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Abstract

Background: Treatment beyond progression with immunotherapy may be appropriate in selected patients based
on the potential for late responses. The aim of this systematic review was to explore the impact of treatment
beyond progression in patients receiving an anti-PD-1/PD-L1 based regimen for an advanced solid tumor.

Methods: A systematic literature search was performed to identify prospective clinical trials reporting data on
overall response rate by immune-related criteria and/or the number of patients treated beyond conventional
criteria-defined PD and/or the number of patients achieving a clinical benefit after an initial PD with regimens
including an anti-PD-1/PD-L1 agent which received the FDA approval for the treatment of an advanced solid
tumor.

Results: 254 (4.6%) responses after an initial RECIST-defined progressive disease were observed among 5588
patients, based on 35 trials included in our analysis reporting this information. The overall rate of patients receiving
treatment beyond progressive disease was 30.2%, based on data on 5334 patients enrolled in 36 trials, and the rate
of patients who achieved an unconventional response among those treated beyond progressive disease was 19.7%
(based on 25 trials for a total of 853 patients).

Conclusion: The results of our systematic review support the clinical relevance of unconventional responses to
anti-PD-1/PD-L1-based regimens; however, most publications provided only partial information regarding immune-
related clinical activity, or did not provide any information at all, highlighting the need of a more comprehensive
report of such data in trials investigating immunotherapy for the treatment of patients with advanced tumors.
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Précis
Immunotherapy treatment beyond progression (TBP)
may be appropriate in selected patients due to the po-
tential of late responses. In the studies included in our
analysis, 30% of patients received TBP and the overall
rate of late responses was 4.6%.

Background
Patients with advanced solid tumors who are treated with
immunotherapy may develop atypical patterns of re-
sponse, which initially meet conventional response criteria
for progressive disease (PD) but later result in tumor re-
gression or prolonged disease stabilization (SD) [1, 2]. To
evaluate the peculiar antitumor effects of immunotherapy,
a number of immune-related response criteria were devel-
oped. As a general principle, by these criteria, the initial
increase in tumor burden or the appearance of new le-
sions is not assessed as PD until confirmation at a subse-
quent tumor assessment, providing that patients clinical
conditions are not deteriorating [1, 3, 4]. Therefore, in se-
lected patients, treatment beyond progression with im-
munotherapy may be appropriate based on the potential
for late responses [5–10].
To assess the rate of atypical responses (i.e. tumor re-

gressions or prolonged disease stabilization after RECI
ST-defined PD) in patients with advanced solid tumors
who received anti-PD-1 immunotherapy, in 2017 we
reviewed the results of 38 clinical trials for a total of
7069 patients [2]. In summary, the proportion of pa-
tients treated beyond progression ranged from 11 to40%;
atypical responses were evaluated in 19 clinical trials and
151 atypical responses were observed among 2400 pa-
tients, for an overall rate of atypical responses of 6% [2].
Since then, anti-PD-1 and PD-L1 drugs have been in-

tegrated into standard-of-care across many cancer types
and many indications. Notably, anti-PD-1/PD-L1 agents
also became the keystone of new combinations with
chemotherapy, targeted therapy and other immunother-
apies, and new clinical trials with anti-PD-1/PD-L1
based regimens have been increasing exponentially.
In view of the uncertainty regarding whether discon-

tinuation of immunotherapy, based on conventional re-
sponse criteria, may be premature for at least a subset of
patients who could derive a late benefit from treatment
continuation, most clinical trials of immunotherapies
allow for treatment beyond RECIST-defined PD [2].
However, the clinical benefit of treatment beyond pro-
gression remains difficult to assess, and whether atypical
responses are observed also in regimens including
chemotherapy, targeted therapy and other immunother-
apies is not clear.
In light of the considerably high number of studies

and new combinations, the aim of this systematic review
was to update our previously published analysis [2] to

further explore the impact of atypical responses and
treatment beyond progression in patients receiving an
anti-PD-1/PD-L1 based regimen for an advanced solid
tumor, and to assess if atypical patterns of response were
also observed in patients treated with new combination
regimens.

Methods
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines were used for the conduct
and reporting of this systematic review (Fig. 1) [11].
Prospective clinical trials reporting data on overall re-

sponse rate (ORR) by immune-related criteria and/or
the number of patients treated beyond conventional
criteria-defined PD and/or the number of patients
achieving a clinical benefit after an initial PD during
treatment with regimens including an anti-PD-1/PD-L1
which received the FDA approval for the treatment of
an advanced solid tumor were included in this system-
atic review. The following information was extracted
from each report: name of study/study code,
ClinicalTrials.gov Identifier, first author and date of pub-
lication, study design, treatment regimen, type of cancer,
number of patients evaluated for response, time to first
imaging, ORR by conventional response evaluation cri-
teria, ORR by immune-related response criteria, re-
sponse rate after initial PD, treatment beyond
progression rate. Only data for arms including an anti-
PD-1/PD-L1 agent were reported in our review. Supple-
mentary material was also reviewed when available. Ab-
stracts and conference papers were not included in our
review. We also excluded other reviews, meta-analyses
and retrospective analyses of case series. In the event
that a study was published in multiple articles, the most
recent data were extracted and reported in the tables.
The definition of atypical response slightly varied

across studies, but always followed the principles of the
immune-related response criteria proposed by Wolchock
et al. in 2009 (i.e. tumor regressions or prolonged disease
stabilization after RECIST-defined PD) [1].
Clinical trials were identified by a computerized search

of the PubMed data-base with the string (“nivolumab”[-
MeSH Terms] OR “nivolumab”[All Fields] OR “nivolu-
mab s”[All Fields] OR “pembrolizumab”[Supplementary
Concept] OR “pembrolizumab”[All Fields] OR “cemipli-
mab”[Supplementary Concept] OR “cemiplimab”[All
Fields] OR “atezolizumab”[Supplementary Concept] OR
“atezolizumab”[All Fields] OR “durvalumab”[Supplemen-
tary Concept] OR “durvalumab”[All Fields] OR “avelu-
mab”[Supplementary Concept] OR “avelumab”[All
Fields]) and the filter for article type “Clinical Trial”.
The search was performed on the 24th July 2020.
Data were independently extracted by two investiga-

tors (F.S. and A.B.) to ensure homogeneity of collection
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and to rule out the effect of subjectivity in data gathering
and entry. Disagreements were resolved by iteration, dis-
cussion and consensus.
Only descriptive statistics were conducted to obtain a

pooled response rate by immune-related response cri-
teria and a pooled rate of patients treated beyond pro-
gression for each group of studies (anti-PD-1/PD-L1 as
single agents or in combination with chemotherapy, tar-
geted therapy and other immunotherapy).

Results
Among 321 full-texts of prospective studies investigating anti-
PD-1/PD-L1 drugs for the treatment of advanced solid tu-
mors, 240 articles were excluded because they did not met the
key inclusion criteria of our systematic analysis (i.e. they did
not report data on ORR by immune-related criteria and/or on
the number of patients treated beyond conventional criteria-
defined PD and/or on the number of patients achieving a clin-
ical benefit after an initial PD during treatment with regimens
including an anti-PD-1/PD-L1 agent); therefore, only 81 arti-
cles were considered eligible and were included in the analysis
(Fig. 1), for a total of 9644 patients who received an anti-PD-
1/PD-L1-based regimen for an advanced solid tumor, and for
whom data on immune-related clinical activity was reported.
The results of the studies included in our systematic re-

view are summarized according to treatment regimen (anti-
PD-1/PD-L1 as single agent, anti-PD-1/PD-L1 in combin-
ation with other immunotherapies, anti-PD-1/PD-L1 in

combination with targeted therapy, anti-PD-1/PD-L1 in
combination with chemotherapy) in Tables 1, 2, 3 and 4.
Forty-four studies investigating anti-PD-1/PD-L1 as

single agents were included in our analysis, for a total
of 8383 patients (Table 1) [6–10, 12–68]. The number
of responses achieved after an initial conventional
criteria-defined PD was reported in 35 studies, for a
total of 5053 patients evaluated for response; a response
after an initial PD was achieved by 232 patients (4.6%).
The rate of patients who received treatment with anti-
PD-1/PD-L1 as single agents beyond RECIST-defined
PD was 31.8%, based on 26 trials reporting this infor-
mation for a total of 4554 patients. In 18 studies report-
ing both the number of patients treated beyond PD and
the number of responses achieved after initial PD,
among 783 subjects who received anti-PD-1/PD-L1
treatment beyond PD, 156 patients (19.9%) achieved a
response after initial RECIST-defined PD. Finally, in 13
studies both the ORR according to conventional and
immune-related criteria were reported, and a total of
549 and 674 responses were observed, respectively. Re-
sponses after initial RECIST-defined PD were observed
across multiple tumor types and varied slightly across
the tumor types more represented in our analysis. Spe-
cifically, the pooled rate of responses after initial RECI
ST-defined PD was 4.0% for lung cancer, 6.1% for
urothelial cancer, 7.2% for melanoma and 4.6% for
renal-cell carcinoma.

Fig. 1 The PRISMA flowchart summarizing the process for the identification of the eligible studies
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Nine studies of clinical trials with immunotherapy
combination regimens including an anti-PD-1/PD-L1
agent were included in our systematic review, for a total
of 777 patients (Table 2) [16, 24, 30, 36, 69–73]. In 6 tri-
als reporting response rate after initial PD, 13/249 pa-
tients (5.2%) achieved a response after initial RECIST-
defined PD. The rate of patients treated beyond PD was
22.9%, based on 5 studies reporting this information for
a total of 545 patients. In 3 trials reporting both the
number of patients treated beyond PD and the number
of responses achieved after initial PD, among 42 subjects
who received an anti-PD-1/PD-L1-based immunother-
apy combination treatment beyond PD, 6 patients
(14.3%) achieved a response after an initial PD. No com-
bination immunotherapy trials reported both the ORR
according to conventional and immune-related criteria.
Six studies investigating treatment with anti-PD-1/PD-

L1 in combination with targeted agents were included in
the analysis, for a total of 280 patients (Table 3) [74–79].
Three responses (3.7%) after initial PD were observed in
3 trials reporting this information; 21/152 patients
(13.8%) were treated beyond PD. Only in 2 trials both
response rate after initial PD and rate of patients treated
beyond PD were reported, with 2/10 subjects (20%)
achieving response after initial RECIST-defined PD. In
the 2 trials reporting both RECIST-defined ORR and
ORR by immune-related criteria, 52 and 55 patients
achieved a response, respectively.
In the 5 trials of anti-PD-1/PD-L1 in combination with

chemotherapy, 6 (2.9%) responses after PD were
achieved in a total of 204 patients evaluated for response
(Table 4) [80–84]. Based on 2 studies reporting this in-
formation, 18/83 patients (21.7%) were treated beyond

PD, and among these 18 patients, 4 (22.2%) achieved a
response after an initial PD.
Overall, based on 35 trials included in our analysis

reporting data on unconventional responses, 254 re-
sponses after an initial RECIST-defined PD were ob-
served among 5588 patients, for an overall rate of 4.6%.
The overall rate of patients receiving treatment beyond
PD was 30.2% based on 36 trials (5334 patients), and the
overall rate of patients who achieved a response after ini-
tial RECIST-defined PD among those treated beyond PD
was 19.7% (25 trials, 853 patients). Finally, in 17 trials
(2800 patients) reporting ORR by both conventional and
immune-related criteria, 604 and 733 responses were
achieved, respectively.

Discussion
In a pooled analysis of individual patient data made by
the US Food and Drug Administration (FDA) in 2018,
all submissions of trial reports and data in support of
marketing applications for anti-PD-1 drugs as single
agent or in combination with other drugs for the treat-
ment of patients with advanced melanoma that allowed
for continuation of treatment beyond RECIST-defined
PD were analyzed to investigate the effect of treatment
beyond PD and to define which subset of patients derive
benefit from extended treatment. The finding of this
study showed that among the 8 multicenter clinical trials
included in the review for a total of 2624 patients receiv-
ing immunotherapy, 692/1361 patients (51%) received
anti-PD-1 treatment beyond RECIST-defined PD, and
95/500 evaluable patients (19%) had a response after ini-
tial RECIST-defined PD, representing 14% of the 692 pa-
tients treated beyond PD and 4% of all 2624 patients

Table 3 Summary of results of clinical trials with combinations of anti-PD-1/PD-L1 with targeted therapy

Study name/
code (NCT)

Study
phase

Type of
Cancer

Treatment Patients
evaluated
for
response

Time to
first tumor
assessment
(weeks)

ORR
by
RECIST
1.1
criteria

ORR by
immune-
related re-
sponse
criteria

Patients
treated
beyond
progression

Response
rate after
initial PD

First
author and
date of
publication

20,150,932
(NCT02636725)

2 Sarcoma Pembrolizumab
plus axitinib

32 12 8
(25.0%)

8 (25.0%) 4 (12.5%) Not
reported

Wilky 2019
[74]

A4061079
(NCT02133742)

1b RCC Pembrolizumab
plus axitinib

52 12 38
(73.1%)

Not
reported

8 (15.4%) 1 (1.9%) Atkins 2018
[75]

BTCRC-GU14–
003
(NCT02348008)

1b/2 RCC Pembrolizuamb
plus
bevacizumab

58 6 33
(56.9%)

Not
reported

7 (12.1%) Not
reported

Dudek 2020
[76]

CheckMate-
012
(NCT01454102)

1 NSCLC Nivolumab Plus
erlotinib

20 11 3
(15.0%)

Not
reported

Not
reported

1 (5.0%) Gettinger
2018 [77]

GP28328
(NCT01633970)

1b RCC Atezolizumab
plus
bevacizumab

10 6 4
(40.0%)

Not
reported

2 (20.0%) 1 (10.0%) Wallin 2016
[78]

KEYNOTE-146
(NCT02501096)

1b/2 Endometrial
cancer

Pembrolizumab
plus lenvatinib

108 6 44
(40.7%)

47 (43.5%) Not
reported

Not
reported

Makker
2020 [79]

Abbreviations: NCT ClinicalTrials.gov Identifier, NSCLC non-small-cell lung carcinoma, ORR overall response rate, PD progressive disease, RCC renal-cell carcinoma
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treated with immunotherapy [5]. Based on these results,
the authors concluded that treatment beyond PD could
not be recommended because the clinical benefit
remained to be proven, but that might be appropriate
for selected patients identified by specific criteria at the
time of progression [5].
In our current systematic review, we found an overall

rate of 4.6% of responses after initial RECIST-defined
PD, similar to that reported by the individual patient
data pooled analysis made by the FDA in patients with
melanoma (4%) [5]. In our analysis, we found that re-
sponses after initial RECIST-defined PD may be
achieved across multiple tumor types and multiple treat-
ment regimens based on anti-PD-1/PD-L1 agents, in-
cluding combinations with targeted therapy,
chemotherapy and other immunotherapy. Our results
suggested that the impact of immunotherapy treatment
beyond RECIST-defined PD is similar regardless of
treatment regimens. Notably, the overall rate of patients
treated beyond PD achieving a subsequent response was
also similar to that reported by the FDA in advanced
melanoma (19.7 and 19%, respectively) [5]. The pooled
rate of response after RECIST-defined PD was higher for
melanoma (7.2%) than lung cancer (4.0%), which may
reflect the higher conventional RECIST-defined response
rate observed for anti-PD-1/PD-L1 treatment as single
agent in melanoma patients as compared as patients
with lung cancer.
Despite treatment beyond RECIST-defined PD was

allowed in the vast majority of clinical trials analyzed
during our literature search (> 90%; data not shown), we
found that data on treatment beyond PD and immune-
related anti-tumor clinical activity was largely under-
reported, with only 81 articles meeting our inclusion cri-
teria among 321 prospective trials full-texts analyzed, for
a rate of 25%. In addition to that, partial results were
often reported, with only a fraction of articles reporting
data on both the rate of patients treated beyond PD and
those who achieved a response after initial RECIST-de-
fined PD, representing a limitation of our analysis. Other
limitations of our study are the heterogeneity of the in-
cluded studies in terms of design, populations, treatment
regimens, time to first tumor assessment and response
evaluation, and the small sample size for the groups of
patients treated with combination treatments. Moreover,
the impact of treatment beyond PD may have been
underestimated because long-lasting disease stabiliza-
tions were not included. Some pseudoprogressions may
be associated to an early imaging (i.e. 4–6 weeks); never-
theless, in the studies included in our analysis, time to
first tumor assessment was never lower than 6 weeks,
ranging from 6 to 12 weeks (with the exception of one
study with a very small sample size, where first evalu-
ation was performed at 13 weeks), and responses after

RECIST-defined PD were observed regardless of time to
first tumor assessment.
Despite these limitations, the results of our systematic

review highlight the clinical relevance of responses to
anti-PD-1/PD-L1-based regimens after initial RECIST-
defined PD, and support further investigation into the
development of tools that may assist clinicians for the
selection of patients who may derive a benefit from ex-
tended immunotherapy treatment beyond RECIST-de-
fined PD. Circulating tumor DNA has emerged as a
promising blood-based biomarker for monitoring disease
status of patients with advanced cancers, and may play
an important predictive role into differentiating pseudo-
progressions from true progressions, as observed in a co-
hort of 125 patients with advanced melanoma who were
treated with anti-PD-1 antibodies [85].
Immune-related response criteria were developed to

facilitate consistent trial design and data collection; how-
ever, most publications provided only partial information
regarding immune-related clinical activity, or did not
provide any information at all, despite the option of
treatment beyond PD and response evaluation by
immune-related criteria being mentioned in the study
protocols, highlighting the need of a more comprehen-
sive report of such data in trials investigating immuno-
therapy for the treatment of patients with advanced
tumors.
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