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ARTICLE INFO ABSTRACT
Keywords: Background: Neoadjuvant (PD-1 and PD-1+ CTLA-4 blockade) immune checkpoint inhibitors (ICI) have been
Melanoma shown to induce high response rates and to be superior as compared to adjuvant standard of care (PD-1 blockade)

Immune checkpoint inhibition
Health-Related Quality of Life
Neoadjuvant

in stage III melanoma patients. While higher grade 3/4 toxicity of neoadjuvant therapy does not appear to impact
early Health-Related Quality of Life (HRQoL), long-term data are missing.

Purpose: A single-center, cross-sectional analysis comparing late HRQoL outcomes of stage III melanoma patients
two years after therapy initiation receiving either neoadjuvant or adjuvant ICI therapy.

Methods: Patients who received either neoadjuvant ICI or adjuvant ICI between 2019 and 2020 were included.
Long-term HRQoL was assessed two years after start of therapy (median 2.5 years (IQR = 2.3-2.6)) using the
EORTC QLQ-C30 questionnaire. Defined clinically relevant thresholds for HRQoL impairment were used to
compare the two treatment groups. Multivariable linear and logistic regression analyses were performed to es-
timate whether neoadjuvant ICI therapy was independently associated with HRQoL outcomes.

Results: Patients treated with neoadjuvant ICI (n = 42) reported significantly better long-term HRQoL scores
compared to patients treated with adjuvant ICI (n = 60): physical (93 vs 88; P = 0.020), role (93 vs 84;
P = 0.018), cognitive (86 vs 77; P = 0.033), and social functioning (92 vs 85; P = 0.046), and less fatigue (13 vs
23; P = 0.012). Multivariable regression analysis showed that neoadjuvant ICI (vs. adjuvant ICI) was indepen-
dently associated with less fatigue.

Conclusion: Patients treated with neoadjuvant ICI reported a clinically relevant and superior long-term HRQoL
two years after treatment initiation compared to patients treated with adjuvant ICI. These findings support that
neoadjuvant ICI therapy should be considered for implementation into standard clinical practice.

1. Introduction with high-risk stage III macroscopic melanoma [1-3]. Although this
adjuvant immune checkpoint inhibitor (ICI) therapy has improved

Adjuvant treatment with anti-programmed cell death protein-1 (anti- relapse-free survival (RFS) and distant metastasis-free survival (DMFS),
PD-1) antibodies (nivolumab (NIVO) or pembrolizumab (PEMBRO)) it has not demonstrated a statistically significant overall survival (OS)
administered for 12 months after therapeutic lymph node dissection benefit as compared with placebo or adjuvant ipilimumab (IPI), even
(TLND) has become a standard of care therapeutic option for patients after five and respectively seven years of follow-up [2,4-6]. An
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exception is the EORTC 18071 trial [7] testing high dose ipilimumab as
compared to placebo, that well showed OS benefit, but was not imple-
mented to daily standard of care due to high toxicity rates and missing
EMA registration.

More recently, and based on two large randomized trials, neo-
adjuvant ICI therapy has been established as a standard of care thera-
peutic option for macroscopic stage 3 melanoma, with anti-PD-1 with or
without anti-cytotoxic T-lymphocyte-associated antigen 4 (anti-CLTA-4)
inhibitors administered for 6-9 weeks prior to surgery [8,9].

Early phase 1 and 2 studies demonstrated, that neoadjuvant ICI en-
hances anti-tumor immunity, that the combination of PD-1 + CTLA-4
blockade may be superior to PD-1 blockade alone, and that both, neo-
adjuvant PD-1 and PD-1+ CTLA-4 blockade, induced unparalleled
recurrence-free and distant metastases-free survival benefit compared to
adjuvant therapy. With only two cycles of neoadjuvant IPI plus NIVO, 2-
year event-free survival (EFS) rates of 77-80 % could be achieved
[10-14].

The first larger randomized phase 2 trial, the Southwest Oncology
Group Cancer Research Network S1801 trial [SWOG S1801,
NCT03698019], showed that three cycles of neoadjuvant PEMBRO fol-
lowed by 15 cycles of adjuvant therapy resulted in a longer EFS as
compared to 18 cycles of adjuvant therapy alone (2-year EFS: 72 % vs.
49 %, P = 0.004) [9,15].

The phase 3 NADINA trial [NCT04949113] was the first trial to
evaluate neoadjuvant ICI followed by a response-driven adjuvant ther-
apy [8]. Patients who received two cycles of neoadjuvant IPI plus NIVO,
followed by surgery and response-driven adjuvant therapy, had signif-
icantly longer 18-month EFS and DMFS compared to those who received
surgery followed by 12 cycles of adjuvant NIVO: (80.8 % vs. 53.9 %,
HR=0.32, and 85.7 % vs. 62.4 %, HR = 0.37, respectively). Given the
excellent outcomes for patients with a major pathologic response (MPR;
<10 % residual viable tumor) [16,17], the implementation of neo-
adjuvant ICI may in the future allow for tailored de-escalation of surgery
and administration of adjuvant systemic therapy, and personalized
follow-up, potentially enhancing Health-Related Quality of Life
(HRQoL) [9-11,14,18-21]. However, immune-related adverse events
(irAEs) remain a concern, particularly with the neoadjuvant combina-
tion of IPI plus NIVO, with grade 3 or higher irAEs reported in 29.7 % of
neoadjuvant treated patients as compared to 14.7 % of adjuvant treated
patients. Persistent irAEs were observed in 25.0 % and 7.5 % of patients,
respectively, at 9.9 months of follow-up [8]. Despite the higher rates of
adverse events, the preliminary analysis of the NADINA trial (including
only 62 % of patients) showed comparable levels of physical, role, and
emotional functioning, as well as pain and fatigue between the groups
during the first 36 weeks after start of treatment [22]. In addition,

Invited to participate in
AILEEN study 162

European Journal of Cancer 229 (2025) 115710

impaired physical and role functioning and increased pain were
observed at week 6 in the adjuvant arm and at week 12 for the neo-
adjuvant arm, corresponding to postoperative HRQoL evaluation time
points [22]. However, the long-term impact of neoadjuvant versus
adjuvant ICI therapy on HRQoL remains unclear due to the short
follow-up of this trial so far. To nevertheless gain first insights, we
conducted a cross-sectional analysis of patients with stage III melanoma
skin cancer, comparing long-term HRQoL outcomes beyond two years
after initiation of therapy who received either neoadjuvant or adjuvant
ICI treatment.

2. Methods
2.1. Study population

AILEEN [trial NL9198] is a cross-sectional (targeted and immuno-
therapy) observational cohort study to describe the long-term HRQoL in
patients with advanced melanoma. In the AILEEN study, 162 patients
were enrolled. For this analysis here, we compared the HRQoL of 102
patients (63 %) with histologically confirmed stage IIl melanoma treated
with either neoadjuvant or adjuvant ICI (Fig. 1). We included patients
who were at least 18 years old and had at least two years of follow-up
after treatment initiation. Patients were excluded if they had insuffi-
cient understanding of the Dutch language or had progressed to stage IV
disease. Patients were enrolled at the Netherlands Cancer Institute (NKI,
Amsterdam) and were recruited between January 2021 and February
2023. Patients receiving neoadjuvant ICI were recruited from the phase
2 OpACIN-neo trial [NCT02977052] and its PRADO extension cohort.
Patients receiving adjuvant ICI were recruited from the standard of care
patient group at the Netherlands Cancer Institute.

For these analyses, we included only patients who received neo-
adjuvant ICI and showed any pathological response. We excluded pa-
tients with a pathological non-response (pNR) after neoadjuvant ICI and
who subsequently received adjuvant therapy (NIVO or dabrafenib +
trametinib, PRADO cohort only), as their extended treatment duration
could confound comparisons with patients treated with neoadjuvant ICI
alone (Fig. 1). To ensure a clean comparison between the neoadjuvant
and adjuvant treatment, these patients are excluded from the analyses.

In addition, patients with disease progression from both the neo-
adjuvant and adjuvant cohorts were excluded from this analysis due to
the potential HRQoL impact of a stage IV disease diagnosis and subse-
quent systemic treatments. All patients signed an informed consent
form. The study was approved by the Medical Ethics Committee of the
Antoni van Leeuwenhoek Hospital [trial NL9198].

I Noori response 29
Completed HRQoL
questionnaires 133 (82%)
Excluded from analysis 31
* Patients treated with ICl and TT therapy 10
* Patients treated with neoadjuvant and
adjuvant ICI therapy 4
* Patients treated with Talimogeen
laherparepvec therapy 10
* Patients with disease progression
Included in analyses 102 (63%)
Neoadjuvant ICI 42 Adjuvant ICI 60
*  OpACIN-neo 19 ¢ Standard of care 60
* PRADO 23

Fig. 1. Flow-chart of patients included in the analyses of long-term Health-Related Quality of life in this study. HRQoL: Health-Related Quality of life; ICI: Immune

checkpoint inhibitor; TT: Target therapy.
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2.2. Patient treatment

In the neoadjuvant ICI therapy group, patients were treated with
three IPI plus NIVO regimens, namely IPI 3 mg/kg plus NIVO 1 mg/kg
(2x), IPI 1 mg/kg + NIVO 3 mg (2x), or IPI 3 mg/kg (2x) and NIVO 3mg/
kg (2x, first cycle combined with IPI). While all patients in the OpACIN-
neo trial underwent TLND but did not receive adjuvant therapy, patients
in the PRADO trial received a placement of a marker in the index lymph
node (ILN), and underwent TLND only if no major pathologic response
(MPR, <10 % vital tumor after neoadjuvant ICI) was achieved in the
ILN. Patients who did not achieve a pathologic response received
additional adjuvant therapy (PRADO cohort only). A more detailed
description of the OpACIN-neo and PRADO trials has been published
previously [10,23].

Patients treated with adjuvant ICI after sentinel node procedure
(SNP) or TLND received NIVO 240 mg every 2 weeks or 480 mg every 4
weeks or PEMBRO 200 mg every 3 weeks or 400 mg every 6 weeks for a
duration of 12 months. Adjuvant ICI therapy was initiated after a
melanoma-positive SNP, resection of satellite or in-transit metastases or,
in the case of macroscopic disease, after lymph node dissection (LND).

2.3. Measurements

HRQoL was assessed using the validated European Organization for
Research and Treatment of Cancer Quality of Life Questionnaire C30
(EORTC QLQ-C30). This is a 30-item questionnaire applicable to cancer
patients in general. The questionnaire consists of five functional do-
mains (physical, emotional, role, cognitive, and social functioning), nine
symptom domains (fatigue, nausea/vomiting, pain, dyspnea, insomnia,
appetite loss, constipation, diarrhea, and financial impact), and one
domain of global health and quality of life (QoL). With a recall period of
one week, the items of the five functional and nine symptom domains
were scored on a range of 1 (not at all) to 4 (very much). According to
scoring guidelines, all raw scores were linearly transformed and scored
from O to 100 [24]. Higher scores in the functional domains indicated
better functioning (and therefore better HRQoL), whereas higher scores
in the symptom domains indicated more symptoms (and therefore worse
HRQoL) [24].

Baseline patient characteristics were retrieved from the electronic
medical health records of the Netherlands Cancer Institute.

2.4. Statistical analysis

Independent samples t-tests and Pearson’s chi-squared tests were
performed to compare characteristics of patients treated with neo-
adjuvant versus adjuvant ICI therapy.

The following domains of the EORTC QLQ-C30 were analysed:
physical functioning, role functioning, emotional functioning, cognitive
functioning, social functioning, fatigue, pain, dyspnoea and diarrhoea.
Non-parametric t-tests were performed to compare mean HRQoL scores
between patients treated with neoadjuvant versus adjuvant ICI therapy.
In addition, mean HRQoL scores were compared between patients
treated with neoadjuvant ICI with and without an MPR. Furthermore,
mean scores were adjusted for age to determine whether age signifi-
cantly affected mean HRQoL outcomes.

Thresholds developed by Giesinger et al. [24] were used to deter-
mine whether the reported HRQoL scores were clinically relevant [25].
Thresholds of clinical importance (TCIs) were developed for absolute
scores, based on anchor items reflecting symptoms and functions that
deserve attention during clinical encounters [25].

Multivariable linear and logistic regression analyses were performed
to estimate whether neoadjuvant ICI therapy was independently asso-
ciated with HRQoL. Regression analyses were performed separately for
each HRQoL domain. The multivariable models corrected for the
following predefined confounding factors, identified in the literature
[10,26,27]: age, gender, ILN only/ SNP only, TLND and time since
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completion of ICI therapy. Level of significance was set at P < 0.05.
Statistical analyses were performed using SPSS version 29.

3. Results
3.1. Patient characteristics

We included 42 patients receiving neoadjuvant ICI and 60 patients
treated with adjuvant ICI therapy. Compared to patients treated with
adjuvant ICI, those who received neoadjuvant ICI therapy were younger
(56 vs. 62 years; P = 0.033, Table 1), less likely to have a BRAF-mutated
tumor (45 % vs. 55 %, P =0.022), more frequently diagnosed with
stage IIID melanoma (9.5 % vs. 1.7 %, P = 0.040), had a longer post-
treatment follow-up (2.5 vs. 1.4 years, P < 0.001), less often dis-
continued ICI due to adverse events (0 % vs. 12 %, P = 0.006), and less
frequently received radiotherapy (2.4 % vs. 15 %, P = 0.035).

3.2. Mean HRQoL outcomes comparing neoadjuvant and adjuvant
therapy

According to unadjusted mean scores, patients treated with neo-
adjuvant ICI reported significantly better physical functioning (93 vs 88;
P = 0.020), role functioning (93 vs 84; P = 0.018), cognitive func-
tioning (86 vs 77; P =0.033), and social functioning (92 vs 85;
P = 0.046) compared to patients treated with adjuvant ICI (Fig. 2). No
statistically significant difference was observed in regards of emotional
functioning scores (86 vs 83; P = 0.387).

In addition, patients treated with neoadjuvant ICI reported signifi-
cantly lower mean fatigue scores (13 vs 23; P = 0.012) compared to
adjuvant ICI (Fig. 2). There were no statistically significant differences
in mean scores for pain (11 vs 17; P =0.321), dyspnea (7 vs 9;
P = 0.572), and diarrhea (2 vs 4; P = 0.622) between the two treatment
groups. Additionally, age-adjusted mean scores were not significantly
different from unadjusted mean scores (data not shown). Therefore,
unadjusted scores are presented.

After adjustment for potential confounders, multivariable linear
regression analyses showed that receiving neoadjuvant ICI therapy was
independently associated with significantly lower levels of fatigue (B
12.727; SE 5.420; 95 % CI 1.969-23.468; P = 0.021, Table 2). Neo-
adjuvant ICI therapy was not associated with significantly lower levels
of physical, role, cognitive, and emotional functioning.

A descriptive comparison of mean HRQoL scores between neo-
adjuvant ICI-treated patients with (n = 42) and without (n = 4) MPR
showed no remarkable differences (Supplementary Table 1).

3.3. Clinically relevant HRQoL outcomes comparing neoadjuvant and
adjuvant therapy

In all unadjusted functional domains, there were no statistically
significant differences in the proportion of patients with clinically
relevant functional impairment in the neoadjuvant versus adjuvant ICI
group for physical functioning (14 % vs. 25 %; P = 0.188, Fig. 3), role
functioning (5 % vs. 13 %; P = 0.159), emotional functioning (21 % vs.
28 %; P = 0.460), cognitive functioning (21 % vs. 39 %; P = 0.056) and
social functioning (2% vs. 12 %;P = 0.090). However, a pattern
emerged indicating that a smaller proportion of patients treated with
neoadjuvant ICI reported clinically relevant impairment compared to
those receiving adjuvant ICI. In particular, the proportion of patients
with clinically relevant cognitive impairment was 21 % in the neo-
adjuvant group compared with 39 % in the adjuvant group.

Furthermore, there were no statistically significant differences in the
proportion of patients that reported clinically relevant symptom
impairment for fatigue (10 % vs. 21 %, respectively, P = 0.113; Fig. 3),
pain (19 % vs. 31 %; P0.170), dyspnea (17 % vs. 21 %; P = 0.558) and
diarrhea (7 % vs. 10 %; P-0.634). However, a similar pattern emerged
with fewer patients in the neoadjuvant group reported clinically
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Table 1 Table 1 (continued)
Stu.dy characteristics and treatment related toxicities of stage III melanoma Stage III Stage III Pvalue
patients. with with neoadjuvant versus
Stage III Stage III P-value neoadjuvant adjuvant adjuvant ICI
with with neoadjuvant versus ICI therapy 1cI therapy
neoadjuvant adjuvant adjuvant ICI N=42 therapy
ICI therapy ICI therapy N (%) N=60
N=42 therapy N (%)
N (%) N=60 Yes 4(9.5) 3(5.0)
N (%) ICL-related 0.348
Measured at time of questionnaire completion end.ocrinopathies
Age, mean (SD) 56 (13.3) 62 (13.2) 0.033** Thyroid 502) 10(17)
Gender 0.846 Adrenal 3(7.1) 4(6.7)
Female 16 (38) 24 (40)
Education® 0.294 . . . .
Characteristics of the patients are based on the date they have filled in the
Low 1(2.4) - . . .
Middle 15 (36) 28 (47) questionnaires. *Number of patients or percentages may add up to more than the
High 26 (62) 32 (53) total number or 100 %, due to patients who are counted in multiple categories.
Working status 0.388 **P.value < 0.05. * Education level categorized according to International
Working 27 (64) 28 (47) Standard Classification of Education (ISCED). ® Toxicity in patients receiving
Not working 3(7.1) 4(6.7) neoadjuvant ICI therapy is measured in the first 12 weeks of treatment. Toxicity
Retirement 6 (14) 18 (30) in patients receiving adjuvant ICI therapy includes both ICI-related and surgery-
Other 1249 233 related toxicity, but does not include toxicity from targeted therapy.
MUr}knlown 502 8(13) 0120 N: number; SD: Standard Deviation; LDH: Lactate dehydrogenase; ICI: Immune
arital status . . e .
Check t Inhibitor; ILN: Index L; h Node; SNP: Sentinel Node P: dure.
Marriedliving together 32 (76) 44.(73) eckpoint Inhibitor; ndex Lymph Node entinel Node Procedure
Relationship, not living 2(4.8 4(6.7)
together relevant symptoms than in the adjuvant group. In particular, fatigue was
Dl‘;"rmd ggﬁg reported by 10 % of patients in the neoadjuvant group and in 21 % of
Widow - 5. . . .
Single 6(14) 5 (8.3) patients in t.he adjuvant group. . o o
Other 2(4.8) . After adjustment for potential confounders, multivariable logistic
BRAF mutation 0.022%* regression analyses showed that receiving neoadjuvant ICI therapy was
Yes 19 (45) 33 (55) not independently associated with clinically relevant physical, role,
Missing 124 915 cognitive and emotional impairment or fatigue (Table 3).
LDH, mean (SD) 174 (33) 187 (56) 0.148
Missing 3(7.1) 8(13) 3 .
Measured at diagnosis and in the two years after diagnosis 4. Discussion
Tumor stage 0.040**

1IIA - 7(12) This study is the first to compare long-term HRQoL between patients
B 21 (50) 26 (43) . . - . .
- 17 (41) 26 (43) treated with neoadjuvant or adjuvant ICI therapy using cross-sectional
1D 4(9.5) 10.7) analyses in patients with stage III melanoma.
ILN only/ SNP only 0.201 We observed that patients with stage III melanoma who received
Yes 20 (48) 21 (35) only 6 weeks of neoadjuvant ICI reported better long-term HRQoL
Therapeutic lymph node 0269 —particularly in aspects of physical, role, cognitive, and social func-
Ye‘:lssemon 22 (52) 39 (65) tioning—compared to patients who received adjuvant ICI for up to one
Years since start 2.7 (0.8) 2.3(0.9) 0.005** year. After multivariable adjustment, the functional scales did not show
treatment, median (SD) a statistically significant difference between the two groups, likely due
Years since last 25(0.8) 1.4 (0.9) <0.001* to small sample sizes. However, fatigue remained clinically relevant and
freatment, median (SD) statistically significantly lower in patients treated with neoadjuvant
Neoadjuvant ICI therapy N.A. |
type versus adjuvant therapy.
Ipilimumab 42 (100) As this study is the first to analyze long-term HRQoL in the context of
Nivolumab 42 (100) neoadjuvant and adjuvant ICI therapy, directly comparable data from
Adj“"i“t ICI therapy N.A. previous studies are not available. The NADINA trial [NCT04949113], is
I pit]}l.’;i mab 3(5.0) the first phase 3 trial to primarily evaluate whether neoadjuvant ICI
Nivolumab 58 (97) improves EFS compared to adjuvant ICI, with HRQoL as a secondary
Pembrolizumab 4(6.7) endpoint. While the study has demonstrated prolonged EFS with neo-
ICI therapy 0.006™* adjuvant ICI, the follow-up is currently too short to assess long-term EFS
Pai'ssec;glt::;eg;\;e;so“s 467 and HRQoL outcomes. Therefore, our findings should ultimately be
CoV_2 validated in the randomized controlled setting of the NADINA trial.
Adverse event 7 (12) There are several possible explanations for why patients treated with
Adjuvant targeted N.A. neoadjuvant ICI report lower levels of fatigue compared to those treated
therapy with adjuvant ICL i) Reduced extent of surgery: Neoadjuvant ICI therapy
Yes 14 (23) . . .
Radiotherapy 0.035%* often allows for less extensive surgery [20]. In the PRADO trial, patients
Yes 1(2.4) 9(15) treated with neoadjuvant ICI reported stable or improved HRQoL up to
Treatment related toxicities two years after diagnosis. Furthermore, patients in the PRADO trial who
Toxicity grade 3 or 0.821 achieved MPR reported significantly better HRQoL in several functional
Ye’;lore 9(21) 14 23) domains compared to those who did not achieve MPR, with the extent of
Use of 0.374 surgery likely playing a key role in these differences [10]. While SNP
immunosuppressive may have less impact on patients’ HRQoL, TLND leads to surgical

complications and decreased HRQoL in 37-66 % of patients [28-31].
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Fig. 2. Mean Health-Related Quality of life scores for stage III melanoma patients treated with neoadjuvant or adjuvant immune checkpoint inhibitor therapy,
without relapse. A) Functioning domains of the EORTC QLQ-C30. B) Symptom domains of the EORTC QLQ-C30. * Statistically significant differences in mean

scores (P < 0.05).

Table 2

Linear regression among patients with stage IIIl melanoma and a pathologic response for neoadjuvant or adjuvant ICI therapy.

Multivariable model*

Physical functioning Role Cognitive functioning Emotional functioning Fatigue
functioning

ICI therapy order - adjuvant vs neoadjuvant A

B —-3.029 —4.942 —5.803 —2.381 12.727
SE 3.390 5.425 5.410 4.475 5.420
P-value 0.374 0.365 0.286 0.596 0.021**
95 % CI —9.758 - 3.701 —15.711 - 5.826 —16.541 - 4.935 —11.264 - 6.502 1.969 — 23.468

Model summary

Adjusted R2 0.080 0.025 0.057 0.056 0.027
P-value 0.029** 0.209 0.068 0.071 0.197
N 102 102 102 102 102

*Confounders: age, gender, Index Lymph Node only or Sentinel Node Procedure only yes/no, Therapeutic Lymph Node Dissection yes/no and time since completion of

ICI therapy.

**P.yalue < 0.05. * Reference category ‘neoadjuvant’. N: number; B: Beta, SE: Standard Error, 95 % CI: 95 % Confidence Interval, ICI: Inmune Checkpoint Inhibitor.

However, in our analyses ILN/SNP alone or TLND did not significantly
affect the association between neoadjuvant or adjuvant ICI therapy and
long-term HRQoL. Importantly, the percentage of patients who under-
went ILN/SNP alone or TLND did not differ significantly between the
neoadjuvant and adjuvant group, suggesting that the extent of surgery

may play a less significant role in influencing HRQoL outcomes in this
study sample. ii) Earlier completion of treatment: Patients receiving
adjuvant therapy must return to the hospital every 4-6 weeks for a year,
which can be burdensome and may delay their return to normal life. In
contrast, neoadjuvant therapy allows the majority of the patients to
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Fig. 3. Percentage of patients with stage IIl melanoma treated with neoadjuvant and adjuvant immune checkpoint inhibitor therapy and with no relapse, that report
clinically relevant impaired Health-Related Quality of life. A) Functioning domains of the EORTC QLQ-C30. B) Symptom domains of the EORTC QLQ-C30.

Table 3

Logistic regression among patients with stage III melanoma and a pathologic response for neoadjuvant or adjuvant ICI therapy.

Multivariable model*

Physical functioning Role Cognitive functioning Emotional functioning Fatigue
functioning
ICI therapy order - adjuvant vs neoadjuvant®
OR 0.761 0.443 0.718 0.856 0.292
P-yalue 0.706 0.439 0.600 0.813 0.103
95 % CI 0.184 - 3.146 0.057 - 3.474 0.209 - 2.475 0.236 - 3.101 0.067 — 1.280
Model summary
Adjusted R* 0.210 0.138 0.164 0.135 0.085
P-value 0.023** 0.330 0.045%* 0.131 0.502
N 102 102 102 102 102

*Confounders: age, gender, Index Lymph Node only or Sentinel Node Procedure only yes/no, Therapeutic Lymph Node Dissection yes/no and time since completion of

ICI therapy.

**P.yalue < 0.05. * Reference category ‘neoadjuvant’. N: number; B: Beta, SE: Standard Error, 95 % CI: 95 % Confidence Interval, ICI: Inmune Checkpoint Inhibitor.

complete their treatment much earlier (within 6-9 weeks prior to sur-
gery), facilitating a faster return to daily life and thereby contributing to
better long-term HRQoL. iii) Clinical and psychological benefits: Neo-
adjuvant ICI therapy offers the advantage of clear communication of
treatment response to the patient [32]. This is absent in the adjuvant
setting, where patients may experience greater uncertainty, potentially
leading to more impaired HRQoL outcomes compared to patients in the
neoadjuvant setting.

These potential benefits of neoadjuvant combination ICI therapy

appear to outweigh its potential disadvantage: the association with a
higher incidence of grade 3/4 toxicities [8], particularly due to an
increased occurrence of endocrinopathies, which are generally not
reversible [8]. In cases of autoimmune adrenalitis, patients’ HRQoL has
been shown to be impaired [33,34]. The reason why these irAEs did not
lead to impaired HRQoL outcomes in patients treated with neoadjuvant
ICI in our study requires further research.

Although this is the first study to evaluate long-term HRQoL out-
comes after neoadjuvant ICI, the cross-sectional design of the study
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limits the ability to assess HRQoL changes over time. Without these
baseline HRQoL data, it is difficult to determine whether observed dif-
ferences in HRQoL between patients treated with neoadjuvant or adju-
vant ICI are due to treatment effects or were pre-existing factors.
Furthermore, all patients in the neoadjuvant ICI group were originally
enrolled in phase 1 or phase 2 clinical trials [10,11]. Patients in these
trials were selected based on strict eligibility criteria, including their
pathologic response, and therefore, selection bias may hinder direct
comparisons with patients receiving adjuvant ICI therapy in routine
clinical care. For example, patients treated with neoadjuvant ICI therapy
were significantly younger than patients treated with adjuvant therapy.
In addition, previous studies suggest that clinical trial participants were
more likely to be free of comorbidities, to have a higher level of trust in
medical research, and to have greater motivation and commitment to
enroll in a clinical trial than those treated in routine clinical care [35]. In
our multivariable analyses, we were able to adjust for only a few of these
factors, leaving the possibility of residual confounding.

In conclusion, this study is the first to present long-term HRQoL
outcomes in patients with stage III melanoma treated with neoadjuvant
ICI therapy. Our results suggest that neoadjuvant ICI therapy may be
associated with less fatigue in the long term compared with adjuvant ICI
therapy.

Although these findings are striking, the results of the study pre-
sented here need to be independently confirmed and should be consid-
ered as hypothesis-generating at this stage. In addition, further research
into the mechanistic basis of the impact of ICI therapy on HRQoL is
needed, to improve outcomes for patients requiring extensive surgery or
long-term adjuvant therapy including neoadjuvant non-responders.
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