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Abstract 
Background: The mechanism of action distinctive for 
immunotherapy leads to the specific pattern of tumour 
response, different form the one observed with cytotox-
ic therapy. To enable a complete assessment of immuno-
therapeutic agents modified criteria for the evaluation 
of antitumour responses were developed, mainly on the 
basis of the ipilimumab trials in melanoma.

Methods: We conducted a review of RCTs that assessed 
PD-1/PD-L1 checkpoint inhibitors in previously treated 
patients with NSCLC, to describe the overall survival 
results in comparison to the progression-free survival 
outcomes, as assessed with conventional RECIST and/or 
with modified criteria of tumour response.

Results: Five RCTs were eligible. The studies were hetero-
geneous with respect to population characteristics and 
other methodological features. All of the trials showed 
significant OS improvement in the immunotherapy arms, 
with the results in the histology and PD-L1-expression 
subgroups consistent with ITT analyses. The OS gain was 
not accompanied with the evidence of PFS prolongation. 
The use of the modified criteria resulted in prolonged 
median PFS estimates in the immunotherapy-treated pa-
tients.

Conclusion: Our results in second-line NSCLC popula-
tion are in line with the previous findings, that the con-
ventional RECIST criteria do not fully capture the benefit 
of the immunotherapy. In the routine practice the pre-
mature diagnosis of a progressive disease may result in 
treatment withdrawal in patients that might benefit from 
the continuation of the immunotherapy. Further research 
and the agreement on the relevant modified criteria are 
needed for the use in the future immunotherapy clinical 
trials and to inform real-world clinical decisions.

Introduction
Immunotherapy is a highly innovative strategy for the 
cancer treatment, showing promising results in a variety 
of neoplasms, including those with very poor prognosis. 
From the beginning of cancer immunotherapies devel-
opment it was noted that the distinctive mechanism of 
action leads to the specific pattern of tumour response, 
different form the one observed with cytotoxic therapy. 
The measurable clinical response may appear later, even 
after initial tumour burden increase (a phenomenon 
called “pseudoprogression” or “tumour f lare”), and the 
clinical benefit may be represented by durable stable dis-
ease.[1] That observations led to the conclusion that con-
ventional Response Evaluation Criteria In Solid Tumours 

(RECIST)[2,3] or World Health Organization (WHO)[4,5] 
criteria might not be suitable for the assessment of cancer 
immunotherapies.[1,6–8] In early phases of drug-therapy 
development the inadequate assessment, based on under-
estimated response rates or overestimated relapse rates, 
may lead to the abandonment of potentially efficient 
treatments. At the latest stages, represented by phase 3, 
pre-approval clinical trials, this specific pattern of re-
sponse may result with a confusing discordance between 
the response-related results, such as response rate or pro-
gression-free survival (PFS), and the survival-based re-
sults (mainly overall survival; OS).

To provide a basis for a complete assessment of nov-
el immunotherapeutic agents, modified criteria for the 
evaluation of antitumour responses were developed. Im-
mune-Related Response Criteria, for the Evaluation of 
Immune Therapy Activity in Solid Tumors (irRC) were 
published in 2009 as a new tool for clinical investiga-
tion of immune therapy in cancer patients and a poten-
tial guidance for clinical care.[9] The key novelty of the 
irRC was the incorporation of measurable new lesions 
into “total tumour burden” and comparison of this do-
main to baseline measurements before and after WHO
progressive disease (PD), but not after confirmed irPD.[9] 
The Immune-Related Response Criteria were developed 
mainly on the basis of the clinical data for CTLA-4 in-
hibitor ipilimumab in an advanced melanoma popula-
tion.[9] Further modifications  proposed by Nishino (i.e. 
the use of unidimensional tumour measurements used 
in RECIST v1.1 rather than bidimensional measurements 
used in WHO criteria – irRECIST1.1 criteria), were also 
based on the ipilimumab results in the advanced melano-
ma population.[10–12] In spite of the inclusion of many oth-
er observations in the concept of irRC, including other 
types of immunotherapies and patients [9], the extensive 
validation of the modified criteria in non-melanoma tri-
als was advocated and has been already undertaken.[13].
The issues with application of the conventional tumour 
assessment criteria  to describe clinical benefit of the new 
immunotherapies are also acknowledged in the clinical 
guidelines[14,15], as well as is the need for further studies 
that will allow for more complete description of different 
response profiles.[14] In fact, despite the development of 
the modified assessment tools, tailored to the specific dy-
namics of the immune response, the response-based end-
points in the clinical trials investigating the new cancer 
immunotherapies still  rely primarily (i.e. for a purpose 
of primary or secondary endpoints assessment) on the 
conventional RECIST criteria.[8,16]

The last years brought several approvals of new, prom-
ising immunotherapies for the patients with advanced 
non-small-cell lung cancer (NSCLC) by the European 
Medicines Agency (EMA) and the U. S. Food and Drug 
Administration (FDA). The approved agents belong to 
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the class of the immune checkpoint inhibitors, targeting 
programmed death 1 protein (PD-1)/programmed cell 
death ligand 1 (PD-L1) checkpoint pathway (anti-PD-1/
PD-L1 antibodies). Programmed death 1  receptors are 
expressed on activated cytotoxic T-cells. Both PD-1 and 
its ligand, PD-L1, play a key role in the formation of tu-
mour microenvironment, contributing to tumour gener-
ation and growth. Thus, blockading of the PD-1/PD-L1 
pathway has a potential to reverse the tumour microen-
vironment and enhance the endogenous antitumor im-
mune responses.[17,18,19] Currently there is one anti-PD-L1 
and two anti-PD-1 antibodies authorised by EMA for the 
treatment of incurable locally-advanced or metastatic 
non-small NSCLC (advanced NSCLC). A PD-1 inhibitor 
nivolumab (brand name: Opdivo) and a PD-L1 inhibitor 
atezolizumab (brand name: Tecentriq, approved in 2017) 
are indicated for the treatment of advanced NSCLC af-
ter prior chemotherapy.[20,21] A PD-1 inhibitor pembroli-
zumab (brand name: Keytruda) is indicated also for 
the first-line treatment, but it should be used only in 
patients whose tumours express PD-L1 (with a ≥1% or 
≥50% tumour proportion score, in previously treated or 
untreated patients, respectively).[22] All of those therapies 
have already been recommended in the most up-to-date 
(2017) clinical guidelines.[15,23]

We conducted a review of randomised controlled trials 
(RCTs) that assessed PD-1/PD-L1 checkpoint inhibitors, 
atezolizumab, nivolumab or pembrolizumab, in previ-
ously treated patients with NSCLC. Our objective was to 
describe the overall survival (OS) results  in comparison 
to the evaluation of a response-based endpoint, namely, 
progression-free survival (PFS), as assessed with classi-
cal RECIST criteria and/or with modified criteria of tu-
mour response, if available.
 

Materials and methods
The Cochrane Library, PubMED and Embase were 
searched in November 2017 using combined search 
terms for non-small-cell lung cancer, immune check-
point inhibitors and random allocation of patients. We 
also searched for relevant meeting abstracts and posters 
in The European Society for Medical Oncology (ESMO), 
The American Society of Clinical Oncology (ASCO), and 
The International Association for the Study of Lung 
Cancer (IASLC)/World Conference on Lung Cancer 
(WCLC) proceedings. The studies meeting the following 
criteria were included: (i) RCTs comparing atezolizum-
ab, nivolumab or pembrolizumab, in EMA-approved 
doses, to standard chemotherapy in previously treated 
patients with advanced NSCLC, defined as incurable lo-
cally advanced, metastatic or recurrent disease; (ii) re-
porting hazard ratios (HRs) for OS or PFS; (iii) published 
in English or Polish. Unpublished trials were not eligible, 

but we included meeting abstracts and posters contain-
ing OS or PFS results obtained in prolonged follow-up or 
additional data on PFS assessment according to modified 
tumour response criteria. The relevant marketing au-
thorisation holders’ (MAH) submissions to The Nation-
al Institute for Health and Care Excellence (NICE) were 
additionally checked for otherwise unpublished results 
in relevant patient subgroups or PFS assessment based 
on modified criteria.

We extracted OS and PFS results for intention-to-treat 
(ITT) populations and for the subgroups defined with 
respect to (i) PD-L1 expression (PD-L1-“positive” and 
“negative” subgroups) and (ii) histological subtype of 
NSCLC (non-squamous and squamous carcinomas). We 
did not attempt to statistically pool OS or PFS results of 
included studies. The key characteristics of the study de-
sign, treatments and patients were extracted to explore 
for the potential reasons of possible between-study het-
erogeneity in the results.
 

Results
Characteristics of the included studies

Five RCTs were eligible for the review: two trials in-
vestigated atezolizumab (POPLAR[24–27] and OAK[28,29]), 
two – nivolumab (CheckMate 017[30–33], CheckMate 
057 [31 – 34] and the results in the pooled popula-
tion of those two trials)[35] and one – pembrolizumab  
(Keynote-010[36–38]). The control treatment was standard 
docetaxel chemotherapy in each case, while the studies were 
heterogeneous with respect to other important method-
ological features and population characteristics (Table 1.). 
  
In the atezolizumab and nivolumab trials the anti-PD-1/
PD-L1 treatment could have been continued beyond 
“classical” disease progression. At cut-off points for 
primary data analyses about 20% of patients continued 
nivolumab therapy in CheckMate trials, while in both 
atezolizumab studies the continuation rates were two 
times higher (40%). In pembrolizumab trial both study 
treatments were provided until the confirmed disease 
progression, but the treatment decisions in Keynote-010 
were informed by modified response criteria (irRC) and 
the percentage of patients that continued immunother-
apy beyond “classical” progression was not reported. In 
the atezolizumab and pembrolizumab trials post-pro-
gression cross-over to investigational treatment was pro-
hibited, while the protocols of both nivolumab studies 
allowed for switching after completion of the primary 
analyses, what resulted with higher rates of patients that 
actually switched. Even though the cross-over rates to 
studied PD-1/PD-L1 inhibitors did not reached 10% in 
any of the trials, patients could have received other in-
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vestigational immunotherapies during subsequent lines 
of therapy.

The eligibility criteria for previous treatment lines dif-
fered between studies. Atezolizumab was investigated as 
a second- or third-line therapy, with more than 2/3 of 
the samples receiving PD-L1 antibody as a second-line 
therapy, pembrolizumab trial enrolled also patients 
pre-treated with more than 3 previous lines of system-
ic treatment (70% treated in 2nd line), while nivolumab 
trials enrolled for second-line treatment only (eventual-

ly 90% of Checkmate 057 and 100% of CheckMate 017 
samples received nivolumab as a 2nd line). With regard 
to histology subtypes, atezolizumab and pembrolizum-
ab studies had mixed samples of patients with squamous 
and non-squamous carcinomas, while nivolumab tri-
als enrolled separately patients with squamous NSCLC 
to CheckMate 017 or with non-squamous NSCLC – to 
CheckMate 057 trial. However, the pooled population of 
the nivolumab trials was very similar to the remaining 
samples in the proportion of each histology, with about 
70% of patients with a non-squamous subtype. Patients 

Table 1. Main characteristics of the studies included in the review.  
Study Treatments Patients

Investi-
gational 

immuno-
therapy

Post-PD 
treatment*

Control 
CTH

Cross-over 
allowed?**

Eligibility 
criteria for 
previous 

treatment

Number 
of prior 
systemic 

thera-
pies***

Histology 
subtype

PD-L1 
expression 
on <1% of 

TC§§

EGFR mu-
tation-posi-

tive†

ECOG 
status

POPLAR[24]

phase 2
 

ATEZO
1200 mg 

q3w
N = 144

yes, 40%[26]

DOC
75 mg/m2 

q3w
N = 143

no, but 
1,4% 

received 
ATEZO in 
subsequent 

lines†††

≥1 prior 
PLT-con-
taining 
regimen

1: 66%
2: 34%

SQ: 34%
NSQ: 66%

<1%: 43%
≥1%: 38% 

11%
(N = 166)

0: 32%
1: 67%

N/A: 1%

OAK[28]

phase 3

ATEZO
1200 mg 

q3w
N = 425

yes, 40%

DOC
75 mg/m2 

q3w
N = 425

no

≥1 prior 
PLT-con-

taining reg-
imen, ≤2 

prior lines 
of CTH

1: 75%
2: 25%

SQ: 26%
NSQ: 74%

<1%: 55%
≥1%: 45%

(N = 
400)§§§ [29]

12%
(N = 713)

0: 37%
1: 63%

CheckMate 
017[30,35]

phase 3

NIVO
3 mg/kg 

q2w
N = 135

yes, 21%

DOC
75 mg/m2 

q3w
N = 137

only after 
completion 
of the pri-
mary anal-

ysis; 4% 
crossed‡

1prior 
PLT-con-
taining 
regimen

1: 100%
2: <1%

SQ: 100%
NSQ: 0%

<1%: 39%
≥1%: 44%
NE: 17%

N/A
0: 24%
1: 76%

N/A: 1%

CheckMate 
057[34, 35]

phase 3

NIVO
3 mg/kg 

q2w
N = 292

yes, 24%

DOC
75 mg/m2 

q3w
N = 290

only after 
completion 
of the pri-
mary anal-

ysis; 6% 
crossed‡

1prior 
PLT-con-
taining 
regimen

1: 89%
2: 11%

Other£: 
<1%

SQ: 0%
NSQ: 100%

<1%: 36%
≥1%: 42%
NE: 22%

19%
(N = 422)

0: 31%
1: 69%
2: <1%

Key-
note-010[36]

phase 2/3

PEMBRO
2 mg/kg 
q3w††

N = 344

no, but the 
treatment 
decisions 

were 
irRC-guid-

ed‡‡

DOC
75 mg/m2 

q3w
N = 343

no, <1% 
received 

PEM-
BRO in 

subsequent 
lines‡‡‡

≥1 prior 
PLT-con-
taining 
regimen

1: 70%
2: 21%
≥3: 8%

Other§: 1%
N/A: <1%

SQ: 21%
NSQ: 70%
Other: 3%
N/A: 7%

<1%: 0%
≥1%: 100%

8%
(N = 641)

0: 33%
1: 66%
2: 1%

3: <1%
N/A: <1%

* only in PD1/PD-L1 treatment groups; ** only in control (chemotherapy) groups; *** systemic therapies for advanced disease; † proportion of EGFR muta-
tion-positive patients in a group with known EGFR mutation status (N); †† pembrolizumab 10 mg/kg arms was not included (not authorised dose); ††† at 
data cut-off for primary analysis (minimum follow-up of 13 months); ‡ at data cut-off for updated analysis (minimum follow-up of 2 years); ‡‡ after the 
first documentation of PD it was at the discretion of the investigator to keep a clinically stable subject on trial treatment or to stop trial treatment until re-
peat imaging performed later confirms progression (Subjects that are deemed clinically unstable are not required to have repeat imaging for confirmation); 
‡‡‡ at data cut-off for primary analysis (median follow-up of 13 months); § prior systemic therapy was adjuvant or neo-adjuvant treatment; §§ numbers 
and percentages of patients with PD-L1 expression on tumour cells was given in the table for each study to allow inter-trial comparisons of the samples, 
but note that PD-L1expression-subgroups in POPLAR and OAK trials were defined on the basis of PD-L1 expression on both tumour cells and tumour-in-
filtrating immune cells; §§§ data available only for a subset of patients (biomarker-evaluable population, evaluated post-hoc with 22C3 IHC assay [29])
 
Abbreviations: ATEZO - atezolizumab ; CTH – cytotoxic chemotherapy treatment; DOC - docetaxel; ECOG - Eastern Cooperative Oncology Group 
performance-status scores; irRC - Immune-Related Response Criteria; N/A – not available (unknown); NE – not evaluable; NIVO - nivolumab; NSQ – 
non-squamous; PD – progressive disease; PEMBRO - pembrolizumab; PLT – platinum; SQ – squamous; TC – tumour cells
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showing very low or undetectable PD-L1 ligand expres-
sion (<1%) on tumour cells (TC) were not enrolled to the 
pembrolizumab trial, while the remaining studies in-
cluded patients unselected for this characteristic. In each 
study the expression of PD-L1 ligand on TC was assessed 
to define PD-L1 expression level subgroups, but only in 
the atezolizumab trials it was used in a conjunction with 
PD-L1 expression on tumour-infiltrating immune cells 
(IC). The proportion of patients with PD-L1 expression 
on <1% of TC was about 40-50% of patients in atezoli-
zumab and nivolumab samples and it was slightly higher 
in atezolizumab trials. Between-study comparisons may 
not be valid though, as for each antibody the studies used 
different diagnostic tests, staining platforms and proto-
cols for the quantification of PD-L1 expression. Nivolum-
ab trials reported that about 20% of patients were not 
evaluable for the assessment, while atezolizumab trials 
reported PD-L1-expression status for almost all of the 
included patients, what suggests significant differences 
in the evaluation method and/or data analysis. The pro-
portion of patients with epidermal growth factor receptor 
(EGFR) mutation varied from 8% of patients with known 
mutation status in Keynote-010 to 19% in CheckMate 057 
trial. The samples consisted of about 65-75% of patients 
with The Eastern Cooperative Oncology Group (ECOG) 

1 score, with the highest proportion of this performance 
status in the CheckMate 017 study.   

Overall survival in the ITT population was the primary or 
co-primary endpoint in all of the included RCTs. Progres-
sion-free survival per RECIST v1.1. was assessed as the 
secondary or co-primary endpoint. Additional, explor-
atory PFS assessment with modified criteria of tumour 
response, was provided in only two trials: POPLAR (using 
imRECIST criteria, developed by MAH) and Keynote-010 
(irRC). The studies differed also with respect to the time 
of first assessment of response and in some other details 
of response assessment timelines, as described in Table 2. 

Overall survival results and progression-free survival 
per RECIST 1.1

In all of the trials the primary ITT analyses showed sig-
nificant OS improvement, with very similar HR values 
(around 0.72) in most of the studies. The lower HR (0.59) 
was noted in the sample of 2nd line, squamous carcinoma 
patients (CheckMate 0.17). The exclusion of PD-L1-“neg-
ative” patients from the Keynote-010 study did not appar-
ently inf luence the size of the OS effect size, in compar-
ison to the unselected samples. The updated OS results, 

Table 2. Response/progression assessment in the studies included in the review.

Study Immunotherapy Response assessment criteria for PFS Post-baseline response assessment time-
lines

RECIST
(assessor) modified criteria

POPLAR[24] ATEZO yes, v1.1
(INV)

yes, imRECIST (explor-
atory)

every 6 weeks for 36 weeks after randomi-
sation, and every 9 weeks thereafter, until 

disease progression;
for patients who continued ATEZO be-

yond progression, assessments continued 
until discontinuation

OAK[28] ATEZO yes, v1.1 (INV) no

every 6 weeks for 36 weeks after randomi-
sation, and every 9 weeks thereafter, until 

disease progression;
for patients who continued ATEZO be-

yond progression, assessments continued 
until discontinuation

CheckMate 
017[30,35] NIVO yes, v1.1 (INV) no

at week 9 and every 6 weeks thereafter;
for patients who continued NIVO beyond 

progression, the best overall response 
were determined based on response des-
ignations recorded up to the time of the 
initial RECIST 1.1-defined progression

CheckMate 
057[34,35] NIVO yes, v1.1 (INV) no

at week 9 and every 6 weeks thereafter;
for patients who continued NIVO beyond 

progression, the best overall response 
were determined based on response des-
ignations recorded up to the time of the 
initial RECIST 1.1-defined progression

Keynote-010[36] PEMBRO yes, v1.1 (IRR) yes, irRC (exploratory) 
every 9 weeks, until the start of a new an-
tineoplastic therapy, documented disease 

progression, or death

Abbreviations: ATEZO – atezolizumab; imRECIST - immune-modified RECIST criteria; INV – the occurrence of disease progression was determined 
by the investigator; IRR - the occurrence of disease progression was determined by the independent radiologists’ review; irRC - immune-related response 
criteria; NIVO - nivolumab; PEMBRO - pembrolizumab; PFS – progression-free survival; RECIST - Response Evaluation Criteria In Solid Tumours
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Figure 1. Overall survival in the intention-to-treat populations of the studies.

Figure 2. Overall survival in the PD-L1-“positive” and PD-L1-“negative” subgroups.

Figure 3. Overall survival in the histology subgroups.
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Figure 4. Progression-free survival per RECIST v1.1 in the intention-to-treat populations of the studies.

Figure 5. Progression-free survival per RECIST v1.1 in the PD-L1-“positive” and PD-L1-“negative” subgroups.

Figure 6. Progression-free survival per RECIST v1.1 in the histology subgroups.

Cancer immunotherapy in second-line treatment of non-small cell lung cancer  
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available for most of the trials, showed that the effect of 
anti-PD-1/PD-L1 immunotherapy was maintained in a 
longer follow-up time (Figure 1). The Figure 2 shows the 
results of the primary OS analyses in PD-L1-expression 
subgroups. 

Despite the clinical heterogeneity of the samples and the 
variability in the definitions of PD-L1-“positivity” the re-
sults in PD-L1-“positive” patients, showing OS improve-
ment in this subgroup, are consistent. The result did not 
reach the significance level in only one trial (CheckMate 
017), though with the smallest sample size, the analysis 
could have been underpowered. In contrast, the results 
in PD-L1-“negative” subgroups were highly variable, with 
HR values in range from 0.58 to 1.04, with no obvious re-
lation to the baseline between-study differences (though 
patients’ numbers are very small). The OS improvement 
was consistently shown in both histology subgroups, with 
a slightly higher variability of HR estimates in less nu-
merous subgroups with squamous tumours (Figure 3).
  
The PFS per RECIST v1.1 was not improved in most of the 
samples, with the HR values close to 0.90 and median PFS 
values lower in control groups (Figure 4).
 
The only exception was the result in the CheckMate 017 
trial (2nd line, squamous carcinoma patients only), where 
the significant PFS improvement was shown. However, in 
the second nivolumab study (CheckMate 057, non-squa-
mous subtypes) the PFS result was very similar to those 
obtained in the atezolizumab and pembrolizumab tri-
als. In PD-L1-“positive” subgroups the numerical, be-
tween-group differences in PFS were slightly more pro-
nounced than in ITT populations, but most of the HRs did 
not reached statistical significance. In PD-L1-“negative” 
subgroup HR estimates were consistently around unity, 
with the exception of CheckMate 017 trial result (Figure 5).
 
The PFS results in histology subgroups were available 
only for nivolumab and pembrolizumab studies; in the 
squamous subtype patients the effect was shown in the 
CheckMate 017 trial but it was not found in the Key-
note-010 study (Figure 6).

 
Progression-free survival, as assessed by modified crite-
ria of tumour response  
The median PFS values per RECIST v1.1 and per modi-
fied criteria of response, available from the POPLAR and 
the Keynote-010 studies are gathered in Table 3.

In the POPLAR study, in which MAH-developed im-
mune-modified RECIST criteria were used, median PFS 
estimates per imRECIST were consistently prolonged 
in comparison to the results of classical RECIST as-
sessment. The difference was particularly pronounced 
in PD-L1-“positive” subgroup (4 months). In the Key-
note-010 trial, using published irRC criteria, the differ-
ence was also observed, though smaller in size (1 month).
In the POPLAR trial the imRECIST criteria were applied 
only to the immunotherapy group. As a consequence, the 
HR for PFS per imRECIST versus chemotherapy group 
was not calculated. Unlike in the atezolizumab trial, in 
the Keynote-010 study the irRC was used in both groups. 
Resulting HR for PFS per irRC was 0.76 (95% CI: 0.64; 
0.92), showing, in contrast to the primary PFS analysis 
[HR = 0.88 (0.74, 1.05)], the statistically significant PFS 
improvement in immunotherapy-treated patients.[38] Of 
note, the irRC assessment resulted in a slight shift of me-
dian PFS also in the chemotherapy group; from 4.0 (95% 
CI: 3.1, 4.2) months in the primary analysis per RECIST 
v1.1 to 4.4 (95% CI: 4.0, 5.5) months per irRC.[38]

Discussion
Our review showed that the results of anti-PD-1/PD-L1 
checkpoint inhibitors trials in previously treated patients 
with advanced NSCLC generally follows the expected 
pattern of the long-term efficacy results, in which the 
significant and consistent OS benefit is not accompa-
nied with clear PFS prolongation, if the progression is as-
sessed per classical RECIST v1.1 criteria. Restricting the 
analyses to the subgroup of patients with tumours (and/
or tumour-infiltrating immune cells) expressing PD-L1 
shifted the hazard ratios of PFS events towards the im-
munotherapy benefit but did not cause a fundamental 

 Table 3. Median progression-free survival determined according to RECIST v1.1 criteria and modified criteria of tumour response.

Study Immunotherapy Population/sub-
group Follow-up N RECIST v1.1 Modified criteria*

Median (95% CI) 
[mo]

Median (95% CI) 
[mo]

POPLAR [27] ATEZO ITT min. 13 mo 144 2.7 (2.0, 4.1) 4.3 (3.9, 7.0)

POPLAR [27] ATEZO ≥1% TC or ≥1% IC min. 13 mo 93 2.8 (2.6, 5.5) 6.8 (4.1, 8.5)

POPLAR [27] ATEZO <1% TC and <1% IC min. 13 mo 51 1.7 (1.4, 4.2) 4.1 (1.6, 4.4)

Keynote-010 [38] PEMBRO ITT (≥1% TC) median 13.1 mo 344 3.9 (3.1, 4.1) 4.9 (4.0, 5.9)
 
* the immune-modified RECIST criteria (imRECIST) in the POPLAR study and the immune-related response criteria (irRC) in the Keynote-010 study
Abbreviations: ATEZO – atezolizumab; min. – minimum; mo – months; PEMBRO - pembrolizumab; PFS – progression-free survival; RECIST - Response 
Evaluation Criteria In Solid Tumours
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change in the general picture of PFS results. The exception 
was the CheckMate 017 trial, which showed both OS and 
PFS gain in ITT population, while the second nivolumab 
study – CheckMate 057 – showed the same pattern as the 
atezolizumab and pembrolizumab trials. The main dis-
tinctive features the CheckMate 017 sample were the in-
clusion of only squamous tumours, while the other study 
samples consisted mostly of non-squamous subtypes. It 
was also the only sample that did not include any patients 
treated with more than one previous systemic therapy. 
Nevertheless, with numerous sources of heterogeneity 
the number of the trials is not sufficient to indicate those 
that determined the higher PFS gain. Moreover, the PFS 
results for histological subgroups were not available for 
atezolizumab trials and pembrolizumab has not been 
studied in a RCT enrolling PD-L1-“negative” patients and 
the first assessment of the tumour response in the atezoli-
zumab trials was scheduled for earlier time point than in 
the remaining studies, what could have inf luenced the 
differences in the shapes of the PFS curves. All of those 
limitations precludes any strong inference with regard to 
the between-study differences in the results.

In spite of the heterogeneity of the patients’ samples and 
some methodological features, our review clearly showed 
that the use of the classical RECIST criteria in the assess-
ment of the disease progression was not sufficient to fully 
capture the benefit of anti-PD-1/PD-L1 immunotherapy 
in advanced non-small-cell lung cancer patients. All of 
the anti-PD-1/PD-L1 agents prolonged overall survival, 
in the ITT populations, as well as across the histology and 
PD-L1-expression subgroups, while this unequivocal ben-
efit was not invariably mirrored with the PFS gain. The 
existence of this pattern might not be obvious in a lung 
cancer immunotherapy, with the scarce data on pseudo-
progression rates in this condition, possibly lower than 
in melanoma patients.[13, 39] In our sample of five RCTs we 
were able to identify the results of the PFS assessment with 
modified response criteria in only two studies. Moreover, 
the criteria used differed between those studies. The POP-
LAR study utilized the criteria developed specifically for 
the atezolizumab clinical programme[27], while the Key-
note-010 used the irRC.[9] In addition, only the latter tri-
al provided the result of the modified assessment for the 
chemotherapy group. The findings are in line with those 
expected on the basis of previous findings in melanoma 
immunotherapy: the median PFS estimates per modified 
criteria were prolonged in the immunotherapy arms as 
compared to the PFS per RECIST outcomes and the dif-
ference versus chemotherapy arm was pronounced (the 
HR estimate, available only from the Keynote-010 trial, 
reached the statistical significance). However, the RCT 
data on the difference between the assessment with the 
classical and modified criteria of tumour response in the 
second-line advanced NSCLC population are scant. The 
current use of the anti-PD-1/PD-L1 inhibitors in the rou-

tine practice allows for further, real-world research. The 
recent retrospective, single-centre study of 56 advanced 
NSCLC patients treated with nivolumab, that used RE-
CIST1.1 and irRECIST1.1 criteria, found no cases of pseu-
doprogression during the treatment period of the study.[13] 
The response rate was identical between the two criteria, 
while the time-to-progression (TTP) by irRECIST1.1 was 
longer than TTP by RECIST1.1.[13] The authors noted the 
limitations of their initial, short-term investigation and 
emphasized the need for further trials to address long-
term effect of PD-1 inhibitor therapy on immune-related 
response characteristics in NSCLC.[13]

Further research on the pattern of the immune response 
specific for NSCLC is important for the use of the im-
mune checkpoint inhibitors in the clinical practice, as the 
premature diagnosis of a progressive disease may result 
in cases of treatment withdrawal in patients that might 
still benefit from the continuation of the immunother-
apy. All of the RCTs included in our review allowed for 
the continuation of the immunotherapy, regardless of  
the occurrence of the disease progression according to 
the conventional RECIST v1.1 criteria, and the post-pro-
gression responses could have significantly contributed 
to the overall survival benefit. The exploratory analyses 
of the OAK trial data showed that treatment beyond pro-
gression with atezolizumab was associated with high fre-
quency of stable or decreased target lesions and median 
post-progression OS of more than one year.[40] Moreover, 
the improved OS with anti-PD-L1 checkpoint inhibitor 
treatment was seen in the subgroups of patients with the 
best overall response of a stable or progressive disease[41,42] 
Thus it seems reasonable that the clinical decisions should 
take into account the possibility of the appearance of the 
non-classical pattern of response in an immunothera-
py-treated patient with NSCLC. However, with the lack of 
the agreement with respect to the unified set of response 
criteria adequate for the lung cancer immunotherapy as-
sessment and the European guidelines still recommend-
ing the response evaluation according to RECIST v1.1 
approach[14], the risk of premature discontinuation of the 
immunotherapy treatment seems to be considerable, par-
ticularly in the countries where the conditions of use for 
the novel drug treatments are detailed and rigid, due to 
the budgetary restrictions. That in turn may lead to the 
reduction of the clinical benefit below the expected on the 
basis of the clinical trials and result in not cost-effective 
use of those innovative treatments.

Our review has several limitations. Firstly, the approach 
we adopted to the exploration of the sources of heteroge-
neity was purely descriptive. We did not use any statis-
tical, meta-regression methods, which were not deemed 
adequate in such a small sample of RCTs.  Shown differ-
ences between samples’ characteristics should be consid-
ered rather the inspiration for further research than a 
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certain cause of the observed between-trial differences in 
the results. The description of the results available for the 
histology and PD-L1 expression subgroups, though in-
complete, may provide some more data for this purpose. 
However, with respect to the PD-L1 expression level, we 
gathered OS and PFS results only for subgroups defined 
on the basis of the detection (or non-detection) of at least 
minimal PD-L1 expression (as defined by researchers in 
each trial), thus we did not explore the possible impact of 
further differences in the PD-L1 expression level (e.g. we 
did not extracted data for “high expression” subgroups). 
Secondly, we focused on the endpoints that form the key 
basis for the pre-approval assessment of new cancer ther-
apies, namely OS and PFS. For this reason we did not 
analyse the other clinical results, like response rates or 
duration of response data, which are undeniably import-
ant for the complete description of the specific pattern of 
the tumour response to the immunotherapy. Finally, our 
conclusions are based on the assessment of the PD-1/PD-
L1 immune checkpoint inhibitors in previously treated 
patients with advanced NSCLC and should not be direct-
ly applied to the other types of immunotherapy or clini-
cal conditions.  

Of note, there are numerous recently published analyses 
that pooled the immunotherapy results across different 
patients’ populations and immunotherapeutic agents, 
ignoring heterogeneity to draw the general conclusions 
on efficacy and/or safety of this type of treatment.[43 – 53]

Although we do not dispute such approach, our review 
indicates that between-study differences in the eligibility 
criteria and in the other methodological aspects, may be 
considerable. Hence, any pooled estimates and indirect 
comparisons between immunotherapeutic agents should 
be treated with necessary caution.

Conclusions
The value of progression-free-survival per RECIST v1.1 
as an endpoint may be limited in cancer immunother-
apy evaluation, due to the complexity of the immune 
mechanisms, resulting in the specific pattern of tumour 
response to anti-PD-1/PD-L1 antibodies. Our review 
showed that the results of anti-PD-1/PD-L1 checkpoint 
inhibitors trials in previously treated patients with ad-
vanced NSCLC generally follows the expected pattern of 
the long-term efficacy results, in which the significant 
and consistent OS benefit is not accompanied with clear 
PFS prolongation, if the progression is assessed with the 
conventional criteria of tumour response. The use of the 
modified response criteria resulted in prolonged median 
PFS estimates in the immunotherapy-treated patients. 
In the routine practice the premature diagnosis of a pro-
gressive disease may result in treatment withdrawal in 
patients that might benefit from the continuation of the 

immunotherapy. Thus further studies on the pattern of 
the immune response specific for non-small-cell lung 
cancer patients that will facilitate the consensus on the 
most relevant modified criteria of tumour response in 
this clinical condition are urgently needed.
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