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1. Introduction

1.1  Malignant Melanoma

Malignant melanomas (MMs) are highly aggressive skin tumours derived from melano-
cytic cells, demonstrating early lymphogenic and haematogenous spread. Consequently,

prompt diagnosis, individual therapy and optimal aftercare are highly important.

Most common subtypes are superficial spreading melanoma (SSM; 66%), nodular mela-
noma (NM; 16%), lentigo maligna melanoma (LMM; 12%), acral lentiginous melanoma
(ALM; 5%). (Rastrelli et al., 2014) Melanocytes appear in all tissues of the body so mel-
anomas can not only arise on the skin but also on mucosal membrane (MuM). Rare rep-
resentatives of these kinds are the choroidal (CM) or the meningeal melanoma. (Diem et

al., 2016a; Matthews et al., 2017)

Development of MM is polyetiological. The most important risk factor is exposure to
solar or artificial UV radiation, and even more sunburns, especially at a young age. Ad-
ditional risk factors include the number of melanocytic naevi as well as familial and ge-

netic predisposition.

Men and women are equally affected by malignant melanoma, but women are diagnosed
about 8 years earlier at around 60 years of age. (Ferlay et al., 2013) In 2018 MM ac-
counted for approximately 4.5% of all new tumours in Germany (female 4.7%, male

4.5%). (Friedrich & Kraywinkel, 2018)

MMs are mostly found on the torso (33%) followed by upper (24%) and lower (22%)
limbs. Common predilection site in women are the lower limbs and the back in men,

nevertheless even body parts with little to no sun exposure can develop skin cancer.

(Kraywinkel et al., 2014)

Since introducing dermatological screening in Germany in 2008 case numbers and mor-
tality remain on a stable but high level between 22.000 and 23.000 cases and 3.000 deaths

per year (table 1) with an increase of early-stage but without a decrease in late-stage



melanomas. (Friedrich & Kraywinkel, 2018; "Gemeinsamer Bundesausschuss," 2008) It
has yet to be determined whether new therapy approaches lead to a decreasing mortality
rate and increasing survival rate since their approval in 2016. ("BAnz AT 11.01.2017
B4," 2016; "BAnz AT 13.03.2016 B3," 2016)

As the tumour stage progresses, the prognosis deteriorates rapidly. (Kraywinkel et al.,
2014) Compared to the general population, overall survival decreases with each stage.
While no differences can be observed in stage I, the 5- and 10-year survival in stage II
drops to 90% and 84%, respectively. As progression commences, the relative 5- and 10-
year survival in stage III decreases to 77% and 69%. (Gershenwald et al., 2017) Accord-
ing to their growth patterns, different subtypes of melanoma do have different prognosis,

with higher mortality in NM and ALM. (Ward et al., 2017)

Table 1: Incidence and mortality of Malignant Melanoma in Germany 2008-2018. Zentrum fiir Krebsregis-
terdaten im Robert Koch-Institut: Datenbankabfrage mit Schiitzung der Inzidenz, Privalenz und des Uber-
lebens von Krebs in Deutschland auf Basis der epidemiologischen Landeskrebsregisterdaten (DOI:
10.18444/5.03.01.0005.0016.0001). Mortalitdtsdaten bereitgestellt vom Statistischen Bundesamt.
www.krebsdaten.de/abfrage, Letzte Aktualisierung: 21.12.2021. Abrufdatum: 26.05.2022

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 |2015 |2016 |2017 |2018
la | 20028 | 20571 | 20104 | 21848 | 22276 | 22027 | 22236 | 22181 | 22889 | 23326 | 22878
1b | 24.4 25.1 25.6 27.2 27.7 27.3 27.5 27.2 27.8 28.2 27.6
lc | 18.6 18.9 19.3 20.2 20.2 19.9 19.7 19.4 19.7 19.7 19.2
2a | 2500 | 2657 | 2646 | 2921 | 2875 | 3042 | 3074 | 3054 |2926 | 2835 | 2942
2b | 3.0 3.2 3.3 3.6 3.6 3.8 3.8 3.7 3.6 34 3.5
2¢ | 2.0 2.1 2.1 2.3 2.2 2.3 2.2 2.1 2.0 1.9 2.0

1 - incidence

2 - mortality

3 - survival rate

a - case numbers

b - raw rate per 100.000 population

c - age-standardised rate (EU rate) in Germany per 100.000 population

1.2 Diagnostic criteria and clinical staging
To determine the patients’ prognosis and the follow-up schema, patients need to be clas-
sified according to their tumour stage. This is accomplished by standardized models pub-

lished as “Cancer Staging Manual” by the American Joint Committee on Cancer (AJCC),



most recently in 2017. Depending on the tumour thickness, radiological assessment and

sentinel lymph node biopsy may need to follow to excision of the tumour.

The clinicopathological classification of the primary tumour is important, on one hand,
to be able to make diagnostic and therapeutic decisions and, on the other hand, to ensure
the comparability of clinical studies. The TNM classification of the AJCC is a globally
recognised method for staging melanomas. The continuous review and updating of the
criteria are essential. Currently there are four stages with different numbers of subgroups.

(Gershenwald et al., 2017)

For the current revised eighth version from 2017, more than 46,000 patients in stage I-11I
and information from around 10,000 patients in stage IV were evaluated and survival

outcomes were analysed.

The German S3 guideline on diagnosis, therapy and follow-up of melanoma also uses the
latest edition of the AJCC classification as a basis for the histo-pathological findings of
malignant melanoma. ("S3 — Leitlinie zur Diagnostik, Therapie und Nachsorge des Mel-

anoms," 2020)

The most important prognostic factors according to TNM classification are the vertical
tumour penetration depth in millimetres defined according to Breslow, as well as the pres-
ence of ulceration (T). Furthermore, the presence of lymph nodes (L) and distant metas-
tases (M) are considered. The anatomical localisation of the metastases in the body (out-
side the lymphatic drainage area) and the level of serum lactate dehydrogenase (LDH)
are decisive for the M classification. A specific serum LDH level is defined for each M1
subcategory. (Gershenwald et al., 2017) An elevated LDH level is prognostic for poor
survival in the distant metastatic stage. Survival rates with elevated LDH compared to

normal LDH levels are reduced by more than half. (Tio et al., 2018)



Table 2: Definition of Primary Tumour (T) (Gershenwald et al., 2017)

Thickness Ulceration status
TX Primary tumour thickness cannot be assessed
TO No evidence of primary tumour
Tis (melanoma in situ) not applicable not applicable
Tl <1.0 mm unknown/unspecified
Tla <0.8 mm -
<0.8 mm +
1o 0.8-1.0 mm +
T2 unknown
T2a >1.0-2.0 mm -
T2b +
T3 unknown
T3a >2.0-4.0 mm -
T3b +
T4 unknown
T4a >4.0 mm -
T4b +

Table 3: Definition of Regional Lymph Node (N) (Gershenwald et al., 2017)

No. of tumour-involved regional lymph nodes

in transit, satellite, and/or mi-
crosatellite metastases

NX Regional nodes not assessed -
NO No regional metastases detected -
N1
Nla 1 -
N1b 1 -
Nlc No regional lymph node disease +
N2
N2a 2-3 -
N2b 2-3 -
N2¢ 1 clinically occult or clinically detected +
N3
N3a >4 -
N3b >4 -
N3c >2 +
a clinically occult (i.e., detected by SLN biopsy)
b >1 of which was clinically detected, or presence of any number of matted nodes
c clinically occult or clinically detected + presence of any number of matted nodes

Table 4: Definition of Distant Metastasis (M). (Gershenwald et al., 2017)

Anatomic site LDH Level
MO No evidence of distant metastasis
M1 Evidence of distant metastasis
Mli/[la 0) Distant metastasis to skin, soft tissue including mus- not recorded/u_nspemﬁed
Mia(l) cle, and/or nonregional lymph node n
Ml;)/ﬂb 0) Distant metastasis to lung with or without M1a sites not recorded/u_nspe(nﬁed
Mib(1) of disease n
Mlc not recorded/unspecified




Mlc(0) Distant metastasis to non-CNS visceral sites with or -

Mlc(l)  without Mla or M1b sites of disease +
Mid Distant metastasis to CNS with or without M1a, not recorded/unspecified
MIAO)  \11h or Mic sites of discase A
M1d(1) ’ +
Table 5: AJCC Clinical Prognostic Stage Groups (cTNM) (Gershenwald et al., 2017)
T N M Clinical Stage Group
Tis 0
Tla 1A
T1b
T2a 1B
T2b NO
T3a MO 1A
T3b
Taa 1B
T4b 1c
Any T + Tis > NI 111
Any T Any N Ml v
1.3 Therapy

1.3.1 Immune checkpoint and inhibition

1.3.1.1 Programmed death cell receptor 1 (PD-1)

An important role in the tumour formation and progression is the capability of tumours
to stay unrecognized to the human immune system. Immune editing enables tumours to
remain hidden from t cells. (Dunn et al., 2002)

In recent years, immunotherapeutic agents that help to unveil cancer cells showed durable
antitumour responses and are today considered standard therapy against a variety of can-

cer entities.

In order to fight cancer effectively, various steps must take place in the tumour microen-

vironment. (Chen & Mellman, 2013)

1. tumour antigens, preferably many mutated proteins, must be present through cell death
of cancer cells (or vaccines in the future). (Boon et al., 2006)

2. in the lymph node, antigen-presenting cells (APCs) such as dendritic cells (DCs) pre-
sent these tumour antigens on their surface to naive T lymphocytes (T cells) via MHC

I or MHC II molecules. (Fritz & Lenardo, 2019; Mellman & Steinman, 2001)



3. this leads to priming, i.e., proliferation and differentiation of the T lymphocytes (T
effector cell) through an activation signal (i.e., Interleukin (IL)-2, IL-12). (Trombetta
& Mellman, 2005) If there is no signal, regulator T cells (Treg) cause tumour tolerance.
(Jiang et al., 2007)

4. the T effector cell has to be transported to the tumour by the bloodstream.

5. the T effector cell must penetrate the tumour tissue.

To prevent that from happening, tumours have a multitude of defence mechanisms. On

the one hand, they can stimulate the migration of T reg cells, which counteracts the func-

tion of T effector cells. (Curiel et al., 2004) On the other hand, they can reduce the for-

mation of MHC proteins to present fewer antigens to T effector cells. (Kooi et al., 1996;

Wang et al., 1992) Most important for this work, however, is the upregulation of inhibi-

tory surface proteins (e.g., PD-L1 and PD-L2) that downregulate the antitumour activity

of T cells (see 7.).

6. tumour antigens on MHC I molecules in the tumour tissue are recognised by the spe-
cific T cell receptor (TCR) of the T effector cell. (Chen & Mellman, 2013)

7. The T effector cell eliminates the cancer cell.

One signalling pathway for killing cancer cells is between programmed death cell recep-

tor 1 and its main ligand programmed death cell receptor ligand 1 (PD-1:PD-L1).

PD-1 was first discovered by 2018 Nobel Prize Laureate Tasuku Honjo and his working

group. (Ishida et al., 1992; Okazaki & Honjo, 2007; Okazaki et al., 2002)

PD-1 is highly expressed on the surface of peripheral activated CD8" T cells to regulate
response of the immune system, and functions as an inhibitory immune checkpoint. After
binding to programmed death receptor ligand 1 or 2 (PD-L1 or PD-L2) intracellular mech-
anisms prevent cytotoxic T cells to start attacking tumour cells which are likely to over-
express PD-L1 and PD-L2 so that they are no longer identified as hazardous by the im-
mune system. (Waldman et al., 2020)

After binding of PD-L1/2 to PD-1 an enzyme called tyrosine phosphatase (SHP-2)
dephosphorylates numerous molecules later in the TCR signalling cascade which leads to
decreased T cell activation and production of cytokines and subsequently limits destruc-

tion of tissue. (Baumeister et al., 2016; Keir et al., 2008)



PD-L1 is mainly expressed in cytokine-related inflamed tissue of normal cells, which

prevents them from causing an autoimmune response, but also on tumour cells. (Baumeis-

ter et al., 2016; Ribas & Wolchok, 2018)

Past studies showed reactive upregulation of PD-L1 on tumour cells after T cell recogni-
tion, constantly active T cells tend to produce interferon-gamma (IFN-y) which is then
recognized by receptors located on tumour cells and functions as a strong stimulation for

production of PD-L1. (Baumeister et al., 2016; Garcia-Diaz et al., 2017)

On the other hand, long term PD-1 activation leads to a complex epigenetic program and
eventually to T cell exhaustion with dampened or even loss of defence mechanisms to
fight tumour cells and results in growth of cancer. (Blank et al., 2019; Pardoll, 2012;
Philip et al., 2017; Ribas, 2015; Sen et al., 2016)

Activation of T cells occur when (tumour) antigens are recognized by their specific T cell
receptor (TCR) after being presented on major histocompatibility complexes (MHC) by
antigen presenting cells (APCs) or tumour cells. (Fritz & Lenardo, 2019)
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Figure 1: T cell activation and mechanism of PD-1 axis inhibition and the role of anti-PD-1-antibodies [18]

1.3.1.2 Immune Checkpoint Inhibitors (ICIs)

After decades of therapy with conventional chemotherapy with severe side effects and
limited efficacy, a new group of promising therapeutics with better safety profiles

emerged: immune checkpoint inhibitors. (Johnpulle et al., 2016; Reck et al., 2016)

About half of all patients with metastatic cancers could probably receive ICI therapy.

(Haslam & Prasad, 2019)

Pembrolizumab and Nivolumab are humanized antibodies binding to inhibitory pro-

grammed death cell receptor 1.

After proving effectiveness and improved survival in various studies both Pembrolizumab
and Nivolumab gained approval in Germany in 2016. ("BAnz AT 04.02.2016 B5," 2016;
"BAnz AT 13.03.2016 B3," 2016; Eggermont et al., 2018; Hamid et al., 2013; Robert et
al., 2015; Topalian et al., 2014; J. Weber et al., 2017; Wolchok et al., 2013)



According to the German S3-guideline malignant melanomas in clinical stage groups II1
A-D and IV without BRAF-mutation shall be treated with anti-PD-1-antibodies.("S3 —
Leitlinie zur Diagnostik, Therapie und Nachsorge des Melanoms," 2020). Observed ob-
jective response rates for malignant melanoma varied between approximately 30—-40%,
roughly three times higher than with Ipilimumab, another immunotherapy (CTLA-4 in-
hibitor). (Hamid et al., 2013; Robert et al., 2015; Topalian et al., 2012; Zhao et al., 2020).
PD-1 inhibitors also showed efficacy in PD-L1 negative tumours. (Eggermont et al.,
2018)

Pembrolizumab is authorized for therapy in following entities: Melanoma, non-small cell
lung carcinoma (NSCLC), Hodgkin-Lymphoma, urothelial carcinoma, head and neck
squamous cell carcinoma, (HNSCC), renal cell carcinoma (RCC), colorectal cancer
(CRC), oesophageal carcinoma, triple-negative breast cancer (TNBC), endometrial car-

cinoma (EC), cervical carcinoma.("Fachinformation KEYTRUDA®," 2022)

Nivolumab is used to treat patients with NSCLC, advanced renal cell carcinoma, classical
HNSCC, urothelial cancer, malignant pleural mesothelioma, colon or rectum carcinoma
with microsatellite or mismatch repair deficient (AIMMR), squamous oesophageal cancer,
oesophageal cancer and gastro-oesophageal junction cancer after previous chemotherapy,
radiotherapy and surgery, gastric (stomach), gastro-oesophageal junction or oesophageal

adenocarcinoma. (EMA, 2018)

After binding of Anti-PD-1-antibody, tumour cells are no longer capable of deactivating
cytotoxic t-cells and therefore the immune system can fight the tumour on its own.

(Brahmer et al., 2012; Ribas, 2012; Topalian et al., 2012)

Therapy regimen requires Pembrolizumab 200 mg every 3 weeks or 400 mg every 6

weeks over the course of 30 minutes. ("Fachinformation KEYTRUDA®," 2022)

1.4 Immune related adverse events (irAEs)

Correct identification and management of adverse events are crucial to the evaluation of

any given therapy.



The hyper-activation of immune system by ICI can have autoimmune repercussions that
mostly involve the endocrine system, skin, liver, kidneys, and the gastrointestinal tract.

(Eigentler et al., 2016; Hofmann et al., 2016; Zimmer et al., 2016)

Reported irAEs are experienced in approximately 79% of all patients without pre-existing
auto-immune disease (PAD). (Hamid et al., 2013; Topalian et al., 2012; Tully et al., 2021)
A study that observed patients over 4 years found irAEs after PD-1 monotherapy in 86%
of cases (grade 3: 17%; grade 4: 5%) and after combined immunotherapy in 96% of cases

(grade 3: 48%; grade 4: 11%). (Hodi et al., 2018; Postow et al., 2015)

Retrospective studies showed similar overall survival (OS) in patients with and without
PAD (pre-existing autoimmune disease). (Danlos et al., 2018; Eggermont et al., 2020;
Gutzmer et al., 2017; J. S. Weber et al., 2017)

In the past, numerous studies reported safe administration and favourable outcomes in
PAD patients. Frequency of PAD flare-ups was seen in 23.0%—47.0%, frequency of irAEs
in general between 29.0%—44.0% and a frequency of severe irAEs (CTCAE grades 3+4)
in 10.0%44.0% of cases. (Danlos et al., 2018; Gutzmer et al., 2017; Leonardi et al.,
2018; Menzies et al., 2017)

Standardized evaluation of irAEs is achieved using National Cancer Institutes “Common
Terminology Criteria for Adverse Events (CTCAE)”. CTCAEs are regularly improved
and adapted. Current version is 5.0. published in November 2017. ("Common Terminol-

ogy Criteria for Adverse Events (CTCAE)," 2017)

There are five grades to differentiate from: grade 1 (asymptomatic without the need of

any intervention) to grade 5 (death related to adverse events). (Table 6)

Table 6: Immune-related adverse events. National Health Institute, Common Terminology Criteria for
Adverse Events (CTCAE) v5.0

Grade Symptoms Consequences
| — mild asymptomatic /mild chm.cal./ diagnostic observations only; intervention
not indicated
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2 —moderate limiting age-appropriate instrumental ADL

3 —severe hospitalization indicated | limiting self-care ADL

4 — life-threatening urgent intervention indicated

5 - death related to irAE

Therapy with ICIs can cause multiple immune related adverse events (irAEs). Depending
on the affected organ system treatment should be withheld or even discontinued if (recur-
rent) grade 3 or grade 4 irAEs are diagnosed. (Haanen et al., 2022). Although patients
may benefit from rechallenge of ICI therapy, it shall only be done after clearance by a
multidisciplinary team and after a rigorous case-by-case assessment due to a higher risk

of recurrence of high grade irAEs. (Haanen et al., 2020)

Treatment involves (high dose) corticosteroids (CS) in early stages and can be extended
to biologic disease-modifying anti-rheumatic drugs (-(DMARDs) such as TNF a inhibi-
tors or various anti interleukin receptor inhibitors if side effects are uncontrollable under

CS. (Haanen et al., 2022)

1.4.1 Immune checkpoint inhibition in patients with pre-existing autoimmune disease

with or without active immunosuppression

Due to limited data on potential exacerbation of autoimmune diseases, patients with pre-
existing autoimmune disease or active immunosuppression were generally excluded from
clinical studies (Calabrese & Velcheti, 2017; Eggermont et al., 2018; Ribas et al., 2015;
Robert et al., 2015; Schachter et al., 2017)

With continuous exclusion of PAD-patients and expanding numbers of treatment indica-
tions there is also an increasing population excluded from the potential benefits of ICIs.
One example are the 13.5% of American patients with lung cancer with an autoimmune
disease who, based on the clinical trials inclusion and exclusion criteria, could not receive
PD-1 treatment. (Khan et al., 2016) Other than that, about 5% of the population are suf-
fering from PADs. (Tobon et al., 2012)
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Several retrospective studies have shown that patients with underlying autoimmune dis-
ease could profit from ICI therapy. (Gutzmer et al., 2017; Johnson et al., 2016; Menzies
et al., 2017) Interestingly, response rate was somehow higher in patients with PAD com-

pared to those without and highest in patients with active PAD. (Cortellini et al., 2019)

Patients with PAD experience immune-related side effects more often than patients with-
out PAD but, at the same time, there is no statistical significance in frequency of grade 3-

4 irAEs between the two groups. (Cortellini et al., 2019)

A flare-up of the existing autoimmune disease occurs in up to 80% of cases. (Hoa et al.,
2021) The occurrence of a new PAD happens in 25% of cases and both in 9% of cases.
(Abdel-Wahab et al., 2018; Placais et al., 2022) In comparison, in patients without a de-
scribed autoimmune disease, irAEs can be seen in 82-95% of cases and grade 3-4 irAEs

in 16-55% of cases. (Larkin et al., 2015)

Based on the previous reports, the rate of severe irAEs does not differ from that of patients

without PAD.

1.5 Objective and research question of the dissertation

This thesis focuses on the question of the extent to which patients with PAD and active

immunosuppression benefit from ICI therapy.

The following main questions are addressed:

1. What proportion of patients achieved a clinical response (CR, PR, SD) to PD-1-based
immunotherapy?

2. Are there different outcomes when comparing mono and combined immunotherapy?

3. What irAEs occurred during therapy, how frequently did they arise, and do their fre-
quency and severity differ from patients without PAD

12



2. Material and methods

2.1 Data collection and assessment

Collected data used in this retrospective study originate from patient’s database of Uni-
versity Hospital Tiibingen (SAP ISH GUI for Windows, Copyright 1993-2004) and the
central malignant melanoma registry. We received ethics committee approval for this

study (project number 640/2022B0O2).

Patients who received treatment at the University Hospital Tiibingen in the period from
January 2015 to December 2021 were included. All patients listed had a diagnosis of

AJCC v8 stage IV in the above-mentioned observation period.

Patients were treated with anti-PD-1 based immunotherapy (pembrolizumab or
nivolumab monotherapy or nivolumab and ipilimumab combined immunotherapy). Pre-
existing autoimmune diseases (PAD) and active immunosuppressive therapy and changes

in therapy regimens were also recorded.

All information out of the patient’s database were compiled in SPSS using the following
criteria: sex and age, tumour-specific information such as the localisation of the primary
tumour, the histological classification of the subtypes, the TNM stage at initial diagnosis,

and the time of stage IV diagnosis.

BRAF, NRAS and cKIT mutation status of the primary tumour are also documented. Start

of therapy, time of best response termination of systemic applications were recorded.

The localisation of organ metastases including radiological evaluation (CT, PET-CT,
MRI) since progression to stage IV are described. The standard criteria for evaluating
treatment response in solid tumours are the RECIST criteria from the year 2000. The
assessment of treatment response according to RECIST was based on the following cat-
egories:

The overall collective was examined according to response to PD-1 therapy including
therapy from the time of metastasis. Best overall response was assessed according to RE-

CIST 1.1 criteria. (Eisenhauer et al., 2009; Schwartz et al., 2016)
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= Complete response (CR), partial response (PR), stable disease (SD), progressive
disease (PD), progression free survival (PFS). Data include date of follow ups as

well as cause of death if death occurred while collecting data.

2.2 Patient collective and classification of variables

Analysis was performed on patients with stage IV melanoma. Focus of the analysis was
in patients with metastatic melanoma who received immunotherapy as first-line or sec-
ond-line treatment. Unless otherwise stated, all analyses refer to patients with diagnosed,

pre-existing autoimmune disease.

Some of the patients also received surgical or radiotherapy. However, these local thera-

pies were not included in the analysis.

The following variables were included in the analysis: sex, age, location and subtype of
primary melanoma, stage at initial diagnosis, clinical stage group (TNM), number of or-
gans with metastases, presence of brain and liver metastases, BRAF mutation status, LDH
and S100 levels at initial diagnosis, type of PAD as well as active immunosuppressive

treatment of the underlying PAD.

Date of last contact or death was also documented. Follow-up and overall survival were
defined as time between dates of diagnosis of stage IV disease and last contact or death
from any cause. Progression Free survival 1 (PFS1) is the time between date of stage [V
diagnosis and date of 1st disease progression.

Progression Free survival 2 (PFS2) is the time from the start of first-line therapy to pro-

gression under second-line.

2.3 Statistical Analysis

The entire patient population was evaluated using descriptive statistics frequency tables,
cross-tabulations, and bar charts. For certain variables, the mean, median and standard
deviation were calculated. Kaplan-Meier curves were used to determine survival curves

and median survival time using log-rank tests for statistical significance testing.
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Differences with a p-value of < 0.05 are to be rated as significant. The 1-, 2- and 3-year
survival rates were calculated with a confidence interval of 95%. Survival probabilities

were calculated on the based on the date of stage IV diagnosis.

Statistical analysis was performed by using IBM SPSS Statistics Version 24.0 (Statistical
Package for Social Sciences, SPSS Inc., Chicago, IL, USA).
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3. Results

3.1 Description of the patient collective

We included 939 patients diagnosed with stage IV melanoma between January 2015 and
December 2021. 89 of these patients (9.5%) had PAD and are further examined in this
study. 850 patients did not have a documented PAD. Median follow up was 29 months
(95% CI: 22.7-34.9).

Table 7: Patient characteristics, primary tumour characteristics, prognostic factors

16

Survival analysis
Patient characteristics PAD mOS 95% CI p-value
(months)
Age distribution 0.433
<60y 31 (34.8%) 0 (0-0)
60-75y 28 (31.5%) 30.5| (10.7-50.4)
>T75y 30 (33.7%) 26.2 | (22.3-53.8)
Sex 0.877
female 46 (51.7%) 38| (13.6-62.4)
male 43 (48.3%) 30.5| (8.1-52.9)
PAD
Rheumatoid Arthritis 24 (14.6%)
Inflammatory Bowel Disease™ 20 (12.2%)
Psoriasis vulgaris 13 (7.9%)
Polymyalgia rheumatica 6 (3.7%)
Collagenosis** 5 (3.0%)
Sarcoidosis 5 (3.0%)
Hashimoto-Thyroiditis 3 (1.8%)
Ankylosing spondylitis 3 (1.8%)
Multiple Sclerosis 2 (1.2%)
Diabetes mellitus | 2 (1.2%)
Vitiligo 2 (1.2%)
Grave's disease 2 (1.2%)
Familial Mediterranean Fever 1 (0.6%)
Antihaemolytic Anaemia 1 (0.6%)
Morbus Ormond 1 (0.6%)
Bullous Pemphigoid 1 (0.6%)
Lab
LDH 0.150
elevated 41 (46.0%) 229 (8.3-37.5)
normal 43 (48.3%) 4341 (24.1-62.8)
S100 0.138
elevated 42 (47.1%) 25.2| (0.0-54.7)
normal 42 (47.1%) 434| (16.8-70)
Histological subtype 0.252
SSM 24 (27.9%)




NM 20 (23.3%) 21.1 (0-43.5)
unknown 4 (4.5%)
other 40 (44.9%) 38.0| (20.3-52.6)
Mutation
BRAF 33 (37.5%) 25.2| (0.0-53.6) 0.848
KIT 2 (2.3%)
NRAS 20 (22.7%)
Systemic therapy
ST 78 (87.6%) 38.4| (19.2-57.7) 0.084
PD-1 mono 26 (29.2%) 43.4| (11.3-75.5) 0.314
PD-1+CTLA4 43 (48.3%) 381 (19.8-56.3) 0.381
TT 31 (34.8%)
CT 5(5.6%)
Immunosuppression 0.232
no 48 (53.9%) 2291 (0.0-55.1)
yes 41 (46.1%) 38.4| (25.5-51.3)
Steroids 29 (34.9%)
MTX 13 (15.7%)
5-ASA (Mesalamine/Sulfasalazine) 9 (10.8%)
Vedolizumab 3 (3.6%)
Hydroxychloroquine 2 (2.4%)
Adalimumab 2 (2.4%)
Azathioprine 1 (1.2%)
Tocilizumab 1 (1.2%)
Number of immunosuppressants
0 48 (54.5%)
1 26 (29.5%)
2 11 (12.5%)
3 4 (4.5%)
Number of metastatic organs 0.565
1-3 72 (83.1%) 38| (21.9-54.2)
>3 17 (16.9%) 25.2| (2.4-47.9)
Brain metastases 0.727
yes 33 (34.8%) 47.5] (1.6-93.3)
no 56 (65.2%) 38| (23.2-52.9)
Liver metastases 0.970
yes 32 (34.8%) 38.4| (15.8-61.0)
no 57 (65.2%) 30.5| (7.5-53.5)
Stage at first diagnosis 0.639
I 16 (18.0%) 0 (0-0)
I 19 (21.3%) 30.5| (13.0-48.1)
11 29 (32.6%) 10.5 (0-50.5)
v 18 (20.2%) 38.4| (17.8-59.0)
Localisation of primary tumour 0.204
Head/Neck 19 (0.0%) 38.4| (16.4-60.5)
Torso 23 (0.0%) 30.5| (0.7-60.4)
Extremities 32 (0.0%) 10.5| (4.6-16.4)

Ulcerative colitis. Crohn's disease
** SLE. Sjogren's syndrome. Dermatomyositis

17




Table 8: Patient characteristics. primary tumour characteristics. prognostic factors + immunosuppression

Patient characteristics

PAD + immuno-

Survival analysis

yes

15 (36.6%)

18

Primary tumor characteristics suppression (mn(:gtis) 95% CI | p-value
Prognostic factors n=41
Age distribution 0.267
<60y 10 (24.4%) -
60-75y 14 (34.1%) 38.0 (9.4-66.7)
>75y 17 (41.5%) 38.4 (15.4-61.4)
Sex 0.315
female 19 (46.3%) 30.5 (9.6-51.5)
male 22 (53.7%) 28.4 (37.5-39.3)
Stage at first diagnosis 39 (0.0%) 0.155
I 9 (23.1%) - -
I 10 (25.6%) 30.5 (14.6-46.4)
I 14 (35.9%) - -
v 6 (15.4%) 36.8 (0.0-33.9)
Mutation
BRAF 19 (0.0%) 0.862
no 38.0 (23.0-53.0)
yes - -
KIT 1 (0.0%)
no
yes
NRAS 7 (0.0%)
Localisation of primary tumour 34 (0.0%) 0.967
Head/Neck 9 (26.5%) 384 (21.9-55.0)
Torso 10 (29.4%) 30.5 (8.5-52.5)
Extremities 15 (44.1%) - -
Histological subtype 0.321
SSM 15 (36.6%) - -
NM 8 (19.5%) 30.5 (7.8-53.2)
oM 7(17.1%) - -
other 7 (17.1%) 38.4 (19.5-57.4)
Laboratory parameters
LDH 0.920
elevated 21 (52.5%) 21.2 (0.0-79.9)
normal 19 (47.5%) 38.4 (21.5-54.6)
S100 0.989
elevated 19 (46.3%) 384 (7.6-69.2)
normal 22 (53.7%) 43.4 (21.7-65.1)
Number of metastatic organs 0.765
1-3 31 (75.6%) 384 (27.0-49.9)
>3 10 (24.4%) - -
Brain metastases 0.560
yes 14 (34.1%) - -
no 27 (65.9%) 38.4 (24.6-52.2)
Liver metastases 0.463




no 26 (63.4%) 38.0 (11.2-64.9)
PAD
Rheumatoid Arthritis 17 (41.5%)
Inflammatory Bowel Disease* 11 (26.8%)
Psoriasis vulgaris 2 (4.9%)
Polymyalgia rheumatica 5(12.2%)
Collagenosis** 3(7.3%)
Sarcoidosis 1 (2.4%)
Hashimoto-Thyroiditis 0 (0.0%)
Morbus Bechterew 0 (0.0%)
Multiple Sclerosis 0 (0.0%)
Diabetes mellitus | 0 (0.0%)
Vitiligo 0 (0.0%)
Grave's disease 0 (0.0%)
Fimilial Mediteranean Fever 1 (2.4%)
Autohemolytic Anemia 0 (0.0%)
Morbus Ormond 1 (2.4%)
Bullous Pemphigoid 0 (0.0%)
Systemic therapy
ever ST 37 (90.2%) 38.4 (24.7-52.1) 0.460
ever PD-1 mono 13 (31.7%) 38.4 (6.1-70.8) 0.847
ever PD-1+CTLA4 19 (46.3%) 38.0 (21.4-54.7) 0.870
ever TT 18 (43.9%)
ever CT 2 (4.9%)
Immunosuppression
no 0 (0.0%)
yes 41 (100.0%) 38.4 (25.5-51.3)
Corticosteroids 29 (70.7%)
MTX 13 (31.7%)
5-ASA (Mesalamine/Sulfasalazine) 9 (22.0%)
Vedolizumab 3(7.3%)
Hydroxychloroquin 2 (4.9%)
Adalimumab 2 (4.9%)
Azathioprin 1 (2.4%)
Tocilizumab 1 (2.4%)
Number of Immunosuppressants
0
1 26 (63.4%)
2 11 (26.8%)
3 4 (9.8%)

* Colitis ulcerosa, Crohn's disecase

** SLE, Sjogren's syndrome, Dermatomyositis
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3.2 Analysis parameters

3.2.1 Patient characteristics

3.2.1.1 Age and Sex

Overall patient collective (n:=89) median age at stage IV diagnosis was 66.0 years (IQR
57.0-78.0). Youngest patient was 31 and oldest was 90 years old. Standard deviation was
13.11 years. Median age for patients with active immunosuppression (n+= 41) was 72
years (IQR 59.5-79.5), youngest patient was 31 and oldest 89 years old. (Figure 2)

Majority of patients were female (52.3%, n:=46) female and 47.7% (n:=43) were male.
There were more men receiving active immunosuppression (n+=22 / 53,7%) than women

(n:=19 / 46,3%) (Figure 3)
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3.2.2 Primary tumour characteristics

3.2.2.1 Stage at initial diagnosis

The majority (32.6%, n:=29) of the patient was first diagnosed with stage III melanoma.
Fewer melanomas (21.3%, n:=19) were detected in the initial stage II. In 18.0% of pa-
tients (n==16), melanoma was diagnosed in stage I, 20.2%, (n:=18) was already in stage
IV at the time of diagnosis and 7.9% (n==7) had no information on the stage at initial
diagnosis. The majority of patients receiving active immunosuppression were initially
diagnosed in stage III (n+=14 / 34.14%), then stage Il (n+=10 / 24.4%) and I (n+=9 /
22.0%). Fewest patients were directly diagnosed in stage IV (n+=6 / 14.6%). (Figure 4)
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Figure 4: Stage at first diagnosis

3.2.2.2 Mutation status

In 6.0% (n+=5) of the cases, information about any mutation was missing and these pa-
tients had to be further excluded from the analysis. In 6.0% (n-=5) of the study population,
BRAF and NRAS mutation status was missing, and in 52.8% (n=42) regarding cKIT mu-
tation. One patient (1.1%) had both BRAF and cKIT mutation and another patient (1.1%)
had BRAF and NRAS mutation.

In 39.3%, (n:=33/84) of the patients had a BRAF mutation, 23.8% (n+=20/84) were
NRAS mutated and in 76.2% (n=64/84), an NRAS mutation could be excluded.

Two patients had a cKIT-mutated (4.3%, n==2/47) and 85.1% (n+=40/47) were KIT wild-
type. BRAF mutation in patients with active immunosuppression occurred in 46.3%

(n+=19). (Figure 5)
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Figure 5: BRAF mutation status

3.2.2.3 Localisation of primary tumour

The localization of the primary tumour was unknown in 19.1% (n:=17) and had therefore
to be excluded from the study. In majority, primary tumour was described on the extrem-
ities (44.4%, n.=32). Further locations included the torso (31.9%, n-=32) and head and
neck (23.6%, n:=17). Numbers differed in patients with active immunosuppression. Pri-

mary tumor was found on the head/neck in 22.0% (n+=9), on the torso in 24.4% (n+=10)

and on the extremities in 36.6% of the cases (n+=15) (Figure 6)
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Figure 6: Localisation of primary tumour




3.2.2.4 Histological subtypes

In this analysis, most frequent histological subtype was SSM, the second most frequent
type was NM. SSM was diagnosed in 27.0% of patients (n+=24), NM in 21.3% (n=11),
LMM in 6.7% (n==6), ALM in 4.5% of the cases (n==4). Other histological subtypes
(nevus associated, mucosal, choroidal were observed in 20 patients overall — 22.5%)). In
27.0% (nz=24) of melanoma patients, histological subtype was not specified and therefore
could not be included in any category. In patients under active immunosuppression, SSM

and NM were also most frequent (n+=15/ 36.6% and n+=8 / 19.5%). (Figure 7)
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Figure 7: Histological subtypes

3.2.3 Laboratory parameters

3.23.1 LDH

In 46% of the cases (n==41) LDH levels were elevated, while in 48.3% (n:=43) a normal
LDH level was detected in the blood. When assessing LDH, 5.7% (n+=5) of patients had
to be excluded due to lack of information. Patients with active immunosuppression had
elevated LDH levels in 51.2% (n+=21) and normal LDH levels in 46,3% (n+=19) (Figure
8)
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Figure 8: LDH

3.2.3.2 S100

Elevated and normal S100 levels were seen in the same proportion of patients - 47.1%
(n=42). S100 level was unknown in 5.7% (n:=5) of patients and these were therefore
excluded. Patients with active immunosuppression had elevated S100 levels in 46.3%

(n+=19) and normal S100 levels in 53.7% (n+=22) (Figure 9)
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Figure 9: S100

3.2.3.3 Pre-existing autoimmune diseases (PAD)

Rheumatologic PADs were present in 48.3% of patients (n:=43: rheumatoid arthritis
(n:=24); polymyalgia rheumatica (n:=6); sarcoidosis (n:=5) ankylosing spondylitis
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(n==3); dermatomyositis; limited cutaneous systemic scleroderma, sharp syndrome;
Sjogren’s syndrome each (n=1)).

Patients with gastrointestinal PAD were represented in 22.5% of cases (n-=20: ulcerative
colitis (n:=11); Crohn’s disease (n+=9)). Dermatologic PAD was seen in 16.9% (n==15:
psoriasis vulgaris (n==15), vitiligo (n-=2) and bullous pemphigoid (n+=1)). Patients with
endocrine PAD came next with 6.7 % (n:=6: Hashimoto thyroiditis (n:=3)); diabetes
mellitus type [ (n:=2); Graves’ disease (n=2)). Respectively 2.2% of the study population
had either hematologic (n-=2: familial mediterranean fever (n+=1); autoimmune haemo-
lytic anaemia (each n:=1) or neurologic (multiple sclerosis, n-=2) PADs. 1.1% were cat-

egorized as other (Morbus Ormond (n:=1)). (Table 9 and Figure 10)
Two patients (2.3%) were diagnosed with two different PADs. One patient had Rheuma-
toid arthritis and Psoriasis vulgaris and the other one ulcerative colitis and Grave’s dis-

c€asc.

Table 9: Pre-existing autoimmune diseases

N
w

Rheumatologic 48.3%
Rheumatoid arthritis

Polymyalgia rheumatica

[\
N

Sarcoidosis

Ankylosing spondylitis
Dermatomyositis

Limited cutaneous systemic scleroderma
Lupus erythematosus

Sharp syndrome

— = = = = W N

Sjogren's syndrome

[\*]
<

Gastrointestinal 22.5%

—_
[

Ulcerative colitis

O

Crohn's disease

[
9}

Dermatologic 16.9%

—_
[\

Psoriasis vulgaris
Vitiligo
Bullous pemphigoid

Endocrine 6.7%
Hashimoto thyroiditis
Diabetes mellitus Type I

Graves' disease

Haematologic 2.2%

— NN W |~ N

Autoimmune haemolytic anaemia
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Familial Mediterranean Fever

Neurologic 2.2%

Multiple sclerosis

other 1.1%

—_ = NN [

Morbus Ormond
Total 89 100.00%

Bullous Pemphigoid
Morbus Ormond
Autohemolytic Anemia
Fimilial Mediteranean Fever
Grave's disease

Vitiligo

Diabetes mellitus I

Multiple Sclerosis

Morbus Bechterew
Hashimoto-Thyroiditis
Sarcoidosis

Collagenosis**
Polymyalgia rheumatica
Psoriasis vulgaris
Inflammatory Bowel Disease*
Rheumatoid Arthritis

Figure 10: Autoimmune diseases

47 (53.4%) patients did not receive any immunosuppressive agents to treat their PAD, 26
patients received one (29.5%), 11 patients received two (12.5%) and 4 patients received
three (4.5%). More than one immunosuppressant was necessary mostly when patients had

IBD or rheumatoid arthritis. (Figure 10)
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Figure 11: Number of immunosuppressive agents
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Steroids were used most frequently (n:=29; 48.3%), followed by MTX (n-=13; 21.7%)
and 5-ASA (Mesalamine/Sulfasalazine) (n:=9; 15.0%). Vedolizumab was used in 5.0%
of cases (n+=3), Hydroxychloroquine and Adalimumab in 3.3% each (n:=2) and Azathi-

oprine and Tocilizumab in 1.7% respectively (n=1). (Figure 11)

When receiving multiple immunosuppressants, steroids were involved in 15 of 16 cases.

Tocilizumab
Azathioprin
Adalimumab
Hydroxychloroquin
Vedolizumab
Mesalazin/Sulfasalazin
MTX

Steroide

0 5 10 15 20 25 30

Figure 12: Immunosuppressive agents

3.2.4 Prognostic factors

3.2.4.1 Number of organ metastases

In 83.1% (n:=74) of the patients, 1-3 organs were affected with metastases. 16.9%
(n==15) of the total collective had metastases in more than 3 organs. Patients with active
immunosuppression had up to 3 organs with metastasis in 75.6% (n+=31) and more in

24.4% of cases (n+=10). (Figure 13)
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Figure 13: Number of metastatic organs

3.2.4.2 Brain and liver metastases

37.1% (n==33) had brain metastases and 62.9% (n:=56) of PAD didn’t. 36.0% had liver
metastases (n==32) while 64.0% (n:=57) did not. Finally, 13.5% of patients (n-=12) had
both brain and liver metastases. Patients under active immunosuppression had brain me-
tastases in 34.1% (n+=14) and liver metastases in 36.6% of cases (n+=15), 14.6% (n+=6)
had both. (Figures 14 and 15)
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Figure 14: Brain metastases
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Figure 15: Liver metastases

3.2.5 Therapy regimen

In total 87.6% (n==78) received systemic therapy during study observation. 48.3% (n=43)
received combined immune checkpoint, 29.2% (n:=26) had PD-1 monotherapy. Patients
under active immunosuppression received systemic therapy in 90.2% (n+=37), combined
immunotherapy in 46.3% (n+=19) and PD-1 monotherapy in 31.7% of cases (n+=13).
(Figure 16)
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Figure 16: systemic therapies

3.2.5.1 First-line therapy

12.4% of patients never received any systemic therapy (n==11/89). First-line, 42.3% of
patients (n==33/78) received combined immunotherapy; 24.4% (n:=19/78) were given

PD-1 monotherapy. Targeted therapy was administered in 30.8% of patients (n=24/78)
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and CTLA-4 monotherapy in 2.6% of patients (n-=2/78). Nobody received chemotherapy

as first-line.

Regarding patients who have immunosuppressive therapy, 9.76% patients never received
systemic therapy (n:=4/41). 35.1% (n:=13/37) received combined immunotherapy;
24.3% (n+=9/37) were given PD-1 monotherapy. Targeted therapy was administered in
37.8% of patients (n-=14/37) and CTLA-4 monotherapy in 2.7% of patients (n-=1/37).
Overall, 59.5% (n+=22/37) of patients received PD-1 immune checkpoint inhibitors in

some form.

Overall, 53.8% (n:=42/78) of all PAD patients and 51.4% (n+=19/37) of patients with

immunosuppressive therapy had progressive disease. (Table 10)

Table 10: First-line systemic therapy

First-Jine ST All Immunosuppression
n % n %
PD-1 Mono 19 24.4% 9 24.3%
PD-1/CTLA-4 33 42.3% 13 35.1%
TT 24 30.8% 14 37.8%
CTLA-4 Mono 2 2.6% 1 2.7%
> 78 100.0% 37 100.0%

3.2.5.2 Second-line therapy

57.14% (n+=24/42) had second-line therapy. 29.2% of patients (n-=7/24) received com-
bined immunotherapy; 16.7% (n:=4/24) were given PD-1 monotherapy. Targeted therapy
was administered in 37.5% of patients (n-=9/24) and chemotherapy in 12.5% of patients
(n:=3/24). Others include combined therapy of Nivolumab, Trametinib and Dabrafenib
(n=1/24.4.2%). Nobody received CTLA-4 monotherapy as second-line. All in all, 50.0%
of patients received PD-1 therapy (either mono or combined immune checkpoint inhibi-

tion) (Table 11).
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Table 11: Second-line systemic therapy

. All Immunosuppression

Second-line ST
n % n %

PD-1 Mono 4 16.7% 3 21.4%
PD-1/CTLA-4 7 29.2% 4 28.6%
TT 9 37.5% 6 42.9%
CT 3 12.5% 0 0.0%
other 1 4.2% 1 7.1%

> 24 100.0% 14 100.0%

3.2.6 Immune related adverse events (irAEs)

Out of 89 patients, 12.4% (n==11) never received any systemic therapy. Further 15.7%
(n==14) of the study population never received PD-1 therapy (PD-1 monotherapy or PD-
1/CTLA-4 combined immunotherapy). In conclusion, 64 patients received PD1 therapy.
54.7 % (n==35/64) of them experienced a total of 69 irAEs. 18.8% (n:=12/64) had flare
ups of their PAD. 51.4% of patients had 1 (n-==18/35), 31.4% (n==11/35) had 2, 11.47%
(n:=4/35) had 3 and 5.7% (n:=2/35) had 4 irAEs. 29.0% (n:=20/69) of irAEs were mild,
43.5% (n==30/69) were moderate, 21.7% (n:=15/69) were severe and 5.8% (n-=4/69)

were life threatening. (Figure 17)

58.9% of patients with IBD (n:=9) and 40.0% of patients with thyroiditis had flare-ups.

Out of 41 patients with active immunosuppression, 7.3% (n+=3/41) never received ICI.
In conclusion, 38 patients received ICI. 39.5% (n+=15/38) of them experienced a total of
30 irAEs. 21.1% (n+=8/38) had flare ups of their PAD. 46.7% of patients had 1 (n+=7/15),
33.3% (n+=5/15) had 2, 13.3% (n+=2/15) had 3 and 6.7% (n+=1/15) had 4 irAEs. 33.3%
(n+=10/30) of irAEs were mild, 36.7% (n+=11/30) were moderate, 16.7% (n+=5/30) were

severe and 13.3% (n+=4/30) were life-threatening.
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Figure 17: irAEs under PD-1 therapy + PAD
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Figure 18: irAEs under PD-1 therapy + PAD

Patients with pre-existing sarcoidosis, autoimmune haemolytic anaemia had no irAEs
during PD-1 based therapy in this study (16.9%, n:=15). Patients with Multiple Sclerosis
or Vitiligo never had PD-1 based therapy.

3.3 Best and Overall Response Rate (BOR) according to RECIST

BOR were assessed using RECIST 1.1 criteria (1 = complete response (CR), 2 = partial
response (PR), 3 = stable disease (SD), 4 = progressive disease (PD)). (Eisenhauer et al.,
2009)
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Patients with PAD and presence of stage IV malignant melanoma, 29.2% (n==26/89) of
had complete remission (CR), 19.1% (n:=17/89) had partial remission (PR) and 7.9%
(n==7/89) had stable findings (SD) on imaging. Progression (PD) of the disease was de-
tected in 24.7% (n=22/89). In 18.0% (n:=16/89), no usable data was available for this
purpose and therefore had to be excluded from the assessment.

Under second-line treatment, 4.5% (n==4/89) of patients achieved CR, 4.5% (n-=4/89)
PR and 2.2% (n+=2/89) SD. 12.4% (n:=16/89) of patients had PD. In 71.0% (n+=63/89)

had no usable data and therefore had to be excluded from the assessment.

Table 12: BOR (RECIST) PAD #+ immunosuppression

N First-line therapy Second-line therapy
n+=78, missing n==11 n+=26, missing n+=63
CR 29.2% n=26/89 4.5% n.=4/89
PR 19.1% n=17/89 4.5% n.=4/89
SD 7.9% n+=7/89 22% n+=2/89
PD 24.7% n.=22/89 12.4% n=11/89
ORR 48.3% n=43/89 9.0% n+=8/89

Patients with PAD and active immunosuppression in presence of malignant melanoma in
stage IV malignant melanoma, 34.1% (n+=14/41) of patients had a CR, 24.4% (n+=10/41)
had PR and 7.3% (n+=3/41) had SD on imaging. Progression detected in 19.5% (n+=8/41).
(n+=22/41). In 14.6% (n+=6/41), no usable data was available for this purpose and there-
fore had to be excluded from the assessment.

Under second-line treatment, 4.9% (n+=2/41) of patients achieved CR, 4.9% (n+=2/41)
PR and 0.0% (n+=0/41) SD. 17.1% (n+=7/41) of patients had PD. In 36.6% (n+=15/41)

had no usable data and therefore had to be excluded from the assessment.

Table 13: BOR (RECIST) PAD + immunosuppression

. First-line therapy Second-line therapy
n+=35, missing n+=6 n+=26, missing n+=15
CR 34.1% n+=14/41 4.9% n+=2/41

33



PR 24.4% n.=10/41 4.9% n+=2/41

SD 7.3% n+=3/41 0.0% n.=0/41
PD 19.5% n+=8/41 17.1% n.=7/41
ORR 58.5% n.=24/41 9.8% n+=4/41

3.3.1 BOR according to RECIST and therapy regimen

3.3.1.1 First-line

Regarding first-line therapy in patients with PAD, 24.4% (n==19) received PD-1 mono-
therapy, 42.3% (n:=33) received PD-1/CTLA-4 combined immunotherapy and 33.3%
(n==26) received other therapies (TT and CTLA-4 monotherapy). In every group, there
were two patients with missing response and had therefore to be excluded.

In first-line treatment with PD-1 monotherapy, 52.9 % (n.=9/17) of patients had a com-
plete response, 11.8% (n+=2/17) a partial response and 5.9% (n==1/17) stable disease.
Progression occurred in 29.4% (n==>5/17) of patients.

In first-line treatment with PD-1/CTLA-4 combined immunotherapy, 38.7% (n:=12/31)
of patients had a complete remission, 16.1% (n:=5/31) a partial remission and 16.1%
(n==5/31) a proven disease stabilisation. A progression occurred in 29.0% (n:=9/31) of
patients.

In first-line treatment with other therapies, 20.8% (n+=5/24) of patients had a complete
remission and 41.7% (n==10/24) had a partial remission. Stable disease occurred in 4.2%
(n==1/24). Progressive disease was found in 33.3% (n-=8/24). ORR for PD-1 monother-
apy was 22.9% (n:=(9+2)/48) and for PD-1/CTLA-4 35.4% (n==(12+5)/48) (Table 14)

Table 14: BOR (RECIST) first-line PAD + immunosuppression

+ PD-1 PD-1/CTLA-4 other

n.=78 n.=17 n:=31 n.=24
1?526 52.9% n==9 38.7% n.=12 20.8% n==>5
PR v — o — o —
=17 11.8% n.=2 16.1% n=>5 41.7% n=10
ISFD7 5.9% n==1 16.1% n=>5 4.2% n.=1
PD h) — 1) — h) —
=22 29.4% n==>5 29.0% n==9 33.3% n==§

34



ORR 64.7% n.~=11 54.8% n.~=17 62.5% n.=15

Out of first-line therapy in patients with PAD and active immunosuppression 7 received
PD-1 monotherapy, 33 received PD-1/CTLA-4 combined immunotherapy and 26 re-
ceived other therapies (TT and CTLA-4 monotherapy). In every group, there were two
patients with missing response.

In first-line treatment with PD-1 monotherapy, 85.7% (n+=6/7) of patients had a complete
remission, 0.0% (n+=0/7) a partial remission and 14.3% (n+=1/7) a stable disease course.
Progression occurred in 0.0% (n+=0/0) of patients.

In first-line treatment with PD-1/CTLA-4 combined immunotherapy, 38.5% (n+=5/13) of
patients had a complete remission, 15.4% (n+=2/15) a partial remission and 7.7%
(n+=1/13) a proven disease stabilisation. A progression occurred in 38.5% (n+=5/13) of
patients.

In first-line treatment with other therapies, 20.0% (n+=3/15) of patients had a complete
remission and 53.3% (n+=8/15) had a partial remission. Stable disease happened in 6.7%
(n+=3/15). Progression did occur in 20.0% of patients (20.0%, n+=3/15). ORR for PD-1
monotherapy was 30.0% (n+=(6+0)/20) and for PD-1/CTLA-4 35.0% (n+=(5+2)/20). (Ta-
ble 15)

Table 15: BOR (RECIST) first-line PAD + immunosuppression

¥ PD-1 PD-1/CTLA-4 other

n=37 n=7 n=13 n=15
CR - - -
R8s n.=6 38.5% n.=5 20.0% n.=3
PR - - -
R | 00% n.=0 15.4% n=2 53.3% n.=8
o 14.3% n=1 7.7% n=1 6.7% n=1
w 0.0% n.=0 38.5% n.=5 20.0% n.=3
ORR | 85.7% n.=6 53.9% n=7 73.3% n=11
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3.3.1.2 Second-line

Regarding second-line therapy in patients with PAD 3 received PD-1 monotherapy (2
missing), 7 received PD-1/CTLA-4 combined immunotherapy (1 missing) and 13 re-
ceived other therapies (2 missing).

In second-line treatment with PD-1 monotherapy, all patients had stable disease (2/2). No
patient had a complete remission, a partial remission or stable disease. Progression oc-
curred in 100.0% (n+=2/2) of patients.

In second-line treatment with PD-1/CTLA-4 combined immunotherapy, 33.3% (n+=2/6)
of patients had a complete remission, 16.7% (n:=1/6) a partial remission and 0.0%
(n==0/6) a proven disease stabilisation. A progression occurred in 50.0% (n==3/6) of pa-
tients.

In second-line treatment with other therapies, 15.4% (n:=2/13) of patients had a complete
remission and 23.1% (n==3/13) had a partial remission. Stable disease occurred in 15.4%
(n==2/13). Progressive disease was found in 46.2% (n-=3/13). ORR for PD-1 monother-
apy was 0.0% and for PD-1/CTLA-4 50.0% (n+=(2+1)/6). (Table 16)

Table 16: BOR (RECIST) second-line PAD + immunosuppression

n PD-1 PD-1/CTLA-4 other
n.=2 n.=6 n=13
554 0.0% n=0 33.3% n.=2 15.4% n=2
l;l: 0.0% n=0 16.7% n==1 23.1% n=3
§D= 4 0.0% n=0 0.0% n.=0 15.4% n=2
PD 1) — 1) — h) —
= 100.0% n=2 50.0% n==3 46.2% n==6
ORR 0.0% n=0 50.0% n==3 38.5% n=>5

Out of second-line therapy in patients with PAD and active immunotherapy 2 received
PD-1 monotherapy (1 missing), 4 received PD-1/CTLA-4 combined immunotherapy (1
missing) and 6 received other therapies (1 missing).

In second-line treatment with PD-1 monotherapy under active immunosuppression, no
patient had neither complete remission, partial remission, or stable disease. Progressive

was observed in 100.0% (n+=2/2) of cases.
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In second-line treatment with PD-1/CTLA-4 combined immunotherapy, 0.0% (n+=0/3)
of patients had a complete remission or stable disease, 33.3% (n+=1/3) a partial remission
and 7.7% (n+=1/13) a proven disease stabilisation. A progression occurred in 66.7%
(n+=2/3) of patients.

In second-line treatment with other therapies, 33.3% (n+=2/6) of patients had a complete
remission and 16.7% (n+=1/6) had a partial remission. Stable disease happened in 0.0%
(n+=0/6). Progression did occur in 50.0% of patients (20.0%, n+=3/6). ORR for PD-1
monotherapy was 0.0% and for PD-1/CTLA-4 33.3% (n+=(0+1)/3). (Table 17)

Table 17: BOR (RECIST) second-line PAD + immunosuppression

n PD-1 PD-1/CTLA-4 other
n=2 n.=3 n.=6
CR _ _ .
e 0.0% n+=0 0.0% n+=0 33.3% ny=2
IIIR=2 0.0% n+=0 33.3% n+=1 16.7% n+=1
Ile=2 0.0% n+=0 0.0% n+=0 0.0% n+=0
II:DZS 100.0% n= 66.7% n= 50.0% n+=3
ORR 0.0% n+=0 33.3% n+=1 50.0% n+=3

3.4 Survival analysis

Kaplan-Meier curves were used to assess the influence of several factors on patient over-
all survival.

We examined patient characteristics (age distribution and sex), characteristics of the pri-
mary tumour (tumour location, histological subtype), prognostic factors (number of organ
metastases, presence of brain and liver metastases), laboratory parameters (LDH and

S100 levels) and existence of PAD with or without active immunosuppression.

34.1 Age

There was no statistically significant difference regarding the different age groups (p-

value 0.433). Median overall survival was not reached in patients < 65 years old, between
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65 and 75 years mOS was 30.5 months (95% CI: 10.7-50.4) and >75 years old 26.2

months (95% CI: 22.3-53.8). (Figure 19)
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Figure 19: mOS age group — PAD + immunosuppression

No statistical significance (p=0.267) was found in patients with immunosuppression. Me-

dian overall survival was not reached in patients < 65 years old, between 65 and 75 years

mOS was 38.0 months (95% CI: 9.4-66.7) and >75 years old 38.4 months (95% CI: 15.4-

61.4). (Figure 20)
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Figure 20: mOS age group — PAD + immunosuppression

342 Sex

There is no significant difference between sexes in mOS (p=0.877). The median OS for
men was 30.5 months (95% CI: 5.1-52.9) and for women 38.0 months (95% CI: 13.6-
62.4). (Figure 21)
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Figure 21: mOS sex — PAD + immunosuppression

There is also no significant difference between sexes in mOS (p=0.315) if patients receive
immunosuppressive therapy. The median OS for men was 30.5 months (95% CI: 9.6-

51.5) and women 38.4 months (95% CI: 37.5-39.3). (Figure 22)
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Figure 22: mOS sex — PAD + immunosuppression

3.4.3 Stage at initial diagnosis

Different stages of malignant melanoma at initial diagnosis showed no significant results
(p=0.639) regarding mOS: Stage I was not reached, for stage Il mOS was 30.5 months
(95% CI: 13.0-48.1), for stage III mOS was 10.5 months (95% CI: 0.0-50.5) and for stage
IV mOS was 38.4 months (95% CI: 17.8-59.0). (Figure 23)

In patients with active immunosuppression there was no significant difference (p=0.155)
in survival. For patients with initial stage I or III, median was not reached. For stage II
mOS was 30.5 months (95% CI: 14.6-46.4) and for stage IV mOS was 36.8 months (95%
CI: 0.0-33.9). (Figure 24)
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Figure 23: mOS stage at initial diagnosis — PAD + immunosuppression
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Figure 24: mOS stage at initial diagnosis — PAD + immunosuppression
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3.4.4 Mutation status

The presence of a BRAF mutation didn’t show a statistically significant mOS (p = 0.848).
If BRAF mutation was present the mOS was 25.2 (95% CI: 0.0-53.6) and if it was not
38.0 (95% CI: 23.4-52.6). (Figure 25)
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Figure 25: mOS BRAF mutation — PAD + immunosuppression

There was no significant difference (p=0.862) in patients with PAD and immunosuppres-
sion and BRAF mutation. If BRAF was mutated mOS was not reached and if it was not

38.0 months (95% CI: 23.0-53.0). (Figure 26)

43



Survival Functions

BRAF_mut

1.0 4
no
1 yes
no-censored
08 —t yes-censorad

0.6 W

oS

0,4

0,0

o] [ 12 18 24 30 36 42 48

follow up

Figure 26: mOS BRAF mutation — PAD + immunosuppression

3.4.5 Location of primary tumour

Localization of primary tumour had no impact in mOS (p=0.204). Median OS with pri-
mary tumour in the head and neck region was 38.4 months (95% CI: 16.4-60.5), on the
torso 30.5 (95% CI: 0.7-60.4) and on the extremities 10.5 (95% CI: 4.6-16.4). (Figure 27)

Localization of primary tumour in patients with PAD and immunosuppression had also
no significance in mOS (p=0.947). Median OS with primary tumour in the head and neck
region was 38.4 months (95% CI: 21.9-55.0), on the torso 30.5 (95% CI: 8.5-52.5). On

the extremities mOS was not reached. (Figure 28)
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Figure 27: mOS location of primary tumour — PAD + immunosuppression
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Figure 28: mOS location of primary tumour — PAD + immunosuppression
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3.4.6 Histological subtype

We found insignificant differences (p=0.252) in terms of mOS considering histological
subtypes: In SSM mOS was not reached. NM was 21.1 months (95% CI: 0.0-43.5) and
other (LMM, ALM, MuM, OM, CM) 26.2 months (95% CI: 18.6-33.8). (Figure 29)
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Figure 29: mOS histological subtype — PAD + immunosuppression

We found insignificant differences (p=0.324) in terms of mOS considering histological
subtypes: In SSM mOS was not reached. NM was 30.5 months (95% CI: 7.8-53.2) and
other (LMM, ALM, MuM) 38.4 months (95% CI: 19.5-57.4). (Figure 30)
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Figure 30: mOS histological subtype — PAD + immunosuppression

3.4.7 Laboratory parameters

3.4.7.1 LDH

As for LDH levels, significant differences could not be determined (p=0.150). If blood
levels were normal, mOS was 43.4 months (95% CI: 24.1-62.8) and if elevated 22.9 (95%
CI: 8.3-37.5). (Figure 31)

For patients with under active immunosuppression results were also insignificant regard-
ing mOS (p=0.920). mOS for normal blood level was 38.0 months (95% CI: 21.5-54.6)
and if elevated 38.4 (95% CI: 0.0-79.9). (Figure 32)
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Figure 31: mOS LDH — PAD + immunosuppression
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Figure 32: mOS LDH — PAD + immunosuppression
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3.4.7.2 S100

The same goes for S100 levels (p=0.138). If S100 was normal, median overall survival
time was 43.4 months (95% CI: 16.8-70.0) and if elevated 25.2 months (95% CI: 0.0-
54.7). (Figure 33) In patients with active immunosuppression mOS was 43.4 months
(95% CI: 21.7-65.1) if S100 levels were normal and 38.4 months (95% CI: 7.6-69.2) if
S100 levels were elevated (p=0.989). (Figure 34)
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Figure 33: mOS S100 — PAD + immunosuppression
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Figure 34: mOS S100 — PAD + immunosuppression

3.4.8 Pre-existing autoimmune disease

Median overall survival of all 89 patients with PAD was 38.0 months (95% CI: 22.3-
53.8). (Figure 35)
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Figure 35: mOS — PAD + immunosuppression

3.4.9 Immunosuppressive therapy

With a p-value of 0.232 there is no significant difference in mOS regarding active immu-
nosuppressive therapy of PAD. Patients with baseline immunosuppressive therapy had

median overall survival of 38.4 (95% CI: 25.5-51.3) and patients without 22.9 months

(95% CI: 0.0-55.1). (Figure 36)
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Figure 36: mOS immunosuppressive therapy — PAD + immunosuppression

3.4.10 Prognostic factors

3.4.10.1 Number of metastatic organs

Number of distant metastases had no impact in median overall survival (p=0.565). If pa-
tients had up to 3 metastatic organs mOS was 38.0 (95% CI: 21.9-54.2) and if more 25.2
(95% CI: 2.4-47.9). (Figure 37)

Similar results (p=0.765) can be seen in patients with active immunosuppression. mOS
for 1-3 affected organs was 38.4 (95% CI: 27.0-49.9) if more median was not reached.
(Figure 38)
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Figure 37: mOS number of metastatic organs — PAD + immunosuppression
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Figure 38: mOS number of metastatic organs — PAD + immunosuppression
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3.4.10.2 Brain metastases

Existence of brain metastases had no significant difference regarding mOS (p=0.727). If
patients had brain metastases mOS was 47.5 months (95% CI: 1.6-93.3), if not 38.0
months (95% CI: 23.2-52.9). (Figure 39)

If patients with active immunosuppression had no brain metastases, mOS was 38.4
months (95% CI: 24.6-52.2). If they had brain metastases, median was not reached
(p=0.560) (Figure 40)
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Figure 39: mOS brain metastases — PAD = immunosuppression
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Figure 40: mOS brain metastases — PAD + immunosuppression

3.4.10.3 Liver metastases

If patients had liver metastases there was no significant difference regarding mOS
(p=0.970). If yes, mOS was 38.4 months (95% CI: 15.8-61.0) and if not 30.5 months
(95% CI: 7.5-53.5). (Figure 41)

Patients with active immunosuppression also had insignificant differences in mOS
(p=0.463). If yes, mOS was not reached and if not 38.54 months (95% CI: 11.2-64.9).
(Figure 42)
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Figure 41: mOS liver metastases — PAD + immunosuppression
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Figure 42: mOS liver metastases — PAD + immunosuppression
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3.5 Influence of systemic therapies on overall survival

3.5.1 Therapy regimen

3.5.1.1 Systemic therapy

87.6 % of patients (n=78) received any systemic therapy. Differences in mOS were insig-
nificant (p=0.084). If patients ever had systemic therapy, mOS was 38.4 months (95%
CI: 19.2-57.7), if not 6.5 (95% CI: 2.1-10.9). (Figure 43)

If patients received active immunosuppression because of PAD, differences in mOS were
also insignificant (p=0.460). If patients ever had systemic therapy, mOS was 38.4 months
(95% CI: 24.7-52.1), if not median was not reached.
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Figure 43: mOS systemic therapy — PAD + immunosuppression
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Figure 44: mOS systemic therapy — PAD + immunosuppression

3.5.1.2 PD-1 monotherapy

If patients received PD-1 monotherapy we were not able to find significant differences in
survival rates (p=0.314). If patients received PD-1 monotherapy at some point mOS was
43.4 months (95% CI: 11.3-75.5) and if not 30.5 months (95% CI: 14.3-46.7). (Figure 45)
There were also no significant differences in mOS regarding active immunosuppression

(p=0.847). mOS with PD-1 monotherapy was 38.4 months (95% CI: 6.1-70.8) and with-

out 38.0 months (95% CI: 22.7-53.4). (Figure 46)
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Figure 45: mOS PD-1 monotherapy — PAD + immunosuppression
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Figure 46: mOS PD-1 monotherapy — PAD + immunosuppression
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3.5.1.3 PD-1/CTLA-4

We found no significant evidence in median overall survival when combined immuno-
therapy (PD-1/CTLA-4) was administered (p=0.381). Patients receiving combined im-
mune checkpoint inhibition mOS was 38.0 (95% CI: 19.8-56.3) and if they did not 26.2
months (95% CI: 0.0-53.9). (Figure 47)

We could not find significant differences (p=0.870) if patients received active immuno-
suppression. mOS with combined ICI was 38.0 months (95% CI: 21.4-54.7) and without
38.4 months (95% CI: 9.2-67.7). (Figure 48)
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Figure 47: mOS PD-1/CTLA-4 — PAD + immunosuppression
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Figure 48: mOS PD-1/CTLA-4 — PAD + immunosuppression

3.5.2 First-line vs second-line therapy

We can see a significant differences (p=0.01) in survival between type of used therapy
regimens as first-line therapy. mOS for PD-1 monotherapy was 79.5 months (95% CI:
20.1-138.8), 38.0 months (95% CI: 18.9-57.2) for PD-1/CTLA-4 combined immunother-
apy, 6.0 months (95% CI: 0.0-22.3) for other (TT, CTLA-4 monotherapy or other com-
binations). (Figure 49)

For patients undergoing active immunosuppression, there were no significant results
(p=0.094). Median for mOS in PD-1 monotherapy and PD-1/CTLA-4 combined immu-
notherapy was not reached, mOS for other therapies was 18.5 months (95% CI: 8.2-28.8)
(Figure 50)
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Figure 49: mOS first-line therapy — PAD + immunosuppression
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Figure 50: mOS first-line therapy — PAD + immunosuppression
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In contrast, we cannot see significant differences in second-line therapy for all patients
with PAD (p=0.933). mOS for patients receiving PD-1 based therapy was 21.2 months
(95% CI: 17.2-26.2) and for other therapy regimen 15.1 months (95% CI: 2.9-27.4). (Fig-
ure 51)
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Figure 51: mOS second-line therapy — PAD + immunosuppression

When receiving active immunosuppression, significant differences could also not be
found (p=0.612). mOS for PD1 monotherapy was 18.5 months (95% CI: 1.5-35.4), for
PD-1/CTLA-4 combined ICI 15.3 months ((95% CI: 0.0-51.1). mOS for other therapies

was not reached.

3.5.3 Progression Free Survival (PFS) under active immunosuppression

PFS1 is defined as the time interval between the start of first systemic therapy and the
date of disease progression. PFS2 is defined as the time interval between the start of first

systemic therapy and the date of second disease progression.
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In total 38 patients had 1, 25 had 2, 8 had 3,4 had 5, 2 had 6 and 1 had 7 different systemic

therapy regimens.

Median PFS1 was 3.7 months for all PAD patients (95% CI: 2.0-5.4) (Figure 51). Median

duration of ST1 was 5.8 months and median time to BOR1 was 3.1 months. (Figure 53)
Median PFS1 for PAD + immunosuppression was 4.1 months (95% CI: 1.6-6.6). Median
duration of ST1 8.2 months and median time to BOR1 was 3.2 months. (Figure 54)
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Figure 52: PFS1 — PAD =+ immunosuppression
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Figure 53: PFS1 — PAD + immunosuppression

We found significant differences (p=0.028) in PFS1 regarding active immunosuppres-
sion. If patients received any immunosuppression because of PAD, PFS1 was 4.1 months

(95% CI: 1.6-6.6) and if not 2.4 months (95% CI: 1.4-3.4). (Figure 55)
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Figure 54: PFS1 PAD + immunosuppression

Median PFS2 was 10.3 months (95% CI: 7.7-13.0) for all patients and 9.4 months (95%
CI: 1.9-16.8) for patients with immunosuppression. (Figures 56, 57)
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Figure 55: PFS2 — PAD =+ immunosuppression
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Figure 56: PFS2 — PAD + immunosuppression
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There was no significant difference in PFS2 concerning active immunosuppression
(p=0.420). If yes, PFS2 was 9.4 months (95% CI: 1.9-16.8), if no 10.3 months (95% CI:
7.2-13.4). (Figure 58) Median ST2 was 4.1 months and median BOR2 time was 2.6

months.
Survival Functions
Lol Immunosuppression
no
M yes
0.8 I
0.6
o
3
0.4
L
0,2 {
0,0 +
o 6 12 18 24 30 36 42 48
follow up

Figure 57: PFS2 PAD + immunosuppression

3.5.4 Progression Free Survival per first or second-line therapy

PFS1 per first-line therapy showed insignificant results (p=0.725). PFS1 for PD-1 mono
2.3 months (95% CI: 0.0-4.7), for PD-1/CTLA-4 combined immunotherapy 4.4 months
(95% CI: 1.2-7.5) and for other therapies 3.7 months (95% CI: 2.0-5.4) (Figure 59). If
under active immunosuppressive therapy with PD-1 monotherapy (p+=0.382) median was
not reached, PD-1/CTLA-4 was 5.6 months (95% CI: 0.9-10.2) and other therapies 3.8
months (95% CI: 1.2-6.4) (Figure 60)
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Figure 58: PFS1 per first-line therapy — PAD + immunosuppression
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Figure 59: PFS1 per first-line therapy — PAD + immunosuppression
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PFS1 second-line was insignificant (p-=0.824), all cases were censored and median not
reached. (Figure 61) PFS1 second-line for patients with active immunosuppression was
also insignificant (p+=0.079). PFS1 for PD-1 mono 4.1 months (95% CI: 1.4-6.8), for PD-
1/CTLA-4 7.2 months (95% CI: 0.0-14.8) and for other 1.6 months (95% CI: 1.6-1.6)
(Figure 62)
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Figure 60: PFS1 per second-line therapy — PAD + immunosuppression
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Figure 61: PFS1 per second-line therapy - PAD + immunosuppression

PFS2 also showed insignificant results (p=0.164) for first-line therapy. PD-1 monother-
apy was 2.5 months (95% CI: 0.2-4.7), PD-1/CTLA-4 was 4.5 months (95% CI: 0.0-14.3)
and other therapies 2.7 months (95% CI: 0.2-5.2) (Figure 63), if under immunosuppres-
sive therapy PFS2 is only available for PD-1/CTLA-4 combined immunotherapy and
other therapy. PFS2 for PD-1/CTLA-4 was 6.8 months (95% CI: 6.6-7.0) and for other
9.4 months (95% CI: 1.7-17.0), p=0.541) (Figure 64)
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Figure 62: PFS2 per first-line therapy — PAD + immunosuppression
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Figure 63: PFS2 per first-line therapy — PAD + immunosuppression
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PFS2 second-line was insignificant (p=0.939). For PD-1 monotherapy median was not
reached, PD-1/CTLA-4 was 9.4 months (95% CI: 6.5-12.2) and other was 9.7 months
(95% CI: 4.3-15.1). (Figure 65)

If patients were under active immunosuppression (p=0.120) PFS2 for PD-1 monotherapy
was also not reached. For PD-1/CTLA-4 9.4 months (95% CI: 0.0-21.3) and for other
therapies 6.7 months (95% CI: 1.9-16.8).
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Figure 64: PFS2 per second-line therapy — PAD + immunosuppression
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4. Discussion

In this study, we examined 89 patients with stage IV malignant melanoma and pre-exist-
ing autoimmune disease with and without active immunosuppression regarding their re-

sponse to PD-1 mono- or PD-1/CTLA-4 combined immunotherapy.

The collective analysed in the present study included enough patients with malignant
melanoma to be able to assess prognostic factors and the effect of therapies. Correspond-
ing retrospective studies in the literature include comparable patient collectives. The mo-
nocentric documentation of the present results analysis was carried out over a long-term

period and is therefore quite extensive.

The objective was to evaluate if patients with PAD benefit from ICI, the same way as
patients without PAD. This evaluation can only be made retrospectively, as most of the

patients are excluded from clinical trials.

4.1 Patient characteristics

4.1.1 Age and sex

The patient population described and analysed in this paper has already been studied in
other publications of the Universitits-Hautklinik Tiibingen. (Amaral et al., 2020;
Chatziioannou et al., 2023)

A comparison of the epidemiological data from the literature with the data from the
presented analysis shows both similarities and differences between the analysed parame-

ters.

Data collection began before the start of the retrospective study. Percentage distribution
of the two sexes was completely random. The aim was to reflect heterogeneous real-world
treatment practice, ensuring good generalisability of study results to an actual treated pa-

tient population.

74



Of 89 patients, 43 were male (47,4%) and 46 were female (52,6%). The studies by Danlos
et al., Tison et al. and Menzies et al show a similar gender distribution pattern (46.7% vs.
52.3%, 47.0% vs. 53.0%, 40% vs. 60%). (Danlos et al., 2018; Menzies et al., 2017; A.
Tison et al., 2019)

Median age was 66.9 years (IQR 66.5-78.0. Gutzmer et al described a different and Ab-
del-Wahab et al described a similar age distribution in a systematic review including 123

patients in 49 publications (61.4 years). (Abdel-Wahab et al., 2018; Gutzmer et al., 2017)

4.2 Primary tumour characteristics

4.2.1 Location of primary tumour

Many patients had the primary tumour located on the upper and lower extremities
(44.4%). Further localisations were found on the torso (31.9%) and on the head and neck
(17%).

Regarding localisation, similar percentage distribution is reported in literature. (Amaral
et al., 2020) Kraywinkel et al. also describe that cutaneous malignant melanoma occurs
most frequently on the extremities (46.0%), the trunk (33.0%) and the head/neck region
(21.0%). (Kraywinkel et al., 2014)

Between sexes, malignant melanoma appears on different parts of the body exposed to
the sun. In women, the skin tumour is typically found on the extremities and in men on
the back. Furthermore, the location of the primary tumour differs depending on the histo-

logical subtype. (Michielin et al., 2019; Rastrelli et al., 2014)

4.2.2 Histological subtype

Lee et al. describe that the BRAF mutation was most frequently detected in patients with
SSM, followed by NM. In ALM, however, fewer patients carried a BRAF mutation. (Lee
etal., 2011)
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In our own analysis, the most common histological subtype was SSM (27.0%). NM could
be diagnosed in 21.3%. OM was diagnosed in 19.5%. ALM was less frequent (4.5%).
22.0% of all patients had other melanomas, which are not further defined. Amaral et al.
describe a frequency distribution very similar to our own findings excluding OM.

(Amaral et al., 2020)

4.2.3 Laboratory parameters

4.23.1 LDH

Diem et al. carried out an analysis in which 51.5% of patients had elevated LDH levels at

baseline. Results were a significantly shorter overall survival rate for those patients.

(Diem et al., 2016b)

Prognostic value of LDH serum levels was documented in various studies in the past.
Weide et al. found out first about LDH as a significant prognostic factor for long term
survival in melanoma patients with distant metastasis (p<0.001). (Weide et al., 2012) Re-
cent results of pooled analysis published by Long et al. and Schadendorf et al. verified
that conclusion (Long et al., 2016. Schadendorf et al., 2017)

In this case 5.6% of patients had to be excluded because of unknown LDH levels. Patients
with and without elevation of serum LDH were about even to other studies (46.21 % vs
48.3%) and a corresponding distribution is also described by Weide et al. (Weide et al.,
2012)

In present analysis there was no significant difference (p=0.171) in median overall sur-
vival of patients with different LDH levels at baseline. Again, low number of patients that

could be included or presence of PAD may be the reason.

4.2.3.2 S100

The S100 protein is a tissue specific tumour marker and is mostly expressed by glia cells

of the brain and melanocytes. Most malignant melanomas have a strong expression of

S100.
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There are hints that S100 protein may takes a part in survival and proliferation of mela-

noma cells. (Donato, 2001; Hergovich et al., 2006)

Weide et al. examined a study population in which 40% of patients had elevated S100
levels. They had significantly lower survival rates compared to patients with normal S100
levels baseline (p<0.001). (Weide et al., 2012) Eigentler et al. also showed in a retrospec-
tive study with 691 patients and cerebral metastases from 1986 to 2007 that S100 was a
significant negative prognostic factor in overall survival (p<0.001). (Eigentler et al.,
2011)

In the present study we could not find a significant difference in overall survival
(p=0.123); a comparable 47% of patients had elevated S100 levels at baseline. Differ-
ences may be caused by overall low number of patients included and additionally several
patients without detectable data. Probably PADs are responsible for this unexpected out-

come so further research and investigation is needed.

4.3 Prognostic factors

431 Metastases

In 83.1% of the patients, up to 3 organs were affected with metastases. 16.9% of the total
collective had metastases in more than 3 organs. Number of organs metastases was not a
significant prognostic factor for survival (p=0.952).

The Checkmate-067 study showed a similar distribution with one fifth of patients had
metastases in more than 3 organs. (Hodi et al., 2018) Comparable percentages are also

found in the study of Schadendorf et al. (Schadendorf et al., 2017)

More than one third of the investigated patient population had brain metastases with in-
significant results (p=0.827) regarding overall survival. Tio et al. and other publications
demonstrated that intracranial spread in stage [V melanoma is associated with a very un-
favourable prognosis. (Eigentler et al., 2011; Staudt et al., 2010; Tio et al., 2018;

Vosoughi et al., 2018) Patients diagnosed with a single cerebral lesion had a more
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favourable prognosis than patients with multiple lesions or leptomeningeal spread (mOS

7 months vs. 4 months). (Eigentler et al., 2011)

In the present study, the liver was also involved in one third of the cases (n=32). A
prognostic significance of liver metastases could not be proven significantly (p=0.839).
This may be due to the low number of patients included in this study or the presence of
PAD. Other studies implied highly significant results (p<0.0001) as presence of liver

metastases is associated with lower mOS, PFS and risk of PD.

4.4 Survival analysis

The follow-up period is defined from the date of diagnosis of stage IV disease to the date
of the last follow-up examination or death.

In the analysed population treated with targeted therapy, the median follow-up period was
16.9 months, which is considered informative enough to draw representative conclusions.
conclusions can be drawn. Brown et all had similar follow-up time (14 months). (Brown
et al., 2021) The studies of Danlos et al, Tison et al, Menzies et al report a shorter median
follow-up period of 6.3 months, 8 months, 4.7 months respectively. (Danlos et al., 2018;
Menzies et al., 2017; A. Tison et al., 2019) Large studies (Checkmate-067) without PAD
patients had longer follow up times up to 46.9 months. (Hodi et al., 2018)

4.4.1 Analytic parameters

Overall survival in patients after diagnosis of distant metastasis was better with first-line
ICI (PD-1 and PD-1/CTLA-4) (n:+=53) than with second-line ICI (n:=11). Patients had a
median OS of 47.5 months with first-line vs. 21.2 months with second-line. This also
applies to patients under active immunosuppression. Their mOS was not reached first-

line and 21.2 months second-line.

Patients survived a median of 47.5 months on first-line ICI and 10.5 months on chemo-
or targeted therapy (p£=0.003), ICIs appear superior to other therapies in the examined
patient population. First-line ICI therapy was also superior in patients under active im-

munosuppression (p+=0.019)
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Schoenewolf et al. retrospectively analysed 310 melanoma patients in stage IV (AJCC
2009) for possible correlations between the occurrence of metastases and histological
subtypes depending on their frequency. For all patients the time to distant metastasis, the
distribution pattern of metastases and the associated mOS were analysed.

SSM and NM metastasised significantly more frequently to the brain than ALM
(p=0.0012). (Schoenewolf et al., 2014) In this analysis, 27.0% of patients were diagnosed
with SSM and 21.3% with NM.

37.1% / 34.1% of the patients had brain metastases. We could not find a significant cor-
relation between presence of brain metastases and shorter mOS (p==0.727 / p+=0.560). In
contrast to other studies (Davies et al., 2011; Pedersen et al., 2022), patients with PAD

might be not affected by brain or liver metastases.

Data analyses by Weide et al. showed that S100 is a meaningful prognostic marker for
long-term overall survival. S100 protein is tissue-specific and is particularly expressed
by melanocytes, cartilage cells and neuroglia. (Weide et al., 2012)

These findings are confirmed by the present results. Many of the study patients (47.1% /
46.3%) had elevated levels of S100. In this analysis, there was no significant correlation

between elevated S100 levels and overall survival (p-=0.138 / p+=0.989).

Differences in the general state of health of the patients, for example due to comorbidities
other than PAD, are possibly responsible for deviating p-values in the survival analyses.
Due to the monocentric, retrospective collection of the data, a selection bias cannot be

ruled out.

The localisation of melanoma in men and women is often found in different parts of the
body. (Kraywinkel et al., 2014) There was neither a significant difference between the
sexes (p=0.877 / p+=0.315) regarding mOS nor based on the primary tumour location
(p==0.204 / p+=0.947). The treatment success appears to be independent of gender and

tumour location.
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Even though LDH is an important prognostic parameter for overall survival in malignant
melanoma (Weide et al., 2012), in the present analysis no significant negative influence
(p==0.150 / p+=0.920) of elevated LDH levels could be determined.

We must keep in mind that LDH levels above the norm are also found in tother malig-

nancies and non-cancerous, inflammatory diseases with cell damage. (Weide et al., 2012)

4.4.2 Active immunosuppression and PD-1 based therapy

46.1% of patients received anti-inflammatory therapy prior to melanoma therapy which
corresponds with the patient population that Gutzmer et al examined. (Gutzmer et al.,
2017)

19% experienced PAD flare-ups, considerably fewer than reported by Gutzmer et al.
(40%) and Menzies et al. (38%). (Gutzmer et al., 2017; Menzies et al., 2017)

Gutzmer et al and Leonardi et al showed that the use of immunosuppressive agents at
baseline do not influence efficacy of treatment. (Gutzmer et al., 2017; Leonardi et al.,
2018) On the other hand various studies showed inferiority in treatment outcomes for
patients with anti-inflammatory medication (Menzies et al p=0.033; Xie et al p>0.05).
(Menzies et al., 2017; Xie et al., 2020)

In this study, objective response rate (ORR = CR or PR) for all patients with PAD using
ICI was 22.9% for patients receiving PD-1 monotherapy and 35.4% for combined ICI

therapy. Patients using immunosuppressive agents had 30.0 and 35.0% respectively.

Overall response rates for PD-1-based therapy in the present study were considerably
higher than those reported by Menzies et al. and Gutzmer et al. (58.3% vs. 33.0% vs.
32.0%). (Gutzmer et al., 2017; Menzies et al., 2017) Even more, in patients receiving
active immunosuppression (65.0%). Our data suggest a higher success rate with fewer
risks. Higher percentages may be the result of including all PD-1-based therapies and the
low number of patients receiving ICI therapy overall (53 patients with PAD and 37

patients with PAD and active immunosuppression).
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4.4.3 PFS and active immunosuppression

Further we can report significantly better survival rates in mPFS1 with immunosuppres-

sion (5.8 months vs 2.7 months; p=0.028).

Other investigators like Tison et al. reported shorter mPFS for immunosuppressive ther-
apy than without immunosuppressive agents in a study with 51 patients (3.8 versus 12
months, p=0.0006), differences in mOS were not significant. (A. Tison et al., 2019)

Literature research report similar mPFS for PD-1 monotherapy, 5.1 months, and 6.9
months, respectively (95% CI: 3.5-10.8 and 5.1-10.2). (Hodi et al., 2018). The mPFS1
for combined immunotherapy (nivolumab plus ipilimumab) in the CheckMate-067 trial
was 11.5 months, which was about double as long than in the present analysis (95% CI:

8.7-19.3). (Hodi et al., 2018; Wolchok et al., 2017)

Compared to the above-mentioned comparative study without PAD patients (Checkmate-
067 study) in terms of overall survival and progression free survival. The following pa-
rameters offer a possible explanation: The number of patients in this study was compara-
tively lower (n=89 vs n=945). In addition, patients with poorer prognostic prerequisites
were included in the study, e.g., patients with PAD.

The study cohorts of the cited publications differ significantly from the present number
of patients and in terms of inclusion and exclusion criteria; they are therefore heteroge-
neous and not sufficiently comparable. In this retrospective monocentric study, such dif-
ferences in endpoints are inherent to the study design. There may also have been a selec-

tion bias in the choice of treatment.

4.4.4 1rAEs

In our study, 54.7% of patients with PAD and 39.5% patients with PAD under immuno-
suppression receiving PD-1 therapy experienced irAEs. Similar studies in the past came
to different results. In contrast Placais et al. showed in a case-controlled study that PAD
patients in fact had higher risk of irAEs and flare ups and that immunosuppression does

not lower that risk. (Placais et al., 2022)
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Lower numbers in this study may be caused by incomplete documentation. irAEs con-
cerning the skin and thyroid seem underrepresented. Other studies suggest that thyroid
and skin related side effects are among the most common (Cortellini et al., 2019; Eigentler

et al., 2016; Hofmann et al., 2016) and not the least common.

Severe irAEs (grade > 3) in this study were seen in 27.5% of all PAD patients. These
numbers are lower than what Placais et al reported (57.0%). (Placais et al., 2022) Again,
this could be affected by inconsistent documentation or if patients continued therapy in

another facility.

4.5 Conclusions

1. We could only find significant results when comparing PD-1 therapies (either mono
or combined therapy) altogether and not separately. That could be the result of the
small sample size of each individual therapy regimen (PD-1 monotherapy first-line =
19 cases, combined immunotherapy = 33 cases). Insignificant result regarding non-
therapeutic parameters may be the result of presence of PAD.

2. Consequently, it is difficult to draw meaningful comparisons with other publications
or make therapy-relevant conclusions. Insignificant results may be attributable to the
small sample size within individual ICI regimen subgroups.

3. Regarding mPFS, there were no significant differences in the type of therapy regimen
in both first-line and second-line therapy. Present study demonstrates worse outcomes
regarding mOS and mPFS compared to other studies without patients facing PAD
(Checkmate-067 study), that includes findings for all patients with PAD and the sub-
group receiving active immunosuppression. One possible explanation is the compara-
tively small number of patients in our own study (n=89 vs. n=945); furthermore, it is
possible that patients with poorer prognostic conditions were included.

4. irAEs occur less often than in previous studies including patients with PAD and with-
out. These results include irAEs in general and severe irAEs (CTCAE > 3). Some
irAEs are underrepresented to most of other studies (e.g., thyroid and cutaneous), this

may lead to the assumption that documentation was incomplete.
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4.6 Performance and Limitation

Advantages of the present study the large patient population (n=89) with diagnosed stage
IV malignant melanoma and pre-existing autoimmune diseases between January 2015
and December 2021.

The median follow-up time of 16.9 months is long enough to draw meaningful conclu-
sions.

Patients received first-line PD-1 based systemic therapy for a median duration of 5.8
months. Second-line systemic therapy with PD-1 had a median duration of 2.4 months.
The duration of therapy was long enough for possible immune related adverse events to
develop.

The collective includes both patients who were included in clinical trials and patients who
received PD-1 based therapy as part of standard therapy. Conclusions can be drawn with
general validity.

Therapy decisions were discussed in a multidisciplinary setting, and the best individual

therapy selection was made for all patients.

On the other hand, this is a monocentric, retrospective study, so that a selection bias ex-
ists.

Some patients were not treated exclusively at the Universitats-Hautklinik Tiibingen, but
also at other institutions or abroad. Due to new laws on the exchange of clinical infor-
mation (Datenschutzgrundverordnung, DGVSO), it was difficult in a few cases to obtain
a complete overview of the therapies received. Likewise, some therapy continuations or
discontinuations could not be followed up. Few death data could not be verified. Local
therapies, such as surgery or radiotherapy, were not included. Other prognostic factors
that influence survival, e.g., ECOG status or tumour burden, were also not documented

in this analysis.
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5. Summary

In this study, we retrospectively examined 89 patients with stage [V malignant melanoma
and pre-existing autoimmune disease with and without active immunosuppression regard-

ing their response to PD-1 based immunotherapy.

In this univariate analysis, the type of first-line therapy was significantly associated with
longer overall survival (PD-1 monotherapy: mOS 79.5 months; p=0.010). Active immu-
nosuppression was significantly associated with longer progression-free survival (PFS1
with immunosuppression: 4.1 months vs. 2.4 months without; p=0.028). Interestingly,
established indicators of poor prognosis — elevated LDH and S100 serum levels and the
presence of liver and brain metastases — did not show a significant impact on survival in

PAD patients.

Systemic treatment of metastatic melanomas with mono- or combined ICI therapy seems
to be a viable and safe option for patients with PAD. Immune related adverse events did

not generally occur more often or more severely than in patients without PAD.

Current data suggest that immune checkpoint inhibitors can be used safely and effectively
in patients with PAD, achieving response rates comparable to those reported in studies of
patients without PAD. Further prospective studies should be conducted and clinical

guidelines adapted accordingly.

In dieser Studie untersuchten wir retrospektiv 89 Patienten mit malignem Melanom im
Stadium IV und vorbestehender Autoimmunerkrankung mit und ohne aktive Immunsup-

pression hinsichtlich ihres Ansprechens auf eine PD-1-basierte Immuntherapie.

In der univariaten Analyse zeigte der Typ der Erstlinientherapie einen signifikanten Zu-
sammenhang mit einem verlédngerten Gesamtiiberleben (PD-1-Monotherapie: mOS 79,5
Monate; p=0,010). Aktive Immunsuppression war signifikant mit einem ldangeren pro-
gressionsfreien Uberleben assoziiert (PFS1 mit Immunsuppression: 4,1 Monate vs. 2,4

Monate ohne; p=0,028). Interessanterweise zeigten héufig als ungiinstig geltende
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Prognoseparameter — erhdhte LDH- und S100-Spiegel sowie Leber- und Hirnmetastasen

— bei PAD-Patienten keinen signifikanten Einfluss auf das Gesamtiiberleben.

Die systemische Behandlung von metastasierten Melanomen mit einer Mono- oder Kom-
binationstherapie mit ICI scheint eine praktikable und sichere Option fiir Patienten mit
PAD zu sein. Immunbedingte unerwiinschte Ereignisse traten im Allgemeinen nicht hiu-

figer oder schwerer auf als bei Patienten ohne PAD.

Die aktuellen Daten deuten darauf hin, dass Immun-Checkpoint-Inhibitoren bei Patienten
mit pAVK sicher und wirksam eingesetzt werden kdnnen, und zwar mit etwa der gleichen
Ansprechrate wie in Studien, die nur Patienten ohne pAVK einschlossen. Es sollten wei-

tere Studien durchgefiihrt und die Leitlinien entsprechend angepasst werden.
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