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Abstract

Background: Use of immune checkpoint inhibitors is growing, but clinical trial data

may not apply to Indigenous patients or patients living in remote areas.

Aims: To provide real-world incidence of immune-related adverse events (irAE) in

the Top End of the Northern Territory and compare incidence between demographic

subgroups.

Methods: This retrospective, observational, cohort study collected data from electronic

records of patients living in the Top End with solid organ cancer treated with immuno-

therapy between January 2016 and December 2021. The primary outcome was cumu-

lative incidence of any-grade and severe irAE. Secondary outcomes were overall

survival, treatment duration and reason for treatment discontinuation.

Results: Two hundred and twenty-six patients received immunotherapy. Forty-eight

(21%) lived in a remote or very remote area, and 36 (16%) were Indigenous. Cumula-

tive incidence of any-grade irAE was 54% (122/226 patients); incidence of severe irAE

was 26% (59/226 patients). Rates were similar between Indigenous and non-

Indigenous patients of any-grade (42% vs 56%, P = 0.11) and severe (11% vs 18%, P

= 0.29) irAE. However, Indigenous patients had shorter treatment duration, more fre-

quently discontinued treatment due to patient preference and appeared to have shorter

median overall survival than non-Indigenous patients (17.1 vs 30.4 months; hazard

ratio (HR) = 1.5, 95% confidence interval (CI) = 0.92–2.66). There was no difference

in mortality between remote and urban patients (median overall survival 27.5 vs

30.2 months; HR = 1.1, 95% CI = 0.7–1.7).

Conclusions: Rates of irAE in our cohort are comparable to those in the published lit-

erature. There was no significant difference in any-grade or severe irAE incidence

observed between Indigenous and non-Indigenous patients.

Introduction

Immune checkpoint inhibitors (ICIs) have rapidly trans-

formed the oncological landscape and are now used to

treat patients with a wide range of malignancies. With

the rising number of cancer cases in Australia1 and

expanding indications for ICI, their use will continue to

grow. Because of this, the incidence of immune-related

adverse events (irAE) is also expected to rise.2

irAE can affect any organ system and exist on a spec-

trum from mild clinical or laboratory observations to fatal

drug reactions. While reported incidence of irAE varies

greatly between different tumour types and drugs, typically

around two-thirds of patients will be affected during their

treatment course.3 Early detection of irAE and initiation of
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treatment are vital to minimise drug-related morbidity and
avoid premature cessation of anti-cancer treatment.
Increased awareness and a collaborative approach across
the healthcare system are therefore essential.
Underrepresentation of women, older adults, and eth-

nic minorities is a known issue in oncology clinical tri-
als.4 Patients who live outside major cities are also
underrepresented in trials and have worse mortality out-
comes than their metropolitan counterparts.5,6 Patients
living in very remote areas have the lowest 5-year
observed survival of all Australian cancer patients.1,7

This is compounded by a higher age-standardised inci-
dence of cancer in Aboriginal and Torres Strait Islander
persons, with the largest disparity seen in those living in
very remote areas.1 While ICI should be equally game-
changing for Indigenous patients, there is a lack of data
about the experience of ICI toxicity in this population.
This single-centre study aims to provide real-world

incidence of irAE in all patients receiving ICI for solid
tumours in the Top End of the Northern Territory,
Australia, and to compare the frequency and severity of
irAE between demographic groups by Remoteness Area
and Indigenous status. We hypothesise that rates of irAE
will be comparable within our population groups and in
line with the published literature.

Methods

Design

This is a retrospective, observational, population-based
cohort study conducted entirely through clinical health
records. Therefore, it adheres to both Strengthening the
Reporting of Observational Studies in Epidemiology and
Reporting of Studies Conducted using Observational
Routinely-collected Data statements (Supporting Infor-
mation, Table 1).

Setting

The clinical records were reviewed for all patients with a
solid organ cancer who received treatment with any
immune checkpoint inhibitor (ICI) between 1 January
2016 and 31 December 2021 in the Top End of the
Northern Territory, Australia. The Top End covers a large
and sparsely inhabited area of northern Australia, com-
prising a population of around 175 000 people across
nearly 500 000 km2, with the majority living in urban
Darwin (population 137 000 in 2016). The Top End has
a larger proportion of Aboriginal and Torres Strait
Islander residents compared to other jurisdictions in
Australia (26.3% of the Northern Territory population,
compared to 3.2% nationwide), most of whom live in

remote or very remote areas.8 Patients received anti-
cancer treatment at either Royal Darwin Hospital or its
satellite unit at Katherine Hospital (317 km from Dar-
win), with a small number of additional patients treated
privately. The Human Research Ethics Committee of
Northern Territory Health and Menzies School of Health
Research approved this study (HREC 2022-4285).

Inclusion and exclusion criteria

Patients with a solid organ tumour who were prescribed
any ICI were included, including anti-programmed cell
death-1 (PD-1), anti-programmed cell death-ligand
1 (PD-L1), anti-cytotoxic T-lymphocyte-associated anti-
gen 4 (CTLA-4) or combination anti-PD-1/anti-CTLA-4
drugs during the target period. Patients were excluded if
they were primarily treated elsewhere (private setting or
interstate travellers), never received the prescribed ICI or
had incomplete or inaccessible medical records.

Selection procedures

Patients were identified through the health system’s elec-
tronic oncology prescribing system, MOSAIQ. This was
cross-referenced with pharmacy records to detect patients
who received ICI from paper prescriptions during the
phase-in period of MOSAIQ (January to March 2016).

Data extraction

Clinical data were extracted from MOSAIQ, paper hospi-
tal records and electronic medical records (Clinical Work
Station) between April and October 2022. Extracted data
items were demographic characteristics (age, sex, Indige-
nous status, Remoteness Area), cancer diagnosis, treat-
ment intent and drugs received, and irAE. Indigenous
status was self-reported by patients as documented in
the medical record. Remoteness Area was based on post-
code as per the Australian Statistical Geography Stan-
dard (ASGS); Darwin is classed as an outer regional area,
so no participants live in Major cities or Inner regional
areas. Patients living in remote or very remote areas are
grouped in analyses as ‘remote or very remote’. Grade of
irAE was defined by the Common Terminology Criteria
for Adverse Events Version 5.0. Data were collected from
the date of tissue diagnosis until the date of last follow-
up (defined as the last recorded encounter with a medi-
cal oncologist at the time of data collection) or the date
of death. Where patients received sequential ICI therapy
or suffered multiple irAE, data were recorded separately
for each event.

Real-world experience of immunotherapy
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Analyses

Statistical comparisons were performed using Gra-
phPad Prism version 8.1.2 for Windows, GraphPad
Software, San Diego, CA, USA. Other graphs were pre-
pared using Microsoft Excel 365 version 2603, Seattle,
WA, USA. Descriptive statistics were used to summa-
rise the cumulative incidence of irAE (any-grade and
Grades 3–5) by tumour type. Differences among demo-
graphic subgroups were compared using chi-squared
tests. Duration of follow-up was calculated as the date
of first dose of ICI to the date of last follow-up or date
of death. Overall survival is shown in Kaplan–Meier
curves; we assessed between-group differences with
log-rank tests and reported median overall survival

(from date of diagnosis to date of death or last seen,
mOS) and hazard ratios (HRs) with 95% confidence
intervals (CIs). We did not adjust for age or sex, as
these factors did not correlate with irAE in unadjusted
analyses.

Results

Patient characteristics

Details of patient demographics are shown in Table 1.
Two hundred and seventy-six patients were prescribed
immunotherapy for a solid tumour, of whom 50 were
excluded (33 private patients or interstate travellers were

Table 1 Demographics of 226 patients treated with immune checkpoint inhibitors in Top End of Northern Territory, 2016–2021

All
patients, N = 226

Lung,
N = 130

Melanoma,
N = 61

Other,
N = 35

N % N % N % N %

Age Mean in years (range) 62.2 (28–84) 63.9 (40–84) 59.0 (28–82) 61.1 (32–82)
Sex Female 68 30 48 37 14 23 6 17

Male 158 70 82 63 47 77 29 83
Cancer diagnosis Lung 130 58 130 100 - - - -

Melanoma 61 27 - - 61 100 - -
Head and neck 11 5 - - - - 11 31
Renal 10 4 - - - - 10 29
Bladder 3 1 - - - - 3 9
Unknown primary 3 1 - - - - 3 9
Liver 2 1 - - - - 2 6
Mesothelioma 2 1 - - - - 2 6
Cutaneous squamous cell carcinoma 2 1 - - - - 2 6
Colorectal 1 0 - - - - 1 3
Merkel cell 1 0 - - - - 1 3

ECOG performance status 0 73 32 34 26 30 49 9 26
1 126 56 76 58 26 43 24 69
2 25 11 18 14 5 8 2 6
3 1 0 1 1 0 0 0 0
Not known 0 0 1 1 0 0 0 0

Smoking status Non-smoker 42 19 9 7 24 39 9 26
Ex-smoker 108 48 68 52 24 39 16 46
Current smoker 73 32 53 41 11 18 9 26
Not known 3 1 0 0 2 3 1 3

Indigenous status Aboriginal but not Torres Strait Islander 34 15 24 18 4 7 6 17
Torres Strait Islander but not Aboriginal 0 0 0 0 0 0 0 0
Aboriginal and Torres Strait Islander 2 1 2 2 0 0 0 0
Neither Aboriginal nor Torres Strait Islander 190 84 104 80 57 93 29 83

Geographical classification Major city 0 0 0 0 0 0 0 0
Inner regional 0 0 0 0 0 0 0 0
Outer regional 177 78 99 76 51 84 27 77
Remote 25 11 14 11 7 11 4 11
Very remote 23 10 17 13 2 3 4 11
Not known 1 0 0 0 1 2 0 0

Survival status Died (N = 1 lung unknown date of death) 120 53 77 59 20 33 23 66
Alive 106 47 53 41 41 67 12 34

ECOG, Eastern Cooperative Oncology Group.

Miller et al.
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primarily treated elsewhere; 10 never received a dose of
immunotherapy; and seven had inaccessible medical
records). Among the 226 patients included in the ana-
lyses, the median age at first dose of ICI was 63 years
(range 28–84), most were male (70%), and 36 (16%)
were Indigenous. The majority of patients (78%) lived in
an outer regional area. Eleven per cent lived in a remote
area and 10% in a very remote area. Most patients
were treated for lung cancer (58%), followed by mela-
noma (27%), head and neck (5%), renal cell carci-
noma (4%) and others (6%). Patients were followed
up for a median of 12.0 months (range 6 days to
77.8 months). Short follow-up periods represented loss
to follow-up, death or cancer diagnosis occurring very
late in the study window. One hundred and nineteen
patients (52.7%) were deceased at the completion of
data collection.

Treatment characteristics

Table 2 shows the treatment characteristics for patients
included in this study. The vast majority (87%) of patients
were treated in the palliative setting with immunotherapy
as their first line of anti-cancer treatment (69%). Twelve per
cent received combination therapy (for melanoma, renal cell
carcinoma or mesothelioma) versus 88% single-agent ICI.
The most prescribed ICI was pembrolizumab (n = 101),
followed by nivolumab (n = 54), combination ipilimumab-
nivolumab (n = 27) and atezolizumab (n = 26).

Frequency and severity of immune-related
adverse events

Table 3 shows a summary of irAE encountered by
patients in this study. Figure 1A shows irAE by category

Table 2 Treatment characteristics of 226 patients treated with immune checkpoint inhibitors in Top End of Northern Territory, 2016–2021

All patients, N = 226 Lung, N = 130 Melanoma, N = 61 Other, N = 35

N % N % N % N %

ICI treatment Pembrolizumab 101 45 73 56 23 38 5 14
Nivolumab 54 24 19 15 18 30 17 49
Ipilimumab-nivolumab 27 12 0 0 20 33 7 20
Atezolizumab 26 12 25 19 0 0 1 3
Durvalumab 13 5.8 13 10 0 0 0 0
Cemiplimab 4 1.8 0 0 0 0 4 11
Avelumab 1 0.4 0 0 0 0 1 3

ICI target PD-1 159 70 92 71 41 67 26 74
PD-1/CTLA-4 27 12 0 0 20 33 7 20
PD-L1 40 18 38 29 0 0 2 6

Treatment intent Adjuvant 30 13 13 10 17 28 0 0
Palliative 196 87 117 90 44 72 35 100

ICI line of treatment 1 157 69 98 75 15 25 14 40
2 or more 69 31 32 25 46 75 21 60

Prior chemotherapy No 135 60 76 58 46 75 12 34
Yes 91 40 54 42 15 25 23 66

Concurrent chemotherapy No 176 78 83 64 61 100 32 91
Yes 50 22 47 36 0 0 3 9

Reason for discontinuation Progressive disease 81 36 53 41 10 16 18 51
Toxicity 45 20 20 15 20 33 5 14
Completion of treatment 32 14 11 8 18 30 3 9
Ongoing treatment 25 11 16 12 3 5 6 17
Unfit for further treatment 19 8 12 9 6 10 1 3
Death 12 5 8 6 4 7 0 0
Patient choice 10 4 9 7 0 0 1 3
No supply of drug 1 0.4 0 0 0 0 1 3
Unknown 1 0.4 1 1 0 0 0 0

Treatment response Yes 144 64 85 65 42 69 17 49
Responder 96 42 59 45 25 41 12 34
Stable disease 45 20 26 20 14 23 5 14
No 76 34 43 33 15 25 18 51
Unknown response 6 3 2 2 4 7 0 0

CTLA-4, cytotoxic T-lymphocyte-associated antigen 4; ICI, immune checkpoint inhibitor; PD-1, programmed cell death protein 1; PD-L1, programmed
cell death ligand-1.
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and severity. Fifty-four per cent (122/226) experienced
any-grade irAE and 26% (59/226) had a severe (Grades
3–5) irAE. As anticipated, there was a higher rate of irAE
among patients treated with combination immunother-
apy (ipilimumab-nivolumab) (81% (22/27) any-grade
and 48% (13/27) severe) compared to single-agent
immunotherapy (50% (100/199) any-grade and 13%
(26/199) severe). The most common category irAE of
any-grade was endocrine disorders (15%), including
thyroid dysfunction and adrenal insufficiency, followed
by gastrointestinal disorders (14%) and skin and subcu-
taneous disorders (14%). Non-severe (Grades 1 and 2)
irAE were more likely to be skin, endocrine and muscu-
loskeletal disorders. Severe irAE were more commonly
gastrointestinal, respiratory, hepatobiliary or cardiac
disorders. Age did not impact rates of irAE. Two
(0.88%) patients died; both received pembrolizumab
for non-small cell lung cancer and were diagnosed with
immune-related pneumonitis.

IrAE were experienced throughout the treatment
course, which is shown in Figure 1B. Those who experi-
enced milder irAE (Grades 1 and 2) did so in later cycles

(median cycle 8.2) than those who had severe (Grades
3–5) irAE (median cycle 4.5). Nine percent (11/122) of
patients had onset of irAE with ICI treatment duration
greater than 12 months. One patient (0.8%) had onset
of irAE after 2 years of treatment.

Eighty per cent (97/122) of patients who experienced
an irAE required treatment, but only 23% (28/122)
were hospitalised. There was a strong association
between the requirement for hospitalisation and discon-
tinuation of immunotherapy. Drug toxicity accounted
for cessation of immunotherapy in 28% (34/122) of
patients. The reasons for discontinuation of ICI treat-
ment are summarised in Figure 1C.

Kaplan–Meier survival curves to show mOS by
grade of irAE are shown in Figure 1D. Patients who
experienced an irAE at any time point lived signifi-
cantly longer than those who had no irAE: mOS was
48.2 months with any irAE versus 12.2 months with
no irAE (HR = 0.32, 95% CI = 0.22–0.47). This was
driven by those who had non-severe irAE; patients
with Grades 1 and 2 irAE (mOS = 58.2 months) lived
longer than patients with no irAE (HR = 0.26, 95%

Table 3 Summary of immune-related adverse events in 226 patients treated with immune checkpoint inhibitors in Top End of Northern Territory,
2016–2021

All patients N = 226 Lung N = 130 Melanoma N = 61 Other N = 35

N % N % N % N %

Any irAE No 104 46 62 48 25 41 17 49
Yes 122 54 68 52 36 59 18 51

irAE Any grade 122 100 68 100 36 100 18 100
Severe (Grades 3–5) 39 32 22 32 12 33 5 28

Cycle where irAE occurred 1 32 23 14 21 15 42 3 17
2 10 7 6 9 2 6 2 11
3 27 19 4 6 2 6 3 17
4 12 8 8 12 2 6 2 11
5 9 6 5 7 3 8 0 0
6–10 28 20 16 24 8 22 3 17
11–20 15 11 10 15 2 6 3 17
21–30 6 4 3 4 2 6 1 6
31–83 3 2 2 3 0 0 1 6

irAE treatment No 25 20 14 21 9 25 2 11
Yes 97 80 54 79 27 75 16 89
Supportive care only 20 21 11 20 4 15 5 31
Oral steroids 54 56 31 57 15 56 8 50
Intravenous steroids 10 10 5 9 5 19 0 0
Topical steroids 13 13 7 13 3 11 3 19
Second-line immunosuppression 11 11 5 9 5 19 1 6

irAE hospitalisation No 93 76 51 75 26 72 16 89
Yes 28 23 16 24 10 28 2 11
Not known 1 1 1 1 0 0 0 0

irAE caused discontinuation No 86 70 49 72 23 64 15 83
Yes 34 28 18 26 13 36 3 17
Not known 2 2 1 1 0 0 0 0

irAE, immune-related adverse event.

Miller et al.
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CI = 0.18–0.39) or Grades 3–5 (mOS = 30.2 months,
HR = 0.47, 95% CI = 0.23–0.93). This was similar
across tumour streams and drugs, including in mela-
noma patients treated with single-agent versus combi-
nation immunotherapy.

Incidence of irAE by demographic groups

There was no significant difference in the rates of any
irAE (42% vs 56%, P = 0.11) or Grades 3–5 irAE (11%
vs 18%, P = 0.29) in Indigenous compared to non-

Figure 1 Immune-related adverse events (irAE) in 226 patients treated with immune checkpoint inhibitors in Top End of Northern Territory, 2016–

2021. (A) No. patients who experienced irAE by category and severity. (B) Timing of irAE overall and by tumour type. (C) Reasons for discontinuation of

ICI treatment; at the time of study completion N = 11 patients remained on treatment and are not included in this figure. (D) Kaplan–Meier survival

curves to show median overall survival from date of diagnosis to date of death or last seen (mOS) by grade of irAE. ICI, immune checkpoint inhibitor;

mOS, median overall survival.

Real-world experience of immunotherapy
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Indigenous patients, but there was a trend towards lower
rates of irAE among Indigenous patients (noting small
patient numbers). mOS was 17.1 months in Indigenous
patients versus 30.4 months in non-Indigenous patients
(HR = 1.5, 95% CI = 0.92–2.66, P = 0.049).

Remoteness did not affect rates of irAE (Table 4,
any-grade irAE P = 0.51; Grades 3–5 irAE P = 0.06).
mOS was 30.2 months for those in outer regional areas
and 27.5 months for remote or very remote patients
(HR = 1.1, 95% CI = 0.7–1.7).

Median duration of treatment was shorter in Indige-
nous patients than non-Indigenous patients (6.5 months
± 7.0 SD vs 10.1 months ± 12.9 SD), and in remote or
very remote patients (8.5 ± 8.2 SD) compared to outer
regional (9.8 ± 13.1 SD). Indigenous patients were more
likely to be treated in the palliative setting than non-
Indigenous patients (94% vs 85%). Both Indigenous and
remote patients had higher rates of discontinuation due
to patient choice (17% and 13% respectively) than non-
Indigenous (2%) and non-remote patients (2%).

Discussion

Principal findings

This study confirms the well-described varying rates of
irAE between tumour types and ICI drugs in a diverse

real-world cohort. It highlights the similarities and differ-
ences in patients who are under-represented in clinical
trials, specifically those living in remote areas and
Aboriginal and Torres Strait Islander peoples.

Although Indigenous patients had rates of irAE similar
to those of non-Indigenous patients, overall survival was
lower in Indigenous patients. This may be due to several
factors, including heterogeneity of cancer (more
Indigenous patients experienced lung and other category
cancers), more advanced cancer stage at diagnosis and
higher rates of treatment discontinuation due to patient
choice.

Our finding that patients with Grades 1 and 2 irAE live
longer than those with no irAE or Grades 3–5 irAE is
consistent with published literature.9

Strengths and limitations

There are several strengths to this study. While barriers
to accessing cancer treatment and clinical trials are well
described in the published literature, there is a paucity of
data inclusive of Indigenous Australians and patients liv-
ing in remote areas. We are confident that the study
included every patient residing in the Top End with
an ICI-treated solid tumour with the exception of a small
number of private patients. Sixteen percent of patients in
our cohort were Indigenous; while data regarding

Table 4 Immune-related adverse events by Remoteness Area and Indigenous status in 226 patients treated with immune checkpoint inhibitors in Top
End of Northern Territory, 2016–2021

Geographical classification Indigenous status

Major city or inner regional Outer regional Remote or very remote Indigenous Non-Indigenous

All patients Total N 0 177 48 36 190
Any irAE N 0 98 24 15 107
Any irAE % 0 55 50 42 56
Grades 3–5 irAE N 0 35 4 4 35
Grades 3–5 irAE % 0 20 8 11 18

Lung Total N 0 99 31 26 104
Any irAE N 0 51 17 9 59
Any irAE % 0 52 55 35 57
Grades 3–5 irAE N 0 51 17 9 59
Grades 3–5 irAE % 0 52 55 35 57

Melanoma Total N 0 51 9 4 57
Any irAE N 0 31 5 4 32
Any irAE % 0 61 56 100 56
Grades 3–5 irAE N 0 31 5 4 32
Grades 3–5 irAE % 0 61 56 100 56

Other Total N 0 37 8 6 29
Any irAE N 0 16 2 2 16
Any irAE % 0 43 25 33 55
Grades 3–5 irAE N 0 16 2 2 16
Grades 3–5 irAE % 0 43 25 33 55

irAE, immune-related adverse event.

Miller et al.

Internal Medicine Journal 54 (2024) 1652–1660
© 2024 The Author(s). Internal Medicine Journal published by John Wiley & Sons Australia, Ltd on behalf of Royal Australasian College of Physicians.

1658

 14455994, 2024, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/im

j.16461 by T
est, W

iley O
nline L

ibrary on [08/10/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



clinical trial participation for Aboriginal and Torres Strait
Islander peoples are lacking,10 this is significantly higher
than reported trial participation of minority groups
internationally.11

The broad inclusion criteria across tumour streams
and drugs allow for a holistic representation of immuno-
therapy treatment in our population. This also imposes a
limitation, in that the demography of the Northern Terri-
tory is such that its capital (Darwin) is too small to be
classified as a Major city or Inner regional area and so
does not allow for comparison to the majority of
Australian patients who live in Major cities or Inner
regional areas.
There are several further limitations. The electronic

medical record lacks data on patient ethnicity other than
Indigenous Status, precluding comparisons by different
ethnicities. Duration of follow-up is highly variable, as
we included patients who commenced treatment at any
time point within the study period and data collection
was completed in October 2022. Finally, the descriptive
data presented here rely solely on data recorded in the
electronic medical record and are, therefore, subject to
documentation by the treating medical team. Although
this is likely to have captured all clinically serious irAE,
minor adverse effects may be underestimated. Taken
together, these limitations would act to underestimate
the true incidence of irAE, but we believe it would have
captured the vast majority of all but minor irAE.

Comparison with other studies

When compared to meta-analyses of irAE by tumour
stream in clinical trials, this study reported lower rates of
irAE. For example, a 2020 meta-analysis of irAE in the
treatment of 23, 761 patients with non-small cell lung
cancer reported an incidence of any-grade irAE as 84%
(95% 0.81–0.86, P < 0.1).12 In comparison, among our
patients treated for lung cancer, incidence of any-grade
irAE was 52%. However, our rates were higher than some
analyses of real-world data, such as a 2022 study of 1905
patients in China that reported a rate of any-grade irAE of
26.9%.13 The lower rates of irAE in real-world studies,
including this study, are probably due to the lack of rigor-
ous documentation that is mandated in clinical trials.
Real-world oncology data are increasingly reported in

Australia. A 2018 study assessing real-world efficacy and
toxicity of ipilimumab-nivolumab reported comparable
toxicity (88% any-grade irAE; 54% Grades 3 and 4 irAE)
to our patients on combination therapy.14 Two
Australian studies describe real-world toxicity of single-
agent immunotherapy: 27% of patients treated with
pembrolizumab for malignant mesothelioma experi-
enced any-grade irAE (8% Grade 3 or higher); 30% of

patients with advanced cutaneous squamous cell carci-
noma who received pembrolizumab or cemiplimab
reported any irAE (19% Grade 2 or higher).15,16 We
believe our study is the first to report irAE in under-
represented population groups.
Wang et al.’s 2018 meta-analysis of fatal toxicity due

to ICI was in line with our results; toxicity-related
fatality ranged from 0.36% (anti-PD-1) to 1.23%
(combination PD-1/CTLA-4).17 Fujiwara et al.’s more
recent study (Lancet Oncol, 2023) assessed treatment-
related adverse events in patients who received
neoadjuvant or adjuvant immune checkpoint block-
ade; 40 (0.4%) fatal treatment-related adverse events
were observed in 9864 patients who received an ICI18.
As in our cohort, pneumonitis was the most common
fatal adverse event (six out of 40 patients) and the
most common culprit ICI was pembrolizumab (13 out
of 40 patients).

Implications of findings

To our knowledge, rates of irAE in remote and Indige-
nous patients have not yet been reported. While this
study did not identify unexpected safety concerns in
these populations, the numbers were small. The
increased rates of discontinuation due to patient choice
in Indigenous and remote patients are likely due to geo-
graphic and cultural barriers to seeking healthcare. Work
is ongoing in Australia to better understand how Aborig-
inal and Torres Strait Islander peoples view and experi-
ence cancer and to improve cancer outcomes
nationally.19 Projects such as the Regional Trials Net-
work Victoria and the Australian Teletrial Program aim
to increase the accessibility of clinical trials in regional,
rural and remote areas and thereby bridge the gap in
health outcomes for all Australians.5,20

Conclusion

ICIs, which offer major survival benefits, appear to be
no less safe in a real-world population with high num-
bers of remote or very remote and Indigenous patients
than in clinical trials with optimal management in ter-
tiary centres. These findings offer confidence in treating
patients who reside in rural and remote areas, including
Aboriginal and Torres Strait Islander persons. It also sig-
nals conviction in safely conducting clinical trials in
these settings and eliminating a safety concern that may
have been falsely presumed. It is vital that real-world
studies like ours be conducted early, so that remote and
minority groups have equal access to safety and benefits
data assisting them in choosing their oncology
treatments.

Real-world experience of immunotherapy
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