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1 Introduction 

Melanoma of the skin is one of the most common types of cancers, and its incidence has 

increased significantly in the past few decades (Siegel, Miller et al. 2018). Even though 

prognosis in early stage melanoma patients is rather favourable, it becomes considerably 

poorer in advanced stage metastatic melanoma (Wilson, Zhong et al. 2019). 

“In the past decade, immune checkpoint inhibitors (ICI) have revolutionized the 

therapeutic landscape of metastatic melanoma and significantly improved prognosis of 

metastatic melanoma patients (Leonardi, Candido et al. 2020). ICI activate the 

endogenous immune response against tumor cells (Leonardi, Candido et al. 2020)” 

(Wölffer, Battke et al. 2022). 

Therefore, this relatively new type of therapy has gained prominence in the clinical 

routine of dermatological oncology and has been the subject of numerous studies up to 

this date. Due to successful results in melanoma, the therapeutic use of checkpoint 

inhibitors has recently also been extended to other cancers notoriously difficult to treat, 

such as hepatocellular carcinoma (El Dika, Khalil et al. 2019) or non-small cell lung 

cancer (Herzberg, Campo et al. 2017). 

Checkpoint inhibitors are now widely used in various therapeutic approaches for 

melanoma patients. Anti-PD-1 inhibitors have been approved by the European Medicines 

Agency for adjuvant therapy after complete resection of metastases (Weber, Mandala et 

al. 2017). Combined ICI in an adjuvant setting is currently investigated (NCT03068455, 

CheckMate 915). In a neoadjuvant setting, combined ICI with ipilimumab and nivolumab 

has been shown to be associated with high response rates and overall survival in patients 

with advanced stage melanoma (stage III and IV) (Amaria, Reddy et al. 2018). Hence, 

neoadjuvant ICI of melanoma patients is object of current research. 

“However, ICI might be associated with immune-related adverse events (IRAE), up to 

59% in case of combined ICI (Weber, Mandala et al. 2017)” (Wölffer, Battke et al. 2022). 

They seem to be influenced by the therapy regime, can possibly affect every organ system 

(Choi and Lee 2020) and might be fatal (Wang, Salem et al. 2018). 

“Much research is being done in this area, yet up to now there are no genetically based 

biomarkers associated with IRAE available. Since IRAE can be very limiting in the 

therapy management, especially in combined ICI, biomarkers associated with IRAE 
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would be helpful” (Wölffer, Battke et al. 2022). “Furthermore, the knowledge of 

biomarkers of distinct IRAE might help in the differential diagnosis, for example by 

distinguishing IRAE from laboratory abnormalities of other cause. Indeed, symptoms of 

IRAE might be unspecific in some cases, on the other side, early diagnosis is essential 

and may be life-saving (Choi and Lee 2020). 

A few biomarkers have already been identified, such as female sex (Valpione, Pasquali et 

al. 2018), and pre-existing autoimmune diseases such as rheumatoid arthritis and 

inflammatory bowel disease (Johnson, Sullivan et al. 2016). Blood count parameters at 

occurrence of IRAE have been hypothesized to predict IRAE, including increased total 

leukocytes and relative neutrophil count, decreased relative lymphocyte count (Fujisawa, 

Yoshino et al. 2017) and increased absolute and relative eosinophil counts (Nakamura, 

Tanaka et al. 2019). However, they have not been systematically examined in larger 

studies yet and are not sufficient to be used in order to predict the occurrence of IRAE 

under ICI” (Wölffer, Battke et al. 2022). Cell-free DNA (cfDNA) has been subject to 

various studies linking it to progress or response under ICI (Váraljai, Elouali et al. 2020), 

but has not yet been associated with IRAE. “Other markers put forward in literature 

concern specific genes involved in immune system regulation (Hoefsmit, Rozeman et al. 

2019). These include polymorphisms of TSHR, shown to affect the development of 

central tolerance and associated with autoimmune diseases (Lee, Li et al. 2015, Fujii, 

Inoue et al. 2017), or polymorphisms of PRDM1 found to influence antigen presentation 

(Jang, Chen et al. 2017) and associated with systemic lupus erythematodes (Gateva, 

Sandling et al. 2009)” (Wölffer, Battke et al. 2022). They may have great potential but 

remain up to this date speculative, as they have not been verified as biomarkers for IRAE 

yet. “Some authors describe in single case studies correlations between different HLA 

alleles and occurrence of IRAE (Ishida, Otsuka et al. 2017, Li, Ma et al. 2017)” (Wölffer, 

Battke et al. 2022), whereas there is a substantial lack of information as for links between 

HLA homozygosity and IRAE. “Finally, existing literature does not satisfactorily 

differentiate between specific IRAE. In most of the cases, the authors refer to IRAE in 

general but not to the specific involved organs. However, markers for organ specific 

IRAE, especially for those with high fatality rates, would entail a great benefit. 

In the following study, we sought to determine whether there are biomarkers associated 

with the occurrence of IRAE under ICI in melanoma patients. For this purpose, we 
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evaluated NGS results and clinical data in view of the occurrence of IRAE in melanoma 

patients. We searched for the occurrence of IRAE in general as well as for specific IRAE 

and focused on germline genetic alterations known to play a central role in the regulation 

of the immune system as we hypothesized their influence also on the occurrence of IRAE” 

(Wölffer, Battke et al. 2022). 
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2 Material and Methods 

2.1 Patients' data 

“We analyzed 95 melanoma patients that had been enrolled in a prospective study on the 

value of liquid biopsy and tumor sequencing between 01/2018 and 06/2018 who 

subsequently received immune checkpoint inhibitor (ICI) therapy. Details concerning 

tumor panel analysis and bioinformatics have already been reported (Forschner, Battke et 

al. 2019). The aim of this evaluation was to investigate a possible association between 

copy number variations (CNVs), small variations (VARs), human leukocyte antigen 

(HLA) and the occurrence of IRAE under ICI. After a thorough literature search 

(pubmed.ncbi.nlm.nih.gov, search terms “immunogenetics ipilimumab” and “genetics 

adverse events PD-1”), we found 39 genes that have been discussed in the literature” 

(Wölffer, Battke et al. 2022). These were: SFTPC, AIRE, TERT, MUC5B, CARD9, 

CARD10, SH2B3, LRRK2, NOD2, HNF4A, IL2RA, RTEL1-TNFRSF6B, IFIH1, 

IKZF1, GPR35, NKX2-3, SMAD3, JAK2, IL23R, PRDM1, PTPN22, CTLA4, TSHR, 

MMEL1, LPP, BACH2, FAN1, SLCO1B1, PDCD1, CCL2, NOS3, IL12B, IL1RN, 

CXCR3, IL6R, CD274, UNG, IFNL4, and IFNW1. 

“We compared the list of these 39 genes with the two different tumor panels that our 

patients had received for NGS by CeGat GmbH, including 711 and 742 genes 

respectively. We found that 16 of the 39 genes were also included in the tumor panels 

used for NGS. We focused the evaluation on the following genes: AIRE, TERT, SH2B3, 

LRRK2, IKZF1, SMAD3, JAK2, PRDM1, CTLA4, TSHR, FAN1, SLCO1B1, PDCD1 

(PD1), IL1RN, CD274 (PD-L1), UNG. Except for AIRE, both panels included all the 

genes mentioned, and AIRE was removed from the analysis due to lack of data. Therefore, 

we focused our analyses on these 16 genes. Our objective was also to check for possible 

associations between patient specific parameters such as sex, blood count, pre-existing 

autoimmune diseases and the occurrence of IRAE” (Wölffer, Battke et al. 2022). 

Patients' data was accessed through the patients' organiser of Tübingen University 

Hospital's SAP programme. Laboratory data was accessed through Lauris programme. 

“The patients either received combined immunotherapy or anti-PD-1 monotherapy. If 

they received both therapies in sequence, for example first anti-PD-1 monotherapy and 

later combined ICI, we focused on the data of the combined immunotherapy, as IRAE are 
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more likely to occur here. Subsequently, we documented the time point of occurrence of 

IRAE, as well as the most common affected organs, in particular: colitis, pneumonitis, 

hepatitis, encephalitis, myocarditis, myositis, pancreatitis, exanthema, hypophysitis, 

nephritis, and thyroiditis. Regarding IRAE, we documented the date of first occurrence 

and the highest grade according to the Common Terminology Criteria of Adverse Events 

(CTCAE) scale from 1 to 5 (National Institutes of Health 2017), date of last 

administration of immunotherapy, median time to occurrence of specific IRAE, therapy 

and number of IRAE. We used the IRAE documentation of the oncologically 

experienced, treating physicians in the patient`s file. In case of late-occurring IRAE under 

follow-up therapies, IRAE were considered until 3 months after termination of ICI. 

We then documented potential biomarkers for the occurrence of IRAE such as sex, type 

of ICI, pre-existing autoimmune diseases, and blood count parameter at start of ICI. 

Continuous variables, in particular blood count parameter, were divided into categories 

for better assessability” (Wölffer, Battke et al. 2022) (decreased, normal, increased 

according to the reference values of the Central Laboratory of the University Hospital 

Tübingen). 

 

Finally, the results of the patients' NGS were analyzed: cell-free DNA (cfDNA), VARs, 

CNVs, and HLA-class I. 

Each date of sample collection of cfDNA along with the reported cfDNA level in ng/ml 

was documented. Such cfDNA results were available for 70 patients. We focussed on the 

levels before, during, and after the respective first date of IRAE, as we were expecting an 

increase and following decrease here. We defined „during“ as one day before until one 

day after the first day of symptoms. CfDNA levels above 1500 ng/ml were defined as 

elevated. As cfDNA is a value likely to be false positive because it is volatile, we wanted 

to define a level high enough to ensure it is indeed elevated. The evolution of cfDNA 

levels of patients with IRAE was visualized by median and quartiles from four 

measurements before until five measurements after the occurrence of IRAE for absolute 

and relative values of cfDNA. Considering more than four preceding measurements was 

not expedient as ICI did not start earlier than this date in most cases. The same procedure 

was performed for cfDNA levels of patients without IRAE, for up to the last 10 

measurements collected. We visualized the evolution of cfDNA around the first IRAE 
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only. Indeed, second IRAE were rare in our cohort and it would have been clinically 

difficult to separate an increase in cfDNA due to the first IRAE from one due to the second 

IRAE, as they were often close in time. We did not distinguish organ specific IRAE for 

our cfDNA results, as our sample size was too limited for this analysis. Finally, we 

visualised the evolution of individual cfDNA data for all patients. 

“HLA-Class I genes were analysed concerning heterozygosity and homozygosity, 

discerning HLA-A, HLA-B, and HLA-C homozygosity” (Wölffer, Battke et al. 2022). 

We distinguished the specific alleles for each HLA-I surface receptor. Forest plots were 

done with the program Microsoft Excel (Version Excel 2019, Microsoft Corporation, 

Redmond, WA, USA) in order to gain an overview about confidence intervals and odds 

ratio for HLA data. 

VARs include insertions and deletions (Indels) as well as single-nucleotide variants 

(SNVs). Synonyms and non-coding exons and introns were excluded from the analysis. 

We kept VARs leading to one of the following effects: initiator_codon, stop_gained, 

frameshift, essential_splice_site, stop_lost, inframe, kozak_sequence, splice_region, 

missense, stop_retained. We proceeded by filtering VARs according to our previously 

established list of 16 genes and excluded artefacts in germ line VARs by setting an allele 

frequency of at least 15%. “We examined each selected gene for the effect of VARs. We 

abstained from further differentiating according to the exact variant location. We thus 

hypothesised that each polymorphism could lead to the same IRAE” (Wölffer, Battke et 

al. 2022). 

„Softclip calls“ were excluded from the analysis of CNVs, leaving only calls presenting 

a relative difference between coverage and expected value. Each gene was examined for 

the effect of CNVs. “We discerned deletions and duplications for IRAE in general, as well 

as colitis, hepatitis, and pancreatitis” (Wölffer, Battke et al. 2022). Considering the 

resulting subsamples had a very limited size, we did not discern deletions and duplications 

for less frequent IRAE. “CNVs above a certain frequency in the population are not 

recorded due to technical reasons, the difference to the comparison group not being large 

enough for the caller to respond. Consequently, it is possible that high-frequency CNVs 

are not considered in the analysis” (Wölffer, Battke et al. 2022). Forest plots were 

prepared with the programme Microsoft Excel (Version Excel 2019, Microsoft 

Corporation, Redmond, WA, USA) in order to illustrate confidence intervals and odds 
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ratio for CNVs data. 

 

In summary, the following variables were recorded for this purpose: 

▪ Sex 

▪ Date of birth and age in years 

▪ Date of death 

▪ Type of ICI 

▪ Intention of therapy (neo-adjuvant or adjuvant) 

▪ ICI: first line or not 

▪ Directly preceding and subsequent therapy 

▪ Levels of protein S100, LDH, leukocyte count, total and relative neutrophil count, 

total and relative lymphocyte count, total and relative monocyte count, total and 

relative eosinophil count, each at start of ICI 

▪ Number of ICI cycles 

▪ Date and result of first staging 

▪ Date of progressive disease and progression free survival in months 

▪ Number of metastases and location (hepatic, pulmonary, osseous, cerebral, nodal, 

cutaneous, peritoneal, retroperitoneal) 

▪ Number of liquid biopsy samples 

▪ Radiotherapy during liquid biopsy sampling and duration 

▪ Pre-existing autoimmune diseases 

▪ IRAE: date of last administration of ICI, date of start of IRAE, median time to 

occurrence of specific IRAE, type of IRAE according to affected organ system, 

CTCAE grade, therapy of IRAE, number of IRAE 

▪ Histological subtype of melanoma 

▪ Tumor thickness of melanoma 

▪ Level of tumor mutational burden (TMB) 

▪ Germline findings and BRAF mutation 

▪ Stage at inclusion in study 

▪ Alleles on HLA-A1 / 2, HLA-B1 / 2, HLA-C1 / 2 

▪ Homozygosity and heterozygosity on HLA, HLA-A, HLA-B and HLA-C 

▪ All dates of blood sample collection and level of cfDNA in ng/ml, relative and total 

development of cfDNA around the occurrence of IRAE, relative and total 
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development of the last 10 measurements of patients without IRAE 

▪ VARs on: AIRE, TERT, SH2B3, LRRK2, IKZF1, SMAD3, JAK2, PRDM1, CTLA4, 

TSHR, FAN1, SLCO1B1, PDCD1, IL1RN, CD274, UNG 

▪ CNVs on: AIRE, TERT, SH2B3, LRRK2, IKZF1, SMAD3, JAK2, PRDM1, CTLA4, 

TSHR, FAN1, SLCO1B1, PDCD1, IL1RN, CD274, UNG, with distinction between 

deletions and duplications 

 

As last date including new data from the patients’ records, we fixed December, 17th 2019. 

2.2 Statistical analysis 

“All patients' data were entered in and statistically analyzed with the statistical program 

for social sciences SPSS statistics version 25.0. (IBM Corp. 2017), and Microsoft Excel 

Version 2019. The descriptive data was analyzed by absolute and relative frequency. We 

retained each variable that was in relative terms more frequently observed in patients with 

IRAE than in patients of the entire cohort. We proceeded correspondingly with the three 

most prevalent IRAE for each potential marker. We obtained the potentially significant 

biomarkers for occurrence of IRAE and proceeded by testing these markers for 

significance. The exact version of the Chi-Squared-Test was used for statistical 

significance. The level of significance was set at 0.05 in all analyses. Results of organ 

specific IRAEs and biomarkers with a prevalence outside the interval of 33% to 66% are 

purely exploratory. This is due to the limited sample size of our work and the amount of 

biomarkers to be detected, especially in the VARs and CNVs sections. Within this 

restriction, differences in proportions of at least 30% could be detected confirmatory with 

a power of at least 80% (Chi-square test for unequal samples with ratio at most 2:1, n=95 

subjects). Our results support the markers previously suggested in the literature but need 

to be confirmed and further specified in future more comprehensive studies as correction 

for multiple testing was not feasible due to lack of power” (Wölffer, Battke et al. 2022). 

2.3 Ethical statement 

This study has been approved by the ethical committee of the Ärztekammer Baden-

Württemberg and the ethical committee of the Eberhard-Karls-University Tübingen, 

approval numbers F-2016-010 from 01/03/2016 and 827/2018BO2 from 27/11/2018. We 

documented and analyzed all patients' data conforming to the „Best Practice“ guideline 
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for doctoral procedures at Eberhard-Karls-University Tübingen, and to the Helsinki 

Declaration.
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3 Results  

The analysis includes 95 patients treated with checkpoint inhibitors. “Our results must be 

interpreted with caution due to the exploratory approach” (Wölffer, Battke et al. 2022). 

The following table provides an overview on clinical characteristics of the cohort. 

 

Table 1. Clinical characteristics of the cohort. ICI: Immune checkpoint inhibitors. AJCC: American Joint 

Committee on Cancer. CNS: Central Nervous System. BRAF: B-Rapidly Accelerated Fibrosarcoma. TMB: 

Tumor Mutational Burden. IRAE: Immune-Related Adverse Event. LDH: Lactate Dehydrogenase. 

Clinical characteristics Median 1. Quartile 3. Quartile IQR 

Age at beginning of ICI (years) 62.1 51.8 75.1 23.3 

Progression free survival under therapy (months) 5.3 2.1 14.9 12.8 

Time between last ICI and IRAE (days) 

     IRAE 1  

     IRAE 2  

 

12 

20 

 

5 

11 

 

21 

34 

 

16 

24 

Tumor thickness (mm) 3.2 1.9 5.2 3.3 

 Number of patients % 

Sex 

     Male 

     Female  

 

54 

41 

 

57 

43 

Melanoma type  

     Cutaneous  

     Acral lentiginous  

     Mucosal  

     Uveal  

     Occult  

     Other  

 

63 

9 

3 

6 

12 

2 

 

66 

10 

3 

6 

13 

2 

BRAF mutation  

     Positive  

     Negative  

 

45 

50 

 

47 

53 

Germline Mutation  

     Yes 

     No 

 

15 

80 

 

16 

84 

AJCC cancer stage at study inclusion  

     3 

     4 

 

20 

75 

 

21 

79 

TMB values at start ICI 

     Low (<3.3 Var/Mb) 

     Intermediate (3.3-23.1Var/Mb) 

     High (>23.1 Var/Mb) 

 

29 

44 

19 

 

32 

48 

21 

Last systemic treatment before ICI  

     None 

     Targeted  

     PD-1 antibody  

     CTLA-4 antibody 

     Other 

 

58 

20 

12 

0 

5 

 

61 

21 

13 

0 

5 
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Table 1. Cont. 

 Number of patients % 

Type of ICI  

     Monotherapy  

     Combined 

 

36 

59 

 

38 

62 

First line  

     Yes  

     No 

 

58 

37 

 

61 

39 

Intention  

     Adjuvant  

     Palliative 

 

20 

75 

 

21 

79 

Cycles  

     <4  

     4-10  

     >10 

 

33 

36 

26 

 

35 

38 

27 

Laboratory data at start of ICI 

Leukocytes 

     Normal  

     Increased  

     Decreased 

Neutrophils abs.  

     Normal  

     Increased  

     Decreased  

Neutrophils %  

     Normal  

     Increased  

     Decreased  

Lymphocytes abs.  

     Normal  

     Increased  

     Decreased  

Lymphocytes % 

     Normal  

     Increased  

     Decreased 

Monocytes abs.  

     Normal 

     Increased  

     Decreased  

Monocytes %  

     Normal  

     Increased  

     Decreased  

Eosinophils abs.  

     Normal  

     Increased  

     Decreased  

Eosinophils %  

     Normal  

     Increased  

     Decreased  

 

 

80 

10 

5 

 

78 

13 

4 

 

85 

7 

3 

 

71 

2 

22 

 

53 

4 

38 

 

81 

12 

2 

 

88 

7 

0 

 

80 

1 

14 

 

77 

1 

17 

 

 

84 

11 

5 

 

82 

14 

4 

 

90 

7 

3 

 

75 

2 

23 

 

56 

4 

40 

 

85 

13 

2 

 

93 

7 

0 

 

84 

1 

15 

 

81 

1 

18 
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Table 1. Cont. 

 Number of patients % 

Protein S100 at start of ICI 

     S100 elevated  

     S100 normal  

 

42 

53 

 

44 

56 

LDH at start of ICI  

     LDH elevated  

     LDH normal  

 

31 

64 

 

33 

67 

Origin of tissue sequenced (n = 89) 

     Lymph node metastasis  

     Other metastasis  

     Primary melanoma  

     CNS metastasis  

     Local recurrence  

 

31 

41 

15 

1 

1 

 

35 

46 

17 

1 

1 

Metastases at start of ICI  

     Hepatic  

     Pulmonary  

     Osseous  

     Cerebral  

     Nodal  

     Cutaneous  

     Peritoneal (incl. intestinal and splenic) 

     Retroperitoneal (incl. renal and pancreatic) 

 

22 

44 

29 

27 

76 

59 

25 

8 

 

23 

46 

31 

28 

80 

62 

26 

8 

Number of metastases at start of ICI  

     1 

     2 

     3 

     4 

     5 

     6 

     7 

     8 

 

15 

32 

16 

13 

9 

5 

4 

1 

 

16 

34 

17 

14 

10 

5 

4 

1 

Result at first staging 

     Partial response  

     Stable disease / mixed response  

     Progressive disease  

     Died before first staging  

     Not done yet at time of data collection 

 

30 

18 

37 

9 

1 

 

32 

19 

39 

10 

1 

Radiotherapy during ICI 

     Yes 

     No 

Number of radiotherapies 

     One 

     Two  

     Three 

 

39 

56 

 

30 

7 

2 

 

41 

59 

 

32 

7 

2 

Pre-existing autoimmune diseases 

     Diabetes Mellitus Type 1  

     Rheumatoid Arthritis  

     Vitiligo 

     Crohn’s Disease 

     Other 

 

2 

2 

1 

1 

2 

 

2 

2 

1 

1 

2 
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Table 1. Cont. 

 Number of patients % 

IRAE under ICI 

     Occurrence of IRAE 

     Colitis  

     Hepatitis 

     Pancreatitis 

     Hypophysitis 

     Pneumonitis  

     Thyroiditis 

     Exanthema 

     Nephritis 

     Myositis 

     Encephalitis 

     Myocarditis 

 

59 

20 

14 

13 

10 

8 

7 

7 

3 

3 

3 

2 

 

62 

21 

15 

14 

11 

8 

7 

7 

3 

3 

3 

2 

Treatment of IRAE  

IRAE 1 (n = 52) 

     Combined treatment  

     Steroids  

IRAE 2 (n = 27) 

     Combined treatment  

     Steroids 

 

 

11 

41 

 

5 

22 

 

 

21 

79 

 

19 

82 

 

The flow chart below summarizes the selection process of patients included in our study. 

 

 

Figure 1. Flow chart of patients’ selection. 

 

Some IRAE, as colitis, hepatitis and pancreatitis, were much more prevalent than others. 

Figure 2 provides an overview of frequency of IRAE under ICI in percent. 

 

1 patient excluded

(no immunotherapy initiated)

59 patients: 

Combined therapy

36 patients:

Monotherapy

20 patients adjuvant

(removed metastases)

75 patients not adjuvant

(present metastases)

Patients scheduled for immune checkpoint inhibitor therapy between January 2018 and June 2018 

with available tumour tissue for Next Generation Sequencing (NGS)
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Figure 2. Frequency of IRAE in percent. 1: IRAE. 2: colitis. 3: hepatitis. 4: pancreatitis. 5: hypophysitis. 

6: pneumonitis. 7: thyroiditis. 8: exanthema. 9: nephritis. 10: myositis. 11: encephalitis. 12: myocarditis. 

 

The following table outlines the frequency of IRAE and results at first staging. IRAE in 

general, as well as the three most common IRAE, showed overall a similar frequency 

between the results “progressive disease” and “partial response”. Progressive disease was 

not observed to correlate with less IRAE. 

 

Table 2. Frequency of IRAE among results at first staging. 

IRAE  PR SD/MR PD Died before Not done yet Total 

IRAE (any) 
N 21 8 26 4 0 59 

% 36% 14% 44% 7% 0% 100% 

Colitis 
N 9 1 9 1 0 20 

% 45% 5% 45% 5% 0% 100% 

Hepatitis 
N 6 0 8 0 0 14 

% 43% 0% 57% 0% 0% 100% 

Pancreatitis 
N 6 2 4 1 0 13 

% 46% 15% 31% 8% 0% 100% 

Total 
N 30 18 37 9 1 95 

% 32% 19% 39% 10% 1% 100% 

 

In table 3, we looked further into a potential link between a lower number of cycles of 

ICI (<5), the development of IRAE, and the result “progressive disease” at first staging. 

We did not observe a correlation here. The number of cycles of ICI does not appear to 

correlate with IRAE. 

62%

21%

15% 14%
11%

8% 7% 7%
3% 3% 3% 2%
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F
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%
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Table 3. Frequency of IRAE and results at first staging by number of cycles. 

IRAE and result at 

first staging 
 Cycles 

  ≤4 5 to 10 >10 All 

 N 61 8 26 95 

% 64% 8% 27% 100% 

IRAE (any) 
N 41 6 12 59 

% 70% 10% 20% 100% 

PR 
N 22 2 6 30 

% 73% 7% 20% 100% 

SD/MR 
N 4 1 13 18 

% 22% 6% 72% 100% 

PD 
N 25 5 7 37 

% 68% 14% 19% 100% 

Died before 
N 9 0 0 9 

% 100% 0% 0% 100% 

Not done yet 
N 1 0 0 1 

% 100% 0% 0% 100% 

 

The following figure shows the frequency of number of IRAE occurred in patients. 

Among IRAE-developing patients, most had only one IRAE. 

 

 

Figure 3. Frequency of occurred IRAE by number of patients. 

 

We analyzed the timeline of IRAE by means of Kaplan-Meier-Curves, showing 

cumulative frequency of patients by time since the start of ICI in weeks, as well as the 

median time of IRAE occurrence after start of ICI in months (see Figure 4 – 15 and Table 

4). In most cases, the IRAE appeared during the first 12 weeks after start of ICI. Two 

cases of pancreatitis appeared 34 and 41 weeks respectively after start of ICI. 
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Overview of all IRAE 

 

Figure 4. Cumulative Kaplan-Meier-Curve for all IRAE. Y: Patients (N), x: time since start ICI (weeks). 

Red line: IRAE appearing after week 22, see Figures Pancreatitis, Hypophysitis and Exanthema. 

 

 

Colitis 

 

Figure 5. Cumulative Kaplan-Meier-Curve for Colitis. Y: Patients (N), x: time since start ICI (weeks). 

 

 

Hepatitis 

 

Figure 6. Cumulative Kaplan-Meier-Curve for Hepatitis. Y: Patients (N), x: time since start ICI (weeks). 
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Pancreatitis 

 

Figure 7. Cumulative Kaplan-Meier-Curve for Pancreatitis. Y: Patients (N), x: time since start ICI (weeks). 

Red line: IRAE occur after week 24, i.e. in weeks 34 and 41. 

 

 

Hypophysitis 

 

Figure 8. Cumulative Kaplan-Meier-Curve for Hypophysitis. Y: Patients (N), x: time since start ICI 

(weeks). Red line: IRAE occurs after week 24, i.e. in week 79. 

 

 

Pneumonitis 

 

Figure 9. Cumulative Kaplan-Meier-Curve for Pneumonitis. Y: Patients (N), x: time since start ICI (weeks). 
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Thyroiditis 

 

Figure 10. Cumulative Kaplan-Meier-Curve for Thyroiditis. Y: Patients (N), x: time since start ICI (weeks). 

 

 

Exanthema 

 

Figure 11. Cumulative Kaplan-Meier-Curve for Exanthema.Y: Patients (N), x: time since start ICI (weeks). 
Red line: IRAE occurs after week 24, i.e. in week 26. 

 

 

Nephritis 

 

Figure 12. Cumulative Kaplan-Meier-Curve for Nephritis. Y: Patients (N), x: time since start ICI (weeks). 
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Myositis 

 

Figure 13. Cumulative Kaplan-Meier-Curve for Myositis. Y: Patients (N), x: time since start ICI (weeks). 

 

 

Encephalitis  

 

 

Figure 14. Cumulative Kaplan-Meier-Curve for Encephalitis. Y: Patients (N), x: time since start ICI 
(weeks). 

 

 

Myocarditis 

 

Figure 15. Cumulative Kaplan-Meier-Curve for Myocarditis. Y: Patients (N), x: time since start ICI 

(weeks). 
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Table 4. Median time of IRAE occurrence after start of ICI in months. 

IRAE Median time of IRAE occurrence after start of ICI in months 

Colitis 1.4 

Hepatitis 1.3 

Pancreatitis 1.4 

Hypophysitis 2.1 

Pneumonitis 1.8 

Thyroiditis 1.2 

Exanthema/skin rash 1.2 

Nephritis 1.3 

Myositis 1.3 

Encephalitis 3.4 

Myocarditis 0.5 

 

Table 5 provides an overview of the patients’ genetic data. 

 
Table 5. Genetic characteristics of the cohort. HLA: Human Leukocyte Antigen. (Wölffer, Battke et al. 

2022). 

Genetic characteristics No. patients % 

HLA 

     Homozygosity  

     Heterozygosity  

 

23 

72 

 

24 

76 

HLA-A 

     Homozygosity  

     Heterozygosity  

 

13 

82 

 

14 

86 

HLA-B 

     Homozygosity  

     Heterozygosity  

 

8 

87 

 

8 

92 

HLA-C  

     Homozygosity  

     Heterozygosity 

 

8 

87 

 

8 

92 

Small variations (VARs)   

AIRE  1 1 

TERT  7 7 

SH2B3 66 70 

LRRK2 95 100 

IKZF1 0 0 

SMAD3 12 13 

JAK2 3 3 

PRDM1 45 47 

CTLA4 59 62 

TSHR 95 100 

FAN1 62 65 

SLCO1B1 57 60 

PDCD1 3 3 

IL1RN 48 50 

CD274 4 4 

UNG 2 2 
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Table 5. Cont. 

Genetic characteristics No. patients % 

Copy number variations (CNVs)   

AIRE  

     Duplications  

     Deletions  

     Both 

1 

0 

1 

0 

1 

0 

1 

0 

TERT 

     Duplications  

     Deletions 

     Both 

45 

37 

7 

1 

47 

39 

7 

1 

SH2B3 

     Duplications  

     Deletions  

     Both  

27 

26 

1 

0 

28 

27 

0 

0 

LRRK2 

     Duplications  

     Deletions  

     Both 

38 

27 

10 

1 

40 

28 

11 

1 

IKZF1 

     Duplications  

     Deletions  

     Both 

40 

34 

4 

2 

42 

36 

4 

2 

SMAD3 

     Duplications  

     Deletions  

     Both  

36 

36 

0 

0 

38 

38 

0 

0 

JAK2 

     Duplications  

     Deletions  

     Both  

43 

20 

23 

0 

45 

21 

24 

0 

PRDM1 

     Duplications  

     Deletions  

     Both  

32 

10 

22 

0 

34 

11 

23 

0 

CTLA4 

     Duplications  

     Deletions  

     Both 

14 

9 

4 

1 

15 

9 

4 

1 

TSHR 

     Duplications  

     Deletions  

     Both 

20 

7 

10 

3 

21 

7 

11 

3 

FAN1 

     Duplications  

     Deletions  

     Both 

40 

25 

11 

4 

42 

26 

12 

4 

SLCO1B1 

     Duplications  

     Deletions  

     Both 

59 

41 

11 

7 

62 

43 

12 

7 
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Table 5. Cont. 

Genetic characteristics No. patients % 

Copy number variations (CNVs)   

PDCD1 

     Duplications  

     Deletions  

     Both  

28 

24 

4 

0 

29 

25 

4 

0 

IL1RN 

     Duplications  

     Deletions  

     Both 

15 

9 

5 

1 

16 

9 

5 

1 

CD274 

     Duplications  

     Deletions  

     Both 

18 

3 

15 

0 

19 

3 

16 

0 

UNG 

     Duplications  

     Deletions 

     Both 

31 

27 

3 

1 

33 

28 

3 

1 

 

Some genes were often affected by VARs, such as, in order of descending frequency, 

LRRK2, TSHR, SH2B3, FAN1, CTLA4, SLCO1B1. 100 % of our patients had VARs on 

LRRK2 and TSHR. 69.5% had VARs on SH2B3, 65.3% on FAN1, 62.1% on CTLA4, 

and 60% on SLCO1B1. 

IKZF1 was not affected by VARs. 

 

Some genes were more often altered by CNVs than others. SLCO1B1, TERT and JAK2 

were the three most common genes here, whereas AIRE, CTLA4, and IL1RN were rarely 

affected by CNVs. 

Overall, duplications affected genes far more frequently than deletions. Only for AIRE, 

JAK2, PRDM1, TSHR, and CD274, more deletions than duplications were observed. 

 

Sex 

64.8% of male patients developed IRAE, compared to 58.5% of female patients. Some 

IRAE were sex-associated. “24.4% of female patients developed hepatitis (p = 0.021), 

compared to only 7.4% of male patients, whereas 18.5% of male patients developed 

pancreatitis, opposed to only 7.3% of female patients” (Wölffer, Battke et al. 2022). 

There was no significant difference in sex as for colitis. 
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Type of ICI 

“Combined immunotherapy led to more IRAE than monotherapy. 67.8% of patients with 

combined therapy developed IRAE, compared to 52.8% of patients with monotherapy. 

30.5 % of patients with combined therapy compared to 5.6 % with monotherapy (p = 

0.004) developed colitis. 18.6% of patients with combined therapy had hepatitis, 

compared to 8.3% of patients with monotherapy. Finally, 16.9% of patients with 

combined therapy had pancreatitis, compared to 8.3% of patients with monotherapy” 

(Wölffer, Battke et al. 2022). 

This was also verified for hypophysitis and pneumonitis. 2.8% of patients receiving 

monotherapy developed hypophysitis, against 15.3% of patients receiving combined 

therapy. 5.6% of patients receiving monotherapy developed pneumonitis, against 10.2% 

of patients receiving combined therapy. 

 

Laboratory data 

Contrary to our expectation, “[e]levated levels of protein S100 or lactate dehydrogenase 

(LDH) at therapy initiation were not associated with IRAE. 

In the differential blood cell count at therapy initiation, increased leukocytes were 

associated with colitis, hepatitis or pancreatitis. Increased total neutrophils were 

associated with colitis or pancreatitis. Decreased relative lymphocytes were associated 

with pancreatitis. Increased total and relative monocytes were also associated with IRAE. 

Increased total monocytes were associated with colitis, hepatitis, or pancreatitis (p < 

0.0005), whereas increased relative monocytes were only associated with colitis or 

pancreatitis (p = 0.001). The single patient having had high levels of eosinophils at start 

of immunotherapy developed colitis, pancreatitis and nephritis during immunotherapy. 

Table [6] shows laboratory results and frequency of IRAE, colitis, hepatitis or 

pancreatitis” (Wölffer, Battke et al. 2022). 

 

Table 6. Distribution of laboratory results in relation to development of IRAE in percent (Wölffer, Battke 

et al. 2022). 

Laboratory 

results 
  N IRAE Colitis Hepatitis Pancreatitis 

   (95) % % % % 

Leukocytes 
 

Normal 

Increased 

80 

10 

61 

60 

18 

40 

13 

30 

11 

30 

 Decreased 5 80 40 20 20 
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Table 6. Cont. 

Laboratory 

results 
  N IRAE Colitis Hepatitis Pancreatitis 

   (95) % % % % 

Neutrophils 

Absolute 

Normal 

Increased 

78 

13 

62 

62 

18 

39 

14 

15 

10 

31 

Decreased 4 75 25 25 25 

% 

Normal 

Increased 

85 

7 

66 

29 

21 

29 

15 

14 

14 

14 

Decreased 3 33 0 0 0 

Lymphocytes 

Absolute 

Normal 

Increased 

71 

2 

66 

50 

24 

0 

17 

0 

14 

0 

Decreased 22 50 14 9 14 

% 

Normal 

Increased 

53 

4 

70 

25 

25 

0 

21 

0 

11 

0 

Decreased 38 55 18 8 18 

 

Monocytes 

 

Absolute 

Normal 

Increased 

81 

12 

62 

75 

20 

33 

14 

25 

9 

50 (p<0.0005) 

Decreased 2 0 0 0 0 

% 

Normal 

Increased 

88 

7 

61 

71 

19 

43 

16 

0 

10 

57 (p=0.001) 

Decreased 0 - - - - 

Eosinophils 

Absolute 

Normal 

Increased 

80 

1 

68 

100 

21 

100 

16 

0 

14 

100 

Decreased 14 29 14 7 7 

% 
Normal 

Increased 

77 

1 

68 

100 

21 

100 

17 

0 

14 

100 

 Decreased 17 35 18 6 6 

 

Result at first staging  

64% of patients having had the result “progress” at first staging developed IRAE, against 

59% of patients having had the result “no progress”. This was not systematically found 

with each IRAE. 

 

Metastases 

The number of metastases was not linked to IRAE. Indeed, occurrence of one metastasis 

was associated with IRAE (67% of this cohort developed IRAE). This association was 

however not progressing with a higher number of metastases, and even diminishing.  

Furthermore, the three main IRAE showed ambiguous association to the number of 

metastases. Colitis and hepatitis were associated with one or at least three organic systems 
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affected by metastases, whereas the highest association in pancreatitis was found for two 

systems affected (18.8% of these patients developed pancreatitis). 

 

Radiotherapy 

Radiotherapy was not linked to IRAE. 64% of the patients having passed radiotherapy 

developed IRAE, against 61% of those who did not. The most considerable difference 

was observed in patients with pancreatitis: 17.9% of patients with radiotherapy developed 

pancreatitis, versus 10.7% without.  

 

Pre-existing autoimmune diseases 

“Pre-existing autoimmune diseases were associated with the occurrence of IRAE, 6 out 

of 8 patients with pre-existing autoimmune diseases developed IRAE. 100 % of a total of 

4 patients suffering from rheumatoid arthritis, vitiligo, or Crohn’s Disease developed 

IRAE. 

The occurrence of colitis was associated with rheumatoid arthritis (50 %), Crohn’s 

Disease (100%), or Heparin-induced thrombopenia type II (HIT-II; 100%). The 

development of hepatitis was associated with diabetes mellitus Type 1 (50%), vitiligo 

(100%), or HIT-II (100%). The development of pancreatitis was associated with 

rheumatoid arthritis (50%), vitiligo (100%), or HIT-II (100%). Pancreatitis was linked 

significantly to pre-existing autoimmune diseases (p = 0.041)” (Wölffer, Battke et al. 

2022). 

 
Table 7. IRAE occurrence in patients with pre-existing autoimmune disease (Wölffer, Battke et al. 2022). 

Pre-existing autoimmune 

disease 

N (% occurred 

IRAE) 
IRAE occurred 

Diabetes mellitus type I 2 (50%) Hepatitis, pneumonitis 

Rheumatoid arthritis 2 (100%) Pancreatitis, colitis 

Vitiligo 1 (100%) Exanthema, hepatitis, pancreatitis 

Crohn’s disease 1 (100% Colitis 

HIT type II 1 (100%) Colitis, thyroiditis, hepatitis, pancreatitis, nephritis 

AIHA 1 (0%) - 
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BRAF mutation  

Mutated BRAF seemed to be a protective marker for the occurrence of IRAE. Only 49% 

of patients with mutated BRAF developed IRAE, against 74% of patients without mutated 

BRAF (p = 0.012). This was also confirmed for colitis and hepatitis. Interestingly, it was 

reversed for pancreatitis: 20% of patients with mutated BRAF had pancreatitis, compared 

to only 8% without. 

 

Histological subtype of melanoma 

Table 8 shows histological subtype of melanoma and frequency of associated IRAE. 

Acral lentiginous and occult melanoma were linked to IRAE. Mucosal and occult 

melanoma were linked to colitis. Acral lentiginous, mucosal, uveal and occult melanoma 

were linked to hepatitis. Uveal and occult melanoma were finally linked to pancreatitis.  

Cutaneous melanoma seemed to be a protective factor for the occurrence of IRAE. 

 

Table 8. Histological subtype of melanoma and frequency of associated IRAE. 

IRAE Cutaneous Acral 

lentiginous 

Mucosal Uveal Occult Other 

IRAE 52% 89% 67% 67% 83% 100% 

Colitis  18% 11% 33% 17% 50% 0% 

Hepatitis  10% 22% 33% 33% 25% 0% 

Pancreatitis  13% 11% 0% 17% 25% 0% 

 

cfDNA 

70 patients in our cohort had available cfDNA data, whereof 43 developed IRAE.  

We explicitly excluded the mean from our analysis, and resorted to median and quartiles, 

as very few extreme levels distorted the mean. The highest absolute levels of cfDNA were 

measured four measurements prior to the occurrence of IRAE for the period of four 

measurements before until five measurements after the occurrence of IRAE. The median 

remained on a plateau until one measurement prior to the occurrence of IRAE, then 

decreased afterwards (see Figure 16). 
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Evolution of cfDNA (ng/ml) around the date of discovery of IRAE 

 

Measurement IRAE-4 IRAE-3 IRAE-2 IRAE-1 IRAE IRAE+1 IRAE+2 IRAE+3 IRAE+4 IRAE+5 

Total patients (N) 9 14 29 42 8 42 34 29 25 18 

Time to start ICI (days) 

   Median 

   1.Quart. 

   3.Quart. 

   IQR 

-28 

-37 

21 

58 
 

-5 

-13.5 

15.75 

29.25 
 

0 

-1 

18 

19 
 

20 

0 

27.25 

27.25 
 

42 

24.25 

76.75 

52.5 
 

71 

46 

109.5 

63.5 
 

118.5 

84.25 

174.75 

90.5 
 

146 

113.75 

160.75 

47 
 

175.5 

134 

194.75 

60.75 
 

200 

163.75 

222.25 

58.5 
 

Figure 16. Evolution of cfDNA in ng/ml from four measurements before until five measurements after the 

occurrence of IRAE. Blue: 1. Quartile. Orange: Mean. Grey: 3. Quartile. Day IRAE: first occurrence of 

IRAE. 

 

We analyzed also the evolution by percentage, as shown in Figure 17. 

 

Relative evolution of cfDNA around the date of discovery of IRAE 

 

Measurement IRAE-3 IRAE-2 IRAE-1 IRAE IRAE+1 IRAE+2 IRAE+3 IRAE+4 IRAE+5 

Total patients (N) 14 29 42 8 42 34 29 25 18 

Time to start ICI (days) 

Median 

   1.Quart. 

   3.Quart. 

   IQR 

5 

-13.5 

15.75 

29.2 

0 

-1 

18 

19 

20 

0 

27.25 

27.25 

42 

24.25 

76.75 

52.5 

71 

46 

109.5 

63.5 

118.5 

84.25 

174.75 

90.5 

146 

113.75 

160.75 

47 

175.5 

134 

194.75 

60.75 

200 

163.75 

222.25 

58.5 

Figure 17. Evolution of cfDNA in ng/ml from four measurements before until five measurements after the 

occurrence of IRAE. Blue: 1. Quartile. Orange: Mean. Grey: 3. Quartile. Day IRAE: first occurrence of 

IRAE. 
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For our control group, composed of 23 patients without IRAE occurrence throughout ICI, 

we used the last measurements of cfDNA to be compared to cfDNA results of the patients 

with IRAE above. As before, we analyzed these results in absolute and relative values. 

Figure 18 and 19 summarize these results. Lower levels of cfDNA over time were 

observed in patients having no IRAE. 

 

Evolution of cfDNA (ng/ml) in patients without IRAE 

 

 n-9 n-8 n-7 n-6 n-5 n-4 n-3 n-2 n-1 N 

N 5 7 7 9 11 12 13 14 20 23 

Figure 18. Evolution of cfDNA in ng/ml from nine measurements before last measurement until last 

measurement in patients without IRAE. Blue: 1. Quartile. Orange: Mean. Grey: 3. Quartile. N: last 

measurement taken. 

 

 

Relative evolution of cfDNA in patients without IRAE  

 

 n-9 n-8 n-7 n-6 n-5 n-4 n-3 n-2 n-1 N 

N 5 7 7 9 11 12 13 14 20 23 

Figure 19. Evolution of cfDNA in percent from nine measurements before last measurement until last 

measurement in patients without IRAE. Blue: 1. Quartile. Orange: Mean. Grey: 3. Quartile. 

 

As shown in Table 9, we further analyzed the evolution directly around the occurrence of 
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one during the IRAE. CfDNA was lower directly after the IRAE than before it (-5% and 

-8%, respectively). 

 
Table 9. Evolution of cfDNA by percentage of median, first and third quartile around IRAE 1 and 2. 

 IRAE 1 pre/during IRAE 1 pre/post IRAE 2 pre/during IRAE 2 pre/post 

Median 2% -5% 36% -8% 

1.Quartile -13% -31% -21% -35% 

3.Quartile 121% 44% 123% 87% 

 

As shown in Table 10, the number of patients beyond our critical level of 1500 ng/ml 

among all patients with IRAE measured was highest during the IRAE (30% for IRAE 1 

and 33% for IRAE 2), and rose from the measurement before to the measurement during 

the IRAE. However, the sample size to support this finding is very limited. 

 

Table 10. Frequency of patients above 1500 ng/ml cfDNA among all patients with IRAE measured, for the 

three measurements around IRAE 1 and 2, respectively. 

 Measurement 

 IRAE 1 IRAE 2 

 Before During After Before During After 

Number patients > 1500 ng/ml 7 3 10 4 1 4 

Total number patients measured 42 10 42 17 3 15 

% 17% 30% 24% 24% 33% 27% 

 

22% of the measurements taken around the occurrence of IRAE (one measurement prior 

to IRAE occurrence until one measurement thereafter for both IRAE) were above 

1500ng/ml cfDNA, i.e. 29 out of 129 measurements. 68 measurements were above 

1500ng/ml cfDNA somewhen during the measurements within patients having IRAE. 

Thereof, only 39 measurements were above 1500ng/ml cfDNA and occurred outside of 

the IRAE interval, i.e. without a supposed link to IRAE but within patients enduring IRAE 

at some point. Out of all cfDNA blood samples, only 19%, or 96 out of 507, were above 

1500ng/ml cfDNA at some point, including all patients, also those who never developed 

IRAE. 

When looking at patients and not measurements, only 56% (15 out of 27) of patients 

without IRAE were somewhen above 1500ng/ml cfDNA, as opposed to 70% (30 out of 

43) of patients with IRAE at some point. In total, 64% (45 out of 70) were somewhen 

above 1500ng/ml.  

As shown in Table 11, elevated cfDNA was associated with progressive disease at first 
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staging. 71% of patients with progress at first staging had elevated cfDNA throughout the 

therapy, whereas only 55% with no progress had elevated cfDNA throughout the therapy. 

 
Table 11. Distribution of patients by cfDNA levels and result at first staging examination. 

cfDNA / Progress after first staging No progress Progress 

> 1,500 ng/ml 17 25 

< 1,500 ng/ml 14 10 

 

We analyzed the evolution of cfDNA in ng/ml over time for each patient with IRAE 

whose measurements laid in the interval from four measurements prior to occurrence of 

IRAE to five measurements after (see Figure 20). We noted for each figure the result at 

first staging examination. Unfortunately, no result can be postulated here. We did not 

observe an increase of cfDNA prior to the development of IRAE, or a different evolution 

of cfDNA as compared to patients without IRAE. 

 

  
A – Result at first staging: PD. 

 
B – Result at first staging: PD 

 
C – Result at first staging: Died before first staging. 

 
D – Result at first staging: PD. 
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Figure 20. Cont. 

 
E – Result at first staging: PD. 

 
F – Result at first staging: PD. 

 
G – Result at first staging: PD. 

  
H – Result at first staging: PR. 

 
I – Result at first staging: PR. 

 
J – Result at first staging: SD/MR. 

 
K – Result at first staging: Died before first 

staging. 

 
L – Result at first staging: PD. 
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Figure 20. Cont. 

 
M – Result at first staging: PD. 

 
N – Result at first staging: PR. 

 
O – Result at first staging: 6. 

 
P – Result at first staging: PR. 

 
Q – Result at first staging: PR. 

 
R – Result at first staging: PD. 

 
S – Result at first staging: PR. 

 
T – Result at first staging: Died before first staging. 
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Figure 20. Cont. 

 
U – Result at first staging: PD. 

 
V – Result at first staging: PD. 

 
W – Result at first staging: PD. 

 
X – Result at first staging: PD. 

 
Y – Result at first staging: PR. 

 
Z – Result at first staging: Died before first staging. 

 
AA – Result at first staging: PD. 

 
AB – Result at first staging: Died before first staging. 
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Figure 20. Cont. 

 
AC – Result at first staging: PR. 

 
AD – Result at first staging: PD. 

 
AE – Result at first staging: SD/MR. 

 
AF – Result at first staging: PR. 

 
AG – Result at first staging: PD. 

 
AH – Result at first staging: PR. 

 
AI – Result at first staging: PD. 

 
AJ – Result at first staging: PR. 
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Figure 20. Cont. 

 
AK – Result at first staging: PR. 

 
AL – Result at first staging: PR. 

 
AM – Result at first staging: SD/MR. 

 
AN – Result at first staging: PR. 

 
AO – Result at first staging: PR. 

 
AP – Result at first staging: PD. 

Figure 20. Evolution of cfDNA in ng/ml over time for each patient with IRAE with result at first staging. 

 

We also analyzed the development of cfDNA over time for each patient without IRAE in 

ng/ml (see Figure 21). We noted for each figure the result at first staging examination. 
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A – Result at first staging: PR. 

 
B – Result at first staging: SD/MR. 

 
C – Result at first staging: PR. 

 
D – Result at first staging: Died before first staging. 

 
E – Result at first staging: PR. 

 
F – Result at first staging: PD. 

 
G –Result at first staging: Died before first staging. 

 
H – Result at first staging: PD. 
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Figure 21. Cont. 

 
I – Result at first staging: SD/MR. 

 
J – Result at first staging: PD. 

 
K – Result at first staging: SD/MR. 

 
L – Result at first staging: PR. 

 
M – Result at first staging: Died before first 

staging. 

 
 

N – Result at first staging: PR. 

 
O – Result at first staging: PR. 

 
P – Result at first staging: PD. 
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Figure 21. Cont. 

 
Q – Result at first staging: SD/MR. 

 
R – Result at first staging: PR. 

 
S –Result at first staging: PD. 

 
T – Result at first staging: PD. 

 
U – Result at first staging: PR. 

 
V – Result at first staging: SD/MR. 

 
W – Result at first staging: PR. 

 

Figure 21. Evolution of cfDNA in ng/ml over time for each patient without IRAE with result at first staging. 
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HLA 

“74% of HLA homozygous patients developed IRAE, compared to 58% of HLA 

heterozygous patients. This difference was not statistically significant. We differentiated 

further between HLA-A, -B, and -C homozygosity. 77% of HLA-A homozygous patients 

developed IRAE, compared to only 60% of HLA-A heterozygous patients. Notably, only 

50% of HLA-B and 63% of HLA-C homozygous patients developed IRAE, compared to 

63% and 62% of HLA-B and HLA-C heterozygous patients, respectively. HLA-A 

homozygosity thus seems to be the determining factor in HLA homozygosity-associated 

IRAE. 

A positive correlation between IRAE and homozygosity was found for HLA-A and HLA-

C homozygosity for colitis, and HLA-A, HLA-B, and HLA-C homozygosity for hepatitis. 

HLA homozygosity was significantly linked to the development of hepatitis (p = 0.015). 

HLA-B homozygosity is seemingly a protective factor in general IRAE, colitis or 

pancreatitis. Table [12] illustrates the results on HLA homo- and heterozygosity” 

(Wölffer, Battke et al. 2022). 

 

Table 12. Distribution of HLA zygosity in our cohort, subset by HLA class I locus in relation to 

development of IRAE in absolute values and percent (Wölffer, Battke et al. 2022). 

HLA class I 

locus 

Patients total IRAE Colitis Hepatitis Pancreatitis 

 (N) (%) (N) (%) (N) (%) (N) (%)  (N) (%) 

Total 95 100 59 62 20 21 14 15 13 14 

HLA  

Homozygosity  

Heterozygosity 

 

23 

72 

 

24 

76 

 

17 

42 

 

74 

58 

 

8 

12 

 

35 

17 

 

7 

7 

 

30 (p=0.015) 

10 

 

3 

10 

 

13 

14 

HLA-A 

Homozygosity 

Heterozygosity 

 

13 

82 

 

14 

86 

 

10 

49 

 

77 

60 

 

5 

15 

 

39 

18 

 

4 

10 

 

31 

12 

 

2 

11 

 

15 

13 

HLA-B 

Homozygosity 

Heterozygosity 

 

8 

87 

 

8 

92 

 

4 

55 

 

50 

63 

 

1 

19 

 

13 

22 

 

2 

12 

 

25 

14 

 

1 

12 

 

13 

14 

HLA-C 

Homozygosity 

Heterozygosity 

 

8 

87 

 

8 

92 

 

5 

54 

 

63 

62 

 

3 

17 

 

38 

20 

 

2 

12 

 

25 

14 

 

1 

12 

 

13 

14 

 

We collected HLA alleles of patients developing IRAE in our cohort (see Table 13). 
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Table 13. HLA alleles of patients developing IRAE in our cohort. 

HLA-A HLA-B HLA-C 

0101 
0201 
2301 
2402 
2501 
2601 
2902 
3001 
3101 
3201 
6601 
6802 
6824 

0801 
1402 
1501 
1801 
3501 
3502 
3503 
3701 
3801 
3906 
4001 
4101 
4402 
4403 
4701 
4901 
5101 
5108 
5201 
5701 
5801 

0202 
0303 
0304 
0401 
0501 
0602 
0701 
0702 
0704 
0802 
1202 
1203 
1402 
1502 
1602 
1701 

 

“We analyzed confidence intervals and odds ratio for HLA homo- and heterozygosity for 

IRAE, colitis, hepatitis and pancreatitis (see Figure [22])” (Wölffer, Battke et al. 2022). 

 

IRAE Colitis 

  
Hepatitis Pancreatitis 

  
Figure 22. Forest plots HLA homo- and heterozygosity depicting the confidence intervals and odds ratios 

on a logarithmic scale. Note that all confidence intervals include 1, meaning that we cannot conclude that 
there is a statistically significant difference (Wölffer, Battke et al. 2022). 
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Small Variations (VARs) 

“VARs on SMAD3 were significantly linked to the development of pancreatitis (p = 

0.034). This result must be read and interpreted with caution due to the exploratory 

approach” (Wölffer, Battke et al. 2022). We analyzed genes affected by VARs and 

associated with the development of IRAE, for IRAE in general and in particular (see 

Table 14). 

 

Table 14. Genes affected by VARs associated with IRAE and organ specific IRAE. Note that we only list 

genes with observed incidence of IRAE above the respective cohort average and concerning at least 2 

patients (Wölffer, Battke et al. 2022). 

IRAE Genes affected by VARs 
N of patients with 

VARs and IRAE 

% patients with VARs 

having IRAE 

IRAE in general  

SMAD3 

PRDM1 

PDCD1 

IL1RN 

CD274 

8 

29 

3 

31 

3 

67% 

64% 

100% 

65% 

75% 

Colitis  

TERT 

SMAD3 

CTLA4 

IL1RN 

2 

3 

16 

11 

29% 

25% 

27% 

23% 

Pneumonitis  PRDM1 4 9% 

Hepatitis  
PRDM1 

CTLA4 

7 

10 

16% 

17% 

Myocarditis SLCO1B1 2 4% 

Myositis IL1RN 2 4% 

Pancreatitis 

TERT 

SH2B3 

SMAD3 

FAN1 

IL1RN 

2 

10 

4 

9 

9 

29% 

15% 

33% (p = 0.034) 

15% 

19% 

 Exanthema  
PRDM1 

CTLA4 

4 

5 

9% 

9% 

Hypophysitis 

SMAD3 

PRDM1 

IL1RN 

3 

6 

7 

25% 

13% 

15% 

Nephritis 
FAN1 

IL1RN 

3 

3 

5% 

6% 

Thyroiditis  
CTLA4 

FAN1 

5 

5 

9% 

8% 
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Copy Number Variations (CNVs) 

“IKZF1, FAN1 and IL1RN were linked to IRAE in general, as well as all three main 

IRAE in particular. Deletions were found to be more frequently associated with IRAE 

than duplications. CNVs on IL1RN (p = 0.033) and deletions on PRDM1 (p = 0.026) 

were significantly linked to IRAE. Duplications on CD274 (p = 0.043) and CNVs on 

SLCO1B1 (p = 0.010) were significantly linked to hepatitis. These results must be 

interpreted with caution due to the exploratory approach. We distinguished deletions and 

duplications for each CNV for IRAE in general, as well as colitis, hepatitis and 

pancreatitis (see Table [15])” (Wölffer, Battke et al. 2022). 

 

Table 15. Genes affected by CNVs (deletions or duplications) in relation to observed IRAE. Note that we 

only list genes with observed incidence of IRAE above the respective cohort average and concerning at 

least 2 patients (Wölffer, Battke et al. 2022). 

IRAE 
Gene 

affected 

Patients with CNV 

and IRAE 
Deletions with IRAE 

Duplications with 

IRAE 

 N % N % N % 

IRAE 

TERT 

LRRK2 

IKZF1 

SMAD3 

JAK2 

PRDM1 

CTLA4 

TSHR 

FAN1 

SLCO1B1 

PDCD1 

IL1RN 

CD274 

UNG 

31 

24 

27 

25 

28 

24 

10 

16 

29 

39 

19 

13  

14 

22 

69% 

63% 

68% 

69% 

65% 

75% 

71% 

80% 

73% 

66% 

68% 

87% (p=0.033) 

78% 

71% 

- 

9 

3 

- 

18 

19 

3 

9 

9 

7 

- 

5 

12 

2 

- 

90% 

75% 

- 

78% 

86% (p=0.026) 

75% 

90% 

82% 

64% 

- 

100% 

80% 

67% 

27 

- 

23 

25 

- 

- 

6 

- 

- 

27 

17 

7 

2 

19 

73% 

- 

68% 

69% 

- 

- 

67% 

- 

- 

66% 

71% 

78% 

67% 

70% 

Colitis  

TERT 

IKZF1 

SMAD3 

FAN1 

IL1RN 

10 

11 

8 

8 

4 

22% 

28% 

22% 

20% 

27% 

2 

- 

- 

3 

- 

29% 

- 

- 

27% 

- 

- 

11 

8 

- 

3 

- 

32% 

22% 

- 

33% 
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Table 15. Cont. 

IRAE 
Gene 

affected 

Patients with CNV 

and IRAE 
Deletions with IRAE 

Duplications with 

IRAE 

 N % N % N % 

Hepatitis  

SH2B3 

LRRK2 

IKZF1 

SMAD3 

PRDM1 

CTLA4 

TSHR 

FAN1 

SLCO1B1 

IL1RN 

CD274 

UNG 

5 

8 

7 

8 

5 

3 

5 

8 

13 

4 

4 

5 

19% 

21% 

18% 

22% 

16% 

21% 

25% 

20% 

22% (p=0.010) 

27% 

22% 

16% 

- 

3 

- 

- 

- 

- 

2 

- 

2 

- 

- 

- 

- 

30% 

- 

- 

- 

- 

20% 

- 

18% 

- 

- 

- 

5 

5 

7 

8 

2 

3 

2 

7 

9 

4 

2 

5 

19% 

19% 

21% 

22% 

20% 

33% 

29% 

28% 

22% 

44% 

67% (p=0.043) 

19% 

Pancreatitis  

TERT 

IKZF1 

JAK2 

FAN1 

SLCO1B1 

IL1RN 

UNG 

5 

5 

4 

4 

7 

2 

3 

11% 

13% 

9% 

10% 

12% 

13% 

10% 

2 

- 

- 

2 

- 

- 

- 

29% 

- 

- 

18% 

- 

- 

- 

- 

5 

3 

- 

6 

- 

- 

- 

15% 

15% 

- 

15% 

- 

- 

 

“CNVs on PRDM1 and CD274 were significantly linked to encephalitis (p = 0.014 and 

p = 0.032) and myositis (p = 0.014 and p = 0.032). CNVs on TSHR and FAN1 were 

significantly linked to myositis (p = 0.049 and p = 0.039). These results must be 

interpreted with caution due to the exploratory approach. Since a distinction between 

duplications and deletions would have made the sample size too small for statistical 

statements for less common specific IRAE, this has been omitted here (see Table [16])” 

(Wölffer, Battke et al. 2022). 

 

Table 16. Genes affected by CNVs in general associated with IRAE. Note that we only list genes with 

observed incidence of IRAE above the respective cohort average and concerning at least 2 patients (Wölffer, 

Battke et al. 2022). 

IRAE 
Gene affected by 

CNV 

N of patients with 

CNV and IRAE 

% of patients with 

CNV and IRAE 

Pneumonitis 
PRDM1 

CD274 

3 

2 

9% 

11% 

Encephalitis 

TERT 

IKZF1 

JAK2 

PRDM1  

CD274  

3 

2 

3 

3 

2 

7% 

5% 

7% 

9% (p = 0.014) 

11% (p = 0.032) 
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Table 16. Cont. 

IRAE 
Gene affected by 

CNV 

N of patients with 

CNV and IRAE 

% of patients with 

CNV and IRAE 

Myocarditis SLCO1B1 2 3% 

Myositis 

TERT 

LRRK2 

IKZF1 

SMAD3 

JAK2 

PRDM1  

TSHR  

FAN1  

CD274  

UNG 

2 

2 

2 

2 

2 

3 

2 

3 

2 

2 

4% 

5% 

5% 

6% 

5% 

9% (p = 0.014) 

10% (p = 0.049) 

8% (p = 0.039) 

11% (p = 0.032) 

6% 

Exanthema 

TERT 

SH2B3 

SMAD3 

JAK2 

PRDM1 

CTLA4 

TSHR 

SLCO1B1 

IL1RN 

CD274 

4 

3 

3 

4 

4 

2 

2 

6 

2 

3 

9% 

11% 

8% 

9% 

13% 

14% 

10% 

10% 

13% 

17% 

Hypophysitis 

TERT 

SMAD3 

JAK2 

PRDM1 

FAN1 

CD274 

UNG 

5 

4 

5 

5 

7 

3 

4 

11% 

11% 

12% 

16% 

18% 

17% 

13% 

Nephritis IKZF1 2 5% 

Thyroiditis 

LRRK2 

SMAD3 

PRDM1 

TSHR 

SLCO1B1 

PDCD1 

CD274 

UNG 

4 

3 

3 

2 

6 

3 

2 

3 

11% 

8% 

9% 

10% 

10% 

11% 

11% 

10% 

 

We did not find a significant correlation between CNVs on a specific gene and 

histological subtype of melanoma (see Table 17). 
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Table 17. Frequency of CNVs by histological subtype of melanoma. 

Genes 

affected 

by CNVs 

 
Melanoma subtype 

 Cutaneous Acral 

lentiginous 

Mucosal Uveal Occult Other Total 

 
N 63 9 3 6 12 2 95 

% 66% 10% 3% 6% 13% 2% 100% 

AIRE  
N 0 0 0 0 1 0 1 

% 0% 0% 0% 0% 100% 0% 100% 

TERT 
N 32 3 2 3 4 1 45 

% 71% 7% 4% 7% 9% 2% 100% 

SH2B3 
N 20 1 1 2 2 1 27 

% 74% 4% 4% 7% 7% 4% 100% 

LRRK2 
N 21 5 2 3 5 2 38 

% 55% 13% 5% 8% 13% 5% 100% 

IKZF1 
N 28 2 2 1 6 1 40 

% 70% 5% 5% 3% 15% 3% 100% 

SMAD3 
N 21 3 2 3 6 1 36 

% 58% 8% 6% 8% 17% 3% 100% 

JAK2 
N 26 5 3 2 6 1 43 

% 61% 12% 7% 5% 14% 2% 100% 

PRDM1 
N 18 4 2 2 4 2 32 

% 56% 13% 6% 6% 13% 6% 100% 

CTLA4 
N 10 1 0 2 1 0 14 

% 71% 7% 0% 14% 7% 0% 100% 

TSHR 
N 12 1 2 1 3 1 20 

% 60% 5% 10% 5% 15% 5% 100% 

FAN1 
N 25 4 2 3 5 1 40 

% 63% 10% 5% 8% 13% 3% 100% 

SLCO1B1 
N 36 6 3 5 7 2 59 

% 61% 10% 5% 9% 12% 3% 100% 

PDCD1 
N 19 3 1 3 1 1 28 

% 68% 11% 4% 11% 4% 4% 100% 

IL1RN 
N 9 1 0 2 2 1 15 

% 60% 7% 0% 13% 13% 7% 100% 

CD274 
N 13 1 1 0 2 1 18 

% 72% 6% 6% 0% 11% 6% 100% 

UNG 
N 17 4 1 3 4 2 31 

% 55% 13% 3% 10% 13% 7% 100% 

 

“We analyzed confidence intervals and odds ratio for CNVs for IRAE, colitis, hepatitis 

and pancreatitis (see Figure [23]). [CNVs on AIRE were eliminated from all forest plots 
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due to lack of data.] CNVs on CTLA-4 were eliminated from the forest plot for 

pancreatitis due to lack of data” (Wölffer, Battke et al. 2022). 

 

IRAE Colitis 

  

Hepatitis Pancreatitis 

  

Figure 23. Forest plots CNVs depicting confidence intervals and odds ratios on a logarithmic scale. Note 

that all confidence intervals include 1, meaning that we cannot conclude that there is a statistically 

significant difference (Wölffer, Battke et al. 2022). 
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4 Discussion  

Summary of results 

The three most common IRAE in our cohort were colitis, hepatitis and pancreatitis. Early-

onset IRAE included exanthema, thyroiditis, nephritis, myocarditis and myositis, whereas 

late-onset IRAE included hypophysitis, pneumonitis and encephalitis. “We found a 

significant link between female sex and hepatitis, and a correlation between male sex and 

pancreatitis. Combined immunotherapy was associated with a higher incidence of IRAE 

and significantly linked to colitis. We found an association between increased leucocytes 

at start of immunotherapy and occurrence of colitis, hepatitis or pancreatitis. Increased 

absolute neutrophils at start of immunotherapy were associated with colitis or 

pancreatitis, whereas decreased relative lymphocytes at start of immunotherapy were 

associated with pancreatitis. Increased total and relative monocytes at start of 

immunotherapy were associated with IRAE or colitis. Increased absolute and relative 

monocytes at start of immunotherapy were significantly linked to the occurrence of 

pancreatitis. We found furthermore a significant link between pre-existing autoimmune 

diseases and pancreatitis” (Wölffer, Battke et al. 2022). Concerning genetic data, we were 

not able to find a correlation between rising levels of cfDNA and the occurrence of IRAE. 

However, we found an association between high levels of cfDNA and progress of disease, 

as well as overall elevated levels of cfDNA and occurrence of IRAE. “HLA homozygosity 

was linked to IRAE in general or colitis. HLA homozygosity was significantly associated 

with hepatitis. HLA-A homozygosity was strikingly linked to the occurrence of IRAE in 

general, colitis or hepatitis. VARs on SMAD3 were significantly linked to pancreatitis. 

CNVs on IKZF1, FAN1 and IL1RN were linked to IRAE, colitis, hepatitis or pancreatitis. 

CNVs on IL1RN and deletions on PRDM1 were significantly linked to IRAE, whereas 

duplications on CD274 and CNVs on SLCO1B1 were significantly linked to hepatitis. 

Finally, CNVs on PRDM1 and CD274 were significantly linked to encephalitis, and 

CNVs on PRDM1, CD274, TSHR and FAN1 were significantly linked to myositis” 

(Wölffer, Battke et al. 2022). 

 

Pathophysiology of checkpoint inhibitors and IRAE 

The two main targets of immune checkpoint inhibitor therapy are CTLA-4 and PD-1, two 
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T cell receptors (TCR) responsible for T cell activation and proliferation. 

After antigen recognition by TCR, T cell activation necessitates a supplementary binding 

of CD80 or CD86 of dendritic cells to CD28 TCR (Ramos-Casals, Brahmer et al. 2020). 

CTLA-4 also binds CD80 and CD86, inhibiting T cell activation (Ramos-Casals, Brahmer 

et al. 2020). Under physiological conditions, this is supposed to prevent autoimmune 

reactions. Indeed, genetic deletion of CTLA-4 in mice has been shown to induce 

autoimmunity and expansion of forkhead box (Fox) P3+ regulatory T cells (Klocke, 

Sakaguchi et al. 2016), confirming the role of CTLA-4 as an antagonist of CD28. CTLA-

4 inhibitors prevent the connection of CTLA-4 and CD80 or CD86, supporting T cell 

activation (Ramos-Casals, Brahmer et al. 2020). 

PD-1 is another receptor on T cells supporting T cell apoptosis and inhibiting apoptosis 

of regulatory T cells and T cell activation if bound by PD-L1 (Ramos-Casals, Brahmer et 

al. 2020). Under physiological conditions, this prevents autoimmune reactions through 

activation of regulatory T cells (Gianchecchi and Fierabracci 2018). However, tumor cells 

express PD-L1 in order to escape the immune system. Indeed, a plethora of factors lead 

to an upregulation of PD-L1 expression on tumor cells. Interferon-γ originating from 

cytotoxic T cells attacking the tumor, Interleukin-6 (IL-6) and IL-10 stimulate PD-L1 

expression through the intermediary of STAT1 transcription factor (Frydenlund and 

Mahalingam 2017). Secondly, oncogenic abnormalities in the MAPK and EGFR 

signalling pathways, and increased expression of STAT3 and HIF-1α transcription factors 

also lead to increased PD-L1 expression on tumor cells (Frydenlund and Mahalingam 

2017). This so called adaptive immune resistance is targeted by PD-1 and PD-L1 

inhibitors which prevent the connection between PD-1 and PD-L1 and thereby support T 

cell activation (Ramos-Casals, Brahmer et al. 2020). 

CTLA-4 inhibition results thus in T cell activation and proliferation, inhibition of 

regulatory T cells and B-cell mediated autoantibody production, while PD-1 inhibition 

results in inhibition of regulatory T cells and increase of cytokine production such as IL-

17, CXCL10, and tumor necrosis factor (TNF) (Ramos-Casals, Brahmer et al. 2020). This 

not only leads to a stimulation of the immune system with increased anti-tumor activity, 

but also to autoimmune reactions. Indeed, polymorphisms on CTLA-4 have been 

associated with autoimmune disorders such as type 1 diabetes (Jin, Xiang et al. 2015). 

The following two figures illustrate the mechanisms of immune checkpoints and 
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checkpoint inhibitors. 

 

 

Figure 24. Mechanism of Anti-CTLA-4 antibodies. TCR: T cell receptor. APC: antigen-presenting cell. 

 

 

 

Figure 25. Mechanism of Anti-PD-1 and Anti-PD-L1 antibodies. 

 

The pathophysiology of IRAE themselves is not yet fully understood. Authors 

hypothesised that CD8+ cytotoxic T cells hyperactivated through the mechanisms 

mentioned above attack tumor tissue, releasing tumor antigens and auto-antigens, and 

diversifying thus the T cell repertoire, which may lead to interactions between some T 

cell clones and self-tissue (Passat, Touchefeu et al. 2018). Inhibition of regulatory T cells 

contributes additionally to the reduction of immune tolerance (Passat, Touchefeu et al. 
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2018). Activation of Th1 and Th17 T cells leads to a massive production of cytokines, 

especially Interferon-γ and IL-17 (Passat, Touchefeu et al. 2018). Especially IL-17 is 

associated with the occurrence of severe IRAE and has been associated with the 

occurrence of colitis during ICI (Tarhini, Zahoor et al. 2015). Additionally, 

gastrointestinal IRAE in particular have been shown to be caused by a dysregulation of 

gastrointestinal mucosal immunity (Berman, Parker et al. 2010). 

 

IRAE, temporal occurrence and type of therapy 

The CheckMate 067 study (Larkin, Chiarion-Sileni et al. 2015) notes IRAE occurring 

during Anti-PD-1 monotherapy as well as combined Anti-PD-1 and Anti-CTLA-4 therapy 

in patients with previously untreated melanoma which we summarise in Table 18. 

 

Table 18. Results of the CheckMate 067 study for frequencies of common IRAE. 

IRAE Frequency under Nivolumab (%) Frequency under combined therapy (%) 

Any select IRAE 62.0 87.9 

Gastrointestinal  

(incl. colitis) 

19.5 

(1.3) 

46.3 

(11.8) 

Hepatitis 6.4 30.0 

Exanthema 21.7 28.4 

Hypo- and 

hyperthyroidism 
12.8 24.9 

Hypophysitis 0.6 7.7 

Pneumonitis 1.3 6.4 

Renal 0.9 5.4 

 

We note similarities as to the incidence of IRAE. In our cohort, 62.0% of patients 

developed IRAE, as well as in the results of the CheckMate 067 study when considering 

nivolumab monotherapy. However, the frequency of occurrence of IRAE under combined 

therapy was higher in the cited study (87.9%). 

Colitis and hepatitis are the two most common select IRAE under combined therapy in 

the results of the CheckMate 067 study, which coincides with our results. 

We differentiated between frequencies of colitis, hepatitis and pancreatitis under Anti-

PD-1 monotherapy and combined therapy. The frequency of colitis mentioned in our 

results is higher than in the CheckMate 067 study for both therapies (5.6% and 30.5% 

respectively). However, when comparing the frequency of colitis in our cohort to general 
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gastrointestinal symptoms in the CheckMate 067 study, the frequency found in our cohort 

is lower for both therapies. General gastrointestinal symptoms encompass diarrhoea 

according to the author’s information. Cases reported as “colitis” in our cohort include 

severe cases of diarrhoea necessitating treatment, according to the CTCAE criteria. We 

can thus assume to have results overall comparable to the CheckMate 067 study. We found 

a slightly higher frequency for hepatitis under Anti-PD-1 monotherapy (8.3%), and a 

lower frequency for hepatitis under combined therapy (18.6%). 

Frequencies of less common IRAE in our cohort are mostly situated within the interval 

between frequency under Anti-PD-1 monotherapy and frequency under combined therapy 

of the CheckMate 067 study. We note a slightly higher frequency for hypophysitis (15.3% 

under combined therapy versus 7.7% here) and pneumonitis (10.2% under combined 

therapy versus 6.4% here) in our results. Furthermore, we note a lower frequency for 

thyroiditis and exanthema in our results (7% each), probably due to the limited sample 

size of our cohort. Finally, thyroiditis can only be compared to hypo- and hyperthyroidism 

noted by the CheckMate 067 study, which encompasses more cases. 

 

“Concerning the type of ICI, in the CheckMate 067 study there was a considerably higher 

incidence of IRAE during combined immunotherapy compared to Anti-PD-1 

monotherapy (Larkin, Chiarion-Sileni et al. 2015). This fits very well to the findings of 

our study. We also noted a comparable impact of type of ICI on frequency of IRAE in our 

cohort” (Wölffer, Battke et al. 2022). 

 

As the Checkmate 067 study did not provide incidence data of rarer IRAE, we compare 

our results with different studies (see Table 19). 

 

Table 19. Incidence of less common IRAE according to literature. 

IRAE Frequency under nivolumab 

monotherapy (%) 

Frequency under combined ICI 

(nivolumab and ipilimumab) (%) 

Encephalitis (Larkin, 

Chmielowski et al. 2017) 
0.1 0.24 

Myocarditis (Salem, 

Manouchehri et al. 2018) 
0.41 1.3 

Myositis (Johnson, Balko 

et al. 2016) 
0.02 0.24 

Pancreatitis 

(George, Bajaj et al. 2019) 
1 10.6 
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The results of George et al. are not melanoma specific. However, they concluded that 

patients treated for melanoma had an incidence of pancreatitis higher by around 50% 

compared to non-melanoma patients (George, Bajaj et al. 2019). This would coincide with 

our results, stating an occurrence of 16.9% under combined therapy and 8.3% under 

monotherapy for pancreatitis. Notably, the incidences found in our results for myocarditis, 

myositis and encephalitis are slightly higher than those found in literature. However, these 

minor discrepancies can be explained by our limited sample size. 

 

On closer evaluation, we also note a similarity of the time to occurrence of IRAE between 

our results and results found in literature (Martins, Sofiya et al. 2019). We compared the 

medians of occurrence of IRAE between our results and the cited study (see Table 20). 

 

Table 20. Comparison between our results in median time to onset of IRAE and results of Martins et al. 

(Martins, Sofiya et al. 2019).*:”neurological”. 

IRAE Median of IRAE 

occurrence after start of 

ICI in months in 

sample 

Median of IRAE occurrence after start of ICI in 

months (Martins, Sofiya et al. 2019) 

 Anti-PD-1 monotherapy Combined therapy 

Colitis 1.4 1.5 1.2 

Hepatitis 1.3 2.5 2.5 

Pancreatitis 1.4 - - 

Endocrinological - 2.0 1.0 

Thyroiditis 1.2 1.3 - 

Hypophysitis 2.1 2.5 - 

Pneumonitis 1.8 3.0 1.6 

Exanthema 1.2 1.2 1.0 

Nephritis 1.3 3-12 2.6 

Myositis 1.3 - - 

Encephalitis 3.4 1.1* 0.5* 

Myocarditis 0.5 - - 

 

The median time to onset of most IRAE is located within the second month of ICI, which 

is similar in our cohort. As we did not differentiate between median time of occurrence 

during monotherapy and combined therapy, the median time of occurrence in our results 

is generally in between the two medians given in the cited study. Notably, the median of 

occurrence of hepatitis and nephritis was much lower in our cohort, whereas these IRAE 

were among the latest occurring IRAE in the cited study. This may be explained by our 

limited sample size. Combined ICI is associated with a higher IRAE incidence as well as 
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an earlier occurrence of the same IRAE (Martins, Sofiya et al. 2019). 

“Recently, it has also been shown that dosage of ipilimumab and nivolumab in combined 

immunotherapy seems to be decisive for the occurrence of IRAE. Lebbé et al. showed 

that nivolumab 3mg/kg combined with ipilimumab 1mg/kg as opposed to the established 

dosage nivolumab 1mg/kg and ipilimumab 3g/kg was associated with a significantly 

lower occurrence of grade 3 to 5 IRAE while survival outcomes and treatment response 

were similar between the two dosages (Lebbé, Meyer et al. 2019). This dosage has also 

been identified as the optimal dosage for combined immunotherapy in a neoadjuvant 

setting as it presented comparable response rates and lower incidence of IRAE during the 

opACIN-neo trial (Rozeman, Menzies et al. 2019)” (Wölffer, Battke et al. 2022). 

This dosage is nowadays the standard dosage in renal cell carcinoma patients (Motzer, 

Rini et al. 2019) but has not yet been completely established in treatment of melanoma. 

A wider use of Nivolumab 3mg/kg and Ipilimumab 1mg/kg could result in less IRAE in 

the light of new insights mentioned above. 

Current studies examine possible combinations of neoadjuvant and adjuvant 

immunotherapies in stage III melanoma. The neoadjuvant approach has been shown to 

increase relapse-free survival and pathological complete response rates, facilitate surgical 

options, and optimize adjuvant treatment after surgical intervention (Garutti, Buriolla et 

al. 2020). The ongoing PRADO trial complements the opACIN-neo results, examining 

possible escalations and de-escalations of adjuvant therapy depending on complete 

pathological response after neoadjuvant therapy (Blank C.U. 2020). 

If several factors in the neoadjuvant approach, such as therapy duration, remain up to this 

date unknown, current studies will provide more information in the near future. These 

results may change standard therapy of advanced melanoma and thereby have an impact 

on occurrence and severity of IRAE. 

 

Sex and IRAE 

“[F]emale sex is a known risk factor for the development of autoimmune diseases, 

especially autoimmune hepatic diseases (Schwinge and Schramm 2019), and is linked to 

the occurrence of IRAE during Anti-CTLA-4 monotherapy (Valpione, Pasquali et al. 

2018)” (Wölffer, Battke et al. 2022). “Furthermore, Kitagataya et al. (Kitagataya, Suda 



4  Discussion  54 

 

 

et al. 2020) reported an association between female sex and autoimmune hepatitis under 

immunotherapy. However, the underlying pathomechanism is not fully understood yet. 

Unlike hepatitis, pancreatitis was more common in the male sex, which also fits very well 

with the literature. Others also reported an association between male sex and pancreatic 

injury during immunotherapy (Abu-Sbeih, Tang et al. 2019). Additional information is 

available on type I autoimmune pancreatitis (IgG4-related pancreatitis), which has also 

been shown to be linked to male sex (Uchida and Okazaki 2018). In addition, male 

patients had worse responses to glucocorticoid therapy, more relapses of pancreatitis and 

higher levels of peripheral eosinophil count (Wang, Zhang et al. 2019), the latter also 

being linked to IRAE (Nakamura, Tanaka et al. 2019). Recent studies showed a 

significant correlation between western diet and autoimmune pancreatitis in mice, 

whereas caloric restriction halved the occurrence (Jaster, Gupta et al. 2020). Furthermore, 

chronic pancreatitis was detected more frequently in men, and alcohol has been shown to 

be its most important risk factor (Yadav and Lowenfels 2013)” (Wölffer, Battke et al. 

2022). Women were found to be more frequently lifetime abstainers, to drink less and to 

rarely develop alcohol-induced diseases compared to men (Erol and Karpyak 2015). 

“Therefore male patients might be more likely to develop pancreatic IRAE because of 

their diet” (Wölffer, Battke et al. 2022). 

 

Laboratory data 

“Furthermore, changes in blood cell counts during immunotherapy had been found to be 

predictive for the risk for IRAE. These laboratory findings included increased total 

leucocytes and relative neutrophil count, and decreased relative lymphocyte count 

(Fujisawa, Yoshino et al. 2017), as well as increased absolute and relative eosinophil 

counts for endocrinological IRAE (Nakamura, Tanaka et al. 2019). Corresponding to 

these reports, we also found an association between increased leucocytes at start of 

immunotherapy and the occurrence of IRAE, such as colitis, hepatitis or pancreatitis. We 

also found an association between increased absolute number of neutrophils at start of 

immunotherapy and the occurrence of colitis or pancreatitis. Finally, decreased relative 

number of lymphocytes at the start of immunotherapy was linked to pancreatitis. 

However, these results were not statistically significant. It has to be considered, that 

Fujisawa et al. analysed blood counts at start of IRAE (Fujisawa, Yoshino et al. 2017), 
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whereas we considered blood count data already at start of immunotherapy. Given the 

parallels in our results, we assume that these markers might be indicative for IRAE. We 

could not confirm the reported correlation between higher total and relative levels of 

eosinophils and the occurrence of IRAE (Nakamura, Tanaka et al. 2019), probably due to 

the limited sample size of our cohort. We had only one single patient in our cohort with 

high levels of eosinophils at start of immunotherapy. This patient indeed developed 

colitis, pancreatitis and nephritis during immunotherapy. 

We found furthermore an association between increased absolute and relative monocytes 

at the start of immunotherapy and the occurrence of IRAE or colitis. Increased total and 

relative monocytes were significantly associated with pancreatitis. Increased monocyte 

count has been linked to decreased overall survival in melanoma patients (Chasseuil, 

Saint-Jean et al. 2018). This would suggest a correlation of increased monocyte count 

with both decreased overall survival and occurrence of IRAE, which contradicts findings 

in recent literature about a supposed link between response and occurrence of IRAE 

(Eggermont, Kicinski et al. 2020)” (Wölffer, Battke et al. 2022). Chasseuil et al. also 

found increased leukocyte-lymphocyte-ratio and neutrophil-lymphocyte-ratio to be 

associated with a decreased overall survival, confirming the results of Fujisawa et al. 

(Fujisawa, Yoshino et al. 2017, Chasseuil, Saint-Jean et al. 2018). 

 

Pre-existing autoimmune diseases 

Patients with pre-existing autoimmune diseases form a non-inconsiderable group of 

melanoma patients receiving ICI due to their high risk of malignancy (Boland, Pavlick et 

al. 2020). Thereby, understanding whether these patients can receive ICI without 

potentially fatal exacerbation of their disease or occurrence of severe IRAE is crucial. “A 

history of autoimmune disease has been shown to be associated with a higher incidence 

of IRAE during immunotherapy of melanoma (Kartolo, Sattar et al. 2018). Several studies 

analyzed risk of exacerbation and occurrence of IRAE depending on the type of therapy. 

Johnson et al. noted exacerbations of rheumatoid arthritis and inflammatory bowel 

disease (IBD), as well as increased occurrence of IRAE, during Anti-CTLA-4 

monotherapy (Johnson, Sullivan et al. 2016). Menzies et al. showed that melanoma 

patients with pre-existing autoimmune diseases had a risk of exacerbation when 

administered Anti-PD-1 therapy, but no increased risk of developing de novo IRAE 



4  Discussion  56 

 

 

compared to general population (Menzies, Johnson et al. 2017). The inhibition of CTLA-

4 or PD-1/PD-L1 pathways in the gastrointestinal tract has been shown to intensify the 

immune response. Moreover, patients with pre-existing IBD in particular have been 

shown to be predisposed to an exacerbation of IBD / development of colitis under ICI 

(Abd El Aziz, Facciorusso et al. 2020). Meserve et al. showed that 40% of IBD patients 

experienced flares during ICI, often requiring corticosteroids (76%) or biologicals (37%). 

However, these flares were mostly manageable, and only rarely led to therapy 

discontinuation (35%) (Meserve, Facciorusso et al. 2021). The same, Abdel-Wahab et al. 

have shown that IRAE occurring in patients with pre-existing autoimmune diseases only 

rarely led to termination of therapy. Nevertheless, considering that patients with 

autoimmune diseases developing exacerbations or IRAE have response rates at least as 

high as in the general population (Abdel-Wahab, Shah et al. 2018), they should not be 

excluded from therapy” (Wölffer, Battke et al. 2022). 

Limited data on specific pre-existing autoimmune diseases is available up to this date. It 

would be desirable to further differentiate between autoimmune diseases in future studies, 

as they may have a different impact on the occurrence of IRAE, exacerbation of pre-

existing autoimmune diseases, and treatment response. 

 

Histological subtype of melanoma  

Response to ICI is not comparable between histological subtypes of melanoma. 

Metastatic uveal melanoma patients are known to present less response and progression 

free survival rates than cutaneous melanoma patients (Algazi, Tsai et al. 2016). Non-

resectable mucosal melanoma was however found to present comparable response and 

progression free survival rates compared to cutaneous melanoma (Moya-Plana, Herrera 

Gómez et al. 2019). Other studies suggested the same result for acral melanoma 

(Shoushtari, Munhoz et al. 2016). 

Rabbie et al. reviewed the genomic profiles of melanoma subtypes, concluding that 

mainly mucosal, acral and uveal melanoma were associated with higher numbers of 

CNVs and lower levels of tumor mutational burden (TMB) compared to cutaneous 

melanoma (Rabbie, Ferguson et al. 2019). High levels of TMB are found in sun-exposed 

cutaneous melanoma, whereas melanoma subtypes such as mucosal and acral are 

associated with low levels of TMB (Hayward, Wilmott et al. 2017). Low levels of TMB 
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combined with high numbers of CNVs have been associated with unfavourable prognosis 

in patients with metastatic cancers receiving ICI, whereas high levels of TMB and low 

numbers of CNVs have been associated with better response (Liu, Bai et al. 2019). Hence, 

mucosal, acral and uveal melanoma have a lower chance of response under ICI, which 

contradicts studies mentioned above underlining comparable response rates for acral, 

mucosal and cutaneous melanoma. 

Notably, we found that cutaneous melanoma was a protective marker for the occurrence 

of IRAE, and that other subtypes were associated with higher incidence of IRAE. This 

contradicts however the results found by other authors mentioned above. If cutaneous 

melanoma presents low numbers of CNVs and high levels of TMB, we would suppose 

better response rates and higher incidence of IRAE as suggested by recent studies 

(Eggermont, Kicinski et al. 2020) in cutaneous melanoma patients receiving ICI rather 

than in other histological subtypes. This discrepancy probably may be explained by our 

limited sample size. 

Moreover, the recent CheckMate 172 study analyzed extensively efficacy and safety in 

melanoma subtypes other than cutaneous, concluding that there was no significant 

difference in the occurrence of grade ≥3 IRAE between acral, cutaneous, mucosal, ocular, 

and other melanoma subtypes during therapy with Nivolumab, whereas median overall 

survival was considerably lower in mucosal and ocular melanoma compared to cutaneous 

and acral melanoma (Nathan, Ascierto et al. 2019). Histological subtypes of melanoma 

might be predictive markers for response, but rather no reliable markers for IRAE. 

 

cfDNA 

As cfDNA is an established biomarker in several autoimmune rheumatic diseases such as 

systemic lupus erythematodes and rheumatic arthritis (Duvvuri and Lood 2019), the 

question arises whether it could also serve as a biomarker for IRAE. 

In our results, cfDNA was not confirmed as a predictive marker for the occurrence of 

IRAE. However, we noted a general association between increased levels of cfDNA and 

patients enduring IRAE as compared to patients without IRAE, albeit this could not be 

reliably detected at the same time IRAE occurred. We also observed a correlation between 

elevated levels of cfDNA and progressive disease. 

This has been confirmed by other authors, who found that elevated cfDNA levels were 
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associated with presence of metastases and progressive disease, leading to decreased 

overall survival independently of the tumor genotype (Váraljai, Elouali et al. 2020). On 

the other hand, high levels of TMB, as well as decreasing levels of cfDNA and circulating 

tumor DNA (ctDNA) shortly after start of combined ICI have been associated with 

response (Forschner, Battke et al. 2019). These results should be considered with caution, 

as other authors found that cfDNA does neither positively nor negatively correlate with 

response to treatment within patients having various cancers, including melanoma under 

ICI (Jensen, Goodman et al. 2019). Jensen et al. concluded that various factors may 

influence the precision of cfDNA as marker for treatment response. 

As recent studies suggested a link between occurrence of IRAE and progression-free 

survival (Eggermont, Kicinski et al. 2020), we would expect rather low levels of cfDNA 

in patients exhibiting IRAE, offering an explanation why elevated levels of cfDNA were 

not confirmed as predictive marker for occurrence of IRAE in our cohort. 

As it is well established that hypermutated ctDNA (the part of cfDNA specifically 

attributed to apoptotic tumor cells) is a marker for treatment response under ICI (Khagi, 

Goodman et al. 2017), it would be desirable in future studies to further elucidate the link 

between ctDNA and IRAE occurrence. This could also contribute to an explanation about 

the rather paradoxical association of cfDNA to both progressive disease and IRAE in our 

cohort, allowing to differentiate between DNA from apoptotic cells originating from the 

tumor and apoptotic cells in general. The isolation of ctDNA however is an expensive 

task and has not yet been rolled out in clinical routine. 

 

HLA 

“Although there is a substantial lack of information in the literature about links between 

HLA and IRAE, several findings point out that there might be an association between 

[high levels of HLA-A,] specific HLA-A alleles and HLA homozygosity on one hand, 

and response to immunotherapy, autoimmune diseases, as well as IRAE occurrence on 

the other” (Wölffer, Battke et al. 2022). 

First, several findings point out an association between high levels of HLA-A and 

response to ICI. It has been found that a higher mRNA expression of intratumoral HLA-

A prior to Anti-PD-1 monotherapy was linked to tumor response (Inoue, Park et al. 2016). 

On the other hand, authors underlined that lower levels of HLA-A were associated with 
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lower response rates. Huang et al. have shown that RNA-binding protein MEX3B was 

responsible for downregulation of HLA-A2 on tumor cells in Anti-PD-1-treated 

melanoma. This induced resistance to PD-1 blockade, as T cells were unable to identify 

tumor cells (Huang, Malu et al. 2018). 

Secondly, several HLA-A alleles have been associated to treatment response as well as 

occurrence of IRAE. HLA-A*26 has been found to correlate with response during Anti-

PD-1 monotherapy in melanoma patients (Ishida, Otsuka et al. 2017). Notably, HLA-

A*26:01 was among the alleles patients exhibiting IRAE expressed in our cohort. “Li et 

al. noted in a case report that a HLA-A*02:01 homozygous patient with metastatic lung 

squamous cell cancer treated with nivolumab showed durable remission after occurrence 

of severe immune-related pneumonitis (Li, Ma et al. 2017). Hayashi et al. found the HLA-

A downstream regulatory region to be the decisive factor in pathogenesis of autoimmune 

vitiligo. Through increase of HLA-A expression and HLA-A*02:01 protein, which 

presents several vitiligo autoimmune antigens, it facilitates recognition and attack of 

melanocytes by autoreactive T cells (Hayashi, Jin et al. 2016). 

We noted an association between HLA-I homozygosity and the occurrence of IRAE, 

colitis or hepatitis. HLA-A homozygosity was strikingly associated with IRAE, colitis, or 

hepatitis, proving to be the determining factor of this association. To our best knowledge, 

this finding has not yet been identified in literature. Other authors concluded that HLA-

class I homozygosity might be linked to inferior outcome and found simultaneous 

heterozygosity on all HLA-I loci (A, B and C) to be associated with higher survival rates 

compared to patients homozygous on at least one HLA-I locus (Chowell, Krishna et al. 

2019). Inferior outcome was explained by elements impairing T-cells’ recognition of 

tumor antigens on HLA-B. This coincides with our results about HLA-B homozygosity 

being a protective factor for the occurrence of IRAE, when considering recent results 

about an association between IRAE occurrence and treatment response (Eggermont, 

Kicinski et al. 2020). It seems imperative to differentiate between HLA-A, HLA-B, and 

HLA-C homozygosity as they seem to have opposite effects on treatment response and 

IRAE occurrence” (Wölffer, Battke et al. 2022). 

Finally, concercing HLA-B and HLA-C alleles expressed by patients exhibiting IRAE in 

our cohort, we note parallels to results found in the literature. A current study analyzes 

correlations between distinct HLA alleles and specific IRAE. In their preliminary results, 
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the authors associated significantly HLA-B*18:01 to colitis, HLA-C*04:01 to hepatitis, 

and HLA-C*05:01 to neurological IRAE. Furthermore, HLA-B*18:01 was associated to 

pancreatitis (Y. Angela 2020). All these alleles have been associated with the occurrence 

of IRAE in our results. Angela et al. also established a significant association between 

HLA-C*18:01 and colitis, which was not confirmed by our results. Interestingly, these 

alleles were found to be associated with autoimmune diseases. HLA-B*18:01 and HLA-

C*05:01 were linked to autoimmune hepatitis (Littera, Chessa et al. 2016), as well as 

HLA-C*04:01 (Amarapurkar, Patel et al. 2003). This does indeed suggest an association 

between these alleles and occurrence of IRAE. Further studies are essential for further 

investigation and understanding. 

 

VARs 

“VARs on SMAD3 were significantly linked to the development of pancreatitis: 33 % of 

patients with SMAD3 variants suffered from pancreatitis while the incidence of 

pancreatitis in the complete cohort was only 14 %. To our best knowledge, SMAD3 has 

not yet been linked to IRAE” (Wölffer, Battke et al. 2022). 

SMAD3 is however known to be a key molecule in the TGF-β pathway and thereby to 

induce renal fibrosis (Meng and Lan 2018). Wu et al. have furthermore shown that 

SMAD3 and Interferon regulatory factor 7 (IRF7) interact to stimulate TGF-β and induce 

fibrosis in the pathogenesis of systemic sclerosis (Wu, Skaug et al. 2019). High expression 

levels of SMAD3 have been identified as negative predictive marker for acute myeloid 

leukemia in patients under chemotherapy, being associated to a shorter overall survival 

(Zhang, Zhang et al. 2019). 

“[S]tudies have shown the inhibitory effect of SMAD3 and the TGF-β pathway on natural 

killer cells in the tumor microenvironment: disruption of SMAD3 in natural killer cells 

was associated to enhanced activity of natural killer cells and cytokine production (Wang, 

Tang et al. 2018). If SMAD3 plays an immunosuppressive role, as shown by Wang et al., 

an affection of SMAD3 by VARs could lead to a dysfunction potentially explaining an 

IRAE. We observed a correlation between SMAD3 affected by VARs and partial response 

at first staging” (Wölffer, Battke et al. 2022) (5 out of 12 patients with SMAD3 affected 

by VARs had partial response as result at first staging). This confirms findings in the 

literature about an association between response and occurrence of IRAE (Eggermont, 
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Kicinski et al. 2020). 

 

CNVs 

CNVs include duplications and deletions of DNA sequence, and play an important role 

in adaptive evolution as well as cancer (Lauer and Gresham 2019). “[H]igher numbers of 

CNVs in melanoma tissue have been linked to a higher incidence of metastases, 

recurrence and death (Alomari, Miedema et al. 2020)” (Wölffer, Battke et al. 2022). 

Seemingly a negative predictive factor in melanoma patients by numbers, the question 

arises whether specific CNVs may predict occurrence of IRAE during ICI. 

Existing literature (Hoefsmit, Rozeman et al. 2019) describes a hypothetical association 

of specific genetic loci and IRAE. Among our selected genetic loci (see Material and 

Methods, 2.1), these genetic loci included: 

 

Table 21. Summary of genetic loci potentially associated with different IRAE under ICI found in literature 

(Hoefsmit, Rozeman et al. 2019). 

IRAE generally PDCD1 (PD-1) 

Colitis LRRK2, IKZF1, SMAD3, JAK2, PRDM1 

Hepatitis HLA-haplotypes I and II, SH2B3 

Pneumonitis AIRE, TERT 

Thyroiditis CTLA4, TSHR 

Nephritis FAN1 

Myositis SLCO1B1 

 

Furthermore, it has been found that “responsiveness to ICI might be linked to specific 

polymorphisms (Refae, Gal et al. 2020), including rs419598 on IL1RN. The same, a 

higher incidence of toxicity under ICI was found being associated with alterations of 

CD274” (Wölffer, Battke et al. 2022), CTLA-4, and UNG. 

“CNVs on IL1RN were significantly linked to IRAE in general and associated with all 

three main IRAE in particular, i.e., colitis, hepatitis and pancreatitis. If the role of CNVs 

on IL1RN concerning the occurrence of IRAE during ICI is not yet fully understood, 

IL1RN is known for its role in the development of autoimmune diseases. Yoshizaki et al. 

showed an increased risk for the development of autoimmune aortitis in IL1RN-deficient 

mice, which they explained by stronger signalling of IL-1 (Yoshizaki, Itoh et al. 2019). 

Polymorphisms on IL1RN have been found to be associated with the occurrence of 

Hashimoto’s thyroiditis and to predict severity (Zaaber, Mestiri et al. 2014). 
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CNVs on CD274 (PD-L1) were a recurrent marker for IRAE, being significantly linked 

to hepatitis, encephalitis and myositis. Once again, the role of CNVs on CD274 in view 

of the occurrence of IRAE during immunotherapy has not yet been fully understood. 

Polymorphisms on CD274 are however known to be associated with multiple 

autoimmune diseases, such as type 1 diabetes (Pizarro, García-Díaz et al. 2014), 

ankylosing spondylitis (Huang, Wong et al. 2011), and Graves’ disease as well as 

autoimmune Addison’s disease (Mitchell, Cordell et al. 2009). 

Polymorphisms on PRDM1 have been associated with systemic lupus erythematodes 

(SLE) (Gateva, Sandling et al. 2009). More precisely, rs548234 has been found to be a 

risk allele on PRDM1 associated with SLE, decreasing the expression of BLIMP1 (B-

lymphocyte-induced maturation proteine-1) in dendritic cells, which is involved in 

immunological tasks such as antigen presentation (Jang, Chen et al. 2017). 

Polymorphisms on PRDM1 have also been associated with other autoimmune diseases 

such as rheumatoid arthritis and inflammatory bowel disease (Kim 2015). The role of 

PRDM1 in preventing autoimmunity has been analyzed in mice by Roberts et al. The 

authors showed that PRDM1 is expressed by medullary thymic epithelial cells, involved 

in the deletion of self-reactive T cells and the development of regulatory T cells. Deletion 

of PRDM1 resulted in autoimmune pathology (Roberts, Adams et al. 2017). Our results 

confirm these findings: deletions of PRDM1 resulted in IRAE. Xia et al. revealed that 

homozygous deletions of PRDM1 correlated with decreased plasma cell differentiation 

and upregulation of genes involved in tumor cell proliferation in activated B-cell-like 

diffuse large B-cell lymphoma (ABC-DLBCL) patients (Xia, Xu-Monette et al. 2017). 

Xia et al. also found that patients with PRDM1 deletions were showing upregulation of 

transcription factors such as STAT3. STAT3 has been identified as main factor in 

increased PD-L1 expression on tumor cells (Frydenlund and Mahalingam 2017), which 

is targeted by Anti-PD-1 therapy. PRDM1 deletions may thus be regarded as factor 

supporting Anti-PD-1 therapy, and thereby inducing IRAE. Of note, the association of 

CNVs on PRDM1 to encephalitis and myositis has not been reported in the literature yet. 

It would certainly be interesting if this could be tested in larger cohorts. 

Polymorphisms of TSHR in enhancer regions, especially rs4411444 and rs4903961, are 

known to be associated with autoimmune diseases such as Graves’ disease and 

Hashimoto’s disease (Fujii, Inoue et al. 2017). Polymorphisms of TSHR have been shown 
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to affect the development of central tolerance, thus explaining the occurrence of 

autoimmune phenomena such as Graves’ disease (Lee, Li et al. 2015). 

Polymorphisms of SLCO1B1 have not yet been found to be associated with autoimmune 

diseases or IRAE. SLCO1B1 is a drug transporter and member of the solute carrier 

family, and polymorphisms of SLCO1B1 have been associated with drug metabolism 

disorders such as atorvastatin-induced adverse events (Du, Wang et al. 2018) or 

sorafenib-induced adverse events (Bins, Lenting et al. 2016). Polymorphisms of 

SLCO1B1 have also been associated with the occurrence of methimazole-induced liver 

injury in patients with Grave’s disease (Jin, Li et al. 2019). 

FAN1 has not yet been associated with autoimmune diseases or IRAE. FAN1 plays an 

important role in the removal of DNA interstrand crosslinks (Wang, Persky et al. 2014), 

and has been identified as a protective factor in the occurrence and progression of 

Huntington’s disease (Goold, Flower et al. 2019). 

The occurrence of myositis as well as encephalitis was associated with CNVs on CD274 

and PRDM1 in our study, possibly explaining the combined occurrence of these IRAE in 

clinical practice. Sato et al. also reported the frequent combined occurrence of 

neurological IRAE such as myasthenia gravis, encephalitis and meningitis with myositis 

during immunotherapy (Sato, Mano et al. 2019). Reynolds et al. confirmed these findings, 

showing that neurological IRAE often overlap between one another and are associated 

with myositis (Reynolds and Guidon 2019)” (Wölffer, Battke et al. 2022). 

 

Limitations 

“[T]here are several limitations in our study. First, results of organ specific IRAE and 

biomarkers with a prevalence outside the interval of 33% to 66% are purely exploratory. 

This is due to the limited sample size of our work and the number of biomarkers to be 

detected, especially in the VARs and CNVs sections. Our results may well support the 

biomarkers previously described in the literature but will have to be confirmed in a larger 

sample size. Second, we did not differentiate between CNVs duplications and deletions 

for our analysis of less prevalent IRAE, as our sample size was too small to perform 

further differentiation. Moreover, CNV detection from NGS data on single exon level is 

less accurate compared to methods like qPCR or MLPA. Thus, confirmation of identified 

CNV markers by an alternative method in a larger cohort seems advisable to avoid 
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misinterpretations due to technical limitations. We furthermore did not distinguish 

between individual VARs and simplified that most of them were similarly located on each 

gene, and had thereby the same effect. 

However, there is also great strength in our study. We have carefully evaluated the patient 

records and can therefore assume with a high degree of confidence that the clinical data 

are accurate. We used a comprehensive tumor panel, which increases the chance of 

identifying biomarkers for IRAE. By specifically differentiating distinct IRAE, HLA-I 

homozygosity, CNVs deletions and duplications, we have been able to obtain important 

results” (Wölffer, Battke et al. 2022). 
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5 Conclusion 

Immunotherapy plays an increasing role in the clinical routine of dermatological 

oncology and has been the subject of numerous studies up to this date. IRAE however 

remain relatively unexplored, even though they occur regularly during ICI in melanoma 

patients and are potentially lethal. To be able to estimate the risk of IRAE and to choose 

the best possible therapy in the sense of personalised medicine, biomarkers associated 

with the occurrence of IRAE specific to the patient and the tumor are needed. 

“Our study can help to define biomarkers associated with the occurrence of IRAE in 

general and of several specific IRAE. We found a significant association between several 

genetic markers and the occurrence of IRAE, which were merely hypothesized in the 

literature” (Wölffer, Battke et al. 2022). We further specified other authors’ findings, as 

in our results about HLA-A homozygosity. “[T]o estimate the risk of developing IRAE, 

on the one hand, we have markers such as [sex], blood count parameters, and pre-existing 

autoimmune diseases, which are easy to obtain; on the other hand, NGS-based results are 

a more complex and expensive option. However, NGS provides us with additional 

information and should be considered in risk assessment, especially when multiple 

therapies are available” (Wölffer, Battke et al. 2022). 

Several conclusions can be drawn from our results for clinical practice. “We propose that 

in future, basic screening for biomarkers associated with the occurrence of IRAE should 

be carried out before initiation of ICI, in particular in patients for whom a therapeutic 

alternative, for example with BRAF-/MEK inhibitors is possible, even though ICI is a 

mainstay of therapy for BRAF-mutated patients as well (Trojaniello, Vitale et al. 2021)” 

(Wölffer, Battke et al. 2022). Generally, blood samples should be collected after each 

administration of ICI in order to keep in view the mentioned biomarkers in blood counts. 

“Where NGS data is already available, a focused query should be made regarding the 

presence of potentially relevant polymorphisms in genes associated with the development 

of IRAE. If future studies support our findings by validation or potentially the discovery 

of additional genetic biomarkers, NGS may become the screening method of choice” 

(Wölffer, Battke et al. 2022). 

The use of a risk assessment of IRAE is however challenged by the fact that ICI represent 

the best possible treatment in advanced melanoma in terms of response and toxicity and 
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remain without alternative according to current state of research (Weber, D'Angelo et al. 

2015). The currently ongoing SECOMBIT study (NCT02631447) analyzes combinations 

of targeted therapy and ICI in BRAF-mutated patients; according to the first report on 

efficacy and toxicity it is recommendable to administer targeted therapy until PD, and to 

switch thereafter to combined ICI (P.A. Ascierto 2020). Since ICI is a pillar of therapy 

for BRAF-mutated patients as well, it is questionable to what extent screening for 

biomarkers in the absence of an effective alternative would have a real benefit. 

We showed that IRAE occurred mainly primarily during the first two months of therapy, 

and that combined therapy was associated with higher IRAE incidence. Patients 

exhibiting numerous biomarkers for IRAE occurrence could be treated with monotherapy 

preferably unless combined therapy is necessary for a faster response. If response to 

monotherapy proves unsatisfactory, introduction of a combined therapy in a second step 

would be possible. 

If unspecific symptoms occur during ICI, IRAE should always be considered for 

differential diagnosis, especially when occurring in patients presenting biomarkers 

associated with IRAE. Knowledge about these markers on a multidisciplinary level and 

cooperation between medical specialists is necessary and could be decisive for patients’ 

outcome. 

“Since ICI are used more and more frequently across many different cancer types, further 

studies on biomarkers associated with the development of IRAE should be performed” 

(Wölffer, Battke et al. 2022) and put an emphasis on the patients’ genetic background 

including a more differentiated approach and much larger sample size. 
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6 Summary 

The aim of this thesis “was to check for possible associations between clinical parameters 

or NGS-based genetic alterations and the occurrence of immune-related adverse events 

(IRAE) in melanoma patients with immune checkpoint inhibitors (ICI). We analyzed 95 

melanoma patients” (Wölffer, Battke et al. 2022), focusing on polymorphisms of 16 

selected genes hypothesized to be associated with IRAE in the literature. “Our objective 

was also to check for possible associations between patient specific parameters such as 

sex, [type of immunotherapy,] blood count [at start of ICI], pre-existing autoimmune 

diseases and the occurrence of IRAE” (Wölffer, Battke et al. 2022). The analysis of IRAE 

included organ specific IRAE such as colitis, pneumonitis, hepatitis, encephalitis, 

myocarditis, myositis, pancreatitis, exanthema, hypophysitis, nephritis, and thyroiditis. 

The analysis of NGS-based data included cfDNA, HLA-Class I, VARs and CNVs. “We 

examined each selected gene for the effect of VARs[, t]he same procedure was done for 

CNVs […]. We discerned deletions and duplications for IRAE in general, as well as 

colitis, hepatitis, and pancreatitis. […] All patients' data were entered in and statistically 

analysed with the statistical program for social sciences SPSS statistics version 25.0. 

(IBM Corp., Armonk, NY, USA), and Microsoft Excel Version 2019. The descriptive 

data was analyzed by absolute and relative frequency. We retained each variable that was 

in relative terms more frequently observed in patients with IRAE [and the three most 

prevalent IRAE] than in patients of the entire cohort. […] We obtained the potentially 

significant biomarkers for occurrence of IRAE and proceeded by testing these markers 

for significance. The exact version of the Chi-Squared-Test was used for statistical 

significance. The level of significance was set at 0.05 in all analyses. Results of organ 

specific IRAEs and biomarkers with a prevalence outside the interval of 33% to 66% are 

purely exploratory […] due to the limited sample size of our work” (Wölffer, Battke et 

al. 2022). “We found a significant link between female sex and hepatitis, and a correlation 

between male sex and pancreatitis. Combined immunotherapy was associated with a 

higher incidence of IRAE and significantly linked to colitis. We found an association 

between increased leucocytes at start of immunotherapy and occurrence of colitis, 

hepatitis or pancreatitis. Increased absolute neutrophils at start of immunotherapy were 

associated with colitis or pancreatitis, whereas decreased relative lymphocytes at start of 
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immunotherapy were associated with pancreatitis. Increased total and relative monocytes 

at start of immunotherapy were associated with IRAE or colitis. Increased absolute and 

relative monocytes at start of immunotherapy were significantly linked to the occurrence 

of pancreatitis. We found furthermore a significant link between pre-existing autoimmune 

diseases and pancreatitis. HLA homozygosity was linked to IRAE in general or colitis. 

HLA homozygosity was significantly associated with hepatitis. HLA-A homozygosity 

was strikingly linked to the occurrence of IRAE in general, colitis or hepatitis. VARs on 

SMAD3 were significantly linked to pancreatitis. CNVs on IKZF1, FAN1 and IL1RN 

were linked to IRAE, colitis, hepatitis or pancreatitis. CNVs on IL1RN and deletions on 

PRDM1 were significantly linked to IRAE, whereas duplications on CD274 and CNVs 

on SLCO1B1 were significantly linked to hepatitis. Finally, CNVs on PRDM1 and 

CD274 were significantly linked to encephalitis, and CNVs on PRDM1, CD274, TSHR 

and FAN1 were significantly linked to myositis” (Wölffer, Battke et al. 2022). These 

results coincide with results of other authors found in the literature. Most genes affected 

by CNVs were found to be associated with autoimmune diseases. Concerning SMAD3 

and PRDM1, we were able to hypothesize the pathophysiology of an IRAE caused by 

polymorphisms on these genes. “Myositis and encephalitis, both, were associated with 

alterations of PRDM1 and CD274, which might explain their joined appearance in 

clinical practice” (Wölffer, Battke et al. 2022). 

“Our study can help to define biomarkers associated with the occurrence of IRAE” 

(Wölffer, Battke et al. 2022). “[B]asic screening for biomarkers associated with the 

occurrence of IRAE should be carried out before initiation of ICI, in particular in 

patients for whom a therapeutic alternative […] is possible, even though ICI is a 

mainstay of therapy for BRAF-mutated patients as well. Where NGS data is already 

available, a focused query should be made regarding the presence of potentially relevant 

polymorphisms in genes associated with the development of IRAE. If future studies 

support our findings by validation or potentially the discovery of additional genetic 

biomarkers, NGS may become the screening method of choice. Since ICI are used more 

and more frequently across many different cancer types, further studies on biomarkers 

associated with the development of IRAE should be performed” (Wölffer, Battke et al. 

2022). 
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7 German Summary 

Ziel dieser Arbeit war es, mögliche Zusammenhänge zwischen klinischen Parametern 

oder NGS-basierten genetischen Veränderungen und dem Auftreten von 

immunbezogenen unerwünschten Ereignissen (IRAE) bei Melanompatienten mit Immun-

Checkpoint-Inhibitoren (ICI) zu untersuchen. Wir analysierten 95 Melanompatienten und 

konzentrierten uns auf Polymorphismen von 16 ausgewählten Genen, von denen in der 

Literatur angenommen wurde, dass sie mit IRAE assoziiert sein könnten. Unser Ziel war 

es auch, Zusammenhänge zwischen patientenspezifischen Parametern wie Geschlecht, 

Art der Immuntherapie, Blutbild zu Beginn der ICI, vorbestehenden 

Autoimmunerkrankungen und dem Auftreten von IRAE zu prüfen. 

Die Analyse der IRAE umfasste organspezifische IRAE wie Kolitis, Pneumonitis, 

Hepatitis, Enzephalitis, Myokarditis, Myositis, Pankreatitis, Exantheme, Hypophysitis, 

Nephritis und Thyreoiditis. Die Analyse der NGS-basierten Daten umfasste cfDNA, 

HLA-Klasse I, VARs und CNVs. Wir untersuchten jedes ausgewählte Gen auf die 

Wirkung von VARs und CNVs. Wir analysierten Deletionen und Duplikationen für IRAE 

im Allgemeinen sowie für Colitis, Hepatitis und Pankreatitis. Die Daten aller Patienten 

wurden mit dem Statistikprogramm SPSS Statistics Version 25.0 und Microsoft Excel 

Version 2019 ausgewertet. Die deskriptiven Daten wurden nach absoluter und relativer 

Häufigkeit ausgewertet. Wir behielten jede Variable bei, die relativ gesehen bei Patienten 

mit IRAE und den drei häufigsten IRAE häufiger beobachtet wurde als bei Patienten der 

gesamten Kohorte. Wir ermittelten die potenziell signifikanten Biomarker für das 

Auftreten von IRAE und testeten diese Marker mit der exakten Version des Chi-Quadrat-

Tests auf ihre Signifikanz. Das Signifikanzniveau wurde in allen Analysen auf 0.05 

festgelegt. Die Ergebnisse der organspezifischen IRAE und Biomarker mit einer 

Prävalenz außerhalb des Intervalls von 33 % bis 66 % sind aufgrund des begrenzten 

Stichprobenumfangs unserer Arbeit rein explorativ. 

Wir fanden einen signifikanten Zusammenhang zwischen weiblichem Geschlecht und 

Hepatitis und eine Korrelation zwischen männlichem Geschlecht und Pankreatitis. Eine 

kombinierte Immuntherapie war mit einer höheren Inzidenz von IRAE und signifikant 

mit Kolitis assoziiert. Wir fanden einen Zusammenhang zwischen erhöhten Leukozyten 

zu Beginn der Immuntherapie und dem Auftreten von Kolitis, Hepatitis oder Pankreatitis. 
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Erhöhte absolute Neutrophile zu Beginn der Immuntherapie waren mit Kolitis oder 

Pankreatitis assoziiert, während verringerte relative Lymphozyten zu Beginn der 

Immuntherapie mit Pankreatitis assoziiert waren. Erhöhte absolute und relative 

Monozyten zu Beginn der Immuntherapie waren mit IRAE oder Kolitis assoziiert. 

Erhöhte absolute und relative Monozyten zu Beginn der Immuntherapie waren signifikant 

mit dem Auftreten von Pankreatitis verbunden. Darüber hinaus bestand ein signifikanter 

Zusammenhang zwischen vorbestehenden Autoimmunerkrankungen und Pankreatitis. 

HLA-Homozygotie war mit IRAE im Allgemeinen oder Kolitis assoziiert. HLA-

Homozygotie wurde signifikant mit Hepatitis in Verbindung gebracht. HLA-A-

Homozygotie stand in auffälligem Zusammenhang mit dem Auftreten von IRAE im 

Allgemeinen, Kolitis oder Hepatitis. VARs auf SMAD3 waren signifikant mit 

Pankreatitis assoziiert. CNVs auf IKZF1, FAN1 und IL1RN wurden mit IRAE, Colitis, 

Hepatitis oder Pankreatitis in Verbindung gebracht. CNVs auf IL1RN und Deletionen auf 

PRDM1 waren signifikant mit IRAE assoziiert, während Duplikationen auf CD274 und 

CNVs auf SLCO1B1 signifikant mit Hepatitis assoziiert waren. Schließlich waren CNVs 

auf PRDM1 und CD274 signifikant mit Enzephalitis assoziiert, und CNVs auf PRDM1, 

CD274, TSHR und FAN1 wurden signifikant mit Myositis in Verbindung gebracht. 

Diese Ergebnisse stimmen mit den Ergebnissen anderer Autoren überein. Bei den meisten 

von CNVs betroffenen Genen wurde ein Zusammenhang mit Autoimmunerkrankungen 

festgestellt. Bei SMAD3 und PRDM1 konnten wir eine Hypothese über die 

Pathophysiologie der durch Polymorphismen verursachten IRAE aufstellen. Sowohl 

Myositis als auch Enzephalitis wurden mit Veränderungen von PRDM1 und CD274 

assoziiert, was ihr gemeinsames Auftreten in der klinischen Praxis erklären könnte. 

Unsere Studie kann dazu beitragen, Biomarker zu definieren, die mit dem Auftreten von 

IRAE in Verbindung stehen. Ein grundlegendes Screening auf Biomarker sollte vor 

Beginn der ICI durchgeführt werden, insbesondere bei Patienten, für die eine 

therapeutische Alternative in Frage kommt, auch wenn die ICI auch bei BRAF-mutierten 

Patienten ein Therapieansatz ist. Wo bereits NGS-Daten vorliegen, sollte gezielt nach 

dem Vorhandensein von mit IRAE assoziierten Polymorphismen in Genen gefragt 

werden. Wenn künftige Studien unsere Ergebnisse validieren oder zusätzliche genetische 

Biomarker entdecken, könnte NGS die Screening-Methode der Wahl werden. 
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