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Introduction
It is well-established that immune checkpoint 
inhibitors (ICIs) block tumor cell signals that 
suppress T-cell activation. Importantly, the intro-
duction of ICIs has drastically improved thera-
peutic outcomes among patients with cancer.

Tremelimumab, a monoclonal antibody targeting 
the cytotoxic T lymphocyte-associated antigen-4 
(CTLA-4) protein receptor, inactivates T-cell 
recognition and cancer cell proliferation, diversi-
fies T-cell responses, and promotes T-cell infil-
tration into tumors.1,2 Durvalumab, another 
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Abstract
Background: Immune checkpoint inhibitors (ICIs) have shown remarkable therapeutic outcomes 
among cancer patients. Durvalumab plus tremelimumab (DT) is under investigation as a new ICI 
combination therapy, and its efficacy has been reported in various types of cancer. However, the 
safety profile of DT remains unclear, especially considering rare adverse events (AEs).
Objective: We aimed to assess the frequency of AEs associated with DT.
Design: This study type is a systematic review and meta-analysis.
Data Sources and Methods: Four databases were searched for articles. Randomized trials, 
single-arm trials, and prospective and retrospective observational studies were included. 
The type of cancer, previous treatment, and performance status were not questioned. Major 
AE indicators such as any AE and the pooled frequency of each specific AE were used as 
outcomes. As a subgroup analysis, we also compared cases in which DT was performed as 
first-line treatment with those in which it was performed as second-line or later treatment. 
The protocol for this systematic review was registered on the University Hospital Medical 
Information Network (UMIN) Center website (ID: UMIN000046751).
Results: Forty-one populations including 3099 patients were selected from 30 articles. 
Pooled frequencies of key AE indicators are shown below: any AEs, 77.8% [95% confidence 
interval (CI): 67.9–87.6]; grade ⩾ 3 AEs, 29.3% (95% CI: 24.2–34.4); serious AEs, 34.9% (95% CI: 
28.1–41.7); AE leading to discontinuation, 13.3% (95% CI: 9.3–17.4); treatment-related deaths, 
0.98% (95% CI: 0.5–1.5). AEs with a frequency exceeding 15% are shown below: fatigue, 30.1% 
(95% CI: 23.8–36.3); diarrhea, 21.7% (95% CI: 17.8–25.6); pruritus 17.9% (95% CI: 14.4–21.3); 
decreased appetite, 17.7% (95% CI: 13.7–22.0); nausea, 15.6% (95% CI: 12.1–19.6). There were 
no significant differences in these pooled frequencies between subgroups.
Conclusions: The incidence of any AE in DT therapy was approximately 78%, and the incidence 
of grade 3 or higher AEs was approximately 30%, which was independent of prior therapy.
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known ICI, can enhance the antitumor effect of T 
cells by inhibiting the binding of programmed 
death ligand 1 (PD-L1) to programmed cell death 
protein-1 (PD-1).3

ICIs were initially used alone; however, clinical 
trials have revealed that combinations of cyto-
toxic agents or multiple ICIs can afford superior 
outcomes, resulting in the widespread application 
of nivolumab plus ipilimumab.

Currently, durvalumab plus tremelimumab (DT) 
is under investigation in clinical trials as a new 
ICI combination therapy, with efficacy reported 
in non-small cell lung cancer,4 head and neck 
cancer,5 and other types of cancers. However, the 
safety profile of DT remains unclear, especially 
considering rare adverse events (AEs).6 DT has 
been associated with a greater number of grade ⩾ 3 
AEs than monotherapy.7–10 Considering AEs 
from combined ICI therapy, Somekawa et  al.11 
have systematically reviewed the combined use of 
nivolumab, an anti-PD-1 antibody, and ipili-
mumab, an anti-CTLA-4 antibody. The authors 
reported that approximately 40% of patients who 
received a combination of nivolumab and ipili-
mumab experienced grade ⩾ 3 AEs. It is esti-
mated that treatment with DT can also result in 
grade ⩾ 3 AEs than monotherapy.

Although DT is gaining momentum as a standard 
treatment for various malignancies, detailed tox-
icity profiles need to be established. Therefore, in 
the present systematic review and meta-analysis, 
we aimed to assess the patient-level frequency of 
AEs associated with DT therapy.

Methods

Protocol registration
The protocol for this systematic review was estab-
lished in accordance with meta-analyses of obser-
vational studies in epidemiology guidelines and 
was registered on the University Hospital Medical 
Information Network (UMIN) Center website 
(ID: UMIN000046751).12,13

Study search
The electronic database search formulas for 
PubMed, Web of Science Core Collection, 
Cochrane Advanced Search, and EMBASE are 
described in Supplemental Text 1. A database 
search was conducted on 15 February 2022. Two 

authors (HM and KS) independently performed 
additional searches manually.

The identified articles (HM and KS) were 
screened and thoroughly assessed. In the case of 
any disagreement, a third reviewer was consulted.

Publication type and trial design
In addition to randomized and single-arm trials, 
prospective and retrospective observational stud-
ies were also considered. However, case reports 
and case series were excluded owing to unsuitable 
study designs for estimating AE frequency. 
Eligible articles were limited to those published in 
English. Full articles and conference abstracts 
were also considered.

Patients
There was no restriction on the type of cancer, as 
it did not substantially impact the safety profile 
when the same regimen was selected. Patients 
who had undergone previous chemotherapy were 
considered. No restrictions on performance sta-
tus or age were implemented.

Treatment
DT regimens combined with other anticancer 
medications, such as cytotoxic anticancer drugs, 
molecular-targeted drugs, and other ICI combina-
tions, were excluded. The present analysis also 
excluded patients who received combined chemo-
radiotherapy. Furthermore, we excluded sequential 
combinations, such as three courses of durvalumab 
followed by three courses of tremelimumab. There 
were no restrictions on the dose, schedule, or fre-
quency of DT combination therapy. However, 
clinical trials in which the study protocol required 
only one course of DT therapy were excluded. 
Perioperative treatments, such as adjuvant and 
neoadjuvant therapies, were permitted.

Quality assessment
The Newcastle-Ottawa quality assessment scale 
for cohort studies was used for quality 
assessment.14

Outcomes
The binomial frequencies of major AE indicators 
(any AE, grade ⩾ 3 AEs, serious AEs, AE leading 
to discontinuation, and treatment-related death) 
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were pooled. In addition, 22 specific AEs, includ-
ing elevated alanine aminotransferase levels and 
skin rash, were reported.

Data extraction
Two review authors (HM and KS) extracted key 
study characteristics, including author name, year 
of publication, country of origin, study title, and 
the number of patients. If a study evaluated dif-
ferent doses of durvalumab and tremelimumab 
accompanied by AE profiles, these regimens were 
counted as independent populations.

Subgroup analysis
The subgroup analysis focused on patients who 
received DT therapy as first-line treatment, as 
well as on those who received DT therapy as sec-
ond-line or later treatment.

Statistics
The frequency of each AE was pooled by random 
model meta-analysis using the generic inverse 
variance method (RevMan ver 5.4.1.; Cochrane 
Collaboration, London, UK). Standard errors 
were calculated using Agrestia’s method.15 In 
addition to I2 statistics, between-subgroup differ-
ences were expressed using p-values for heteroge-
neity based on the RevMan random model 
analysis, with a significance level of p < 0.1.

Results

Study selection process
An electronic search of four major databases 
retrieved 698 articles, and a manual search identi-
fied seven additional articles (Figure 1). After 
deduplication (n = 147), screening (n = 322), and 
full-text scrutiny (n = 175), 41 populations from 
30 studies were included in the quantitative anal-
ysis. (Figure 1 and Supplemental Table 3).

Study characteristics
Among the 30 included papers, 17 were full arti-
cles and 13 were conference abstracts. More than 
50% of included papers were from the U.S. 
(n = 18), followed by Canada (n = 5), France 
(n = 3), Italy, Korea, Spain, and the UK (n = 1 
each). The studies included six phase I/IB stud-
ies, one phase Ib/II study, 14 phase II studies, six 
phase III studies, and one pilot study. However, 

some studies failed to describe the trial phase 
(Table 1).

Table 1 lists the target diseases identified in each 
study. The most frequently examined diseases 
were non-small cell lung cancer (n = 5), head and 
neck squamous cell cancer (n = 3), and hepatocel-
lular carcinoma (n = 2). In addition, the present 
study included cancers such as small cell lung 
cancer and breast, colorectal, prostate, urinary 
tract, and rare cancers.

Approximately half (n = 16) of the included stud-
ies involved DT therapy as a second-line or later-
line treatment. Three studies included only 
first-line therapy. In addition, three studies 
included adjuvant and neoadjuvant therapies, 
and one study failed to describe these therapies.

Based on the New-Ottawa Quality assessment 
scale, the median article quality was 4 (range 
3–5). The analyzed population included 3099 

Figure 1. The preferred reporting items for systematic reviews and meta-
analyses flow chart.
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patients (Table 1); five articles included multiple 
populations each, whereas others extracted one 
population each. Eventually, 41 independent 
populations were analyzed. The median popula-
tion size was 34 patients (range 3–408).

Key AE indicators
In a random model meta-analysis with 19 popula-
tions and 1788 cases, the pooled frequency of all 
AEs was 77.8% [95% confidence interval (CI): 
67.9–87.6, I2 = 97%, p for heterogene-
ity < 0.00001, Figure 2(a)]. Considering 21 pop-
ulations (n = 1855) in which the presence or 
absence of grade ⩾ 3 AEs was recorded, 29.3 
cases experienced grade ⩾ 3 AEs (95% CI: 24.2–
34.4, I2 = 82%, p for heterogeneity < 0.00001, 
Figure 2(b)). The pooled frequency of serious 
AEs was 34.9% [24 populations, 95% CI: 28.1–
41.7, I2 = 93%, p for heterogeneity < 0.00001, 
Figure 2(c)]. AE-related DT discontinuation 
occurred in 13.3% of patients [22 populations, 
95% CI: 9.3–17.4, I2 = 84%, p for heterogene-
ity < 0.00001, Figure 2(d)]. Treatment-related 
deaths were documented in 0.98% of patients [28 
populations, 95% CI: 0.5–1.5, I2 = 0%, p for het-
erogeneity = 1.00, Figure 2(e)].

Specific AEs
The most frequently observed AE was fatigue 
(30.1%, 95% CI: 23.8–36.3). AEs with a fre-
quency exceeding 15% included diarrhea (21.7%, 
95% CI: 17.8–25.6), pruritus (17.9%, 95% CI: 
14.4–21.3), decreased appetite (17.7%, 95% CI: 
13.7–22.0), and nausea (15.6%, 95%CI: 12.1–
19.6) (Table 2).

The clinically important AEs included interstitial 
pneumonia, colitis, hyperthyroidism, hypothy-
roidism, and adrenal insufficiency. The pooled 
frequencies of these AEs were 2.3% for interstitial 
pneumonia (23 populations, 95% CI: 1.5–3.2), 
3.9% for colitis (18 populations, 95% CI: 2.1–
5.7), 4.3% for hyperthyroidism (14 populations, 
95% CI: 2.9–5.7), 9.6% for hypothyroidism (22 
populations, 95% CI: 7.6–11.6), and 0.67% for 
adrenal insufficiency (14 populations, 95% CI: 
0.06–1.3).

Safety comparison of chemotherapy-naive  
and previously treated patients
A subgroup analysis of key AE indicators was 
conducted to compare the chemotherapy-naive 

and previously treated populations. There were 
no differences between subgroups for any AE 
(chemotherapy-naive 79.4% versus pretreated 
70.8%, I2 = 0%, p = 0.39), grade ⩾ 3 AEs (21.4% 
versus 27.4%, I2 = 30.9%, p = 0.23), serious AEs 
(23.7% versus 34.8%, I2 = 54.4%, p = 0.14), treat-
ment discontinuation due to AEs (13.8% versus 
7.1%, I2 = 54.7%, p = 0.14), or treatment-related 
deaths (1.1% versus 0.6%, I2 = 0%, p = 0.38) 
(Figure 3).

Discussion
Based on the results of the present systematic 
review, more than three-quarters of patients who 
received DT experienced AEs, and approximately 
30% of patients experienced grade ⩾ 3 AEs. 
Furthermore, AE-related treatment discontinuation 
was estimated to occur in 13% of patients, whereas 
treatment-related deaths occurred in less than 1% 
of patients. It is well-established that AEs are inevi-
table during cancer treatment, and combined ther-
apy with two ICIs enhances toxicity.7–9 Therefore, 
we believe that our data provide information neces-
sary for healthcare providers and patients to balance 
the benefits and risks of DT therapy.

To date, three systematic reviews on DT have 
been published. In 2020, Wang et al.6 reported the 
first meta-analysis on DT combination therapy. 
The authors analyzed data from 587 patients 
extracted from five trials and found that double 
immunotherapy was superior to tremelimumab 
alone in head and neck squamous cell carcinoma. 
In addition, the authors reported that there was no 
difference in efficacy between double immuno-
therapy and monotherapy in pancreatic ductal 
adenocarcinoma and gastric/gastroesophageal 
junction cancer. The study also found no differ-
ences in treatment-related AEs between the two 
groups. In addition, a systematic review by Arru 
et  al.16 in 2021 found that dual immunotherapy 
was superior to monotherapy in certain tumor 
subsets, although it failed to exhibit a consistent 
advantage over single-agent durvalumab. In 2022, 
Fahmy et  al.17 published a study analyzing AEs, 
concluding that combination therapy resulted in 
greater treatment discontinuation and treatment-
related deaths than durvalumab monotherapy.

All three systematic reviews included studies on 
regimens combining immunotherapy with cyto-
toxicity; therefore, it remains unclear whether the 
observed AEs could be solely attributed to immu-
notherapy. Furthermore, two of these studies 
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Figure 2. Forest plots to compare chemo-naive and pretreated for key adverse event indicators. (a) Any adverse event, (b) Grade 3 or 
higher adverse event, (c) Serious adverse event, (d) DT discontinuation due to adverse event and (e) Treatment-related deaths.
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Table 2. Estimated incidence of adverse events.

Adverse event N n Incidence (95% CI)

Key adverse event indicators

 Any AE 19 1788 77.8 (67.9–87.6)

 Grade 3 or higher AE 21 1865 29.3 (24.2–34.4)

 Serious AE 24 2536 34.9 (28.1–41.7)

 AE leading to discontinuation 22 1977 13.3 (9.3–17.4)

 Treatment-related death 28 2605 0.98 (0.45–1.5)

Gastrointestinal

 Aspartate aminotransferase 18 1332 8.3 (5.5–11.2)

 Alanine aminotransferase 18 1560 10.6 (6.8–14.4)

 Amylase 18 1349 7.0 (4.1–9.9)

 Lipase 20 1569 7.0 (4.3–9.7)

 Diarrhea 30 2720 21.7 (17.8–25.6)

 Colitis 18 1677 3.9 (2.1–5.7)

 Decreased appetite 20 2354 17.9 (13.7–22.0)

 Nausea 25 2383 15.9 (12.1–19.6)

 Vomiting 21 2118 10.8 (7.8–14.0)

Dermatological

 Rash 27 2357 14.8 (11.4–18.3)

 Maculopapular rash 9 326 9.9 (3.8–16.1)

 Vitiligo 4 201 0.5 (0–2.9)

 Pruritus 29 2669 17.9 (14.4–21.3)

Hormonal

 Hypothyroidism 22 1965 9.6 (7.6–11.6)

 Hyperthyroidism 14 1319 4.3 (2.9–5.7)

 Adrenal insufficiency 14 1510 0.7 (0.06–1.3)

 Hypopituitarism 7 1122 0.3 (0.2–0.8)

Other adverse events

 Fatigue 30 2740 30.1 (23.8–36.3)

 Pyrexia 18 1708 12.1 (9.1–15.2)

 Headache 14 916 5.7 (3.4–8.0)

 Arthralgia 18 1177 7.2 (3.7–11.0)

 Pneumonitis 23 1666 2.3 (1.5–3.2)

Incidence (95% CI), pooled incidence using random model meta-analysis and its 95% confidence interval.
AE, adverse event; NA, not available; N, number of populations; n, number of patients.
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Figure 3. Forest plots to compare chemo-naive and pretreated for key adverse event indicators.
AE, adverse event; 95% CI, 95% confidence interval; IV, generic inverse variance.
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focused on treatment efficacy and did not provide 
detailed data on AEs; therefore, data on AEs in 
DT-only regimens are required to establish the 
risks and benefits of DT therapy.

Standard dosing regimens and the optimal num-
ber of previous treatments for durvalumab and 
tremelimumab are yet to be established. 
Therefore, one of our main concerns was whether 
the safety profile was altered on administering the 
drug to patients who had never received chemo-
therapy when compared with those who had 
undergone prior therapy. The present systematic 
review did not reveal differences in the incidence 
of all AEs, grade ⩾ 3 AEs, serious AE, AEs lead-
ing to discontinuation, and treatment-related 
deaths between previously treated and untreated 
patients. Based on the findings of the present 
study, the DT regimen could be employed even 
in late-line treatment with the same safety profile 
as observed in first-line treatment.

One limitation of the present study was the inclu-
sion of diverse tumor subtypes, therapeutic drug 
doses, dosing schedules, and lines of treatment. 
However, this may extend the external validity of 
the results.

In conclusion, this comprehensive systematic 
review summarized the AEs associated with DT 
therapy in ICI-naïve patients and incorporated 
3099 cases from 41 populations. The data 
revealed the occurrence of AEs (77.8%), 
grade ⩾ 3 AEs (29.3%), serious AEs (34.9%), 
AEs resulting in treatment discontinuation 
(13.3%), treatment-related deaths (0.98%), doc-
umenting the occurrence of 22 specific AEs. 
Furthermore, no statistically significant differ-
ences in the safety profile were observed between 
chemotherapy-naive and chemotherapy-pre-
treated patients.
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