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Background
The use of immune checkpoint inhibitors (ICIs) 
has revolutionized the treatment paradigm for 
advanced cancers. Currently, the US Food and 
Drug Administration (FDA) has passed more 
than 50 approvals for the use of ICIs on the basis 
of extensive evidence from clinical trials.1 For 
most diseases, a durable response with significant 
survival benefit has been achieved in 10–25% of 
the patients, but a large proportion of patients 
still do not respond to ICIs.2–6 Moreover, patients 

who initially responded to ICIs may show disease 
progression over time even with continued treat-
ment; the incidence of disease progression varies 
from 10% to 70% depending on the types of dis-
ease.2 Thus, the risk of disease progression after 
ICIs is high, and subsequent treatment options 
should be considered.

Unfortunately, only a few treatment options are 
available for patients who show disease progres-
sion after the use of ICIs. In real-world clinical 
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retreatment. The ORR was 22–36%, the DCR was 40–64%, and the mOS was 13.4–20.6 months. 
The incidence of grade ⩾3 irAEs was <10%. For disease progression after PD-(L)1 inhibitors, 
13 studies evaluated anti-PD-(L)1 retreatment. The ORR was 5–53%, the DCR was 38–83%, 
and the mOS was 13.9 months. The incidence of grade ⩾3 irAEs was 0–15% for patients 
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practice, systemic treatment including targeted 
therapy and chemotherapy are empirically 
applied, but the efficacy is limited.7–10 Thus, con-
sidering the dynamic nature of the immune 
response and long-term benefit of ICIs, retreat-
ment with the same or another ICI seems a suit-
able treatment option. Although several studies 
have evaluated the efficacy and safety of ICI 
retreatment, different regimens were administered 
to heterogeneous populations.11–13 Since the clini-
cal application of ICI retreatment requires further 
analysis, we conducted the current systematic 
review to evaluate the efficacy and safety of 
retreatment with ICIs for patients with solid 
tumors who had disease progression after the first 
treatment with ICIs.

Methods
This systematic review was performed according to 
the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA)  guidelines.14 
The protocol was registered in PROSPERO on 28 
April 2020 (CRD42020166902).

Literature search
We performed a literature search of electronic 
databases including MEDLINE, EMBASE, and 
the Cochrane Library for relevant records pub-
lished between 1 January 2005 and 26 September 
2020. Annual meeting proceedings from the 
American Society of Clinical Oncology (ASCO) 
and European Society of Medical Oncology 
(ESMO) were retrieved, and clinical trial registers 
including ClinicalTrials.gov were also reviewed for 
ongoing trials. The keywords used for the litera-
ture search included ipilimumab, tremelimumab, 
pembrolizumab, nivolumab, atezolizumab, dur-
valumab, avelumab, cemiplimab, retreatment, 
rechallenge, and reintroduction (Supplemental 
Table 1). The references of included records were 
manually searched by one author (KLY) to iden-
tify additional relevant studies. The language was 
restricted to English.

Study selection
Two authors (JRL and KLY) independently 
screened records obtained during the literature 
search. We only included prospective studies that 
investigated retreatment with ICIs after disease 
progression following ICI treatment. Patients 
were restricted to those with advanced solid 
tumors. For one trial with multiple publications, 

the most recent publication was included. Any 
discrepancies were solved by discussion. A third 
author (LZ) participated if a consensus could not 
be reached.

Data extraction and analysis
The study characteristics and the outcomes of the 
included studies were independently extracted by 
two authors (JRL and KLY) using a standardized 
data collection form. The primary outcomes of 
the current systematic review included the objec-
tive response rate (ORR), disease control rate 
(DCR), median overall survival (mOS), and the 
incidence of grade ⩾3 immune-related adverse 
events (irAEs). The ORR was defined as the per-
centage of patients who achieved a complete 
response (CR) or partial response (PR). The 
DCR was defined as the percentage of patients 
who achieved CR, PR, or stable disease (SD).

Two authors (JRL and KLY) independently 
assessed the methodological quality of the 
included studies by using the Risk of Bias In Non-
randomized Studies of Interventions (ROBINS-I). 
A third independent reviewer (LZ) participated to 
resolve discrepancies between the two reviewers.

Results
A comprehensive literature search generated 
3038 records. After removing duplicates and 
screening titles and abstracts, 57 records were 
identified for full-text review. Finally, 22 prospec-
tive studies with 1865 patients were included in 
the qualitative analysis (Figure 1). The initial 
retrieval of clinical trial registers generated 460 
records. After excluding irrelevant records 
(n = 434) and withdrawn trials (n = 2), seven rele-
vant trials with published articles and 17 relevant 
ongoing trials were identified (Figure 1).

The main characteristics of the 22 included stud-
ies are listed in Table 1. Among the 22 included 
prospective studies, two were randomized con-
trolled clinical trials comparing the efficacy and 
safety of ICI retreatment with systemic chemo-
therapy, and 20 were non-randomized studies 
investigating the clinical outcomes of retreatment 
with ICIs. According to the treatment regimen, 
eligible studies were divided into the following 
four categories: anti-cytotoxic T-lymphocyte 
associated protein 4 (CTLA-4) treatment after 
previous CTLA-4 inhibitors (anti-CTLA-4 
retreatment), anti-programmed cell death protein 
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1 (PD-1) treatment after previous CTLA-4 inhib-
itors (anti-CTLA-4/anti-PD-1 retreatment), anti-
PD-1 or anti-programmed cell death ligand 1 
(PD-L1) treatment after previous PD-1 or PD-L1 
inhibitors [anti-PD-(L)1 retreatment], and anti-
CTLA-4 treatment after previous PD-1 inhibi-
tors (anti-PD-1/anti-CTLA-4 retreatment). The 
ORR outcomes of each included study according 
to different treatment strategies were summarized 
in Figure 2, and the incidence of grade ⩾3 irAEs 
was summarized in Figure 3.

The methodological quality of most included 
studies was moderate (Table 1, Supplemental 
Table 2). The major risk of bias was owing to 

confounding factors, deviations from intended 
interventions, and missing data.

Anti-CTLA-4 retreatment
Three studies with 204 patients evaluated retreat-
ment with CTLA-4 inhibitors after disease pro-
gression.11–13 All the patients had advanced 
melanoma and progressive disease after achieving 
initial disease control for ⩾3 months following 
prior ipilimumab treatment. The ORR was 12–
23%, and the DCR was 48.4–67.7%.

In the Italian expanded access programme (EAP), 
the ORR was 12% and the DCR was 55% in 51 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram of 
literature search.

https://journals.sagepub.com/home/tam
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patients who received ipilimumab retreatment; 
one patient with SD, which was the best response 
after prior ipilimumab, achieved CR after 

retreatment.11 The mOS from retreatment was 
12 months, and the 1-year OS rate was 50%. In 
the phase III CA180-002 study, a total of 31 

Figure 2. The objective response rates of different retreatment strategies. Note that the bubble size indicates 
the sample size of each study.
MSI-H, microsatellite instability-high; NSCLC, non-small cell lung cancer.

Figure 3. The incidence of grade ⩾3 irAEs of different retreatment regimens. Note that the bubble size 
indicates the sample size of each study.
irAEs, immune-related adverse events; NSCLC, non-small cell lung cancer.
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patients received ipilimumab combined with 
gp100 vaccine or placebo for retreatment after 
disease progression.12 Retreatment achieved an 
ORR of 13% in the vaccine group and 37.5% in 
the placebo group. For all patients who under-
went retreatment, the ORR was 19.4% and the 
DCR was 67.7%. Compared to the response 
observed in the previous treatment, four patients 
achieved a better response during retreatment, as 
the response changed from PR to CR in one 
patient and from SD to PR in three patients. 
Lebbé et  al. reported the results of ipilimumab 
retreatment for patients who had received ipili-
mumab in six phase II studies with a follow-up of 
more than 5 years.13 Among 122 patients who 
underwent retreatment, seven achieved CR and 
21 achieved PR, showing an ORR of 23% and a 
DCR of 48.4%.

According to the inclusion criteria of these trials, 
patients who discontinued ipilimumab owing to 
toxicity during previous therapy were not permitted 
to receive retreatment in these three studies. The 
incidence of grade ⩾3 irAEs was 5.9–25% during 
retreatment, and the most common grade 3 or 4 
irAEs were diarrhea, colitis, and rash.11–13 No new 
types of toxicities were observed during retreat-
ment, and all irAEs were generally reversible.

Anti-CTLA-4/anti-PD-1 retreatment
Four studies including 1067 patients with mela-
noma used PD-1 inhibitors after prior anti-
CTLA-4 therapy.15–18 The ORR was 22–36%, 
the DCR was 40–64%, and the mOS was 
13.4–20.6 months.

The KEYNOTE-001 trial included 342 patients 
with ipilimumab-refractory disease for pembroli-
zumab retreatment.15 The ORR was 36% after a 
5-year follow-up. This trial also analyzed a gene 
expression profile (GEP) consisting of 18 genes 
associated with T-cell function. The GEP was 
similar among patients who responded to pem-
brolizumab regardless of the previous ipilimumab 
exposure, which was different from that of patients 
who did not respond to pembrolizumab. Two ran-
domized trials compared ICIs with chemotherapy 
in patients with progressive disease after ipili-
mumab treatment. In the KEYNOTE-002 trial, 
patients were randomly allocated to receive 2 mg/
kg or 10 mg/kg pembrolizumab every 3 weeks or 
investigator-choice chemotherapy (carboplatin, 
carboplatin plus paclitaxel, dacarbazine, paclitaxel 
alone, or oral temozolomide).16 Compared with 

the ORR during chemotherapy, the ORR was sig-
nificantly higher in patients receiving 2 mg/kg pem-
brolizumab (22% versus 4%, p < 0.0001) or 10 mg/
kg pembrolizumab (28% versus 4%, p < 0.0001), 
but the difference in OS was not significant among 
the different treatment regimens. The CheckMate037 
trial compared the efficacy of nivolumab with 
investigator-choice chemotherapy (dacarbazine, or 
carboplatin plus paclitaxel) for retreatment.17 
Patients who received nivolumab had a higher 
ORR than those who received chemotherapy regi-
mens (27% versus 10%). Weber et al. investigated 
the population who did not respond to prior ipili-
mumab.18 A total of 92 patients obtained an ORR 
of 29% on nivolumab retreatment. The mOS was 
20.6 months with a 1-year OS rate of 68.4%. Pre-
treatment peripheral blood was analyzed in this 
trial for potential biomarkers, and higher levels of 
myeloid-derived suppressor cells (MDSCs) were 
associated with a lower response rate and shorter 
survival of patients receiving anti-CTLA-4/anti-
PD-1 retreatment.

In the KEYNOTE-002 trial, grade ⩾3 irAEs 
occurred in 2% of patients receiving 2 mg/kg 
pembrolizumab and in 6% of patients receiving 
10 mg/kg pembrolizumab.16 In addition, the inci-
dence of grade ⩾3 treatment-related adverse 
events (TRAEs) was also lower in patients receiv-
ing 2 mg/kg pembrolizumab (13.5%) or 10 mg/kg 
pembrolizumab (16.8%) than in patients receiv-
ing chemotherapy (26.3%). Consistently, in the 
CheckMate037 trial, grade ⩾3 TRAEs were 
fewer in the nivolumab group than in the chemo-
therapy group (14% versus 34%).17 The phase I/II 
trial performed by Weber et  al. included 21 
patients with grade 3 or 4 irAEs during prior ipili-
mumab treatment.18 Four patients (19%) had 
episodes of grade 3 irAEs on retreatment, includ-
ing two patients with rash, one with pneumonitis, 
and one with arthralgia. All of them were man-
aged successfully with corticosteroids, and the 
treatment was discontinued only in the patient 
with late-onset grade 3 arthralgia in week 96.

Anti-PD-(L)1 retreatment
Anti-PD-(L)1 single agent retreatment. Thirteen 
studies with 508 patients evaluated the outcomes 
of anti-PD-(L)1 retreatment. In six trials, patients 
received anti-PD-(L)1 retreatment if they had 
achieved initial disease control but then showed 
disease progression after completing their previ-
ous treatment course.19–24 The ORR was 11.4–
53%, and the DCR was 47.1–83%.
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In the KEYNOTE-006 trial, three patients 
achieved CR and five showed PR among 15 
patients with melanoma during their second 
course pembrolizumab with an ORR of 53% and 
a DCR of 73%.19 The KEYNOTE-010 trial eval-
uated the efficacy of pembrolizumab retreatment 
in 14 patients with advanced non-small cell lung 
cancer (NSCLC).20 The ORR was 43% and the 
DCR was 79%. The efficacy of pembrolizumab 
retreatment in patients with NSCLC was also 
reported in the 5-year follow-up of yhe 
KEYNOTE-024 trial, resulting in an ORR of 
33% and DCR of 83% in 12 patients.21 Notably, 
the PD-L1 tumor proportion score (TPS) of the 
included patients was ⩾1% in the KEYNOTE-010 
trial and ⩾50% in the KEYNOTE-024 trial.20,21 
In the KEYNOTE-164 trial, nine patients with 
microsatellite instability-high (MSI-H) colorectal 
cancer received a second course of pembroli-
zumab, and two patients (22.2%) achieved PR.22 
In a phase I/II trial that evaluated the efficacy of 
durvalumab for patients with advanced solid 
tumors, durvalumab was resumed for 70 patients 
after a previous 1-year treatment, resulting in an 
ORR of 11.4% and a DCR of 47.1%.23 The ORR 
varied across different tumor types, which was 
14.3% in 21 patients with NSCLC, 0% in 12 
patients with MSI-H tumors, 37.5% in eight 
patients with bladder cancer, and 8.7% in patients 
with other tumor types.

Two studies evaluated the safety profile of anti-
PD-(L)1 single agent retreatment in patients with 
advanced NSCLC.21,24 No grade ⩾3 irAEs 
occurred during pembrolizumab retreatment in 
the KEYNOTE-024 trial.21 Among 40 patients 
with advanced NSCLC who underwent dur-
valumab retreatment in the ATLANTIC trial, six 
patients (15%) had grade ⩾3 irAEs and two died 
of treatment-related complications (i.e. respiratory 
failure and cardiac arrest in one patient each).24

Anti-PD-(L)1 retreatment combined with other 
agents. The preliminary outcomes of retreat-
ment with PD-1 or PD-L1 inhibitors combined 
with other agents were evaluated in seven stud-
ies.25–31 The ORR was 5–51%, and the DCR was 
38–72%.

A phase II study evaluated the efficacy of pem-
brolizumab combined with lenvatinib [a vascular 
endothelial growth factor (VEGF) receptor inhibi-
tor] for patients with metastatic clear cell renal cell 
carcinoma (mccRCC) whose disease progressed 
after prior treatment with PD-1 inhibitors.25 The 

efficacy was evaluated at week 24 in 104 patients, 
resulting in an ORR of 51%. Three studies investi-
gated anti-PD-(L)1 retreatment combined with 
other agents in patients with advanced mela-
noma.26–28 The combination of pembrolizumab 
and lenvatinib was applied in the phase II LEAP-
004 trial; 21.4% of patients achieved CR or PR  
with a mOS of 13.9 months.26 Atezolizumab com-
bined with cobimetinib [a mitogen-activated pro-
tein kinase kinase (MEK) inhibitor] was evaluated 
in a phase Ib study with 50 patients; the ORR was 
16% and the DCR was 38%.27 The tumor expres-
sion status of PD-L1 was available for seven 
patients with a confirmed PR. Six of them were 
positive for PD-L1, while one was negative for 
PD-L1. In addition, in a phase I study, 14 male 
patients with melanoma with resistance to PD-1 
inhibitors were retreated with nivolumab com-
bined with triptorelin, a gonadotropin-releasing 
hormone agonist.28 Two patients achieved PR 
with an ORR of 14%. For patients with NSCLC, a 
phase I trial evaluated the efficacy of pembroli-
zumab retreatment combined with vibostolimab 
[an anti-T-cell immunoreceptor with Ig and ITIM 
domains (TIGIT) antibody] in 38 patients, result-
ing in an ORR of 5%.29 Marquez-Rodas investi-
gated the efficacy of anti-PD-1 retreatment with 
intratumoral double-stranded RNA (dsRNA) for 
patients with advanced solid tumors showing pri-
mary resistance to anti-PD-1 inhibitors.30 The 
ORR was 11% and the DCR was 72% in 18 
patients who were eligible for response assessment. 
Another phase Ib trial applied nivolumab com-
bined with Debio 1143 [an antagonist of inhibitor 
of apoptosis proteins (IAPs)] in 11 patients with 
advanced solid tumors.31 PR was achieved in one 
patient with colorectal cancer and one patient with 
gastric cancer (ORR: 18%), and the DCR was 
54%.

The incidence of grade ⩾3 TRAEs was 0–64% 
when PD-(L)1 inhibitors were combined with 
other agents for retreatment. No grade ⩾3 
TRAEs occurred in patients retreated with 
nivolumab plus Debio 1143 at a median treat-
ment duration of 11.6 weeks.31 For patients with 
melanoma receiving atezolizumab combined with 
cobimetinib, five episodes of grade 3 TRAEs 
occurred in four patients with an incidence of 
29%, and all of them were resolved by treatment 
interruption.27 In the LEAP-004 trial, the inci-
dence of grade ⩾3 TRAEs was 44.7%, and 7.8% 
of patients discontinued retreatment because of 
TRAEs.26 In the phase I trial by Marquez-Rodas, 
the incidence of grade 3 or 4 TRAEs was 64%.30
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Anti-PD-1/anti-CTLA-4 retreatment
The strategy of anti-PD-1/anti-CTLA-4 retreatment 
was investigated in two studies.32,33 The phase I/II 
ILLUMINATE-204 study applied ipilimumab 
combined with IMO-2125 [a Toll-like receptor 
(TLR) 9 agonist] in 62 patients with melanoma.33 
The ORR was 22.4%, the DCR was 71.4%, and the 
mOS was 21 months. Grade ⩾3 irAEs occured in 
26% of the patients. A phase I study evaluated the 
efficacy of ipilimumab in 24 patients with genitouri-
nary tumors that progressed on carboplatin com-
bined with nivolumab alone (CarboNivo) or 
carboplatin combined with nivolumab plus ipili-
mumab (CarboNivoIpi) after initial disease con-
trol.32 After a median follow-up of 29.2 months, 
there was no objective response. For 18 patients 
receiving CarboNivo as initial treatment, 13 (72.2%) 
had SD during retreatment, and grade ⩾3 irAEs 
occurred in 61% of them. For six patients receiving 
CarboNivoIpi as initial treatment, three (50%) had 
SD and the incidence of grade ⩾3 irAEs was 33%.

Ongoing trials
We identified 17 ongoing trials that evaluated the 
efficacy and safety of ICI retreatment after dis-
ease progression (Table 2). There were two rand-
omized trials: a phase II trial (NCT03697304) 
and the phase III ILLUMINATE-301 trial 
(NCT03445533); others were non-randomized 
phase II trials. Three trials included patients with 
primary resistance to ICIs, while the response to 
previous ICIs was not specified in the 14 other 
trials. As a retreatment regimen, ICIs were admin-
istered alone (n = 3) or combined with a different 
type of ICI (n = 7), chemotherapy (n = 2), targeted 
therapy (n = 4), or radiotherapy (n = 1).

Discussion
This systematic review outlines the up-to-date  
evidence on the efficacy and safety of retreatment 
with ICIs for patients with solid tumors. Despite 
the relatively high heterogeneity of included stud-
ies, retreatment with ICIs exhibited encouraging 
efficacy and manageable safety profiles for 
patients with solid tumors whose disease pro-
gressed after prior treatment with ICIs.

Retreatment after anti-CTLA-4 treatment
Although ipilimumab is no longer recommended 
as the first-line treatment option for advanced 
melanoma, a large number of patients still receive 
ipilimumab because of clinical trial design or 

limited drug availability in real-world practice.34–37 
Therefore, treatment for progression after prior 
ipilimumab treatment is still a clinical issue that 
requires investigation.

This systematic review evaluated two possible 
strategies: anti-CTLA-4 retreatment and anti-
CTLA-4/anti-PD-1 retreatment. An overall 
higher ORR was achieved in anti-CTLA-4/anti-
PD-1 retreatment than in anti-CTLA-4 retreat-
ment (22–36% versus 12–23%, Figure 2). This 
result is expectable as CTLA-4 and PD-1 convey 
inhibitory effects at different stages of the immune 
response. CTLA-4 reduces immune response at 
the early stage of T-cell activation, while the 
major role of PD-1 is to limit the activity of effec-
tor T cells within the tumor microenviron-
ment.38,39 Thus, CTLA-4 inhibitors and PD-1 
inhibitors can be considered as different types of 
drugs, and the resistance to one ICI does not 
interfere the activity of the other. Furthermore, 
the efficacy of PD-1 inhibitors is inherently higher 
than CTLA-4 inhibitors regardless of previous 
treatment lines,40–42 and this higher efficacy may 
also exist in the retreatment setting.

In addition, retreatment with PD-1 inhibitors and 
chemotherapy was also compared in two studies. 
Retreatment with PD-1 inhibitors exhibited supe-
rior ORR and fewer grade ⩾3 TRAEs than chem-
otherapy. Thus, the FDA accelerated the approval 
of nivolumab and pembrolizumab for ipilimumab-
refractory melanoma.43,44 Based on these encour-
aging results, we consider that PD-1 inhibitors is a 
better choice than CTLA-4 inhibitor for patients 
with melanoma who have disease progression after 
previous anti-CTLA-4 treatment.

Retreatment after anti-PD-(L)1 treatment
Patients could receive anti-PD-(L)1 retreatment 
or anti-PD-1/anti-CTLA-4 retreatment after dis-
ease progression to PD-(L)1 inhibitors. The ORR 
was similar in anti-PD-(L)1 retreatment adminis-
tered alone (11.4–53%) or combined with other 
agents (5–51%). Notably, the combination strat-
egy could achieve an objective response in patients 
with primary resistance to prior ICIs.30 As both 
preclinical and clinical evidence have demon-
strated enhanced efficacy with combination strat-
egies for cancer patients,45–47 ICIs combined with 
other agents might be effective for retreatment. 
Currently, 14 ongoing trials are evaluating the 
efficacy of different combinations including ICIs 
combined with chemotherapy, targeted therapy, 
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radiotherapy, or a different ICI (Table 2). These 
strategies are used in broad clinical settings, 
including different cancer types and resistance 
status. We can expect that more clinically useful 
treatment regimens for retreatment will be identi-
fied in the future.

Two studies evaluated the efficacy of anti-PD-1/
anti-CTLA-4 retreatment. In patients with meta-
static genitourinary tumors, no objective response 
was achieved at a median follow-up of 
21.2 months, while an ORR of 22.4% was 
observed in patients with melanoma receiving 
ipilimumab plus IMO-2125. Ipilimumab as sin-
gle agent is only applied in melanoma patients, 
while it is combined with PD-(L)1 inhibitors in 
most clinical scenarios.1 It is reasonable to expect 
the poor response to ipilimumab retreatment in 
non-melanoma tumors. For melanoma patients, 
the ORR of ipilimumab ranged from 10% to 15% 
in treatment-naive patients,48,49 and the higher 
ORR during retreatment may be attributed to the 
addition of IMO-2125 (a TLR 9 agonist) which 
upregulates the production of endogenous inter-
ferons and enhances the activity of ICIs.33,50 
Therefore, we consider PD-(L)1 inhibitors are 
better regimens for retreatment than CTLA-4 
inhibitors, especially in non-melanoma tumor 
types, while the use of ipilimumab in combination 
with other agents is also promising and requires 
further investigation.

Predictive factors for ICIs retreatment
The efficacy of ICI retreatment depends on many 
case-specific factors, which have not been much 
investigated to date. The response to prior ICIs 
might be a predictive factor. A previous retro-
spective study showed that a progression-free sur-
vival of 90 days or more in prior ipilimumab 
treatment predicted better responses for subse-
quent pembrolizumab treatment.51 In this review, 
eight studies investigated the efficacy of ICI 
retreatment for patients with initial disease con-
trol after previous immunotherapy, and the ORR 
was 11.4–53%. However, the Italian EAP and 
CA180-002 studies showed that improved 
response could be achieved on retreatment com-
pared with the best objective response during the 
initial therapy.11,12 Moreover, patients with pri-
mary resistance to prior immunotherapy could 
also benefit from ICI retreatment, as they showed 
similar ORR (11–29%) in some included studies 
when ICIs were switched to another type or com-
bined with other agents.18,30 Therefore, further 

randomized controlled trials for a non-selective 
population are required to identify patients who 
could benefit most from ICI retreatment, and 
more diverse treatment regimens should also be 
explored to identify the most effective strategy.

Currently, there are no well-established biomark-
ers for predicting the efficacy of ICI retreatment. 
Peripheral blood biomarkers including GEP and 
MDSCs were investigated in this review.15,18 In 
the KEYNOTE-001 trial, the GEP was signifi-
cantly different between ICI-responsive patients 
and ICI-resistant patients irrespective of previous 
ipilimumab exposure.15,52 Another potential bio-
marker for retreatment was the PD-L1 expression 
status. For anti-PD-(L)1 retreatment in NSCLC, 
patients obtained relatively high ORRs in the 
KEYNOTE-010 (43%) and KEYNOTE-024 tri-
als (33%).20,21 This high efficacy may be attrib-
uted to the fact that the KEYNOTE-010 and 
KEYNOTE-024 trials only included PD-L1-
positive patients. GEPs, peripheral MDSCs and 
PD-L1 expression status are predictive biomark-
ers for ICI treatment in unselected patients.53,54 
Other general biomarkers including tumor muta-
tional burden (TMB) and neoantigen load might 
also be applicable in the specific population 
receiving ICI retreatment, which requires further 
investigation.

Safety
When considering retreatment with ICIs, grade 
⩾3 toxicities generally warrant suspension or even 
permanent discontinuation of ICIs.55,56 In most 
included studies of this systematic review, patients 
were not permitted to receive ICI retreatment if 
they had grade ⩾3 toxicities during the previous 
course of ICIs, and the incidence of grade ⩾3 
irAEs during retreatment was summarized in 
Figure 3. Considering the types of ICIs for retreat-
ment, caution should be paid to the use of CTLA-4 
inhibitors for retreatment, as the incidence of grade 
⩾3 irAEs could be as high as 61%, especially in 
anti-PD-1/anti-CTLA-4 retreatment. The safety 
profiles of retreatment with a PD-(L)1 single agent 
were generally acceptable, as the incidence of 
grade ⩾3 irAEs was 0–15% among the included 
studies (Table 1), which was similar to that 
observed in treatment-naive patients.35,41,57 Fewer 
grade ⩾3 TRAEs were also observed after PD-1 
retreatment than after chemotherapy.16,17 
However, strategies combining ICIs with other 
potentially synergistic agents should be adminis-
tered carefully. The safety profile was scarcely 
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investigated in these trials, and a much higher inci-
dence of severe toxicity was observed considering 
the available evidence. For example, in a phase I 
trial, researchers reported that the incidence of 
grade ⩾3 TRAEs was 64% in patients treated with 
PD-1 inhibitors combined with dsRNA.30 Thus, 
more evidence is required to assess the risk–benefit 
profile in this clinical setting.

Beyond the safety restriction mentioned above, 
Weber et al. reported acceptable safety outcomes 
of nivolumab retreatment in 21 patients with 
grade ⩾3 irAEs during previous ipilimumab treat-
ment.18 Consistently, another retrospective study 
showed that anti-PD-1 therapy could be safely 
administered after severe ipilimumab-related 
adverse events for patients with melanoma.58 
Therefore, safety restrictions for retreatment with 
anti-PD-1 or anti-PD-L1 inhibitors may be eased 
in ipilimumab-refractory patients, as toxicities 
due to ipilimumab were not indicative for anti-
PD-(L)1 therapy.

Limitations
This systematic review has several limitations. 
First, the included studies exhibited study design 
heterogeneity, which allows a generalizable con-
clusion but limits in-depth analysis considering 
specific strategies or populations. Second, 
although the methodological quality of most 
included studies was moderate, several studies 
still exhibited a high risk of bias. Third, several 
included studies were preliminary results with 
relatively short follow-up and small sample sizes; 
they may lack robustness and require further 
investigation.

Conclusion
In conclusion, retreatment with ICIs for patients 
with solid tumors exhibits encouraging efficacy 
and acceptable safety. Nevertheless, further pro-
spective trials are needed to explore more promis-
ing retreatment strategies and identify the most 
suitable population for retreatment.
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