligible patients. Of the 751 enrolled
patients, 13 were excluded due to invalid primary analysis
data (progression could not be determined/treatment
sequence could not be constructed), resulting in a full
analysis set (FAS) of 738 patients. The FAS comprised two
groups: patients treated in the adjuvant setting (n=240,
median follow-up 48.6 months) and the advanced setting
(n=498, median follow-up 32.3 months). Of the included
patients, most were male (60.8% and 64.5% in the adju-
vant and advanced settings, respectively), white (82.3%
and 73.7%), and aged 250 at index date (78.8% and
86.5%). In the adjuvant setting, 81 (33.8%) of patients
were contributed from the USA, 46 (19.2%) from
Germany, 42 (17.5%) from France, 33 (13.8%) from the
UK, 25 (10.4%) from Australia, and 13 (5.4%) from South
Korea. In the advanced setting, 188 (37.8%) of patients
were contributed from sites in the USA, 83 (16.7%) from
France, 74 (14.9%) from Germany, 66 (13.3%) from the
UK, 50 (10.0%) from Australia, and 37 (7.4%) from South
Korea. Except in South Korea, where all patients were of
Asian race, >65% of patients from each country, in each
setting, were white. All Asian patients in the FAS (n=13 in
the adjuvant setting, n=37 in the advanced setting) were
from South Korea.

To assess concordance of progression, 45 patients were
included in a subset derived from the 118 advanced setting
patients enrolled at sites using RECIST V.1.1 criteria.

Clinical and demographic characteristics by resistance
Among 240 patients in the adjuvant setting, 127 (52.9%)
patients had no progression, while primary resistance
was observed in 53 (22.1%) patients, and late relapse
occurred in 60 (25.0%) patients. Statistically significant
differences in resistance were observed by sex, race,
and country (table 1). 45 (30.8%) males developed
late relapse compared with 15 (16.0%) females, and 35
(24.0%) males developed primary resistance compared
with 18 (19.1%) females (p=0.007). A greater proportion
of primary resistance was observed among Asian patients
as compared with white patients (n=8; 61.5% vs n=30;
18.4%) but experienced less late relapse (n=0; 0.0% vs
n=46; 28.2%) (p<0.001). Eight (61.5%) patients in South
Korea developed primary resistance, in comparison to
five (6.2%) in the USA, and between 21.4% and 32.0%
for Australia and European countries. The proportion
of patients who experienced late relapse varied from 0
(0.0%) patients in South Korea to 15 (32.6%) patients in
Germany. No significant differences in rates of resistance
were shown for other demographic or clinical factors
(age, BMI, ECOG performance status, Karnofsky perfor-
mance status, lymphedema, and comorbidities) (online
supplemental table 1).

Among 498 patients in the advanced setting, primary
resistance was observed in 222 (44.6%) of patients, while
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Eligible Population (n=981)

Non-Enrolled Set (n=230)
¢ Declined Participation (n=3)

¢ Reached Recruitment Targets (n=227)

Subjects without valid data for the

primary analyses (n=13)

Enrolled Set (n=751)

Full Analysis Set (n=738)

¥

A

Adjuvant Setting Set
(n=240)

Advanced Setting Set
(n=498)

v

4

Patients from sites
not using RECIST 1.1
routinely in practice

(n=380)

Patients from sites
using RECIST 1.1.
routinely in clinical
practice (n=118)

A

Exploratory Analysis
Subset (n=45)

Figure 1 Flowchart of included patients. RECIST, Response Evaluation Criteria in Solid Tumors.

secondary resistance was found in 50 (10.0%), and late
progression in 64 (12.9%). Resistance varied signifi-
cantly by race and country only (table 1). 18 (48.6%)
Asian patients developed primary resistance, 14 (37.8%)
secondary resistance, 2 (5.4%) late progression versus
125 (40.8%), 27 (8.8%), 39 (12.7%) of white patients
(p<0.001). 14 (37.8%) patients from South Korea devel-
oped secondary resistance, in comparison to between
4.0% and 15.2% for other countries (p<0.001). The
proportion of patients that experienced primary resis-
tance ranged from 73 (38.8%) patients in the USA to
42 (56.8%) patients in Germany, and late relapse varied
from 2 (5.4%) patients in South Korea to 17 (20.5%)
patients in Germany. No significant differences in rates of
resistance were shown for other demographic or clinical
factors (online supplemental table 2).

Tumor characteristics by resistance

In the adjuvant setting, type of resistance varied signifi-
cantly by tumor stage (IIIA vs IIIB vs IIIC vs IIID vs
unknown vs IV, p=0.021) and tumor Breslow thickness
(mean thickness of 4.3, 4.5, and 3.7mm for patients with
primary resistance, late relapse or no relapse, respectively
(p=0.040) (table 2). However, these significant differences
by stage and Breslow thickness were not observed in the
advanced setting. Additionally, no significant differences

were found for resistance regarding the primary tumor
site, mitotic index, ulceration, or presence of lymph-
edema in both settings (online supplemental table 3).

Biomarker results by resistance

In the adjuvant setting, 86.3% (207/240) had avail-
able information on biomarker testing. BRAF mutation
testing (yes/no) and the type of BRAF mutation varied
significantly by type of resistance (table 3). All patients
with primary resistance were tested for the BRAF muta-
tion (n=51), compared with 96 (94.1%) patients with
no relapse and 47 (87.0%) patients with late relapse
(p=0.019). Regarding types of BRAF mutation, no muta-
tion was reported in 58 (60.4%), 20 (39.2%), and 25
(53.2%) of patients with no progression, primary resis-
tance, and late progression, respectively. Interestingly, a
greater proportion of patients with primary resistance
(n=10; 19.6%) or late relapse (n=13; 27.7%) had non-
V600 BRAF mutations versus those with no relapse (n=6;
6.3%) (p<0.001). Only 21 (20.6%) patients with no relapse
had been tested for PD-L1 expression, compared with 5
(9.8%) patients with primary resistance and 7 (13.0%)
patients with late relapse (p=0.014). Among patients
who had been tested for PD-L1 expression, 17 (81.0%)
patients with no relapse had positive PD-L1 expression, in
comparison to 3 (60.0%) patients who developed primary

4 Gaughan EM, et al. J Immunother Cancer 2026;14:e014564. doi:10.1136/jitc-2025-014564
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Table 1

and advanced setting (N=498)

Patient characteristics and disease history at index date by type of resistance to anti-PD-1 in the adjuvant (N=240)

Adjuvant setting Advanced setting
Primary Late No Primary Secondary Late

Characteristics, N No relapse resistance relapse progression resistance resistance progression
(%) (N=127) (N=53) (N=60) (N=162) (N=222) (n=50) (n=64)
Country P value*<0.001 P value*<0.001

Australia 9 (36.0) 8 (32.0) 8 (32.0) 19 (38.0) 20 (40.0) 2 (4.0) 9 (18.0)

France 21 (50.0) 9 (21.4) 12 (28.6) 23 (27.7) 37 (44.6) 6 (7.2) 17 (20.5)

Germany 17 (37.0) 14 (30.4) 15 (32.6) 19 (25.7) 42 (56.8) 5 (6.8) 8(10.8)

South Korea 5 (38.5) 8 (61.5) 0 (0.0 3(8.1) 18 (48.6) 14 (37.8) 2 (5.4)

UK 19 (57.6) 9 (27.3) 5(15.2) 19 (28.8) 32 (48.5) 10 (15.2) 5(7.6)

USA 56 (69.1) 5(6.2) 20 (24.7) 79 (42.0) 73 (38.8) 13 (6.9) 23 (12.2)
Sex P value*=0.007 P value*=0.164

Male 66 (45.2) 35 (24.0) 45 (30.8) 109 (34.0) 135 (42.1) 38 (11.8) 39 (12.1

Female 61 (64.9) 18 (19.1) 15 (16.0) 53 (29.9) 87 (49.2) 12 (6.8) 25 (1
Race P value*<0.001 P value*<0.001

White/Caucasian 87 (53.4) 30(18.4) 46(28.2) 115(37.6) 125 (40.8) 27 (8.8) 39 (12.7)

Asian 5 (38.5) 8 (61.5) 0 (0.0) 3(8.1) 18 (48.6) 14 (37.8) 2 (5.4)

Other 0 (0.0 0 (0.0 1(100.0) 1(12.5) 7 (87.5) 0(0.0) 0 (0.0

Unknown 14 (66.7) 6 (28.6) 1(4.8) 20 (31.3) 35 (64.7) 34.7) 6 (9.4)

Missingt 21 9 12 23 37 6

*x2 or Fisher’s exact tests used for comparison of categorical variables depending on the appropriateness. Continuous variables compared
with t-test and ANOVA, or Mann-Whitney U and Kruskal-Wallis tests as non-parametric approaches if normality of the distributions is not

verified with the Shapiro-Wilk test.

TPercentages for missing values are not applicable and therefore not reported.

ANOVA, analysis of variance; PD-1, programmed cell death protein 1.

resistance and 2 (28.6%) of those with late progression
(p=0.020).

In the advanced setting, 87.8% (437/498) of patients
had available information on biomarker testing. The type
of BRAFmutation varied significantly by type of resistance
(p=0.026) (table 3). The most common reported BRAF
mutation was the VO600E mutation. No mutation was
reported in 62 (49.6%), 108 (60.3%), 21 (53.8%), and
27 (56.3%) of patients with no progression, primary resis-
tance, secondary resistance, and late progression, respec-
tively (p=0.026). All tested patients with late progression
had positive PD-L1 expression (n=9; 100%) in compar-
ison to 15 (50.0%) patients that developed primary resis-
tance and 18 (78.3%) with no progression (p=0.009).

However, the association of resistance with PD-L1
expression should be interpreted with caution since only
13.8% (33/240) and 14.3% (71/498) of patients were
tested for PD-L1 expression in the adjuvant and advanced
settings, respectively. In addition, biomarker results for
defective DNA mismatch repair, tumor mutation burden,
gene expression profile, and interferon-y signature were
available for <bpatients for some stratifications when
described by type of resistance. Therefore, their associa-
tions with resistance were not evaluated, and these results
are not presented.

Index LOT by resistance

In the adjuvant setting, 234 (97.5%) patients received
anti-PD-1 as monotherapy as the index LOT, while only
6 (2.5%) received anti-PD-1 in combination with anti-
CTLA-4 (all stage IV). Due to the small sample size in
anti-PD-1-based combination therapy, the association of
index LOT components with resistance should be inter-
preted with caution (online supplemental table 4).

In the advanced setting, 314 (63.1%) received anti-PD-1
monotherapy as the index LOT, 179 (35.9%) received
anti-PD-1 in combination with anti-CTLA-4, and 5 (1.0%)
received anti-PD-1 in other combinations. No significant
differences in type of resistance were found between anti-
PD-1 monotherapy and anti-PD-1-based combination
therapy in the advanced setting (online supplemental
table 4).

TTR by stage

No significant differences in TTR were observed by stage
in both settings (figure 2). In the adjuvant setting, 35
(31.0%) patients developed resistance within 6 months,
30 (26.5%) between 6 and 12months, and 48 (42.5%)
more than 12months after the index date. The TTR
(mean+SD) was 48.1+1.4months for stage III patients,
compared with 20.9+1.4months for stage IV patients
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Table 2 Tumor characteristics before or at index date by type of resistance and setting

Adjuvant setting Advanced setting
Primary No Primary Secondary Late

Tumor No relapse resistance Late relapse progression resistance resistance progression
characteristics (N=127) (N=53) (N=60) (N=162) (N=222) (N=50) (N=64)
Disease stage, N (%) P value*=0.021 P value*=0.926

Stage Il 111 (52.6) 45 (21.3) 55 (26.1) 25 (36.8) 30 (44.1) 3 (4.4) 10 (14.7)

Stage IlIA 11 (61.1) 5(27.8) 2(11.1) 2 (66.7) 1(33.3) 0 (0.0) 0 (0.0)

Stage IIIB 47 (64.4) 12 (16.4) 14 (19.2) 6 (40.0) 6 (40.0) 1(6.7) 2 (13.3)

Stage llIC 52 (45.6) 27 (23.7) 35 (30.7) 16 (35.6) 20 (44.4) 2 (4.4) 7 (15.6)

Stage IIID 0 (0.0) 1(20.0) 4 (80.0) 1(20.0) 3 (60.0) 0 (0.0) 1(20.0)

Unknown 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Stage IV 16 (55.2) 8 (27.6) 5(17.2) 137 (31.9) 192 (44.7) 47 (10.9) 54 (12.6)
Breslow thickness P value*=0.040 P value*=0.578

n, missing 98, 29 34,19 53,7 85, 77 123, 99 19, 31 34, 30

Mean (SD) 3.7 (3.2 4.3 (2.7) 4.5(3.2) 4.2 (5.0) 5.1 (6.5) 3.2 (2.7) 4.6 (4.5)

Median (Q,, Q,) 2.7(15,45) 3.9(2.3,6.00 3.5(2.3,6.00 2.8(1.7,4.5 3.0(1.7,6.00 2.3(1.6,3.3) 3.0(1.5,7.0)

*x? or Fisher’s exact tests used for comparison of categorical variables depending on the appropriateness. Continuous variables compared
with t-test and ANOVA, or Mann-Whitney U and Kruskal-Wallis tests as non-parametric approaches if normality of the distributions is not
verified with the Shapiro-Wilk test. p values are for the differences for each of the substages of stage Ill and IV.

ANOVA, analysis of variance; Q1, percentile 25; Q3, percentile 75.

(p=0.43) (figure 2C). In the advanced setting, 217
(64.6%) patients developed resistance within 6 months,
54 (16.1%) between 6 and 12months, and 65 (19.3%)
more than 12months after the index date. The TTR
(mean=SD) was 13.6+1.2months for stage III patients,
compared with 23.9+1.0months for stage IV patients
(p=0.37) (figure 2D).

0S by type of resistance

In the adjuvant setting, no significant difference in OS
was observed for stage III (96.2% alive at 12months;
mean+SDof OS, 52.5+1.2months, compared with
stage IV (96.4% alive at 12months; meanzSDof OS,
38.4+1.8months) (p=0.514). Patients without relapse
showed the most favorable survival outcomes (98.4%
alive at 12months; mean+SDof OS, 56.1+0.8 months),
while those with primary resistance exhibited the poorest
survival outcomes (88.7% alive at 12 months, mean=SD of
OS, 42.4+3.1 months) (p<0.001) (figure 3A).

In the advanced setting, no significant difference in
OS was observed for stage III (82.4% alive at 12months;
mean+SDof OS, 33.1+1.8months), compared with
stage IV (82.4% alive at 12months; mean+SD of
OS, 40.3t1.1months) (p=0.320). Patients without
progression demonstrated the most favorable survival
outcomes (92.0% alive at 12months; mean+SD of OS,
31.6£0.7months) compared with those with primary
resistance (67.4% alive at 12months; mean+SD of OS,
30.6x1.5months) and secondary resistance (96.0% alive
at 12months; mean+SD of OS 38.5+2.9 months) (p<0.001)
(figure 3B).

Concordance of progression in advanced melanoma

Among 45 patients (100.0%) classified as having progres-
sive disease by site investigators/clinicians, ICR confirmed
progression in 34 (75.6%) patients. ICR were unable to
determine progression/non-progression for sixpatients
and these patients were therefore excluded from the
denominator of the PPV calculation, leading to an esti-
mated PPV of 87.2% (95% CI 72.6% to 95.7%).

DISCUSSION
In this large, global real-world evidence study, approxi-
mately half of patients in the adjuvant setting developed
primary resistance (22.1%) or late relapse (25.0%), and
almost three quarters of patients in the advanced setting
developed primary resistance (44.6%), secondary resis-
tance (10.0%) or late progression (12.9%), during a
median of 48.6 and 32.3 months of follow-up, respectively.
Comparing resistance rates and time to resistance across
studies is challenging due to differences in patient char-
acteristics and duration of follow-up, as well as variations
in the definitions of resistance. However, our findings are
broadly consistent with those in the literature. In a recent
systematic review, resistance in advanced melanoma
ranged from 25.04% to 81.25% for patients treated with
anti-PD-1 monotherapy and from 15.79% to 73.33% for
those on combination therapies." In a real-world US
study involving patients with unresectable or metastatic
disease (advanced setting) treated with monotherapy
only without definitions of primary and secondary resis-
tance (median follow-up of 33 months), 34% of patients
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Table 3 Patient biomarker results before or at index date by type of resistance and setting”

Adjuvant setting Advanced setting
Primary No Primary Secondary Late
No relapse resistance Late relapse progression resistance resistance progression

Biomarkers, N (%) (N=102) (N=51) (N=54) (N=137) (N=200) (N=45) (N=55)
BRAF mutation testing P value*=0.019 P valuet=0.717

Unknown 0(0.0) 0 (0.0) 0 (0.0) 0 (0.0 1(0.5) 0 (0.0 0 (0.0)

No 6 (5.9) 0 (0.0 7 (13.0) 12 (8.8) 20 (10.0) 6 (13.3) 7 (12.7)

Yes 96 (94.1) 51 (100.0) 47 (87.0) 125 (91.2) 179 (89.5) 39 (86.7) 48 (87.3)
Type of BRAF mutation P value*<0.001 P valuet=0.026

V600E 26 (27.1) 20 (39.2) 5(10.6) 31 (24.8) 42 (23.5) 15 (38.5) 13 (27.1)

V600K 1(1.0) 0 (0.0 2 (4.3) 11 (8.8) 6 (3.4) 0(0.0) 0 (0.0

V600D 1(1.0 0(0.0) 0 (0.0) 0 (0.0 0(0.0) 0(0.0) 0 (0.0

Non-V600 mutation 6 (6.3) 10 (19.6) 13 (27.7) 21 (16.8) 19 (10.6) 3(7.7) 5(10.4)

Other mutation 4(4.2) 1(2.0) 2 (4.3) 0 (0.0) 4(2.2) 0 (0.0) 3(6.3)

No mutation reportedt 58 (60.4) 20 (39.2) 25 (53.2) 62 (49.6) 108 (60.3) 21 (53.8) 27 (56.3)
PD-L1 expression testing P value*=0.014 P value1=0.829

Unknown 11 (10.8) 10 (19.6) 4 (7.4) 21 (15.3) 39 (19.5) 5(11.1) 8 (14.5)

No 70 (68.6) 36 (70.6) 43 (79.6) 93 (67.9) 131 (65.5) 31 (68.9) 38 (69.1)

Yes 21 (20.6) 5(9.8) 7 (13.0) 23 (16.8) 30 (15.0) 9 (20.0) 9(16.4)
PD-L1 expression P value*=0.020 P value1=0.009

Unknown 0(0.0) 1(20.0) 0 (0.0) 0(0.0) 1(3.3) 0(0.0) 0(0.0)

Negative 4 (19.0) 1 (20.0) 5(71.4) 5(21.7) 14 (46.7) 5 (55.6) 0(0.0)

Positive 17 (81.0) 3 (60.0) 2 (28.6) 18 (78.3) 15 (50.0) 4 (44.4) 9 (100.0)

*This table presents data only for patients with valid data on biomarker testing.
sz or Fisher’s exact tests used for comparison of categorical variables depending on the appropriateness. Continuous variables compared
with t-test and ANOVA, or Mann-Whitney U and Kruskal-Wallis tests as non-parametric approaches if normality of the distributions is not

verified with the Shapiro-Wilk test.

FThis category includes patients in whom BRAF testing was performed and no mutation was detected/reported in the medical record.
ANOVA, analysis of variance; PD-L1, programmed cell death protein 1 ligand.

responded initially to anti-PD-1 therapy.” While the
methods differed with respect to the current study, the
overall absence of progression in 32.5% of patients in the
advanced setting in the current study (median follow-up
of 2.7 years) is similar, lending support to the generaliz-
ability of the present study results. A recent study in the
adjuvant setting (data up to 2022) characterized recur-
rence in 711patients from 17 international sites and
determined that 48% of patients treated with anti-PD-1 in
the adjuvant setting recurred within 6 months of starting
therapy, 23% between 6 and 12months, 20% between 12
and 24months and 8% after 24 months; that is, 99% of
patients recurred during the follow-up period.” This is
significantly higher than rates of primary resistance and
late relapse estimated in the present study, likely due to
differences in the study populations and endpoint defi-
nitions (ie, recurrence vs resistance/relapse). Future
studies should consider using SITC definitions of resis-
tance to facilitate the comparison of results in the liter-
ature.' *°

In this study, we observed a higher proportion of males
who developed primary resistance or late relapse in the

adjuvant setting. Some studies contradict this finding,
supporting a better response to immunotherapy by
men,7 8 while others are inconclusive.” '° Differences in
responses to immunotherapy between the sexes may be
attributable to the modulatory action of estrogen over the
immune response,'' ¥ or the difference in expression of
X-linked immune-related genes, which has been reported
to drive the difference in response to ICI between the
sexes.'? However, additional clinical research is needed
to understand these differences.

In addition, most Asian patients developed primary or
secondary resistance in both the adjuvant (primary resis-
tance only) and advanced settings, and a few developed
late relapse or progression. This observation is consistent
with documented differences in melanoma subtypes and
genomic alterations across different races."* In Asian
populations, acral and mucosal melanomas are the
most common subtypes, whereas cutaneous melanoma
predominates in white patients.'” '® Importantly, acral and
mucosal melanomas have shown lower responsiveness to
ICIs such as toripalimab, ipilimumab, and pembrolizumab
compared with cutaneous melanomas.'”" This may help
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Figure 2 Time to resistance overall (A) in the adjuvant setting and (B) in the advanced setting; time to resistance by diagnosis
stage (C) in the adjuvant setting and (D) in the advanced setting. KM, Kaplan-Meier.

to explain the higher proportion of Asian patients devel-
oping resistance in the present study. While the results of
the present study should be interpreted considering the
smaller sample size of Asian patients (n=13in the adjuvant
setting, n=37in the advanced setting), the poorer prog-
nosis highlights the need for further study to improve
the management and treatment of melanoma in this
population.'” Of note, all Asian patients were from South
Korea; therefore, these findings may be confounded by
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country-specific differences in melanoma diagnosis and
management. Indeed, significant differences in resistance
were observed by country in both settings. This was most
pronounced for the adjuvant setting, whereby 61.5% of
patients in South Korea developed primary resistance, in
comparison to just 6.2% in the USA, and between 21.4%
and 32.0% for Australia and European countries; likely
reflecting different approaches to melanoma diagnosis
and management, as well as differences in race by country.
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Data on melanoma subtype were not analyzed by country
and, as a result, could not be directly linked to geographic
differences in resistance in this study. References to acral
and mucosal versus cutaneous melanoma are provided
to offer epidemiological and biological context based on
prior literature rather than to present findings derived
from our analysis. Future real-world studies with mela-
noma subtype capture and broader geographic represen-
tation (eg, including Latin America, Africa) would help
to further elucidate such differences.

In the adjuvant setting, patients receiving anti-PD-1
combination therapy (n=6) as index LOT had higher
primary resistance rates as compared with those treated
with anti-PD-1 monotherapy (66.7% vs 20.9%, respec-
tively). Anti-PD-1-based combination therapy is not
approved for use in the adjuvant setting. These patients
received off-label treatment, as all were stage IV, and
physicians may have opted to apply advanced-stage proto-
cols for high-risk patients. However, these results should
be considered with caution due to the small sample size of
patients receiving combination anti-PD-1 therapy (n=6).

Patients with primary resistance exhibited the poorest
OS, with an average of 42.3 months in the adjuvant setting,
and 31.6months in the advanced setting, as compared
with those with secondary resistance, late relapse/
progression, and no relapse/progression. However,
these results should be interpreted with caution because
the definition of resistance influences the findings. For
example, in the advanced setting, patients with secondary
resistance appear to have better OS than those with no
progression, but this is because a key condition for being
classified as having secondary resistance is having survived
at least 6 months. This occurs to a lesser degree for late
relapse (adjuvant setting) and late progression (advanced
setting), as a key condition is having survived more than
12weeks after the last dose of anti-PD-1 therapy. The
interpretation of median survival time and the Kaplan-
Meier figures provides a more accurate picture of
survival, ultimately concluding that patients with primary
and secondary resistance have a worse OS. Moreover, no
differences were found in OS by stage, which highlights
the efficacy of modern therapies like anti-PD-1.

The resistance phenotypes described herein may aid
clinicians in stratifying risk among patients receiving anti-
PD-1 therapy, for whom earlier clinical trial enrollment
or treatment escalation may be considered. Although this
study did not evaluate treatmentselection and rechallenge
outcomes after resistance, published evidence supports
the use of ipilimumab plus nivolumab over ipilimumab
alone in patients with primary resistance.”” While some
reports indicate that retreatment with ICIs is common in
clinical practice after progression on anti-PD-1 therapy,”
the supporting literature is heterogeneous and largely
retrospective; prospective studies are needed to define
optimal treatment sequencing by resistance type.

The substudy indicated a strong level of agreement on
assessment of progressive disease between site clinicians
and ICR, suggesting that progression assessed in routine

clinical practice, without the need for ICR, and recorded
in the medical notes, is a reliable method to document
progression. It should be acknowledged that this study was
not designed to systematically assess pseudo-progression.
Disease progression was determined based on treating
clinician’s assessment and documentation in the clin-
ical record, and standardized immune-specific response
criteria (eg, immune Response Evaluation Criteria in
Solid Tumors (iRECIST)) were not uniformly applied
across study sites. Consequently, the available data do
not allow reliable identification or differentiation of
pseudo-progression from true disease progression. While
the RECIST V.1.1 criteria provide the most widely used
definitions for disease progression, other response assess-
ment methods are also employed, including iRECIST,
modified RECIST V.1.1, and modified WHO criteria.! It is
important to establish clearer, standardized definitions of
resistance in real-world settings to ensure reliability and
consistency of progression data in observational studies.
This will help minimize potential bias and variability in
interpreting results.

The strengths of this study include the use of a multisite
chart review across a wide spectrum of geographically
diverse countries with a varied patient population,
allowing the collection of data reflecting real-world clin-
ical practice and outcomes and enhancing the applica-
bility and generalizability of the findings. Further, the
relatively large sample size (N=738) contributes to the
robustness and generalizability of the results. Finally,
standardized definitions from the SITC were used to
define resistance in this study, enhancing the consistency
and reproducibility of the study results.* However, it is
important to note that at the time of this study, the SITC
had only published consensus definitions of resistance in
the context of response to single-agent ICIs. Therefore,
in this study, SITC definitions of resistance to single-agent
ICIs were also applied to assess resistance to combination
therapy. In 2023, the SITC published new consensus defi-
nitions for resistance to various combinations of ICIs.”
These definitions remain broadly consistent with those
used in the present study.

Our study has several limitations. All study sites are
academic centers, which may not be representative of all
centers that treat stage III and IV melanoma, although
treatment of melanoma is largely guideline-driven, so it
would be anticipated that treatment patterns in academic
and non-academic centers would be similar, barring
differences in patient demographics, tumor types, and
the use of RECIST V.1.1. Enrollment was stopped once
prespecified sample size targets were met, introducing
potential selection bias if patient characteristics varied
over calendar time. In addition, multiple univariate
comparisons were conducted across a range of variables,
increasing the risk of type I error. These analyses were
exploratory and intended to identify potential differ-
ences by resistance type rather than to provide confirma-
tory evidence; therefore, individual statistically significant
findings should be interpreted cautiously and considered
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as hypothesis-gathering. Treatment patterns may also
have been affected by anomalous events such as the intro-
duction of stage IIID into the American Joint Committee
on Cancer (AJCC) melanoma staging system in 2018,
the approval of pembrolizumab in the adjuvant setting
in 2018/2019, and the COVID-19 pandemic during the
study. Finally, pseudo-progression could not be system-
atically assessed, as progression was determined based
on real-world documentation rather than standardized
response criteria (eg, iRECIST). Further, different sites or
countries may have used slightly different criteria to assess
study endpoints, such as response to treatment (espe-
cially for some sites involved in the primary outcomes,
which did not use RECIST V.1.1 criteria). To examine
this, outcomes were tabulated by country and site use of
RECIST V.1.1 criteria (online supplemental table 5) to
assess any systematic differences.

CONCLUSIONS

In this large, global real-world evidence study, a substan-
tial proportion of patients with melanoma in the adju-
vant (47.1%) and advanced (67.5%) setting developed
resistance or late relapse/progression after treatment
with anti-PD-1. These findings highlight the unmet need
for alternative therapeutic strategies for patients who
progress on anti-PD-1 therapy, particularly for those
with advanced disease. Significant differences in anti-
PD-1 resistance were observed by country, race, type of
BRAF mutation, and PD-L1 status in both settings; and
by sex, disease stage and tumor thickness in the adjuvant
setting only. Future research may explore the effective-
ness of these risk factors for patient risk stratification and
management. The high agreement between clinicians
and ICR in the evaluation of progression supports the
reliability of clinician-assessed evaluation in the classifica-
tion of resistance for future observational studies.
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