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Immune checkpoint inhibitors (ICls) are changing the natural history of several types of cancer. Ipilimumab which
is a monoclonal antibody targeting cytotoxic T lymphocyte-associated antigen 4 is indicated in the treatment of
metastatic melanoma. Pembrolizumab and nivolumab, programmed death-1 (PD-1) inhibitors, were approved by
the US FDA in the treatment of advanced melanoma, Hodgkin lymphoma, advanced lung cancer, metastatic renal
cell carcinoma, advanced urothelial carcinoma, hepatocellular carcinoma, advanced squamous cell carcinoma of
the head and neck, metastatic gastric carcinoma positive for PD ligand-1 (PD-L1). Furthermore, atezolizumab,
avelumab and durvalumab, anti-PD-L1 are efficacious in the treatment of urothelial carcinoma, Merkel cell
carcinoma, metastatic lung cancer and inoperable stage III non-small-cell lung cancer (NSCLC) [1]. Despite the
impressive therapeutic benefits, ICI may induce profound immune-related adverse events (irAEs), which can be
severe and limit the use of these agents. We summarize in this paper the major irAEs of ICI described in the
literature, their association with different agents of ICI and their correlation with clinical outcome in multiple
indications.

Immune-related adverse effects

The ICls have different safety profiles. Ipilimumab was associated with 60-65% of any grade irAEs when tested

in metastatic melanoma and which were mostly grade 1-2 [21. Grade 3—4 irAEs occurred in 23% of patients with

metastatic melanoma treated with ipilimumab 3 mg/kg (3]. Skin manifestations were the most common adverse

events (43—45%) followed by gastrointestinal (29-32%), hepatic and endocrine adverse events (6-8%). Colitis

occurred in 8-22% of patients receiving ipilimumab while diarrhea was the most common cause of treatment

discontinuation [2]. Hypophysitis was observed in 5% of patients receiving ipilimumab and was more frequent

in women than in men (4. However, PD-1 axis inhibitors were mostly associated with fatigue (24—35% with

nivolumab and pembrolizumab). Diarrhea occurred in 11-13% of patients treated with anti-PD-1. Cutaneous

manifestations such as rash and pruritus were more frequent with pembrolizumab than nivolumab but fewer than

ipilimumab [2). Thyroiditis was the most commonly reported endocrine adverse event, most often presenting as

hypothyroidism and more frequently occurred with PD-1 inhibitor than anti-cytotoxic T lymphocyte-associated

antigen 4. Pneumonitis has been described more commonly in patients treated with nivolumab compared with

other agents [4]. A recent meta-analysis which included clinical trials evaluating pembrolizumab, nivolumab and

atezolizumab, compared adverse events of ICI with those of standard chemotherapy. Baxi ez /. found that patients

treated with ICI were at higher risk of organ-specific irAEs, especially for any grade hypothyroidism (odds ratio

[OR]: 6.92; p < 0.001), pneumonitis (OR: 5.27; p < 0.001), any grade hypophysitis (OR: 3.38; p = 0.04) and .
colitis (OR: 2.88; p = 0.009) but there was not an increased risk of hepatitis (OR: 3.14; p = 0.11) (5. In another Future "‘-;':'-_-
meta-analysis which evaluated multiple clinical trials with anti-PD1/PD-L1, it has been demonstrated that the ~ Medicine ™
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development of irAEs was unrelated to the dose of ICI agent. The relative risk of developing any grade of irAE with
pembrolizumab at 2 mg/kg was not statistically different than that with pembrolizumab at 10 mg/kg (response
rate [RR] = 0.91; [0.70-1.17]; p = 0.46) [6].

Melanoma

The association between irAEs and efficacy of ICI was first described in metastatic melanoma. Data are controversial
concerning ipilimumab and PD-1 inhibitors. In a retrospective analysis, the development of irAEs of any grade in
patients with metastatic melanoma and who received ipilimumab with or without peptide vaccines was significantly
associated with likelihood of response (p = 0.0004). Patients who experienced grade 3—4 irAEs had a median
duration of response of 34 months and those who developed grade 1-2 had a median duration of response of
11 months 7. However, Weber ez al. found that there was no significant association between irAEs and clinical
response (p = 0.45) [8]. In addition, available data from Memorial Sloan Kettering Cancer Center showed no
significant difference in overall survival (OS) and time-to-treatment failure in patients with metastatic melanoma
treated with ipilimumab when stratified by the presence or absence of irAEs of any grade [9]. Concerning PD-1
inhibitors, in a pooled analysis of patients with metastatic melanoma receiving nivolumab as monotherapy, objective
response rate (ORR) was significantly higher in patients with irAEs. Sanlorenzo ez a/. reported that development of
cutaneous adverse events in patients treated with pembrolizumab had significantly longer progression-free survival
(PFS) compared with patients who did not develop cutaneous adverse events [10.. However, a retrospective study
concerning patients with advanced melanoma treated with pembrolizumab demonstrated that ORR and disease
control rate are similarly observed among patients with irAEs and those who did not develop irAEs (p = 0.45 and
p = 0.34, respectively) [11].

Non-small-cell lung cancer

In patients with NSCLC, data concerning the association between irAEs and clinical outcomes were more consistent.
Haratani ez al. reported in a retrospective study, concerning patients treated with nivolumab for NSCLC, that
median OS was significantly higher in patients with any grade irAE compared with the group of patients who
did not develop irAE (not reached vs 11.1 months; p = 0.01). The multivariate analysis revealed that irAEs were
positively associated with PFS (hazard ratio [HR] = 0.535; p = 0.03) and with OS (HR = 0.282; p = 0.003) [12].
In a retrospective cohort of 70 patients with advanced NSCLC treated with nivolumab, the incidence of any grade
irAE was significantly higher in responders than nonresponders (76 vs 24%; p < 0.001). The median PFS was
significantly prolonged in patients with irAEs than those with no-irAE (12.0 vs 3.6 months) [13]. Sato ez al. found
in a single-institution prospective observational study of 38 patients with NSCLC and treated with nivolumab
that patients with irAEs were significantly higher ORR compared with no-irAE patients (63.6 vs 7.4%; p < 0.01).
Similarly, the median PFS was significantly higher in patients who developed irAEs compared with no-irAEs
patients (not reached vs 49 days, HR = 0.10; p < 0.001) [14]. Moreover, Teraoka ez a/. published the results of a
prospective cohort evaluating the association of early irAEs which occur 2—-6 weeks after the beginning of treatment
and clinical outcome in patients with advanced NSCLC treated with nivolumab. The median PFS in patients who
presented irAEs 2 weeks after commencement of nivolumab was significantly higher than median PFS in those who
did not develop irAEs (6.4 vs 1.5 months; p = 0.01). A similar trend was observed in patients with and without 6
weeks irAEs after initiation of nivolumab (4.1 vs 1.5 months; p = 0.06) [15]. These data suggest that early onset of
irAEs might be associated with better outcome in patients treated with nivolumab in advanced NSCLC.

Head & neck squamous cell carcinoma

In head and neck squamous cell carcinoma, Foster ez al. reported at last American Society of Clinical Oncology
(ASCO) that irAEs while receiving PD-1 inhibitors are associated with superior ORR, PES and OS in patients with
head and neck cancer unselected for PD-L1 status. The median PFS and OS was 6.9 and 12.5 months, respectively,
in patients who developed irAE compared with 2.1 and 6.8 months, respectively, in those who did not develop
irAEs (p = 0.0004 and p = 0.0007, respectively) [16].

Conclusion
The irAEs are numerous and vary according to ICI agent. It seems that correlation of these irAEs with clinical
efficacy is controversial in metastatic melanoma but it is more consistent in NSCLC. Emerging data are supporting
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these findings in head and neck cancer. Further studies with larger numbers of patients and longer follow-up times
are needed to validate these findings.
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