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Summary
Background The NIBIT-MESO-1 study demonstrated the efficacy and safety of tremelimumab combined with 
durvalumab in patient with unresectable mesothelioma followed up for a median of 52 months [IQR 49–53]. Here, 
we report 4-year survival and outcomes after retreatment, and the role of tumour mutational burden (TMB) in 
identifying patients who might have a better outcome in response to combined therapy.

Methods NIBIT-MESO-1 was an open-label, non-randomised, phase 2 trial of patients with unresectable pleural or 
peritoneal mesothelioma who received intravenous tremelimumab (1 mg/kg bodyweight) and durvalumab 
(20 mg/kg bodyweight) every 4 weeks for four doses, followed by maintenance intravenous durvalumab at the same 
dose and schedule for nine doses. In this follow-up study, patients with disease progression following initial clinical 
benefit—ie, a partial repsonse or stable disease—were eligible for retreatment and with the same doses and schedules 
for tremelimumab and durvalumab as used in the NIBIT-MESO-1 trial. The primary endpoint, immune-related 
objective response rate, was evaluated per immune-related modified Response Evaluation Criteria in Solid Tumors 
(RECIST) or immune-related RECIST 1.1 criteria for patients with pleural or peritoneal malignant mesothelioma, 
respectively. Key secondary endpoints were overall survival and safety, and TMB was also evaluated post hoc in 
patients who had tumour tissue available before treatment. The intention-to-treat population was used for analysis of 
all efficacy endpoints. This study is registered with ClinicalTrials.gov, number NCT02588131.

Findings 40 patients were enrolled in the NIBIT-MESO-1 study between Oct 30, 2015, and Oct 12, 2016. At data cut-
off, April 30, 2020, five (13%) of 40 patients were alive, and 35 (88%) patients had died of progressive disease. At a 
median follow-up of 52 months (IQR 49–53), median overall survival was 16·5 months (95% CI 13·7–19·2). 
Survival was 20% (eight of 40 patients) at 36 months and 15% (six of 40 patients) and 48 months. 17 (43%) of 
40 patients met the criteria for enrolment in the retreatment study and were retreated with at least one dose of 
tremelimumab and durvalumab. No immune-related objective responses were observed in the 17 retreated patients. 
Seven (41%) of 17 patients achieved immune-related stable disease. From the start of retreatment to a median 
follow-up of 24 months (22·0–25·0), median overall survival was 12·5 months (95% CI 0·0–25·8), and survival at 
12 months was 52·9%, at 18 months was 35·3%, and at 24 months was 23·5%. There were no grade 3–4 immune-
related adverse events in the retreatment cohort. In a post-hoc analysis of 28 patients for whom tumour tissue 
before treatment was available, patients with a TMB higher than the median value of 8·3 mutations per Mb had a 
higher median overall survival compared with patients with TMB below the median value, but this difference was 
non-significant. Moreover, when patients were additionally stratified for ICI retreatment (n=13), there was a 
significant difference in survival between those with a TMB higher than the median of 8·3 mutations per Mb and 
those with TMB lower than the median in the retreated cohort (41·3 months vs 17·4 months; p=0·02). 

Interpretation Tremelimumab combined with durvalumab was associated with long-term survival in patients with 
mesothelioma. Retreatment was safe and resulted in clinically meaningful outcomes, thus suggesting its potential 
application in the clinical practice of mesothalioma patients.

Funding NIBIT Foundation, Fondazione AIRC, AstraZeneca.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction
Malignant mesothelioma is an aggressive and lethal 
tumour, commonly associated with asbestos exposure.1 
The prognosis for patients with mesothelioma remains 
poor, largely due to the absence of effective therapeutic 
options. Front-line systemic treatment for patients with 

unresectable disease has not changed substantially 
in the past two decades, and in most countries still 
comprises platinum combined with pemetrexed;2 
however, the combination of platinum plus pemetrexed 
and bevacizumab is used in selected countries based on 
the results of the MAPS-trial.3 The therapeutic landscape 
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for patients with mesothelioma who have been previously 
treated is even worse, with limited treatment options and 
no agents currently approved in this setting.4

Promising results have emerged on the use of targeted 
treatment with immune checkpoint inhibitors (ICIs),5,6 

particularly when given in combination regimens.7 
NIBIT-MESO-1 was the first study to demonstrate 
encouraging signs of efficacy with tremelimumab 
(an anti-cytotoxic T lymphocyte antigen [CTLA]-4 
monoclonal antibody [mAb]) plus durvalumab (an anti-
programmed cell death ligand-1 [PD-L1] mAb) as first-
line or second-line treatment in patients with malignant 
mesothelioma. 11 (28%) of 40  patients achieved an 
immune-related objective response and 26 (65%) of 
patients achieved immune-related disease control. 
Median overall survival was 16·6 months (95% CI 
13·1–20·1).8 Similar results were subsequently reported 
in the MAPS-1 study9 and the INITIATE study,10 looking 
at the combination of ipilimumab and nivolumab in 
patients with pleural mesothelioma who had been 
previously treated. The results of the phase 3 
CheckMate-743 study11 further support the efficacy of 
combined ICI therapy in mesothelioma; first-line 
nivolumab plus ipilimumab significantly improved 
survival of patients with pleural mesothelioma compared 
with platinum plus pemetrexed. Based on the results of 
these studies,9,10,11 the combination of nivolumab and 
ipilimumab has recently been approved by the US Food 
and Drug Administration as a first-line therapy for 
patients with pleural mesothelioma.

Despite these exciting results, primary and secondary 
resistance to treatment is emerging as a major limitation 
of ICI therapy.12 Several mechanisms of resistance have 
been identified to date, and strategies to overcome them 
represent an area of active investigation. In this context, 
very limited information is available about the therapeutic 
efficacy of retreatment in ICI-resistant patients and, to 
the best of our knowledge, no biomarkers are available to 
identify patients with mesothelioma who are appropriate 
candidates for ICI therapy and retreatment.

Here, we report the 36-month and 48-month survival 
analysis of patients treated with tremelimumab and 
durvalumab, as well as the efficacy and safety of ICI 
retreatment of patients who experienced disease 
progression following initial disease control.

Methods
Study design, patient population, procedures, and 
outcomes 
We conducted a milestone, follow-up analysis of patients 
enrolled in the NIBIT-MESO-1 study.8 The study design, 
patient eligibility criteria, and treatment regimen for the 
NIBIT-MESO-1 study have already been described. 

Briefly, the NIBIT-MESO-1 was an open-label, single-
arm, phase 2 study. Patients were eligible for inclusion 
if they were aged 18 years or older, had histo logically 
confirmed unresectable pleural or peritoneal meso-
thelioma, had refused or progressed during or after one 
platinum-based chemotherapy regimen, had measurable 
disease (assessed at baseline by CT or MRI) according to 

Research in context

Evidence before this study
We searched PubMed for reports published in English 
from Jan 1, 2010, to Dec 31, 2020, using the search terms 
“mesothelioma”, “anti-CTLA-4”, “anti-PD-1”, “anti-PD-L1”, 
“anti-CTLA-4 in combination with anti-PD-1/PD-L1”, 
“retreatment” and “immunotherapy”, and filtered for clinical 
trials. We did not find any data about a longer follow-up with 
immune checkpoint inhibitor (ICI) combinations in 
mesothelioma or data from retreatment with ICIs in patients 
with ICI-refractory mesothelioma. Treatment for patients with 
malignant mesothelioma remains unsatisfactory, with an 
urgent unmet need for new agents. Therapeutic blockade, with 
the use of  ICIs, has shown antitumour activity in early phase 
studies of patients with mesothelioma. We have previously 
reported the clinical activity of combined treatment with 
tremelimumab and durvalumab in the first-line or second-line 
setting for patients with pleural or peritoneal mesothelioma 
(NIBIT-MESO-1 study). These results have since been 
corroborated by the phase 2 MAPS-2 and INITIATE studies in 
patients with previously-treated pleural mesothelioma, while 
the efficacy of first-line combination ICI treatment in pleural 
mesothelioma has been confirmed in the randomised, phase 3 
CheckMate743 study.

Added value of this study
To our knowledge, this is the first extended follow-up study to 
look at the efficacy and safety of retreatment with a combination 
of two ICIs (tremelimumab and durvalumab) in patients with 
mesothelioma. We found that treatment with tremelimumab 
and durvalumab in patients with mesothelioma is associated 
with durable survival at 36 months and 48 months, 20% and 
15% of patients with mesothelioma, respectively, suggesting a 
role of this combination in ICI rechallenge of ICI-refractory 
patients, who had progression of disease following disease 
control. We also identified tumour mutational burden (TMB) as a 
potential molecular marker to select patients with mesothelioma 
who might benefit most from retreatment with combined 
tremelimumab and durvalumab.

Implications of all the available evidence
For patients with mesothelioma, who have disease 
progression after an initial clinical benefit—ie, partial response 
or stable disease—with tremelimumab and durvalumab, 
retreatment with these same agents might be a useful option. 
TMB at baseline could be a potential molecular marker to 
identify patients who might have a better outcome in 
response to retreatment with this combined therapy.



Articles

www.thelancet.com/respiratory   Vol 9   September 2021 971

the modified Response Evaluation Criteria in Solid 
Tumors [RECIST] for pleural mesothelioma13 or RECIST 
1.1 for peritoneal mesothelioma14), and had a life 
expectancy of 3 months or more (as judged by clinicians), 
adequate organ function, and an Eastern Cooperative 
Oncology Group (ECOG) performance status of 1 or less. 
Eligible patients received induction treatment comprising 
tremelimumab at a dose of 1 mg/kg bodyweight every 
4 weeks (a cycle) for four doses in combination with 
durvalumab at a dose of 20mg/kg bodyweight every 
4 weeks for four doses, followed by maintenance dosing 
every 4 weeks with only intravenous durvalumab 
20 mg/kg bodyweight for an additional nine doses, 
or until confirmed progressive disease, unacceptable 
toxicity, investigator’s decision, or patient’s withdrawal of 
consent.

For this follow-up study, following the NIBIT-MESO-1 
protocol, patients were eligible for retreatment if they 
had completed 4 cycles of tremelimumab plus 
durvalumab and had obtained a partial response or stable 
disease, followed by progressive disease during 
maintenance with durvalumab for nine doses or during 
the follow-up phase. Additional eligibility criteria8 were 
ECOG performance status of 0 or 1; life expectancy of 
3 months or more (as judged by clinicians); adequate 
organ function (liver, blood, kidney, and heart); and 
measurable disease, defined as at least one lesion that 
could be accurately assessed at baseline by CT scan or 
MRI that was suitable for repeated measurements 
according to the modified RECIST criteria for pleural 
mesothelioma,13 or RECIST 1.1 for peritoneal 
mesothelioma.14

Patients eligible for retreatment received the same 
schedule of treatment as used in the NIBIT-MESO-1 
study.8 Briefly, intravenous tremelimumab (AstraZeneca–
MedImmune, Gaithersburg, MD, USA) at 1 mg/kg 
bodyweight and intravenous durvalumab (AstraZeneca–
MedImmune) at 20 mg/kg bodyweight were given every 
4 weeks for four doses (re-induction phase), followed by 
durvalumab (20 mg/kg bodyweight) every 4 weeks for an 
additional nine doses (maintenance phase) for a total 
treatment duration of 48 weeks. Routine clinical and 
laboratory assessments were conducted at baseline and 
throughout the study. No further retreatment was allowed 
in case of disease progression. Radiological tumour 
assessments (brain, neck, chest, abdomen, and pelvis CT 
scan) were undertaken at re-screening and every 12 weeks 
during retreatment.

Endpoints were the same as for initial treatment in the 
NIBIT-MESO-1 study.8 The primary endpoint, immune-
related objective response rate, was evaluated according 
to immune-related modified RECIST or immune-related 
RECIST 1.1 criteria for patients with pleural or 
peritoneal malignant mesothelioma, respectively. 
Secondary endpoints included immune-related disease 
control rate, immune-related progression-free survival, 
overall survival, and safety. In a post-hoc analysis we 

compared median survival of patients retreated with ICIs 
versus those not retreated.

Adverse events were recorded according to the National 
Cancer Institute Common Terminology Criteria for 
Adverse Events (NCI-CTCAE) version 4.0. No dose 
reduction was allowed. All treatment-related toxicity had 
to be resolved to grade 1 or lower before giving the next 
dose of the combination or maintenence durvalumab. 
Patients were permanently discontinued from the study 
if two consecutive doses were missed because of ongoing 
treatment-related toxicity.

Retreatment as a part of the NIBIT-MESO-1 study was 
already approved by the University Hospital of Siena’s 

Figure 1: Kaplan–Meier curve of overall survival in patients with 
mesothelioma (n=40) treated with tremelimumab plus durvalumab
Vertical lines indicate censored observations.
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Median overall survival 16·5 months
(95% CI 13·7–19·2)

Study population (N=17)

Sex

Male 11 (65%)

Female 6 (35%)

Median age, years 65 (49–69)

ECOG performance status

0 10 (59%)

1 7 (41%)

Histology

Epithelioid 14 (82%)

Biphasic 3 (18%)

Site

Pleural 16 (94%)

Peritoneal 1 (6%)

Previous treatments

One* 4 (23%)

Two† 13 (77%)

Data are n (%), or median (IQR). ECOG=Eastern Cooperative Oncology Group. 
*First-line treatment with tremelimumab and durvalumab in the NIBIT-
MESO-1 study.8 †First line treatment with platinum plus pemetrexed; second-line 
treatment with tremelimumab and durvalumab in the NIBIT-MESO-1 study.

Table 1: Baseline characteristics of patients retreated with 
tremelimumab and durvalumab
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independent Ethics Committee, and was done in 
accordance with the ethical principles of the Declaration 
of Helsinki and the International Conference on 
Harmonization of Good Clinical Practice. All participants 
or their legal representatives provided written informed 
consent before enrolment in retreatment.

DNA extraction and next-generation sequencing
In order to assess tumour mutation burden (TMB), a post-
hoc analysis, genomic DNA was isolated from formalin-
fixed and paraffin-embedded (FFPE) tissue sections from 
28 patients with mesothelioma enrolled in the NIBIT-
MESO-1 study at baseline (of whom 13 patients entered 
entered the ICI retreatment phase) using the GeneRead 
DNA FFPE Kit (Qiagen, Hilden, Germany) and following 
the manufacturer’s instructions. Analyses on the impact 
of TMB on outcomes were performed in patients stratified 
based on the median value of TMB at baseline and then 
according to their retreatment. DNA concentrations were 
measured with the Qubit 2.0 Fluorometer with Qubit 
dsDNA HS (High Sensitivity) Assay Kit (Life Technologies, 
Carlsbad, CA, USA). Next-generation sequencing analyses 
were performed using the Ion GeneStudio S5 System 
with the Comprehensive Cancer Panel that includes a 
total of 409 cancer-related genes arranged in four primer 
pools.15 Libraries were generated starting from 10 ng of 
DNA per primer pool for a total of 40 ng of input DNA, 
using the Ion AmpliSeq Library Kit Plus, barcoded with 
Ion Xpress Barcode Adapters (Life Technologies) and 
purified with Agencourt Ampure XP Beads (Beckman 
Coulter Life Sciences, Indianapolis, IN, USA). The 
obtained PCR amplicons were diluted to a final 
concentration of 70 pM, and pooled together; emulsion 
PCR and Chip (Ion 540) loading steps were performed 
with the Ion Chef Instrument. Sequencing of libraries was 
done with the Ion S5TM System (Thermofisher, Monza 
Italy). Sequencing data were processed with the Ion 
Torrent platform-specific pipeline software (Torrent 
Suite, V5.2.1). Ion Reporter Software V5.10 and Integrative 
Genome Viewer software) were used for variant annotation 

and reads visualisations, respectively. TMB values were 
directly calculated by the Ion ReporterSoftware using the 
specific panel analysis workflow.

Statistical analysis
The Kaplan–Meier method was utilised to estimate median 
follow-up (reverse method), median overall survival, and 
median progression-free survival, as well as survival rates, 
with two-sided 95% confidence intervals based on a 
normal approximation. Survival curves were compared 
using the log-rank test. The restricted mean survival time 
(RMST) was calculated as previously described.16 Two-sided 
95% confidence intervals for immune-related objective 
response and immune-related disease control were 
estimated using an exact probability method. Statistical 
analyses for TMB and survival rates used GraphPad Prism 
version 8. All other statistical analyses used IBM-SPSS 
version 23.0. The study was registered with the European 
Union Clinical Trials Register, number 2015-001995-23, 
and ClinicalTrials.gov, number NCT02588131.

Role of the funding source
The study was sponsored by the NIBIT Foundation 
who designed, coordinated, collected, analysed, and 
interpreted the data, and decided to submit the 
manuscript for publication. All authors had full access to 
all the data in the study and accept responsibility to 
submit for publication.

Results
At data cut-off, April 30, 2020, five (13%) of 40 patients 
enrolled in the NIBIT-MESO-1 study were alive, and 
35 (88%) patients had died of progressive disease. With a 
median follow-up of 52 months (IQR 49–53), the median 
overall survival was 16·5 months (95% CI 13·7–19·2; 
figure 1). Survival was 20% (eight of 40 patients) at 
36 months and 15% (six of 40 patients) at 48 months.

17 (43%) of 40 patients who had disease progression 
met the criteria for retreatment with tremelimumab and 
durvalumab (table 1; figure 2). Among these 17 patients, 

Figure 2: Patient disposition and schedule of retreatment with tremelimumab and durvalumab
BOR=best overall response. TA=tumour assessment.

40 patients in the
 NIBIT-MESO-1 study

17 received re-treatment

23 no retreatment
 14 disease progression
 as BOR
 3 deterioration in
 performance status
 3 grade 3–4 immune-
 related adverse events

1 persisting disease 
control 

 1 second neoplasm
 1 refused treatment

Re-screening

Cycle

Week

TA TA TA TA TA

Re-treatment

1 2 3 4 5 6 7 8 9 10 11 12 13

0 4 8 12 16 20 24 28 32 36 40 44 48

Tremilimumab 1 mg/kg
bodyweight plus
durvalumab 20 mg/kg
bodyweight (four doses)

Durvalumab 20 mg/kg bodyweight every 4 weeks
(nine doses)

Follow-up

For Integrative Genome Viewer 
software see http://www.

broadinstitute.org/igv
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who had a median progression-free survival of 
11·3 months (95% CI 9·0–13·5) at baseline in NIBIT-
MESO-1 up to the point of starting retreatment, 
eight (47%) patients had disease progression during the 
initial maintenance phase in NIBIT-MESO-1 prior to 
retreatment, and nine (53%) had disease progression 
during the first follow up phase. Between Sept 6, 2016, 
and March 29, 2019, the 17 patients who received 
retreatment had a median of three doses (range 1–4) of 
tremelimumab and four doses (range 1–13) of 
durvalumab. Eight (47%) of 17 patients completed the re-
induction phase with tremelimumab and durvalumab, of 
whom seven (41%) started the retreatment main tenance 
phase with durvalumab and one (5%) entered the follow-
up phase.

Overall, seven (41%) of 17 patients included in the 
retreatment study achieved immune-related stable 
disease (disease control), which lasted over 11 months in 
three patients. No immune-related objective responses 
were observed. Four (24%) of 17 patients were treatment-
naïve when they were first enrolled in the NIBIT-
MESO-1 study (appendix p 1). Nine (53%) of 17 retreated 
patients had a partial response as best overall response 
(BOR) with the first course of therapy in the NIBIT-
MESO-1 study; of these, six (67%) had stable disease and 
three (33%) had progressive disease as BOR with 
retreatment in the follow-up study. The remaining 
eight (47%) patients had stable disease as BOR with the 
first course of treatment, of whom one (13%) achieved 
stable disease as BOR at retreatment and seven (87%) 
had progressive disease as BOR at retreatment 
(appendix p 1). 

From start of retreatment to a median follow-up of 
24 months (IQR 22·0–25·0), the median immune-
related progression-free survival of the 17 patients who 
were retreated was 3·5 months (95% CI 3·2–3·8), the 
median overall survival was 12·5 months (0·0–25·8). 
Survival at 12 months was 52·9% (nine of 17 patients), at 
18 months was 35·3% (six of 17), and 24 months 
was 23·5% (four of 17). At data cut-off, April 30, 2020, all 
17 patients who received retreatment had discontinued 
treatment because of disease progression; 13 (76%) 
patients received subsequent chemotherapy or 
immunotherapy.

23 (58%) of 40 patients enrolled in the NIBIT-MESO-1 
study were not eligible for ICI retreatment due to: 
disease progression as BOR (14 [35%] of 40 patients); 
deterioration of clinical condition due to disease 
progression (three [8%]); grade 3–4 toxicity that required 
permanent treatment discontinuation (three [8%]); 
persisting disease control (one [3%]); occurrence of a 
second neoplasm (one [3%]); and refused ICI retreatment 
(one [3%]; figure 2). Of these 23 patients who did not 
receive ICI retreatment, 15 (38%) received further 
chemotherapy.

A post-hoc analysis was performed to compare the 
survival of 17 ICI retreated patients with survival of 

the 15 patients who did not qualify for ICI retreatment but 
received additional chemotherapy. At a median follow up 
of 48 months (IQR 46·0–49·0) from the start of NIBIT-
MESO-1, the median overall survival of patients who 
recieved retreatment was significantly higher than for 
patients who recieved chemotherapy (25·6 months 
[95% CI 9·6–41·6] vs 11·0 months [9·4–12·6]; p=0·009; 
figure 3). Furthermore, RMST analysis demonstrated a 
mean survival time of 21·3 months (95% CI 16·3–26·2) 
for all 40 patients enrolled in the original study, 
29·3 months (22·1–36·5) for the 17 retreated patients 
included in the follow-up study, and 16·7 months 
(9·8–23·5) for  patients (n=23) who did not receive ICI 
retreatment.

Overall, retreatment with tremelimumab and 
durvalumab was well-tolerated. Six (35%) of 17 patients 
experienced grade 1–2 immune-related adverse events, 
the most common of which were dermatological, and 
generally manageable and reversible per protocol 
guidelines (table 2). No grade 3–4 immune-related 
adverse events were observed.

In a post-hoc analysis, the impact of TMB on outcomes 
was analysed in 28 patients for whom tumour tissue 
before treatment was available, of whom 13 participated 

See Online for appendix

Figure 3: Kaplan–Meier curve of overall survival of patients retreated with 
tremelimumab and durvalumab (ICI retreated) versus non-ICI retreated 
patients who received additional chemotherapy (post-hoc analysis)
Vertical lines indicate censored observations. ICI=immune checkpoint inhibitor.
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ICI re-treated patients (n=17)
Median 25·6 months
(95% CI 9·6–41·6); p=0·009
Non-ICI re-treated patients (n=15)
Median 11·0 months
(95% CI 9·4–12·6)

Grade 1–2 Grade 3–4

Any immune-related adverse events 6 (35%) 0

Dermatological (rash, pruritus, erythema multiforme, psoriasis) 4 (24%) 0

Gastrointestinal (diarrhoea, nausea, vomiting) 2 (12%) 0

Pancreatic (amylases or lipase increase) 1 (6%) 0

Pneumonitis 2 (12%) 0

Articular and muscle pain 1 (6%) 0

Decrease appetite 1 (6%) 0

Data are number of patients (%). Population included 17 patients. 

Table 2: Summary of immune-related adverse events
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in the retreatment study. Patients with TMB higher than 
the median value of 8·3 mutations per Mb demonstrated 
an improved median overall survival than patients with 
TMB lower than the median value (30·9 months vs 
14·9 months; p=0·06), although this difference did not 
reach statistical significance (figure 4A). However, when 
patients were additionally stratified for ICI retreatment 
(n=13), there was a significant difference in survival 
between those with a TMB higher than the median of 
8·3 mutations per Mb and those with TMB lower than 
the median in the retreated cohort (41·3 months vs 
17·4 months; p=0·02;  figure 4B).

Discussion
To our knowledge, the NIBIT-MESO-1 study has the 
longest follow-up of patients with mesothelioma treated 
by co-targeting the CTLA-4 and PD-L1 immune 
checkpoints. Our updated survival analysis shows that 
tremelimumab combined with durvalumab is associated 
with durable survival at 36 months and 48 months, in 
20% and 15% of patients with mesothelioma, respectively, 
supporting the hypothesis that simultaneously targeting 
multiple immune checkpoints might be an effective 
strategy to induce long-term survival in this population, 
similar to that already demonstrated for other tumour 
types.17–19 Furthermore, first-line combination treatment 
with anti-PD-1 and anti-CTLA-4 mAbs has been shown 
to significantly improve overall survival compared with 
platinum-based therapy for patients with pleural 
mesothelioma,11 is likely to become the new standard of 
care in this setting worldwide.

Little evidence is available on the therapeutic efficacy of 
ICI retreatment in cancer patients with disease 
progression after initial clinical benefit (a partial response 
or stable disease) on these agents. To our knowledge, the 
NIBIT-MESO-1 study is the first study that prospectively 
investigated the efficacy and safety of ICI retreatment in 
ICI-refractory patients with mesothelioma. Although the 
primary endpoint of objective response was not observed, 

ICI retreatment resulted in disease stabilisation in 41% 
of patients, preferentially in those who had achieved an 
objective response during the first course of treatment of 
the NIBIT-MESO-1 study. Consistently, the median 
progression-free survival (11·3 months) of patients who 
had retreatment compared favourably with the median 
progression-free survival (8·0 months) observed for all 
patients in the first course of therapy in the NIBIT-
MESO-1 study.8 Even more interesting was the impact on 
overall survival in post hoc analysis, which was 
significantly improved in patients who were retreated 
with tremelimumab and durvalumab compared with 
those who were not retreated and received additional 
chemotherapy (25·6 months vs 11·0 months). Supporting 
the efficacy of ICI-retreatment, RMST analysis identified 
a mean survival time of 29·3 months for ICI retreated 
patients versus 16·7 months for patients who did not 
receive ICI retreatment. Although this is a non-
randomised study and the size of the retreated cohort 
was small, the results suggest that ICI retreatment might 
restore long-lasting tumour control in 24% of ICI-
refractory patients with mesothelioma. This approach 
could be particularly relevant in previously-treated 
patients with mesothelioma for whom no effective 
therapies are currently available. However, it has to be 
acknowledged that in this follow-up study, patients who 
were eligible for retreatment were also those who 
benefitted (ie, partial response or stable disease) from the 
initial therapy with ICI and had no primary resistance to 
ICIs.

To date, we do not fully understand the efficacy of ICI 
retreatment, and current knowledge is primarily based 
on retrospective studies of small subsets of patients 
treated with either the anti-CTLA-4 mAb, ipilimumab, or 
with anti-PD-1/PD-L1 mAbs in larger trials.20–26 Indeed, in 
an ipilimumab expanded access programme, 55% of 
patients with metastatic melanoma who were retreated 
regained disease control, and 42% were alive 2 years after 
the first induction dose of ipilimumab.20 In the 

Figure 4: Kaplan–Meier cumulative survival analyses according to TMB (post-hoc analysis)
Kaplan–Meier overall survival for all patients in the NIBIT-MESO-1 study with samples available for TMB analysis. Vertical lines indicate censored observations. 
(A) Overall survival of patients stratified by median TMB of less than 8·3 and more than 8·3 mutations per Mb (n=28). (B) Overall survival of patients stratified by 
median TMB of less than 8·3 and more than 8·3 mutations per Mb in patients retreated with tremelimumab and durvalumab (n=13). TMB=tumour mutational burden.
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KEYNOTE-006 study,21 13 patients with metastatic 
melanoma, previously treated with pembrolizumab for 
2 years, were retreated at disease progression with the 
same anti-PD-1 mAb. Seven (54%) of 13 retreated patients 
achieved an objective response. In other reports, 
rechallenge with anti-PD-1 or PD-L1 mAbs has been 
associated with objective response rates of 25–27% and 
stable disease rates of 18–75% in various tumour types, 
including melanoma, non-small-cell lung cancer, 
colorectal cancer, urothelial cancer, and breast cancer.22–24 
Similar to our results, however, two further studies in 
patients with non-small-cell lung cancer reported 
primarily stable disease (with a single partial response 
among 50 retreated patients) as the best response 
to anti-PD-1 mAb rechallenge.25,26 Taken together, the 
available data indicate that ICI retreatment is clinically 
active in some patients regardless of tumour histology, 
and merits further investigation in dedicated larger 
prospective studies.

Retreatment with tremelimumab and durvalumab was 
associated with a good tolerability profile; no grade-3–4 
immune-related adverse events occurred in retreated 
patients. These findings are consistent with safety data 
for this combination in the NIBIT-MESO-1 study,8 as well 
as in other tumour types,27,28 and support further 
exploration of retreatment with tremelimumab and 
durvalumab without safety concerns.

An additional ongoing challenge is the identification 
of biomarkers to enable selection of patients with 
mesothelioma who will derive most benefit from ICI 
therapy, and also from ICI retreatment. In this context, 
the role of PD-L1 expression by neoplastic cells remains 
controversial.29 Along this line, we found no correlation 
between PD-L1 expression and clinical outcome either in 
patients initially enrolled in the NIBIT-MESO-1 study,8 or 
in those who underwent ICI retreatment (data not 
shown). Similarly, PD-L1 expression did not correlate 
with the outcome of salvage chemotherapy (data not 
shown). Furthermore, the potential correlation between 
TMB at different cut-off values and the efficacy of ICI 
therapy has been evaluated in several clinical trials;27,30,31 
however, no studies so far have validated pre-determined 
TMB cut-offs to select patients who are the best 
candidates to benefit the most from ICI therapy. In this 
evolving scenario, we found a correlation between 
baseline TMB higher than the median population value 
and improved survival in the whole patient population, 
although the results did not reach statistical significance. 
Furthermore, among patients who had ICI retreatment, 
the highest survival was observed in patients with a TMB 
higher than the median value. While these findings need 
to be interpreted with caution, due to being preliminary, 
and being derived from a post-hoc analysis of a small 
number of patients, a high mutation load at baseline 
seems to identify patients with mesothelioma who are 
most likely to benefit from ICI therapy and retreatment 
with these agents. This latter finding is intriguing and 

needs to be further explored, ideally comparing tumor 
biopsies at disease progression with archival samples, 
though its feasibility in mesothelioma is clearly limited 
by the very invasive procedures it would require. 
Nonetheless, the ability of TMB to identify patients with 
a favourable outcome to ICI, including those who are 
suitable candidates for rechallenge, warrants prospective 
investigation in a larger study.

Anti-tumour immunotherapy with immune checkpoint 
blockade in patients with mesothelioma has yet to reach 
its full potential. There is considerable scope to improve 
treatment outcomes and to overcome resistance to this 
class of immunotherapy. New ways of using these agents, 
including optimising the duration of ICI treatment or 
rechallenge, are under active investigation, and will 
hopefully improve the clinical efficacy of ICIs against 
this still fatal and difficult-to-treat disease. Despite the 
limitations of the study, including the small number of 
patients who received ICI retreatment and the non-
randomised study design, which prevent drawing firm 
conclusions, the clinical results support the efficacy and 
safety of ICI retreatment in patients who become 
refractory to inital ICI treatment, and further 
investigation is warranted for potential application of 
retreatment in the clinical practice.
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