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 Immune-checkpoint inhibitors (ICIs), represent a major development in cancer therapy. 

(85/85) 

 For years breast cancer (BC) has been considered somewhat immunologically quiescent. 

(84/85) 

 Recent findings paved the way for landmark approvals of immunotherapy in BC. (76/85) 

 As ICI-treated BC patients increase, so does the incidence of immune-related AEs. (81/85) 

 Taking into account BC patients characteristics may improve the management of irAEs. 

(85/85) 
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Abstract (146/150): Immune-checkpoint inhibitors (ICIs) represent a major development in cancer 

therapy. The indications for these agents continue to expand across malignancies and disease 

settings. For years breast cancer (BC) has been considered immunologically quiescent compared 

with other tumor types. However, recent findings highlighted the immunogenicity of some BCs and 

paved the way for clinical trials of immunotherapy in BC that led to recent landmark approvals.  As 

a drawback, the safety profile of ICIs is shaped by a specific spectrum of immune-related adverse 

events (irAEs) that can vary according to ICI class and tumor histology. This review will discuss the 

epidemiology of these adverse events, their kinetics, risk factors and the most important aspects in 

their management. A particular focus will be put on BC as the current landscape of immunotherapy 

for this disease is rapidly increasing the number of people treated with ICIs, thus susceptible to 

irAEs.  

 

Word count: 4148  

Figure number: 4 
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Review 

Introduction (4148 words) 

Immunotherapy relies on a cytotoxic immune response against a tumor and requires a multifaceted 

interaction between different immune cells in the adaptive and innate immune system (1). In 

particular, T lymphocytes recognize self- and non-self-antigens, which are presented by antigen-

presenting cells (APCs) (1). For activation of a naïve T cell, its T cell receptor (TCR) binds to a 

processed tumor neoantigen presented by the major histocompatibility complex (MHC). In the 

absence of a mandatory co-stimulatory signal, such as CD28, Inducible T-cell COStimulator 

(ICOS) and CD137, or in the presence of a co-inhibitory signal, for example programmed cell death 

receptor 1 (PD1), cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4), Lymphocyte-activation 

gene 3 (LAG-3) and T-cell immunoglobulin and mucin-domain containing-3 (TIM-3), a state of 

anergy develops (2).  

Immune checkpoint inhibitors (ICIs) are monoclonal antibodies (mAbs) able to unleash the immune 

system by preventing the co-inhibitory signal from being sent (Figure 1) (3). The primary targets 

for ICIs include PD-1 with nivolumab, pembrolizumab, and cemiplimab; programmed cell death 

ligand 1 (PD-L1) with atezolizumab, avelumab, and durvalumab; CTLA-4 with ipilimumab and 

tremelimumab.  
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Figure 1. CTLA-4 and PD-1 checkpoint blockade affects T cells at different stages of 

differentiation and at different anatomical locations. Abbreviations: CTLA-4, cytotoxic T-

lymphocyte antigen 4; APC, antigen-presenting cell; TCR, T-cell receptor;  FoxP3, forkhead box 

P3; CD4, cluster of differentiation 4; Treg, regulatory T cell; MHC, major histocompatibility 

complex; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1; INF-γ, 

interferon gamma; CD28, Cluster of Differentiation 28. 

 

For years breast cancer (BC) has been considered immunologically quiescent compared with other 

tumor types (4). This is partially because of its lower somatic mutational burden and consequent 

lower neoantigen load (4, 5). However, recent findings highlighted the immunogenicity of some 

BCs and paved the way for clinical trials of immunotherapy in BC that led to recent landmark 

approvals (5, 6).  

The growing interest in immunotherapy for BC, with the consequent increasing number of people 

treated with ICIs, demands to focus the attention on the immune-related adverse events (irAEs) 

that may affect a subset of patients (7, 8). This review will focus on the most frequent toxicities 

associated with ICI immunotherapy and their management, with a particular insight on the current 

landscape of immunotherapy, especially in TNBC, for which ICIs in combination with 

chemotherapy are currently approved. 
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Current landscape of immunotherapy in breast cancer 

Since the somatic mutational burden in BC is lower in comparison with other tumor types, breast 

tumors have been considered immunologically quiescent in the past few years (4). However, 

human epidermal growth factor receptor 2 (HER2)-positive and basal-like BCs show a higher 

mutational burden than hormone receptor (HR)-positive BC (9, 10). Consistently, tumor-infiltrating 

lymphocyte (TIL) rates are higher in HER2-positive and triple-negative breast cancer (TNBC) in 

comparison with HR-positive BCs (6, 11-15). Moreover, higher TIL levels are associated with 

improved prognosis in HER2-positive BC and TNBC, with a 10% increase in TILs associated with a 

15-25% decrease in risk of relapse and death (4, 16, 17). Finally, several chemotherapeutic agents 

commonly used in BC are known to promote immunogenic cell death, resulting in release of 

neoantigens and potential recruitment of APCs (4, 18, 19). Hence, great interest surrounds 

combination treatment with chemotherapy (CT) and immune checkpoint blockade (4, 20). On these 

bases, in 2018 IMpassion130 trial paved the way for the entrance of immunotherapy, in 

combination with nab-paclitaxel, as a new first-line treatment option for patients with metastatic 

TNBC displaying PD-L1-stained tumor-infiltrating immune cells of any intensity covering ≥ 1% of 

the tumor area (21). This phase III trial randomized 902 patients with previously untreated 

metastatic TNBC to receive nab-paclitaxel combined with either atezolizumab or placebo (18). At a 

median follow-up of 13 months, a statistically significant difference in progression-free survival 

(PFS, 7.2 versus 5.5 months, HR 0.80, 95% CI, 0.69-0.92) in favor of the combo with atezolizumab 

was demonstrated. However, in a prospectively planned subset analysis of outcomes according to 

PD-L1-expressing immune effector cells within the tumors, atezolizumab improved both PFS (7.5 

versus 5 months, HR 0.62, 95% CI 0.49-0.78), and, importantly, overall survival (OS, 25 versus 

15.5 months; HR 0.62, 95% CI, 0.45-0.86). Interestingly, the mature OS analysis presented at 

ESMO 2020 after 3-year follow-up confirmed the benefit of atezolizumab plus nab-paclitaxel in 

patients with PD-L1-positive disease, reducing the risk of deaths by 33% in this subgroup, when 

compared with placebo (22). On the other hand, in KEYNOTE-355 trial, 847 patients with locally 

recurrent, inoperable, or metastatic TNBC, all of whom had a disease-free interval of ≥ 6 months, 
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were randomly assigned to CT (nabpaclitaxel, paclitaxel, or gemcitabine/carboplatin), with or 

without pembrolizumab (23). Overall, a modest improvement in median PFS with the addition of 

pembrolizumab (7.5 versus 5.6 months; HR 0.82, 95% CI 0.69-0.97) was observed. Remarkably, 

the benefit seemed to be limited to those with combined positive score (CPS) ≥10, in whom the 

addition of pembrolizumab to CT improved median PFS (9.7 versus 5.6 months; HR 0.65, 95% CI 

0.49-0.86). As a result of these trials, the checkpoint inhibitor atezolizumab received the Food and 

Drug Administration (FDA) approval in combination with nabpaclitaxel for patients with advanced 

PD-L1 ≥ 1% TNBC (24). Similarly, on 13 November 2020 FDA granted accelerated approval to 

pembrolizumab in combination with chemotherapy (CT) for patients with locally recurrent 

unresectable or metastatic TNBC, whose tumors express PD-L1 with CPS ≥ 10 (25). 

As for the early setting, CT is often administered as neoadjuvant treatment in TNBC, in order to 

downsize the tumor, as well as to assess the prognosis of the patient (26). Indeed, patients who 

achieve pathological complete response (pCR) after neoadjuvant chemotherapy (NACT) exhibit a 

significantly lower risk of relapse and death compared with patients with  residual disease (27). To 

understand if ICI addition could be beneficial in the early setting as well, randomized trials of 

neoadjuvant chemo-immunotherapy have been initiated in early TNBC, though with conflicting 

results (28). In this context, increased TILs have shown to predict pathologic response to 

neoadjuvant therapy (6, 29). 

As for HER2-positive BC, a T-helper 1 (Th1)-adaptive immune response against the tumor-

associate antigen HER2 has been described (30-32). Thus far, early phase clinical trials of new 

immune agents for the treatment of patients with HER2-positive BC have shown modest results 

(33). In this context, the phase 1b/2 KEYNOTE-014/PANACEA clinical trial, investigated the safety 

and efficacy of pembrolizumab combined with trastuzumab for the treatment of HER2-positive 

metastatic BC (31). In the PD-L1-positive population, only 15% of patients achieved a partial 

response, without evidence of response in the PD-L1-negative cohort (31). Collectively, the results 

of the clinical trial investigating ICIs in HER2-positive BC published to date suggest that the 

antitumor efficacy is low in unselected and/or heavily pretreated patients (34, 35).  
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Spectrum of toxicity in the general ICI-treated population 

In the general ICI-treated population, T-cell hyperactivity is associated with autoimmune events, 

such as colitis, hepatitis, nephritis, pneumonitis, endocrinopathies, skin toxicities, fatigue and 

uncommon events, such as heart or central nervous system (CNS) involvement (Figure 2) (3, 36-

39). Importantly, any grade infusion-related side effects - including fever, chills, headaches and 

nausea - have been reported in up to 25% of patients treated with ICIs (40, 41). Most reactions 

result from antibody-antigen interactions causing cytokine release, from type I-like hypersensitivity 

and from mixed responses (42). However, the incidence of life-threatening infusion-related 

reactions, such as throat tightness or shortness of breath, is less than 2% and desensitization 

attempts have been proposed (42, 43).  
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Figure 2.The spectrum of irAEs by affected organs. ICIs can cause a wide range of irAEs, 

and these can potentially affect any organ. The most frequently affected organs and the most 

common specific irAEs in breast cancer are reported in bold (42). Abbreviations: DRESS, Drug 

rash with eosinophilia and systemic symptoms. 

 

Incidence of irAEs can vary according to ICI class and to tumor histology (44).  For example, 

colitis, hypophysitis and skin toxicities appear as more frequent with anti-CTLA-4 mAbs, whereas 

pneumonitis, thyroid impairment, arthralgia and vitiligo are more common with anti-PD-1/PD-L1 

mAbs (44). Combination therapy of nivolumab plus ipilimumab displays diarrhea as the most 

frequent irAE of any grade (44.7% of melanoma patients), followed by dermatological events 

(41.5%), hepatic events (22.3%) and endocrine disturbances (16%) (42, 45).  

As for tumor histology, melanoma patients experience a higher frequency of gastrointestinal (GI) 

and skin toxicities, with lower incidence of pneumonitis in comparison with non-small-cell lung 

cancer (NSCLC) patients (44). Conversely, arthritis and myalgia are more common in melanoma 

patients than in renal cell carcinoma (RCC) patients. The latter exhibits pneumonitis and dyspnea 

at a higher rate (44). The reasons for such histology-dependent and patient-specific irAE profile are 

not clear, although few hypotheses have been proposed (Figure 3) (3, 39, 44, 46-51).  
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Figure 3. Patients with different tumor histologies show different irAE profile when treated 

with the same ICI. Currently the reasons for this observation are not clear. Few hypotheses and 

mechanisms have been proposed. The most important are tumor microenvironment and tissue-

specific immune environment, medical history, genetics and type of neoantigens (5, 19, 39, 44, 

46, 49-54). Abbreviations: irAEs, immune-related adverse events; RT, radiotherapy; PD-1, 

programmed cell death receptor 1; PD-L1, programmed cell death ligand 1; HLA, human 

leukocyte antigen.  

 

Spectrum of toxicity in breast cancer patients treated with ICIs  

The variable incidence of irAEs according to ICI class and to tumor histology would allow for a 

more accurate assessment of susceptibility to develop irAEs. For BC, in clinical trials investigating 

the role of ICI monotherapy in both the early and advanced setting, the most common irAEs 

observed were arthralgia and fatigue (15-25%), thyroid impairment (up to 11.8% for hypothyroidism 

and up to 5.3% for hyperthyroidism), transaminitis (up to 6-10%), skin toxicities (1-2%) and 

pneumonitis (up to 2.4%), as shown in Table 1. 

Trial Settin

g 
N.  
of pts 

Any t-r 
AEs 

G≥3 t-r 
AEs 

Any 
irAEs 

G≥3 
irAEs 

Fatal 
AEs 

Fatal 
irAEs 

Phase 1; 
KEYNOTE01
2; 
pembrolizum
ab 
(NCT018488
34) 

MBC 32 56.3% 
(18.8%, 

arthralgia, 
18.8% 

fatigue, 
18.8% 

myalgia) 

15.6% 
(anemia, 

aseptic 
meningitis, 

↓lympho, 
headache) 

15.6% 
(3.1% 

hypothyr, 
3.1% 

colitis, 
3.1% 

hepatitis) 

9.3% 
(1 colitis, 1 

hepatitis) 

3.1% 
(1 due 

to 
DIC) 

0 

Phase 1; 
atezolizumab 
(NCT013758
42) 

MBC 116 63% 
(16% 
pyrexia, 

13% 
fatigue, 

11% 
nausea) 

11% rash, 

adrenal 
insuff, 

pneumonit
is 

NR 0.86
% 
(NR) 

0.86% 
(1 due 
to 

pulmuna
ry HTN) 

Phase 1b; 
JAVELIN; 
avelumab 
(NCT017720
04) 

MBC 168 68.5% 
(fatigue 
19%, inf-

rel 14.3%, 
nausea 

13.1%) 

13.7% 
(1.8% 
fatigue, 

1.8% 
hepatitis, 

1.2% 
↑GGT) 

10.1% 2.4% 
(1.8% 
hepatitis, 

0.6% 
pneumonit

is, 0.6% 
ITP) 

1.2% 0 

Phase 1; 
KEYNOTE02
8; 

MBC 25 64% 
(20% 
nausea, 

12% 

20% (4% 

hepatitis, 
4% nausea, 

4% ↑GGT) 

20% 
(thyroid 
impairmen

t, 

4% (1, 

hepatitis) 
0 0 
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pembrolizum
ab 
(NCT020548
06) 

fatigue, 
8% 

arthralgia) 

hepatitis, 
pneumonit

is, inf-rel) 

Phase 2; 
KEYNOTE08
6-cohort A; 
pembrolizum
ab 
(NCT024470
03) 

MBC 170 60.6% 
( 20.6% 

fatigue, 
11.2% 

nausea) 

12.9% 
(1.8% 

diarrhea) 

26.4% 
(11.8% 

hypothyr, 
5.3% 

hyperthyr) 

1.2% 
(0.6% type 

I DM, 
0.6% 

pneumonit
is) 

0 0 

Phase 2; 
KEYNOTE08
6-cohort B; 
pembrolizum
ab 
(NCT024470
03) 

MBC 84 63.1% 
(26.2% 
fatigue, 

13.1% 
nausea, 

11.9% 
diarrhea) 

9.5% 
(1.2% 
fatigue, 

1.2% 
diarrhea, 1-

2% anemia) 

22.6% 
(9.5%, 
hypothyr, 

4.8% 
hyperthyr, 

2.4% 
pneumonit

is, 1.2 inf-
rel) 

1.2% 
(rash) 

0 0 

Phase 2; 
SAFIR02-
BREAST 
IMMUNO; 
durvalumab 

MBC 131 82.2% 13.2% NR NR 
(1.6% 
hypothyr; 

0.8% rash, 
0.8% 

dyspnoea, 
0.8% 

hepatitis) 

0 0 

Phase 3; 
KEYNOTE11
9; 
pembrolizum
ab 
(NCT025556
57) 

MBC 309 80.9% 
(17.4% 

fatigue, 
16.2% 
constipati

on, 16.5% 
cough) 

14% 
(0.97% 

fatigue, 
0.65% 
anemia,0.3

2% 
diarrhea) 

21.5% 
( 9.06% 

diarrhea, 
7.77% 
hypothyr, 

transamini
tis 

10.36%) 

3.2% 0.3% 
(1 

death) 

0 

Phase 3; A-
BRAVE; 
avelumab 
(NCT029261
96) 

early 349 
(before 

randomizati
on) 

NR NR NR NR NR NR 

Phase 3; KN-
242; SWOG 
S1418/NRG 
BR006 
(NCT029548
74) 

Early 
(residu

al 
diseas

e) 

NR NR NR NR NR NR NR 

 

Table 1. Breast cancer trials with anti-PD-1/PD-L1 monotherapy, with data about immune-

related adverse events as of 27 January 2021. Abbreviations: N, number; pts, patients; G, 

grade; MBC, metastatic breast cancer; AEs, adverse events; t-r, treatment-related; irAEs, 

immune-related adverse events; DIC, disseminated intravascular coagulation; inf-rel, infusion-

related; insuff, insufficiency; ↓lympho, lymphopenia; DM, diabetes mellitus; GGT, γ-
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Glutamyltransferase; ITP, immune thrombocytopenia; ↑, increase; hypothyr, hypothyroidism; 

HTN, hypertension; NR, not reported. 

 

Similarly, for BC clinical trials investigating the role of ICIs combined with chemotherapy in both the 

early and advanced setting, the most common AEs observed were arthralgia and fatigue (24-43%, 

up to 87%), thyroid impairment (up to 18% for hypothyroidism and up to 5.1% for hyperthyroidism), 

transaminitis (up to 0.7-19%), skin toxicities (1-14%), pneumonitis (~1-3%) and colitis (up to 3%), 

as presented in Table 2.  

Trial setting N. of 
pts 

Any t-r 
AEs 

G≥3 t-r 
AEs 

Any 
irAEs 

G≥3 
irAEs 

Fata
l 
AEs 

Fatal 
irAEs 

Phase 1b; KN-173 
pembrolizumab + 
CT (55) 
(NCT02622074) 

early 60 
(10 pts 

per 
cohort)

) 

100% 90% 30% 10% 0 0 

Phase 1b; 
atezolizumab + 
CT (56) 
(NCT01633970) 

MBC 33 100% 
(70% ↓N, 

39% 
Diarrhea, 

30 % 
neuropath

y) 

73% 
(46% ↓N, 

9% ↓PLT, 
6% 

Diarrhea) 

91% 
(72% 

transaminiti
s, 9% 

pneumonitis
, 3% colitis) 

21% 
(12% 

hepatitis, 
3% 

pneumonitis
, 3% colitis) 

0 0 

Phase 1b/2; 
ENHANCE-1; 
pembrolizumab + 
CT (57) 
(NCT02513472) 

MBC 167 99% 50.3% 71% 14% 0 0 

Phase 2; I-SPY2 
pembrolizumab + 
CT (58) 
(NCT01042379) 

early 69 Fatigue 
87%; 

nausea 
79.7% 

Feb ↓N 
8.7% 

thyroid 
dysfunction 

13.0%; AI 
8.7% 

 

AI 7.2% 0 0 

Phase 2; 
GeparNuevo; 
durvalumab + CT 
(59) 
(NCT02685059) 

early 88 (92 

safety 
pop) 

NR 34% thyroid 
dysfunction 

50%; 
dermatitis 

14.1% 

3.3% neuro-
pathy 

0 0 

Phase 2b; ALICE; 
atezolizumab + 
CT (60) 
(NCT03164993) 

MBC 75 NR NR NR NR NR NR 

Phase 2b; ICON; 
ipilimumab + 
nivolumab + CT 
(61) 
(NCT03409198) 

MBC 75 NR NR NR NR NR NR 

Phase 2; 
pembrolizumab + 
CT 
(NCT03095352) 

MBC 
(chest 
wall 
disease
) 

84 NR NR NR NR NR NR 

Phase 2; MBC 68 28% 
(24% 

fatigue, 
19% 

12% 
↑GGT, 

10% 

81% 
(19% 

hepatitis, 
18% 

19% (4.4% 
↑GGT, 1.5% 

↑ALP, 1% 
↑AST) 

0 0 
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TONIC; nivolumab 
+ CT; (62) 
(NCT02499367) 

hepatitis, 

18% 
hypothyr) 

↑ALP, 4% 

↑lipase 

hypothyr, 

13% 
diarrhea) 

Phase 2; KN-756; 
pembrolizumab + 
CT 
(NCT03725059) 

early NR NR NR NR NR NR NR 

Phase 3; 
IMpassion130; 
atezolizumab + 
CT (18) 
(NCT02425891) 

MBC 453 97% 
(45% 
nausea, 

43% 
fatigue, 

31% 
diarrhea) 

48.7% 
(8% ↓N, 
6% 

periferal 
neuropath

y, 4% 
fatigue) 

58% 
(18% 
hypothyr, 

5% 
hyperthyr, 

4% 
pneumonitis

) 

8% 
(2% 
hepatitis, 

<1% rash, 
<1% 

pneumonitis
, <1% 

colitis) 

<1% 1% (<1% 

pneumonitis) 

Phase 3; 
IMpassion131; 
atezolizumab + 
CT 
(63)(NCT0312590
2) 

MBC 431 97% 49% 31.8% rash, 

12.8% 
hypothyr, 

5.1% 
hyperthyr 

1.4% 

pancreatitis, 
rash 0.9%, 

pneumonitis 
0.7% 

0.9
% 

0.2% 

Phase 3; KN-355; 
pembrolizumab + 
CT (23) 
(NCT02819518) 

MBC 562 96% 
(49% 

anemia, 
41%↓N, 

39% 
nausea) 

68% 
(30% ↓N, 

16% 
anemia, 

6% ↑ALT) 

26% 
(15% 

hypothyr, 
5% 

hyperthyr, 
2% rash) 

5% 
(2% rash, 

1% 
pneumonitis

, <1%  
hypothyr) 

<1% 
(2) 

0 

Phase 3; KN-522; 
pembrolizumab + 
CT (combined 
phases) (64) 
(NCT03036488) 

early 781 99% 
(62.7% 

nausea, 
60.3% 

alopecia, 
55.1% 
anemia, 

46.7% ↓N) 

76.8% 
(34.6% 

↓N, 18.2% 
anemia, 

5.2 ↑ALT) 

38.9% 
(16.9% inf 

react, 
13.7% 

hypothyr, 
4.6% 
hyperthyr, 

4.4% rash) 

12.9% 
(3.8% rash, 

2.6% inf 
react, 1.3% 

AI, 0.4% 
hypothyr) 

<1% 
(2) 

0.1% (1 
due to 
pneumoniti
s) 

Phase 3; 
Impassion031 
atezolizumab + 
CT (65) 
(NCT03197935) 

early 165 99% 30% 
(Feb ↓N 
10%) 

70% (rash 
49%, 
hypothyr 
7%) 

15% 0 0 

Phase 3; 
NeoTRIPaPDL1 
atezolizumab + 
CT 
(NCT02620280) 

early 138 97.8% 77.5% Inf react 
8%, 
hypothyr 
5.8%, 
hepatitis 
0.7% 

Inf react 
1.4%, 
pancreatiti
s 1.5% 

0.7
% 

NR 

 

Table 2. Selected breast cancer trials with anti-PD-1/PD-L1 combined with chemotherapy, 

with data about immune-related adverse events as of 27 January 2021. Abbreviations: N, 

number; pts, patients; G, grade; AEs, adverse events; MBC, metastatic breast cancer; irAEs, 

immune-related adverse events; NR, not reported; ↑, increased; CT, chemotherapy; AST, 

aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; AI, 

adrenal insufficiency;  ↓N, decreased neutrophil count; GGT, γ-Glutamyltransferase; Feb ↓N, 

febrile neutropenia; pop, population; ↓PLT, decreased platelets count; hypothyr, hypothyroidism; 

inf react, infusion reaction. 

Jo
ur

na
l P

re
-p

ro
of



15 
 

 

Besides a general higher incidence of treatment-related AEs (trAEs) of any grade compared with 

ICI monotherapy, combination strategies with nab-paclitaxel/paclitaxel chemotherapy had the 

highest rate of trAEs (66). Interestingly, a recent pooled analysis found that irAEs tend to occur 

with lower frequency (~28%) in patients treated with PD-1 inhibitors compared with those treated 

with anti-PD-L1 molecules (~53%). Specifically, pembrolizumab (~18%) and avelumab (~10%) had 

a significantly lower rate of irAEs than atezolizumab (~74%) and nivolumab (~81%) (66). 

Finally, irAEs directly affecting the female reproductive system (e.g. hypophysitis and oophoritis) 

do not seem to be frequent in current immunotherapy BC trials (Table 1 and Table 2). However, 

concern about the potential detrimental effects of ICIs on fertility and subsequent pregnancies 

should be raised, especially for young women receiving treatment in the early setting. First, 

because other irAEs, such as dysthyroidism, can indirectly affect fertility and child-bearing 

potential; second, because higher rates of endocrine irAEs adverse events have been reported 

specifically in premenopausal women, placing them at risk for infertility after receiving neoadjuvant 

or adjuvant anti-PD-1 and anti-PD-L1 agents (67); third, because there is lack of concrete long-

term data about the direct effects on ICIs on conception (68).  

 

Grade of toxicity 

In the general ICI-treated population, toxicities with anti-PD-1/PD-L1 mAbs are typically less severe 

than those with anti-CTLA-4 mAbs (10% of patients experiencing grade ≥ 3 irAEs) (42, 44, 52-54, 

69). Indeed, irAEs of any grade can occur in up to 60% of patients treated with ipilimumab, and 10 -

30% of these are typically considered serious adverse events (SAE), defined as grade 3-4 

according to the National Cancer Institute’s Common Terminology Criteria for Adverse Events 

(CTCAE) (42). In this context, toxicity especially from CTLA-4 inhibition shows a dose-dependent 

profile (70). Hence, lower doses and scheduling modifications of ICIs have been investigated over 

time (71, 72). Besides, a higher rate of grade 3-4 toxicities (up to 35%) is documented for patients 

treated with ipilimumab administered after an anti-PD-1 mAb (73, 74). Conversely, patients with a 

grade 3-4 toxicity on ipilimumab followed by an anti-PD-1 mAb is reported in > 20% of cases (74, 
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75). Consistently, patients receiving a combination of anti-PD-1/PD-L1 and anti-CTLA4 mAbs have 

the highest incidence of immune-related SAEs (up to 33-55% vs 24-27% for melanoma and 

NSCLC patients treated with combination therapy versus monotherapy, respectively) (42, 45, 76-

78).  

Though CT plus ICI has shown promising efficacy (4), its toxicity profile is less favorable compared 

to ICI monotherapy (79). Indeed, combination treatment leads more often to grade 3-4 AEs and 

discontinuations, especially with anti-CTLA4 mAbs (79). However, no differences in mortality have 

been shown between combination treatment and ICI monotherapy (79).  

Fatal irAEs have been reported in literature with a prevalence between 0.3-1.3% (80-86). 

Ipilimumab-based therapy showed the highest mortality rates, whereas fatalities with anti-PD-1/PD-

L1-based therapies are recorded in less than 0.4% of cases (80-86). Anti-CTLA4-related fatalities 

are dominated by colitis, whereas anti-PD-1 deaths revealed a wider spectrum of events, i.e. 

pneumonitis, infectious causes and cardiac events (86). Accordingly, deaths occurring during 

combination therapy often display a multiorgan involvement, with myocarditis, myositis, hepatitis 

and neurologic events representing one third of deaths (86).  

As for selected trials (Table 1) that enrolled BC patients treated with ICI monotherapy, any-grade 

irAEs showed a mean prevalence of 19.3%, with grade ≥ 3 irAEs ranging from 1.2% to 9.3%. 

Conversely, as for selected trials (Table 2) including BC patients treated with a combination of CT 

plus ICI, the average prevalence of any-grade irAEs is 58.2%, with grade ≥ 3 irAEs ranging from 

5% to 21%. 

Consistently, a recent pooled analysis of 21 clinical trials focused only on metastatic BC, including 

both trAEs and irAEs, displayed a relatively high frequency of trAEs of any grade (70%, 95% CI = 

58–82%) and of trAEs of grade ≥ 3 (25%, 95% CI = 16–34%) (66). Of note, combination of ICI 

treatment with systematic therapy (91%, 95% CI = 85–97%) showed a higher incidence of trAEs of 

any grade compared with monotherapy (64%, 95% CI = 64% to 68%) (66). 

 

Kinetics of main irAEs 
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Although data about incidence of irAEs are traditionally mentioned in clinical trial reports about BC, 

data on time to onset are often lacking (66). In the general ICI-treated population, IrAEs typically 

occur within the first three months of therapy, though they can develop at any time ( Figure 4) (42).  

 

 

Figure 4. Kinetics of main irAEs in patients receiving anti-CTLA4 monoclonal antibody 

ipilimumab (square), anti-PD-1 or anti-PD-L1 monoclonal antibodies (circle) (42). 

Abbreviations: irAE, immune-related adverse event; CTLA-4, cytotoxic T-lymphocyte antigen 4; 

PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1. 

 

Mild fatigue typically shows an early onset (54, 87). Although rare, severe fatigue can underlie 

endocrine disorders (e.g. hypothyroidism, adrenal insufficiency, hypophysitis) (73). These 

abnormalities, such as those in thyroid function, tend to arise in 4-14 weeks after start of treatment 

(88-90). Skin toxicities are commonly found within the first 4-6 weeks of treatment (42). Time to 

onset of colitis ranges between 4 and 8 weeks after the first infusion and it is rare after more than 

two months (91-93). Hepatitis shows a variable onset time, with asymptomatic transaminitis 
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possible even after the first two weeks of treatment (94, 95). Though uncommon, neurological 

irAEs are reported to occur after 1-7 weeks of treatment, especially in patients receiving 

ipilimumab, with a slightly earlier onset for anti-PD-1 mAbs and for myasthenia gravis (96, 97). 

Acute interstitial nephritis (AIN) is documented after 2-12 weeks of ICI administration, with a longer 

delay of onset reported for an anti-PD-1/PD-L1-treated patient population (42, 98, 99). Rheumatic 

complications exhibit a wide dispersion of onset times, with events described after more than 50 

weeks of ICI administration (100). Finally, pneumonitis displays a median time to onset of 2.5 

months with ICI monotherapy, whereas a shorter time to onset, as early as 9 days from first 

infusion, is reported for anti-PD-1 mAbs and for combination therapy (81, 86, 101). Fatal events 

occur with a median time to onset of 40 days with ICI monotherapy and of 14.5 days with ICI 

combination therapy (86). Notably, no major differences in kinetics have been highlighted for BC 

patients receiving ICIs (4). 

 

Management of most common irAEs in breast cancer 

Even though consensus guidelines have been published for the management of irAEs, none of 

these are based on outcomes of RCTs (7, 8, 73, 102). Therefore, clinical judgement, irrespectively 

of the grade-related management suggestions discussed below, is a caveat that should always be 

remembered.  

Before starting treatment, patients should be assessed in terms of susceptibility to develop irAEs 

(73). Accordingly, signs and symptoms of autoimmunity should be assessed before each 

immunotherapy treatment (73). Patients with a history of autoimmune disease are at risk for 

worsening of their pre-existing condition while on ICI (74). In this regard, as patients with active 

preexisting autoimmune disease have been systematically excluded from clinical trials with ICIs, 

and because ICIs could be beneficial in such patients as well, prospective clinical trials focused on 

this subpopulation are warranted (103). From this perspective, a personalized risk-based 

prevention approach with a tailored immunosuppressive strategy has been proposed as one of the 

most promising future directions (103). 
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In general, a prompt and up-to-date patient education is critical, so that a more active role of 

patients may help managing ICI toxicity profile in a timely manner (73). In general, steroids and 

other immunosuppressants may be given to manage most irAEs, though dose reduction is not a 

recommended strategy (8, 73). Simplified key points in the initial management of irAEs are shown 

in Table 3.  

 ICI therapy irAE treatment Exception 

Grade 1 Continue with 
close monitoring 

 Some neurologic, 
hematologic, and cardiac 
toxicities 

Grade 2 Held until toxicity 
reverts to G1 or 
less 

Corticosteroids  

Grade 3 Held. 
When irAE reverts 
to G1 or less, re-
challenging may 
be considered, 
with caution. Dose 
adjustments not 
recommended 

High-dose 
corticosteroids, to be 
tapered (over at least 
2-4 weeks) once irAE 
resolves to G1 or less. 
If no improvement in 1-
3 days, consider other 
immunosuppressant 
agents 

 

Grade 4 Permanently 
discontinued 

 Endocrinopathies 
controlled by hormone 
replacement 

 

Table 3. Simplified key points in the management of irAEs. Note that clinical judgement 

and an organ-specific system-based approach to toxicity management is always 

recommended (8). Abbreviations: irAE, immune-related adverse event; G, grade. 

 

Infusion-related side effects – Reducing the rate of infusion, temporarily suspending the infusion, 

administering premedication consisting of paracetamol and antihistamines or, if required, 

administering low-dose steroids are all effective methods of managing this type of adverse event 

(73). As for avelumab, premedication with acetaminophen and an antihistamine is recommended 

prior to the first four infusions and subsequently as needed (41). 

Dermatologic and mucosal toxicity – Most ICI-related rashes can be treated with topical 

emollients and steroids (104). If pruritus is prominent, oral antihistamines may be useful (e.g. 

hydroxyzine, diphenhydramine) (104). For grade 2 irAE, ICI should be discontinued and possibly 

reinitiated when the toxicity is back to grade 1. Severe rashes (grade 3-4) should be managed with 

oral glucocorticoids, and treatment with ICIs should be held as per consensus guidelines (73). 
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Although rare, Stevens-Johnson syndrome/toxic epidermal necrolysis require hospitalization, 

intravenous glucocorticoids, dermatologic evaluation, and close monitoring, especially to supervise 

imbalances in fluids and electrolytes (73). If recovering from a treated skin toxicity does not occur 

or if blistering develops, a specialized dermatologist should be consulted and a biopsy considered 

(102). 

Thyroid abnormalities – Thyroid function should be monitored every 4-6 weeks (8). Autoimmune 

thyroid disease can occur as primary hypothyroidism secondary to a destructive thyroiditis or as 

hyperthyroidism associated with Graves' disease (105). Hypothyroidism can present with 

nonspecific symptoms such as fatigue (105). Hence, differentiating primary thyroid disorders from 

secondary hypothyroidism, typically due to hypophysitis, is a critical differential diagnosis (73). 

Replacement therapy with levothyroxine and endocrinology consultation are the cornerstone of 

clinical management for primary hypothyroidism (73). Hyperthyroidism is less frequent and should 

be treated similarly to primary hyperthyroidism (105). For rare acute symptomatic thyroiditis, a 

short period of high-dose glucocorticoids may be helpful (105).  

Hepatitis – Routine monitoring of liver functions is the standard of care. In most cases, only 

asymptomatic laboratory abnormalities are found, although patients can rarely develop fever (106). 

Infrequently, elevation in total bilirubin are recorded, especially when associated with a prolonged 

increase in aspartate aminotransferase (AST) and alanine aminotransferase (ALT) (106). For 

grade 2 hepatitis, ICIs should be withheld with close AST/ALT monitoring. If no other etiology is 

discovered and no improvement is witnessed over 1 week, prompt treatment with glucocorticoids 

should be started according to guidelines (73). For grade 3 hepatitis, ICIs should be discontinued 

and prednisone 1–2 mg/kg immediately started. If there is no improvement in 2–3 days, addition of 

mycophenolate mofetil (MMF) should be contemplated. Importantly, hepatitis may require 

prolonged glucocorticoid tapering, with a suggested minimum of three weeks of treatment  (8). 

Prompt admission to hospital, high-dose steroids and permanent discontinuation of treatment 

should be considered for grade 4 hepatic toxicity (102). If no improvement in 2-3 days, MMF can 

be added. Hepatologist consultation is strongly recommended if the patient does not recover under 

double immunosuppression. Alternative immunosuppressive drugs to consider are anti-thymocyte 
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globulin and tacrolimus. Of note, infliximab should not be given to this subset of patients, since it 

carries an additional risk of drug-induced liver injury (DILI) (73). 

Pneumonitis - Though uncommon, it is a potentially severe or fatal irAE and, importantly, a 

diagnosis of exclusion (48, 81, 107-109). The most common symptoms are dyspnea and cough, 

albeit one-third of patients are asymptomatic and no radiographic or pathologic features are 

pathognomonic (81). Also, pulmonary toxicity may rarely manifest as a radiation recall 

pneumonitis, involving previously irradiated fields of the lung, even years after radiation therapy 

(RT) (110).  

For asymptomatic (grade 1) pneumonitis, drug withholding for 2-4 weeks, close monitoring and 

exclusion of possible underlying infection is a favored strategy (8). If symptoms arise (grade 2) or 

radiographic progression is documented, glucocorticoids are appropriate (prednisone 1–2 mg/kg 

orally) and taper over 4-6 weeks (8). Grade ≥ 3 pneumonitis dictates admission to hospital, even 

intensive care unit (ICU), prompt drug permanent discontinuation, treatment with glucocorticoids, 

e.g. (methyl)prednisone 2–4 mg/kg, and vigilant monitoring (8). Additional immunosuppression 

(MMF or cyclophosphamide) is possible if further worsening is witnessed, although the benefit of 

this approach is uncertain (8, 81). In case of long lasting or refractory immune toxicities, case-

specific escalation of immunosuppression is recommended (38, 111). 

Colitis - In patients with grade 1 diarrhea (increase <4 stools per day over baseline), ICIs can be 

continued. Treatment with antidiarrheal medication (e.g. loperamide) should be prescribed. ICIs 

should be interrupted, and the patient should start with corticosteroids depending on the severity 

and other symptoms (either budesonide or oral corticosteroids 1 mg/kg) for grade 2 irAE (increase 

of 4-6 stools per day over baseline; increase in ostomy output over baseline; limiting instrumental 

activities of daily living). In the case of no improvement within 3–5 days, colonoscopy should be 

carried out and, in the case of colitis, infliximab 5 mg/kg should be administered. If diarrhea is 

severe (grade 3-4), ICIs should be permanently discontinued. Patient admission to the hospital is 

required with the administration of intravenous methylprednisolone 2 mg/kg. Addition of MMF can 

be pondered, according to evolution of the condition. If no improvement observed under double 

immunosuppression, a hepatologist should be consulted. Other immunosuppressive drugs to 
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consider are anti-thymocyte globulin and tacrolimus. Tapering is suggested over 6 weeks, under 

close monitoring of liver tests (73). 

Rheumatological toxicity - In case of mild arthralgia, nonsteroidal anti-inflammatory drugs 

(NSAIDs) could be considered as first strategy. In the case of no improvement, low dose steroids 

(10–20 mg prednisone) represent a second valid choice. If severe polyarthritis develops, 

prednisone 1 mg/kg could be considered, with prompt patient referral to a rheumatologist. 

Infliximab or another anti-TNFα drug may be required for further improvement of the arthritis (73). 

Adrenal insufficiency – Although infrequent in BC patients, dehydration, hypotension, and 

electrolyte imbalances (hyperkalemia, hyponatremia) are common findings and may constitute an 

emergency. If adrenal crisis is suspected, intravenous glucocorticoids and immediate 

hospitalization is warranted. Consultation with an endocrinologist, aggressive hydration, and 

evaluation for sepsis are also critical. However, in most patients long-term hormone 

supplementation is necessary (73). 

Hypophysitis - Fatigue and headache should promptly raise suspicion. Laboratory findings 

differentiate hypophysitis from primary adrenal insufficiency (manifested by low cortisol or 

inappropriate cortisol stimulation test and high adrenocorticotropic hormone) and primary 

hypothyroidism (manifested by low free thyroxine and high thyroid-stimulating hormone, TSH). The 

diagnosis of hypophysitis is also supported by the possible enhancement and swelling of the 

pituitary gland on imaging (73). For hypophysitis, a course of high-dose glucocorticoids given 

during the acute phase may result in reversal of the inflammatory process in some cases and 

prevent the need for longer term hormone replacement. However, in most patients long-term 

supplementation of the affected hormones is necessary (73).  

Neurological toxicity - Although infrequent in BC patients, withholding ICIs and performing an 

accurate work-up is the first strategy to adopt (magnetic resonance imaging, lumbar puncture) to 

define the nature of neurotoxicity. In the case of deterioration or severe neurological symptoms, 

patient should be admitted to hospital and promptly treated with prednisone 1–2 mg/kg. In the case 

of Guillain-Barré or myasthenia-like symptoms, consider adding plasmapheresis or intravenous 

immunoglobulin (102). 
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Cardiac toxicity - If myocarditis is suspected, admission of patient and immediate start of high-

dose steroids are the cornerstone of management. In case of deterioration, consider adding 

another immunosuppressive drug (MMF or tacrolimus) (73). 

Renal toxicity – Although infrequent in BC patients, the onset of renal failure can underlie an 

immune-related  nephritis. Certainly, other causes of kidney injury must be ruled out in first place. 

ICIs should be interrupted or permanently discontinued, depending on the severity of the renal 

insufficiency. Alongside, concomitant nephrotoxic drugs should be discontinued and prednisone 1–

2 mg/kg can be considered. A renal biopsy may be proposed to confirm diagnosis (73). 

 

Rechallenge after prior toxicity 

The choice to retreat depends on multiple factors, such as the severity and nature of the initial 

irAE, its responsiveness to immunosuppression and the availability of alternative options (8). Data 

about the patient populations who should not be offered retreatment are limited, thus careful 

clinical judgment is mandatory (112).  

When rechallenge with ICI is tempted, the rate of recurrent irAEs ranges between 18% and 88%, 

with 28.8% of recurrences regarding the same irAE that prompted discontinuation of ICI (112, 113). 

The highest rates of recurrent irAEs are recorded among patients receiving CTLA-4 blockade after 

discontinuation of anti-PD-1/PD-L1 mAbs due to prior toxicity (74, 114, 115). A summary of the 

conditions in which retreatment after prior toxicity could be appropriate is provided in Table 4. 

However, if rechallenge is not possible, ICI definitive interruption should not be stigmatized, as 

growing evidence shows that patients who discontinued ICIs due to treatment limiting toxicity still 

experienced durable responses (112). 

Organ Rechallenge Do NOT Rechallenge 

Skin Grade ≤ 1 rash, pruritus Grade 3/4 severe, life-threatening 
bullous disease 

GI Grade 2/3 PD-1/PD-L1–
associated colitis* 

Grade 3 CTLA-4–associated colitis; 
grade 4 colitis 

Liver Grade 2 transaminitis without 
elevated bilirubin* 

Grade 3/4 hepatitis 

Pancreatitis Symptomatic grade 2 Grade 3/4 pancreatitis 

Endocrine After hormone repletion Symptomatic pituitary inflammation 
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Lung Grade 1/2, off steroids Grade 3/4 pneumonitis 

Renal Grade 1/2* Grade 3/4 proteinuria 

Ocular Grade 2 Grade 3/4 uveitis, episcleritis 

Neurologic Grade 1/2 peripheral neuropathy GBS, encephalitis, transverse myelitis, 
grade 2-4 myasthenia gravis 

Cardiovascular Grade 1 myocarditis Grade 2-4 myocarditis 

Musculoskeletal Resume after stabilization, 
adequate management 

Severe inflammatory arthritis that 
impairs ADLs 

 

Table 4. Key points in the rechallenge of ICIs after an irAE (8, 112). Note that clinical 

judgement and an organ-specific system-based approach to toxicity management is 

always recommended. *May resume once prednisone < 10 mg/day. Abbreviations: GI, 

gastrointestinal; CTLA-4, Cytotoxic T-Lymphocyte Antigen 4; PD-1, Programmed cell death 

protein 1; PD-L1, Programmed death-ligand 1; ADLs, activities of daily life; GBS, Guillain-Barré 

syndrome. 

 

Conclusion and future perspectives 

Before starting treatment, patients should be assessed in terms of susceptibility to develop irAEs , 

considering that patients with a history of autoimmune disease are at risk for worsening of their 

pre-existing condition while on ICI (74). However, a recent personalized risk-based prevention 

approach with a tailored immunosuppressive strategy has been proposed (103). 

The development of irAEs in patients treated with anti-PD-1/PD-L1 mAbs has been suggested as a 

positive predictive factor for tumor response in melanoma and NSCLC (53, 54, 74-77). However, 

other findings did not support such an association (78, 79). Rates of irAEs in BC patients treated 

with PD-1/PD-L1 blockade are lower than rates reported for other tumor types (4). Although this 

low incidence of irAEs benefits the safety profile, the chance to adopt irAEs as a predictive 

biomarker for immunotherapy efficacy in BC is smaller (113, 116). In BC, other factors seem to 

help predicting response to ICI therapy, such as PD-L1-positive status, first-line treatment setting, 

the absence of liver metastases, high TILs, and high CD8+ T-cell infiltrating levels, but further 

research is warranted (66). 
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In conclusion, cancer immunotherapy will continue to shape the therapeutic landscape for BC in 

the coming years, as new agents continue to enter the clinic. Hence, improving awareness, training 

a new generation of physicians with specific skills in the diagnosis and management of irAEs and 

encouraging multidisciplinary approaches are essential strategies. In fact, no consensus guidelines 

are based on outcomes of RCTs (7, 8, 73, 102). Therefore, clinical judgement, irrespectively of the 

grade-related management suggestions discussed, is a caveat that should always be recalled.  
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