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Aim: To assess the efficacy and tolerance of programmed death-1 (PD-1) and PD-ligand 1 
(PD-L1) inhibitors and the impact of a standardised management-based protocol in a real- 
world setting.
Patients and Methods: Data from patients who had received anti-PD-(L)1 were collected 
from our pharmacy database. Clinical response and toxicity were assessed using RECIST 
criteria and CTCAE version 5.0, respectively. Overall survival (OS) and progression-free 
survival (PFS) were estimated with the Kaplan–Meier method. Potential prognostic factors 
were identified using Cox’s model.
Results: A total of 196 patients and 201 lines of treatment were included (median age: 66 
(range: 38–89) years). Types of cancer included non-small cell lung cancer (73%), transi-
tional cell carcinoma (10%), renal cell carcinoma (6%), small cell lung cancer (5%), head 
and neck squamous cell carcinoma (4%) and classical Hodgkin’s lymphoma (1%). Twenty- 
five (12%) patients had pre-existing autoimmune conditions. Our standardised management- 
based protocol included 129 (64%) patients. Objective response rate was 29%, median OS 
was 10 months (IQR: 7–15) and median PFS was 5 months (IQR: 1–22). Patients with an 
abnormal baseline complete blood count had a worse OS (HR=2.48 [95% CI: 1.24–4.96]; 
p=0.0103). Thirty-three (16%) patients experienced severe (grade 3 or 4) immune-related 
adverse event (irAE). There were three (1%) irAE-related deaths. AEs resolved faster when 
patients were assessed by an internist before anti-PD-(L)1 initiation (p=0.0205).
Conclusion: PD-1 and PD-L1 inhibitors are effective and safe in a real-world setting. 
Implementation of a standardised management-based protocol with internal medicine spe-
cialists is an effective way to optimise irAE management.
Keywords: immunotherapy, elderly, PD-1 inhibitor, PD-L1 inhibitor, PDL-1 inhibitor, 
safety, immune-related adverse events, solid tumours, prognostic biomarkers

Introduction
Immune checkpoint inhibitors (ICIs) and especially programmed cell death-1 (PD-1) 
and programmed cell death-ligand 1 (PD-L1) inhibitors have become the cornerstone 
of many cancer treatments.1 However, data on patients with pre-existing autoimmune 
conditions, numerous comorbidities and/or advanced age are lacking as these condi-
tions often exclude such patients from clinical trials that are thus not representative of 
a real-world setting. In addition, the majority of clinical trials involving ICIs report 
efficacy data without considering concomitant drugs at the time of immunotherapy 
initiation that are now known to potentially impact ICI efficacy.2
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Because of their mechanism of action, ICIs may cause side 
effects termed immune-related adverse events (irAEs) that can 
occur in all organs and can potentially be life-threatening and 
responsible for treatment discontinuation.3–6 Most of the time, 
corticosteroids are given and are sufficient to control irAEs but 
their impact on immunotherapy efficacy is still unclear.7 

Although these complications are now better known, their 
management remains a diagnostic and therapeutic 
challenge.8,9

In our centre, oncologists can have their patients 
assessed by an internal medicine specialist (IMS) as part 
of a standardised management-based protocol before start-
ing immunotherapy in order to identify risk factors for 
developing irAEs (ie, pre-existing or ongoing autoimmune 
conditions), for optimisation of co-prescriptions (ie, corti-
costeroids) and for therapeutic education on the manage-
ment of the most common potential irAEs.10,11 In the case 
of development of severe and/or multiple irAEs, the IMS 
coordinates a multidisciplinary team including oncologists 
and other specialists depending on the complication site.

The aim of this study was to determine the efficacy and 
toxicity of PD-1/PD-L1 inhibitors in a real-world cohort. 
We also aimed to evaluate the impact of our standardised 
management-based protocol on the management of irAEs 
and patients’ outcomes.

Patients and Methods
Study Population
Patients followed-up at our institution (European Hospital 
of Marseille, France), aged ≥18 years, with malignant 
metastatic or non-metastatic solid tumours or with haema-
tological malignancies who started treatment with ICIs (as 
a single agent or in combination with chemotherapy) were 
included. Their ICIs had to be a PD-1 inhibitor or a PD-L1 
inhibitor and to be administered in standard clinical prac-
tice (ie, outside a therapeutic clinical trial) from the first 
dose at our institution.

Ethics and Regulations
This study, based on public interest, did not involve 
humans, but only the reuse of already recorded data. The 
data accessed complied with relevant data protection and 
privacy regulations. In accordance with the French regula-
tion, this study required neither information nor non- 
opposition of the included individuals and the study was 
approved by the institutional and ethical review board of 
the European Hospital of Marseille.

Data Collection and Definitions
Data from patients who received ≥1 dose of ICI between 
August 2015 and February 2020 were collected from our 
pharmacy database. Efficacy and toxicity data were 
extracted from electronic medical records until May 31, 
2020. Prescription software was used to obtain key dates 
for ICI administration (initiation, transient interruptions 
and final withdrawal). Tumour type, location of metastatic 
sites when existing and number of previous anti-cancer 
agents were obtained from multidisciplinary meeting 
reports. Baseline biological abnormalities before ICI 
initiation as well as data concerning comorbidities (espe-
cially pre-existing autoimmune conditions and smoking) 
and concomitant drugs (corticosteroids and PPIs at the 
time of immunotherapy initiation, antibiotics up to 1 
month before ICI initiation) were collected 
(Supplementary Materials - Methods: Data Collected and 
Definitions Section).

As part of the management-based approach, consulta-
tions with an IMS before ICI initiation or for the manage-
ment of potential irAEs were also documented 
systematically. Data about AE management (management 
start date, specialists involved, corticosteroids or other 
drugs used, efficacy of corticosteroids if used, hospitalisa-
tion due to AEs, outcomes and date of resolution) were 
also collected.

Clinical response was assessed using RECIST criteria 
(Response Evaluation Criteria in Solid Tumours) version 
1.1, and toxicity was evaluated by study investigators 
according to Common Terminology Criteria for Adverse 
Events (CTCAE version 5.0).12,13 All AEs were analysed, 
including all potential irAEs, according to medical notes in 
electronic records and response to corticosteroids if used. 
A probability scale of being an irAE was used (unlikely, 
likely, very likely, almost confirmed) (Supplementary 
Materials, Methods: Data Collected and Definitions 
Section).

Statistical Analysis
Patient characteristics are reported as absolute frequency 
and percentage for categorical variables and as median and 
interquartile range (IQR: 25–75th) for continuous vari-
ables. Primary endpoint for treatment efficacy was overall 
survival (OS) and secondary endpoints were progression- 
free survival (PFS) and objective response rate (ORR). OS 
was defined as the time from ICI first dose to death from 
any cause. PFS was defined as the time from ICI first dose 
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to progressive disease or death from any cause, whichever 
came first. ORR was defined as the proportion of patients 
showing a complete or partial response to anti-PD-(L)1. 
PFS and OS were estimated by the Kaplan–Meier method. 
Patients who were still alive at the last date of observation 
or who had not met a progression event were considered as 
censored for OS and PFS, respectively. For determining 
ICI treatment duration, patients who had not stopped 
immunotherapy on May 31, 2020, which was the last 
date of data collection, were considered as censored.

Univariate and multivariate Cox proportional hazards 
regression models were used to identify potential prognos-
tic factors. Impact of age was assessed using the threshold 
of 70 years.21 Concerning treatment tolerance, primary 
endpoint was the presence of an “at least likely” irAE 
and grade ≥2, secondary endpoints were the presence of 
an “at least likely” irAE and grade ≥3 and presence of an 
“at least very likely” irAE and grade ≥2. Univariate ana-
lysis was performed to identify potential factors influen-
cing AE frequency, considering severity and probability of 
AEs being irAEs using the Chi2 or Fisher test accordingly. 
A p-value <0.05 was considered to be statistically signifi-
cant. Statistical analyses were performed using SAS ver-
sion 9.4 (SAS Institute Inc.).

Results
Patient Characteristics at Baseline
Overall, 196 patients (71% males and 29% females) who 
received at least one dose of anti-PD-(L)1 during the study 
period were included, among which 191 received one anti- 
PD-(L)1, 175 as a single agent and 16 in combination with 
chemotherapy. The other five patients received two anti- 
PD-(L)1 as a single agent at different times; they have 
therefore each been considered as two patients making 
a total of 201 lines of treatment. The characteristics of 
the patients and their ICI are shown in Table 1. Median 
age at ICI initiation was 66 (range: 38–89) years and 74 
(37%) were aged ≥70 years. Twenty-five (12%) patients 
had pre-existing autoimmune conditions including only 
a family history of autoimmune diseases in four (2%). 
Median ICI treatment duration was 4 months [95% CI: 
3–5] (data not shown). One-hundred and twenty-nine 
(64%) patients (Table 1) could be assessed by an IMS as 
part of the standardised management-based protocol 
usually performed the day before ICI initiation (median 
time: 1 day (IQR: 0–5)).

Efficacy of PD-1 or PD-L1 Inhibitors
Median OS was 10 months [IQR: 7–15] and median PFS 
was 5 months [IQR: 1–22] (Table 1). The potential prog-
nostic factors are analysed in Table S1. A better prognosis 
in terms of OS was observed in patients who experienced 
AEs (unadjusted p=0.0002, Figure 1A), an association 
confirmed after adjustment by multivariate analysis 
(HR=0.45 [95% CI: 0.25–0.82]; p=0.0083). The same 
observation was made for PFS in univariate analysis 
(unadjusted p<0.0001, Figure 1B) and multivariate analy-
sis (HR=0.54 [95% CI: 0.31–0.93]; p=0.0277). Patients 
with transient treatment interruptions also had better OS 
and PFS (p<0.0001). The reasons for transient interrup-
tions are listed in Table S2. A similar prognosis was 
observed for patients aged ≥70 years in terms of OS 
(unadjusted p=0.1176, Figure 1C) and PFS (unadjusted 
p=0.0859, Figure 1D). In contrast, a worse prognosis in 
terms of OS was observed for patients with abnormal CBC 
before ICI initiation in both univariate (unadjusted 
p<0.0001, Figure 1E) and multivariate analysis (HR=2.48 
[95% CI: 1.24–4.96]; p=0.0103), which is in line with PFS 
(unadjusted p=0.0012, Figure 1F). Other clinical or biolo-
gical factors did not appear to affect ICI efficacy. ORR 
was 29% as 58 cases had a complete or partial response to 
anti-PD-(L)1 (Table 1).

Tolerance of PD-1 or PD-L1 Inhibitors
Overall, treatment was well tolerated. One-hundred and 
sixty-five (82%) patients experienced 391 AEs with 
a median of two AEs per patient (Table 2). Most AEs 
were gastrointestinal (n=82, 21%), pulmonary (n=75, 
19%) or dermatological (n=70, 18%). One-hundred and 
five (27%) AEs involved several sites. Thirty-three 
(16%) patients experienced severe (grade 3 or 4) toxicity, 
which was a very likely or almost confirmed irAE (Table 
S4). There were three (1%) treatment-related deaths very 
likely due to irAEs. IrAEs usually developed after 
a median time of 4 weeks (IQR: 2–9). The association 
between patient characteristics, AE severity and probabil-
ity of being an irAE is explored in Table S3. Considering 
grade ≥3 AEs that are at least likely to be irAEs, patients 
with high serum creatinine before ICI initiation seemed to 
have a higher risk of experiencing an AE (p=0.0263). The 
same associations were observed for patients for whom 
autoantibodies were detected before the start of ICI 
(p=0.0277) and for patients with low TSH (p=0.0225). 
Overall, 53 (26%) and 39 (19%) patients received 
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Table 1 Patient Characteristics According to Internal Medicine Consultation Before ICI Initiation

Characteristic All Patients (n=201*) Internal Medicine 
Consultation Before ICI 

Initiation (n=129)

No Internal Medicine 
Consultation Before ICI 

Initiation (n=72)

p

Age (years)

Median (IQR) 66 (59–74) 65 (59–72) 68 (59–75) 0.2119

Mean (Sd) 65.6 (10.2) 64.9 (9.7) 66.8 (10.9)

Age group, n (%)

<70 years 127 (63) 90 (70) 37 (51) 0.0096

≥70 years 74 (37) 39 (30) 35 (49)

Sex, n (%)

Female 60 (30) 40 (31) 20 (28) 0.6314

Male 141 (70) 89 (69) 52 (72)

Cancer type, n (%)

Lung cancer, all subtypes 157 (78) 127 (98) 30 (42) <0.0001

TCC 20 (10) 0 20 (28)

RCC 12 (6) 0 12 (17)

HNSCC 9 (4) 2 (2) 7 (10)

CHL 3 (<1) 0 3 (4)

Lung cancer subtypes, n (%)

NSCLC (all subtypes) 147 (94% of 157) 118 (93% of 127) 29 (97% of 30) 0.6884

Non-squamous 105 (67% of 157) 86 (68% of 127) 19 (63% of 30)

Squamous (SCC) 42 (27% of 157) 32 (25% of 127) 10 (33% of 30)

SCLC 10 (6% of 157) 9 (7% of 127) 1 (3% of 30)

Metastatic cancer, n (%) 152 (76) 95 (74) 57 (79) 0.2110

Antibody used, n (%)*

Nivolumab 112 (56) 72 (56) 40 (56) 0.9409

Pembrolizumab 48 (24) 30 (23) 18 (25)

Atezolizumab 27 (13) 17 (13) 10 (14)

Durvalumab 14 (7) 10 (8) 4 (6)

Combined with chemotherapy, n (%) 16 (8) 15 (12) 1 (<1) 0.0120

Line of treatment, n (%)

First-line 64 (32) 52 (40) 12 (17) 0.0006

Second-line or more 137 (68) 77 (60) 60 (83)

Number of doses per patient

Median (IQR) 6 (3–12) 5 (3–11) 8 (4–20) 0.0873

Mean (Sd) 10.6 (12.4) 9.3 (10.8) 12.9 (14.5)

Autoimmune conditions, n (%)

Yes 25 (13% of 197) 18 (14) 7 (10% of 68) 0.5092

Personal history 21 (11% of 197) 15 (12) 6 (9% of 68)

Family history 4 (2% of 197) 3 (2) 1 (1% of 68)

Prior biological analysis, n (%) 192 (96) 126 (98) 66 (92) 0.0722

Corticosteroids at ICI initiation, n (%)

Yes (all routes) 60 (32% of 189) 47 (37% of 126) 13 (20% of 63) 0.0203

Oral/injectable 49 (26% of 189) 37 (29% of 126) 12 (19% of 63)

Inhaled/topical 11 (6% of 189) 10 (8% of 126) 1 (<1% of 63)

PPIs at ICI initiation, n (%)

Yes (oral/injectable) 81 (44% of 185) 61 (49% of 125) 20 (33% of 60) 0.0471

(Continued)
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systemic corticosteroids to treat 71 grade ≥2 AEs and 46 
grade ≥3 AEs, respectively. No other immunosuppressive/ 
immunomodulatory agents were used, except hydroxy-
chloroquine for managing two rheumatological AEs. 
Treatment was stopped because of AEs in 26 (13%) 
patients (Table S2).

Management of irAEs and Impact of Our 
Standardised Management-Based 
Protocol
Univariate analysis revealed an almost significant worse 
OS (p=0.0516) for patients who underwent an initial eva-
luation with an IMS before ICI initiation, but this was not 
confirmed by multivariate analysis (Table S1). AEs 
resolved faster when patients had been assessed by an 
IMS before ICI initiation, with a median time to resolution 
of 14 days (IQR: 7–28) vs 23 days (IQR: 8–56) (HR=1.50 
[95% CI: 1.06–2.1]; p=0.0205). Management of AEs was 
usually started in the daytime and the specialists involved 
are listed in Table 3.

Discussion
The present study reports the long-term efficacy and tol-
erance of PD-1 and PD-L1 inhibitors among nearly 200 
patients with various malignancies in real-world condi-
tions. Importantly, our efficacy and tolerance results are 
in line with several meta-analyses of Phase II and Phase III 

clinical trials as well as recent real-world cohort 
studies.14–17

With regards to the efficacy outcomes, we confirmed 
interesting findings suggested by recent other studies. First, 
our results confirm that the occurrence of AEs is associated 
with anti-PD-(L)1 efficacy, suggesting that irAEs reflects 
a beneficial over-activation of the immune response.18,19 

Second, although immunosenescence gives rise to concerns 
about response and tolerance to immunotherapy in older 
patients, we did not notice any significant negative impact 
in our older patients, a result that is similar to those of other 
recent real-world studies.20,21 Third, the usual concomitants 
drugs at the time of immunotherapy initiation such as corti-
costeroids, PPIs and antibiotics that are now known to poten-
tially impact ICI efficacy did not seem to affect the overall 
ICI efficacy in our cohort.2,22,23 Finally, in contrast to other 
clinical or biological parameters, we observed that abnormal 
CBC at ICI initiation was significantly and strongly asso-
ciated with a poorer outcome. Although this finding warrants 
further prospective validation, it is in line with the results 
observed for abnormal lymphocyte count and more gener-
ally, a recent effort to identify biomarkers for predicting 
response to ICIs using routinely available blood 
markers.24–26

With regards to safety outcomes, our cohort confirms 
the relatively good tolerance of anti-PD-(L)1 in a real- 
world setting. Although irAEs are frequent and may 
develop in any tissue and at any time after ICI initiation, 

Table 1 (Continued). 

Characteristic All Patients (n=201*) Internal Medicine 
Consultation Before ICI 

Initiation (n=129)

No Internal Medicine 
Consultation Before ICI 

Initiation (n=72)

p

Antibiotics in the last 30 days, n (%)

Yes (oral/injectable) 49 (26% of 188) 35 (28% of 127) 14 (23% of 61) 0.5004

Patients alive at end of study, n (%)

No 107 (57% of 188) 75 (61% of 122) 32 (48% of 66) 0.0621

Yes 81 (43% of 188) 47 (39% of 122) 34 (52% of 66)

Patients with disease progression, 
n (%)

Yes 84 (42) 52 (40) 32 (44) 0.4295

Objective responses, n (%)

Yes 58 (29) 33 (26) 25 (35) 0.6008

Notes: *Among the 196 patients, five received two anti-PD-(L)1 as a single agent at different times (pembrolizumab after nivolumab for three of them, pembrolizumab after 
atezolizumab for one patient, durvalumab after atezolizumab for one patient). 
Abbreviations: CHL, classical Hodgkin’s lymphoma; CI, confidence interval; HNSCC, head and neck squamous cell carcinoma; ICI, immune checkpoint inhibitor; IQR, 
interquartile range; NSCLC, non-small cell lung cancer; PPIs, proton pump inhibitors; RCC, renal cell carcinoma; Sd, standard deviation; SCC, squamous cell carcinoma; 
SCLC, small cell lung cancer; TCC, transitional cell carcinoma.
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grade 3 and 4 irAEs are not common and irAEs usually 
develop within the first 3 months.27 Most irAEs are easily 
managed or are sometimes responsible for transient ICI 
interruption and/or initiation of systemic corticosteroids 
for the most severe or persistent side-effects. Importantly, 
older age was not associated with poorer tolerance. 

Furthermore, our study seems to confirm that ICIs can be 
safely administered to patients with pre-existing autoim-
mune conditions, at least in a setting carrying out, as in our 
institution, an initial evaluation and regular follow-up to 
check for the quiescent status of underlying autoimmune 
conditions.28

Figure 1 Overall survival and progression-free survival curves according to occurrence of adverse events (A and B), age < or ≥70 years (C and D) and abnormal complete 
blood count (E and F). p values correspond to univariate analyses.
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Our management-based protocol was created by 
a multidisciplinary task force including IMS, oncologists 
and other specialists with close follow-up and we could 
observe a faster resolution of AEs in patients for which 
such protocol was initiated involving IMS assessment before 
ICI initiation. Due to the unbalanced ratio of the different 
cancer types between patients with or without an initial 
evaluation by an IMS, the results for the impact of cancer 
type on OS must be interpreted with caution. The paradoxical 
trend in univariate analysis could have been expected with 
regards to: the worst prognosis of lung cancer (versus other 
malignancies) and the overrepresentation of this type of 
cancer in the group of patients for which oncologists asked 
for an evaluation by an IMS before ICI initiation (98% vs 
42%), the overrepresentation of RCC in the group without 
(17% vs 0%), and the overrepresentation of combined che-
motherapy in the first group (12% vs 1%).29 Finally, the 
absence of significant differences for OS or PFS in multi-
variate analyses could reflect a relative protective effect of 
the intervention proposed to the most severe patients, as 
judged by the oncologist in charge at ICI initiation.

This study has several limitations. First, it was retrospective 
in nature and included different tumour types and different 
drugs targeting the PD-(L)1 axis, but overall, the study popula-
tion is representative of a real-world setting. Second, conver-
sely to prospective therapeutic trials, AE severity grade and 
probability of being an irAE was estimated using only medical 
records, which could limit the accuracy of these data, 

Table 2 Characteristics of irAEs

All Patients (n=201)

Potential irAEs, n (mean by patient)

Total 391 (1.95)

With prior IMS consultation 243 (1.88)

Without prior IMS consultation 148 (2.06)

Potential irAEs by patient

Median (IQR: 25–75th) 2 (1–3)

Patients with potential irAEs, n (%)

Yes 165 (82)

With prior IMS consultation 102 (79% of 129)

Without prior IMS consultation 63 (88% of 72)

AE sites, n (%)* (n=391)*

Endocrine 26 (7)

HPA axis 1 (<1)

Pancreas (diabetes) 1 (<1)

Thyroid 24 (6)

Dermatological 70 (18)*

Skin 61 (16)

Mucosa 12 (3)

Rheumatological 33 (8)*

Joints 23 (6)

Muscles 14 (4)

Liver 19 (5)

Gastrointestinal 82 (21)

Lungs 75 (19)

Catheter 36 (9)

Port-a-Cath 27 (7)

PICC line 9 (2)

Other sites 163 (42)*

Cardiovascular 9 (2)

Kidneys 1 (<1)

Haematological 26 (7)

Systemic (whole body) 84 (21)

Hydroelectrolytic 3 (<1)

Immunological 2 (<1)

Nerves 1 (<1)

Neuro-psychiatric 22 (6)

Otorhinolaryngological 13 (3)

Change in taste 5 (1)

Sexual 1 (<1)

Teeth 1 (<1)

Urological 10 (3)

Infection associated AEs, n (%) 118 (30)

Estimated AE grade

Grade 1 155 (40)

Grade 2 117 (30)

Grade 3 94 (24)

Grade 4 9 (2)

Grade 5 15 (4)

Not estimable 1 (<1)

(Continued)

Table 2 (Continued). 

All Patients (n=201)

Estimated probability of being an irAE

Unlikely 98 (25)

Likely 183 (47)

Very likely 81 (21)

Almost confirmed 29 (7)

Time until AE

Median (IQR: 25–75th) 4 (2–9)

Depending on estimated severity

Grade 1 4 (2–8)

Grade 2 3 (2–9)

Grade 3 4 (2–7)

Grade 4 2 (2–8)

Grade 5 2 (1–2)

Note: *One AE could involve several sites. 
Abbreviations: AE, adverse event; HPA axis, hypothalamic–pituitary–adrenal axis; 
IQR, interquartile range; irAE, immune-related adverse event; PICC line, periph-
erally inserted central catheter line.
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especially as we reported any AEs exhaustively. Finally, with 
regards to the possible impact of our standardised manage-
ment-based protocol, we could not analyse separately the 
respective role of the various aspects of the intervention: the 
identification of risk factors for developing irAEs such as pre- 
existing autoimmune conditions, the optimisation of co- 
prescriptions such as corticosteroids, the coordination of 

irAE management with a multidisciplinary team including 
oncologists and other specialists, and therapeutic education 
on the management of the most common potential irAEs for 
which the delay to a patient reporting evocative symptoms was 
not recorded systematically.

Collectively, our study adds to recent findings confirming 
the efficacy and safety of PD-1 and PD-L1 inhibitors in 
a real-world setting. Importantly, older and younger patients 
treated with PD-1 and PD-L1 inhibitors had similar long- 
term oncological outcomes and a similar risk of irAEs. Better 
identification of patients at risk of poorer outcomes is still 
a challenge. Although AE occurrence is associated with anti- 
PD-(L)1 efficacy, early management for the diagnosis and 
treatment of AEs is the key to a successful outcome. Our 
study suggests that the implementation of a standardised 
management-based protocol with an IMS and 
a multidisciplinary approach is an effective way to prevent 
and treat irAEs faster and should be extended to all patients.
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