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Simple Summary: Immune checkpoint inhibitors (ICIs), while having changed the treatment of
multiple cancers, come with novel immune-related adverse events (irAEs) resembling autoimmune
diseases. The registration data suggest that at least some irAEs have a prognostic nature regarding
the efficiency of ICIs. However, real-world data on the matter are scarce and partly controversial.
Moreover, the role of ethnicity and sub-population genetics in affecting the immune system in ICI
outcomes regarding efficiency and toxicity warrants more research.

Abstract: Immune checkpoint inhibitors (ICIs) are associated with immune-related (ir) adverse events
(AEs) resembling autoimmune diseases. In this retrospective cohort study of patients (pts) treated
with ICIs at Oulu University Hospital from 2014-2020, we analysed the spectrum of severe irAEs
and their prognostic nature, focusing on rare irAEs. Pts (n = 173) with lung cancer (n = 76, 43.9%),
melanoma (n = 56, 32.4%), renal and bladder cancers (1 = 34, 19.7%), head and neck cancers (n =4,
2.3%), SCC (n =2,1.2%), and CRC (n = 1, 0.6%) receiving single anti-PD-(L)1 (n = 160) or combination
(ICI-ICI 1 = 9, ICI-chemotherapy n = 4) therapy were included. The survival analysis focused on single
anti-PD-(L)1-treated patients with melanoma, lung cancer, and renal and bladder cancers (n = 142).
Grade > 3 irAEs of multiple aetiology occurred in 29 patients treated with single-PD-L1 therapy
(20.4%), which was associated with improved progression-free survival (PFS) (HR 0.50, CI 0.31-0.78)
but not overall survival (OS) (HR 0.88, CI 0.52-1.50). Rare grade > 3 events occurred in 10 (7.0%) pts
with no association with PFS (HR 0.90, CI 0.42-1.94). Hence, the presence of rare grade > 3 irAEs
was associated with a tendency for inferior OS (HR 1.44, CI 0.66-3.11). Pts with rare grade > 3 irAEs
had inferior OS, possibly reflecting the delay in diagnostic workflow and the treatment of irAEs. One
explanation for the high incidence of irAEs could be the Finnish population-based genetic variation
affecting the immune system.

Keywords: immune checkpoint inhibitors; immune-related adverse event; prognostic; survival;
autoimmunity

1. Introduction

Immune checkpoint inhibitor therapies (ICIs) targeting immune checkpoints such as
cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4), programmed cell death protein
(PD-1), and its ligand (PD-L1) have produced long-term tumor responses in multiple
advanced cancers [1-12]. Checkpoint blockade has been proven to induce immune-related
adverse events (IrAEs) as novel treatment-related adverse events (TRAEs) compared to
traditional cancer medications [13]. The rationale behind the toxicities of ICIs is to block
the physiological role of the checkpoint pathways in regulating adaptive immunity and
inhibiting autoimmunity [14]. Therefore, IrAEs often manifest similarly to autoimmune
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diseases [15]. ICI treatments are associated with a wide variety of TRAEs, the most common
of which are rashes, endocrinological changes, and inflammation of the intestines, lungs,
and liver. Approximately 15% of patients receiving ICI monotherapies have been reported
to have had severe grade 3—4 side effects; about 30% face lower-grade adverse events
(AEs) [16]. Rare side effects include, among others, changes in blood counts, myocarditis,
and neurological syndromes [17]. However, the data are limited regarding clinical outcomes
or toxicity of ICIs by ethnicity, which might carry an impact considering the interplay
between host immunity and tumors in the sense of adaptive immunity [18].

The AEs of medical therapies are classified according to frequency and severity based
on the NCI Common Terminology Criteria for Adverse Events (CTCAE) criteria. The
international guidelines for managing IrAEs are based on the CTCAE grading and include
the guidance on using supportive medications, mainly immunosuppressives, and advice
on continuing the cancer drug. Grade 3 to 4 IrAEs are perceived as severe adverse reactions,
typically resulting in permanent discontinuation of the immunological therapy.

Patients with underlining autoimmune diseases are mostly excluded from the reg-
istration trials of ICIs. The scarce data suggest that some patients develop flare-ups of
autoimmune disease (AD) and IrAEs with higher frequency while on ICI therapy, which
can be associated with excess morbidity [19]. The incidence of autoimmune disorders in
Finnish ethnicity is the highest in the world for type I diabetes and among the highest
for celiac disease. There is also population-based evidence of excess risk of concomitant
ADs [20-22]. No reported trials are investigating the spectrum of IrAEs among cancer
patients treated with ICIs in Finland. Interestingly, previous data have suggested that der-
matological and endocrinological irAEs are associated with improved survival in patients
treated with ICIs [23-27].

This study aims to evaluate the spectrum of IrAEs in a real-world population with a
high incidence of autoimmunity and the survival relative to the prevalence and nature of
IrAEs. We hypothesized that the frequency and spectrum of IrAEs in our study population
would differ from the incidence reported in ICI registration trials. Even global registration
trials might be unable to capture the differences in the side effect profile of a drug related
to ethnical differences. Therefore, population studies could bring additional information to
the topic.

2. Materials and Methods

All patients who received at least one dose of intravenous immune checkpoint in-
hibitor therapy as a single therapy or combination therapy at Oulu University Hospital
from 2014-2020 were retrospectively identified from the pharmacy records. The patients
who had received the treatment as an adjuvant therapy after curative surgery were formed
into a separate cohort. Demographic data, such as the patient’s age, date of diagnosis, date
of advanced /metastatic disease, TNM staging, histology, the molecular status of the tumor,
the treatment regimens, the treatment-related adverse events, tumor responses, date of
progression, and date of death/last follow-up, were collected manually from the electronic
health record (EHR). Progression-free survival (PFS) and overall survival (OS) were calcu-
lated from the first date of ICI treatment to the documented tumor progression, death, or
end of follow-up (PFS) or to death or end of follow-up (OS). Disease-free survival (DFS)
was calculated from the first date of ICI treatment to the documented disease recurrence,
death, or end of follow-up. Tumor progression, disease recurrence, and/or death were
counted as an event or events.

Prospectively recorded IrAEs were collected from the EHR and graded according
to CTCAE criteria. The nature, date of IrAE, length of IrAE, and possible treatment of
IrAE were registered. The focus was on severe grade 3-5 IrAEs as the milder IrAEs were
not comprehensively collected. The IrAE events were collected by two investigators (SK
and SI). If no consensus on the event or its grading was reached, the third investigator
(JPK) evaluated the event, which was recorded according to the majority consensus. The
frequency of TRAES was listed according to the following classifications: common toxicities
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arise at the rate of >1% (>1 in 100), uncommon toxicities of 1% to 0.1% (1 in 100 to 1 in 1000),
rare toxicities at a rate of 0.1% to 0.01% (1 in 1000 to 1 in 10,000), and very rare toxicities at
a rate of less than 0.01% (<1:10,000) (WHO, World Health Organization).

The data collection was carried out according to national legislation and under a permit
from the medical director of Oulu University Hospital (study no. 299/2016). Pseudonymiza-
tion was carried out before data analysis. Informed consent was not sought due to the
register nature of the study.

IBM SPSS Statistics 27.00.00 for Windows was applied for statistical analysis. Survival was
analyzed with the Kaplan-Meier and Cox regression methods, with 95% confidence intervals.

3. Results
3.1. Patients Receiving ICI Therapy

A total of 173 patients treated with ICI therapy for various advanced cancers from
2014-2020 were included in the analysis. The median age of the patients was 66; most of the
patients (n = 122, 70.5%) were male, and only three had a history of distinct autoimmune
disease. The cohort included patients with lung cancer (non-small cell lung cancer, NSCLC)
(n =76, 43.9%), melanoma (n = 56, 32.4%), renal and bladder cancers (genitourinary, GU)
(n = 34, 19.7%), head and neck cancers (1 = 4, 2.3%), squamous cell carcinoma (SCC) (n = 2,
1.2%), and colorectal cancer (CRC) (n =1, 0.6%). In our cohort, 13 received combination
therapy, nine anti-PD-(L)1-CTLA-4 regimens, four anti-PD-(L)1 plus chemotherapy, and the
rest (n = 160) single-anti-PD-(L)1 treatment. At the start of the ICI therapy, 91 (52.6%) of the
patients had performance status ECOG 1, 75 (43.4%) ECOG 0, and 7 (4.0%) ECOG 2, while
143 (82.7%) patients had stage IV disease; the rest of the population had stage III disease
(n =30, 17.3%). Sixty-seven (38.7%) patients received IO-therapy as a first-line treatment,
73 (42.2%) as a second-line, 14 (8.1%) as a third-line, and 8 (4.6%) in a fourth or later line.
Eleven patients (6.3%) received anti-PD-1 therapy as an adjuvant treatment (Table 1). The
median (m) follow-up time was 12 months (mo.) (ranging from 0-78 mo.), and the median
length of therapy was 3.2 months (0-77 mo.). The mPFS was 4.53 months for the whole
cohort, and the mOS was 13.96. DFS was not reached (Table 1). The prognosis in advanced
melanoma differs greatly from the prognosis of NSCLC. According to the SEER database,
the five-year survival rate for stage IV melanoma is 16%, while in NSCLC the rate is 7%.
Moreover, around 40% of melanoma patients respond to ICI, while in NSCLC the rate is
around 20%. We planned to analyze PFS and OS separately in these two diseases—the
two largest cancer types in our cohort—to control these differences in baseline factors.
However, there was no statistically significant difference in mPFS based on the stratification
by melanoma (5.09 mo.) or non-small cell lung cancer (4.90 mo.) (p = 0.055, not shown).
Thus, we formed two cohorts—melanoma and other disease types (Table 1). The mPFS for
patients with NSCLC and other tumor types (n = 117) was 4.40 mo.; for melanoma patients,
it was (n = 45) 5.09 mo. (HR 0.62, CI1 0.41-0.95; p = 0.027), while no statistically significant
difference in OS was seen.

Table 1. Patient demographics.

Age (Median, Years) n (%)
Age (median), years 66
Sex
Male 1226 (70.5)
Female 51 (29.5)

Previous autoimmunity (excluding celiac, vitiligo,

hypothyroidism, DM1) 3(17)
Tumor type
Lung, non-small cell 76 (43.9)
Melanoma 56 (32.4)

GU 34 (19.7)
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Table 1. Cont.

Age (Median, Years) n (%)
Head and neck 4(2.3)
SCC 2(1.2)
Colorectal 1(0.6)
Stage at diagnosis
v 143 (82.7)
III 30 (17.30)
ECOG performance status
0 75 (43.4)
1 91 (52.6)
2 7 (4.0)
Monotherapy 160 (92.5)
Combination therapy 13 (7.5)
Line of treatment
First 67 (38.7)
Second 73 (42.2)
Third 14 (8.1)
Later 8 (4.6)
Adjuvant 11 (6.4)
PFS time (median), months (non-curative) 453
OS time (median), months (non-curative) 13.96
DFS time (median), months (curative) Not reached

Values are presented as 7 (%) unless indicated otherwise. GU, genitourinary (renal and bladder); SCC, squamous
cell carcinoma.

3.2. Immune-Related (ir) Gr3-5 Adverse Events (AEs), PFS and OS

Grade 3 or higher irAEs occurred in 42 of 173 patients (24.2%), and the total number
of irAEs was 60. Eight patients who experienced grade > 3 irAE received combination
therapy, three ICI-chemo, and five ICI-ICI. Of the 42 patients, 21 had lung cancer (irAE
incidence 27.6%), 12 melanoma (irAE incidence 21.4%), six GU cancer (irAE incidence
17.6%), two SCC, and one CRC. The incidence of irAEs varied among the patient cohort;
29 (16.8%) experienced one, eight (4.6%) experienced two, and five (2.9%) experienced
three separate irAEs. The median time to the first occurrence of irAEs from the start of the
therapy was 2.0 mo., with a corresponding mean time of 3.2. mo. (range 0-16 mo.). Most
(n =26, 61.9%) of the patients experienced irAEs during the treatment. Grade 3-5 irAEs
were of different tissue aetiology, e.g., skin, gastrointestinal, and lung toxicity, as described
in detail in Table 2.

The cohort of PD-1 adjuvant therapy consisted of 11 patients, two of whom developed
grade 3 or higher irAEs (18.2%), suggesting that AE frequency is similar to the non-curative
setting. However, the small sample size does not enable a more detailed analysis of
this cohort.

We focused on the non-curative patients with melanoma, lung cancer, and GU cancers
with single-PD-(L1) therapy (n = 142) in the survival analysis to control confounding
factors. In univariate analysis, grade > 3 irAEs were associated with improved PFS. In
multivariate analysis, including tumor type (melanoma vs. other), ECOG (0 vs. other),
presence of grade > 3 irAEs, and peripheral blood C-reactive protein (CRP) level (under
or >10 mg/L), the association between improved PFS and grade > 3 irAEs was retained
(Table 3, Figure 1A). In the univariate analysis for OS, grade > 3 irAEs (0.88, CI 0.52-1.50,
Figure 2A) were not associated with improved survival.
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Table 2. Grade 3-5 immune-related (ir) adverse events in the whole cohort.

Spectrum of irAES n (%)
Treatment-related irAEs (patients)
Yes 42 (24.2)
PD-(L)1 monotherapy 34 (81)
Combination 8 (190)
No 131 (76.9)
Frequency of irAEs
1 29 (16.8)
2 8 (4.6)
3 5(2.9)
Total number of irAEs 60
Grade (gr) of irAE
3 42 (70.0)
4 15 (25.0)
5 2(3.3)
Type of irAE
Skin 6 (10.0)
Endocrinological 5(8.3)
Hepatotoxicity 9(15.0)
GI toxicity 8 (13.3)
Pneumonitis 11 (18.3)
Musculoskeletal 2 (3.3)
Rare 19 (31.7)
Median time to first gr > 3 IrAE occurrence (months) 2.0
First gr > 3 irAE occurrence on ICI therapy
Yes 26 (61.9)
No 16 (38.1)

Values are presented as n (%) unless indicated otherwise. irAE, immune-related adverse event; ICI, immune
checkpoint inhibitor.

Table 3. Univariate and multivariate analysis for progression-free survival according to the presence
of grade > 3 irAE or grade > 3 endocrinological or dermatological irAE.

Univariate Multivariate

Features

HR CI (95%) HR CI (95%)
Grade > 3 irAE
Yes vs. No 0.50 0.31-0.87 0.52 0.29-0.95
Disease type
Melanoma vs. Other 0.57 0.37-0.88 0.94 0.53-1.68
ECOG

Ovs. 12 0.53 0.36-0.79 0.60 0.36-0.99

Peripheral blood CRP level
under or >10 mg/L 0.46 0.30-0.72 0.58 0.35-0.97
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Figure 1. Kaplan—-Meier analysis for progress-free survival for patients with (A) grade > 3 immune-
related adverse events; (B) grade > 3 dermatological or endocrinological immune-related adverse
events; (C) rare grade > 3 immune-related adverse events. Crosses indicate censored events.
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Figure 2. Kaplan-Meier analysis for the overall survival for patients with (A) grade > 3 immune-
related adverse events; (B) grade > 3 dermatological or endocrinological immune-related adverse
events; (C) rare grade > 3 immune-related adverse events. Crosses indicate censored events.

3.3. Immune-Related Gr3-5 Dermatological and Endocrinological Adverse Events, PFS, and OS

As previous works have linked endocrinological and dermatological irAEs to prog-
nosis, we analyzed these irAE categories in the cohort. Grade > 3 dermatological or
endocrinological immune-related adverse events occurred in 15 (9.3%) patients. The total
number of grade > 3 dermatological or endocrinological irAEs was 19. Dermatological and
endocrinological adverse events included dermatotoxicity (n = 6, 31.6%), hypothyroidism



Cancers 2022, 14, 2276

90f13

(n =5, 26.3%), hypophysitis (n = 5, 26.3%), adrenal cortex insufficiency (n = 2, 10.5%), and
bullous dermatitis (1 = 1, 5.3%). The mPFS for patients with dermatological or endocrino-
logical adverse events did not differ from that of patients with irAEs of another subtype
(HR 0.44, C195% 0.18-1.1) (Figure 1B).

The OS analysis for patients with dermatological or endocrinological irAEs showed
a tendency for improved survival (HR 0.56, CI 95% 0.21-1.53). However, the OS did not
reach clinical significance, probably due to the cohort’s small size (Figure 2B).

3.4. Immune-Related Gr3-5 Rare Adverse Events, PFS, and OS

We further analyzed the rare (<1% incidence in the summary of product characteristics
of nivolumab or pembrolizumab) grade > 3. Rare grade > 3 events occurred in 16 (9.9%)
patients (lung cancer, n = 8, melanoma, n = 4, GU cancers, n = 3, SCC, n = 1). The
total number of rare irAEs was 19. Five patients who experienced rare grade > 3 IrAEs
received combination therapy (two ICI-chemo and three ICI-ICI). Rare AEs included
hypophysitis (n = 5, 3.1%), adrenal cortex insufficiency (n = 2, 1.2%), anaphylaxis (n = 2,
1.2%), diabetes mellitys type 1 (n = 2, 1.2%), cholangitis (n = 2, 1.2%), dermatotoxicity
(pemfigoid, n = 1), bullous dermatitis (1 = 1), nephritis (n = 1), immune thrombocytopenia
(n = 1), polyneuropathy (n = 1), and rhabdomyolysis (n = 1). Due to the small number of
patients in the cohort of combination therapy, survival analysis focused on patients treated
with single-PD-(L)1 therapy, which included patients with melanoma, lung cancer, and
GU cancers. There was no statistically significant difference in mPFS (HR 0.90, CI 95%
0.42-1.94) or mOS between the groups (HR 1.44, CI 95% 0.66-3.11) (Figures 1C and 2C).

4. Discussion

Global registration trials might not capture a drug’s ethnicity-related side effect profiles.
Our study results confirmed the hypothesis that the spectrum of severe ICI-induced TRAEs
in our real-world cohort of multiple-type cancer patients differs from that in the registration
trials. Similarly, ethnicity-associated immune-mediated side effect profiles have been
detected, e.g., with HIN1 vaccines and their relation to childhood narcolepsy in specific
ethnic population isolates such as in Finland [28,29].

According to our data, PD-1 or PD-L1 inhibition causes high-grade irAEs in 10-15% of
patients, with similar incidences seen with different agents in a dose-independent fashion,
while with ICI-ICI combination therapies the rate of grade > 3 irAEs is as high as 50%. On
the contrary, the rate of irAEs in single-ICI-chemotherapy treatment follows the toxicity
profile of anti-PD-(L)1 monotherapies [16,17]. Furthermore, TRAEs regarded as rare or
uncommon based on ICI registration studies were more common (9.9%) in our real-world
evidence (RWE) study [30,31]. The rather high incidence of severe rare endocrinological
irAEs was particularly notable.

RWE studies of ICI TREAs are scarce, but some investigators have identified that
TRAEs are more common in RWE settings [32,33]. The overall incidence of irAEs and
endocrinological irAEs is higher with immunotherapy combinations, including combina-
tions of anti-PD-(L)1 and anti-CTLA-4 [34,35]. In our study, the incidence of severe irAEs
among those treated with combination therapies was higher (61.5%) compared to that of
the monotherapy-treated patients (21.5%). However, the frequency of grade > 3 irAEs
in the monotherapy group was still significantly higher than in the registration studies.
The incidence of rare severe irAEs was especially high in our cohort, with 32.8% of the
identified grade > 3 irAEs classified as rare in the whole cohort, and 20.8% in the cohort of
single-PD-(L)1-treated patients with melanoma, lung cancer, or GU cancer [30,31].

We speculate that the high incidence of irAEs is most likely associated with study-
specific, patient-related factors. This study was performed at a single center with a quite
specific population of Finnish patients. However, our patient cohort closely resembles the
I/E criteria of the ICI registration studies, where underlying auto-immunity (excluding
hypothyroidism, DM1, vitiligo, and celiac disease) was very scarce. According to the previ-
ous data, pre-existing autoimmune disease prones cancer patients to develope irAEs [19].



Cancers 2022, 14, 2276

10 0f 13

While the prognostic role of the human leukocyte antigen (HLA) class I-dependent immune
activity is linked to autoimmune diseases, and HLA class I-dependent CD8+ T cells are
required for immune checkpoint blockade anti-tumor activity, it is poorly known whether
HLA class I is predictive of toxicity to ICIs [36-38]. Finland has the highest incidence of
type I diabetes (T1D) in children (62.5 per 100,000) and is among the countries with the
highest incidence of celiac disease in young adults (31.0 per 100,000) in the world [21,22].
Interestingly, a recent large Finnish nationwide cohort study revealed that autoimmune
diseases (ADs) are more often present in individuals with T1D and come with an excess
risk of concomitant ADs [23]. One explanation for the high incidence of irAEs in our cohort
could be the population-based genetic variation affecting the immune system in Finnish
individuals constituting a Northern European genetic isolate.

A recent article by Lozano et al. showed, by combining in vitro and clinical data,
that two pre-treatment T cell characteristics, activated CD4 Tm cell abundance, and a
more clonally diverse TCR repertoire in the peripheral blood were linked to ICI-induced
irAEs in patients with metastatic melanoma. Interestingly, they also observed elevated
levels of activated CD4 Tm cells in patients with SLE or IBD, implying that severe irAEs
might represent a subclinical or latent autoimmune state that is clinically unmasked on ICI
administration [39]. The authors concluded that a common immunological mechanism
underlying irAE development and autoimmunity is possible.

As with some previous studies, we found an association between irAEs and improved
treatment outcomes [23-27]. Grade > 3 irAEs were associated with improved PFS in
univariate and multivariate analysis. Surprisingly, the observed PFS advantage did not
translate to improved overall survival, although similar findings have been observed [40].
With cancer immunotherapies, discordance between PFS and OS has been observed in some
registrational studies (CheckMate 025, CheckMate 057, Keynote 048), with improved OS
and non-altered PFS. The prognostic role of irAEs regarding the incongruence in the relation
of PFS to OS might differ in the sense that they often require treatment, and suboptimal AE
management could sacrifice the treatment benefit. While the possibility that the immune
activation underlying most irAEs might be paired with the activity required for anti-
tumor immune responses is speculated, the evidence suggests that some irAEs might have
mechanisms unrelated to anti-tumor activity, including those involving the microbiome
and viral or tissue-specific factors [41-43]. Furthermore, the growing data imply that the
aetiology of acute irAEs might differ from chronic/irreversible ICI-related toxicities [44]. It
is likely that irAEs arise from both tumor-related and tumor-unrelated features.

Given the considerable heterogeneity of ICI-induced irAEs, including variations in
their timing and location, one possible factor related to the inconsistency between PFS
and OS in our cohort could be the inadequate detection and treatment of TRAEs. A retro-
spective study with a large number of subjects (1 = 13,030) showed that irAEs requiring
inpatient visits are linked to poor outcomes and higher mortality [45]. We speculate that
PFS not being a surrogate for OS in grade > 3 irAE patients could likely relate to the lack of
prompt recognition and treatment of irAEs, and this cannot be ruled out. We observed only
two deaths related to irAEs in our cohort, which cannot explain the discordance between
PFS and OS. However, the data cannot reveal whether suboptimal management of irAEs
could lead to an increased risk of cancer-related deaths. The observed large spectrum of
irAEs rising basically from all organ systems makes recognizing TRAEs difficult, espe-
cially in rural areas where the distances between the patients’ primary healthcare unit
and the tertiary oncology centers are long, such as in Northern Finland. Altogether, we
speculate that traditional baseline factors might not explain the observed results. Multiple
confounding factors with retrospective prognostic assessment exist, the major factor being
the time-related bias where patients with a favorable overall prognosis have more time to
experience the treatment’s different side effects. However, in our cohort, the median time to
the first occurrence of grade 3-5 irAEs from the start of the therapy was two months. Thus,
most of the patients experienced a severe treatment-related adverse event in the early phase
of the treatment, which seems typical with severe irAEs [46]. One cannot overlook the
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rather small sample size in creating statistical uncertainties. We aimed to control the source
of bias with parallel statistical methods in survival analysis. Furthermore, our patient
cohort was sufficiently homogenous. Thus, ~90% of patients received ICIs as a first- or
second-line therapy, and 95.7% were in excellent or good performance status. In addi-
tion, the survival analysis focused on single-PD-(L)1-treated patients of the three biggest
disease cohorts (melanoma lung cancer, and GU cancers). Some of the patients (1 = 15)
experienced late severe irAEs after discontinuing the therapy. The reason for treatment
discontinuation was disease progression in only two patients. For the remaining patients,
suspected /confirmed lower grade irAEs or the institutional maximal therapy length (6 mo.)
led to the discontinuation of the therapy.

5. Conclusions

Our results show that the severe toxicities of ICIs in monotherapies and combinations
are more common and come with a wider spectrum in clinical practice than in registration
studies. Our results also show that at least some of the TRAEs have a prognostic nature
(PFS) in multiple advanced cancer types. Promptly recognizing and treating severe irAE
is warranted to unleash the full therapeutic potential of ICIs. Thus, new tools should
be developed for recognizing irAEs. Moreover, the role of ethnicity and sub-population
genetics affecting the immune system in ICI outcomes in efficiency and toxicity warrants
more research.
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