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n Oncology Clinic, Università Politecnica Delle Marche, Ospedali Riuniti Di Ancona, Ancona, Italy
o Thoracic Medical Oncology, Istituto Nazionale Tumori ’Fondazione G Pascale’, IRCCS, Napoli, Italy
p Lung Cancer Unit, IRCCS Ospedale Policlinico San Martino, Genova, Italy
q Department of Oncology, Careggi University Hospital, Florence, Italy
r Department of Medical Oncology, Fondazione IRCCS Istituto Nazionale Dei Tumori, Milan, Italy
s Niguarda Cancer Center, Grande Ospedale Metropolitano Niguarda, Milan, Italy
t Medical Oncology (B), Policlinico Umberto I, "Sapienza" University of Rome, Rome, Italy
u Department of Oncology, University Hospital Santa Maria Della Misericordia, Udine, Italy
v Medical Oncology, Fermo Area Vasta 4, Fermo, Italy
w Medical Oncology, Ospedali Riuniti Padova Sud "Madre Teresa Di Calcutta", Monselice, Italy
x Pneumo-Oncology Unit, Monaldi Hospital, Naples, Italy
y Oncology Unit, IRCCS Ospedale Sacro Cuore Don Calabria, Negrar, VR, Italy
z Department of Medical, Oral & Biotechnological Sciences University G. D’Annunzio, Chieti-Pescara, Chieti, Italy
aa Medical Oncology, F. Spaziani Hospital, Frosinone, Italy
ab Medical Oncology, Santa Maria Goretti Hospital, Latina, Italy
ac Struttura Complessa di Oncologia Medica e Traslazionale, Azienda Ospedaliera Santa Maria di Terni, Italy
ad Medical Oncology, Campus Bio-Medico University, Rome, Italy
ae Medical Oncology, ASST-Sette Laghi, Varese, Italy
af Department of Oncology and Hematology, AUSL Romagna, Ravenna, Italy
ag Pneumo-Oncology Unit, St. Camillo-Forlanini Hospital, Rome, Italy
ah Dipartimento di Oncologia Ed Ematologia, Università Modena e Raggio Emilia, Modena, Italy
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ap Department of Translational Medicine, Università Del Piemonte Orientale “A. Avogadro”, Novara, Italy
Received 27 November 2020; received in revised form 6 February 2021; accepted 11 February 2021

Available online 12 March 2021
KEYWORDS

Non-small cell lung

cancer;

Immunotherapy;

PD-L1;

Pembrolizumab;

Performance status;

Post-progression;

Radiotherapy;

Radiation therapy
Abstract Background: Treatment sequencing with first-line immunotherapy, followed by

second-line chemotherapy, is still a viable option for NSCLC patients with PD-L1 expression

�50%.

Methods: We evaluated post-progression treatment pathways in a large real-world cohort of

metastatic NSCLC patients with PD-L1 expression � 50% treated with first-line pembrolizu-

mab monotherapy.

Results: Overall, 974 patients were included. With a median follow-up of 22.7 months (95%CI:

21.6e38.2), the median overall survival (OS) of the entire population was 15.8 months (95%

CI: 13.5e17.5; 548 events). At the data cutoff, among the 678 patients who experienced disease

progression, 379 (55.9%) had not received any further treatment, and 359 patients (52.9%) had

died. Patients who did not receive post-progression therapies were older (p Z 0.0011), with a

worse ECOG-PS (p < 0.0001) and were on corticosteroids prior to pembrolizumab

(p Z 0.0024). At disease progression, 198 patients (29.2%) received a switched approach

and 101 (14.9%) received pembrolizumab ByPD either alone (64 [9.4%]) or in combination

with local ablative treatments (37 [5.5%]) (LATs). After a random-case control matching ac-

cording to ECOG-PS, CNS metastases, bone metastases, and (previous) best response to pem-

brolizumab, patients receiving pembrolizumab ByPD plus LATs were confirmed to have a

significantly longer post-progression OS compared to patients receiving pembrolizumab ByPD

alone 13.9 months versus 7.8 months (p Z 0.0179) 241 patients (35.5%) among the 678 who

had experienced PD, received a second-line systemic treatment (regardless of previous treat-

ment beyond PD). As compared to first-line treatment commencement, patients’ features at

the moment of second-line initiation showed a significantly higher proportion of patients aged

under 70 years (p Z 0.0244), with a poorer ECOG-PS (p < 0.0001) and having CNS

(p Z 0.0001), bone (p Z 0.0266) and liver metastases (p Z 0.0148).
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Conclusions: In the real-world scenario NSCLC patients with PD-L1 expression �50%

treated with first-line single-agent pembrolizumab achieve worse outcomes as compared

to the Keynote-024 trial. Poor post-progression outcomes are major determinants of the

global results that should be considered when counselling patients for first-line treatment

choices.

ª 2021 Elsevier Ltd. All rights reserved.
1. Introduction

The Keynote-024 trial established single-agent pem-

brolizumab as the standard of care for advanced non-

small-cell lung cancer (NSCLC) patients with pro-

grammed cell death-ligand1 (PD-L1) expression �50%

[1,2]. However, since the Keynote-189 and Keynote-

407 trials, this has been challenged by chemo-

immunotherapy combinations [3,4], as no head-to-

head randomised controlled trial (RCT) has
compared the two strategies in the PD-L1 high

subgroup.

Although some metanalyses suggested that in pa-

tients with high PD-L1 expression, there is an incre-

mental benefit from the addition of chemotherapy to

first-line immunotherapy, with respect to response rate

and progression-free survival (PFS) [5e7], the

increased toxicity of a triplet regimen compared to a
single-agent immune-checkpoint inhibitor (ICI) should

be considered in weighting oncological benefit against

toxicity.

In this scenario, treatment sequencing with first-line

immunotherapy, followed by second-line chemo-

therapy, might still be a viable option for patients with

PD-L1 expression �50%. Post-progression analyses of

RCTs revealed conflicting results on this subject.
Among the 154 patients of the experimental arm of the

Keynote-024 trial, 51.9% received a further treatment

line at the last data-analysis [8], while 38% of the 637

patients of the experimental arm of the Keynote-042

trial received subsequent anticancer therapy [9].

In clinical practice, a non-negligible proportion of

NSCLC patients experiences life-threatening progressive

disease (PD), without reaching the subsequent treatment
line. This is true in all treatment settings, including

immunotherapy [10,11]. Recently, we published a large

real-world multicentre study of metastatic NSCLC pa-

tients with PD-L1 expression �50%, receiving first-line

single-agent pembrolizumab at 34 European in-

stitutions, aimed at investigating the clinicopathologic

correlates of efficacy [12e15].

To provide further insights into clinical outcomes of
NSCLC patients with high PD-L1 expression after dis-

ease progression, we performed an updated analysis of

the aforementioned cohort, with a particular focus on

post-progression outcomes.
2. Materials and methods

2.1. Study design

Following a request for data updating of the cohort of

metastatic NSCLC patients with PD-L1 expression

�50%, treated with first-line pembrolizumab mono-

therapy, from January 2017 to May 2020, 31 institutions

participated (Supplementary file 1).

The aim of this analysis was to evaluate post-

progression clinical outcomes, including both treat-

ment beyond PD and further treatment lines. The
measured clinical outcomes were post-progression

overall survival (ppOS), second-line PFS (II line PFS),

and second-line overall survival (II line OS). Methods

regarding clinical outcomes estimation have already

been detailed [12e15]. In order to be closer to the real-

life scenario, both patients who experienced radiolog-

ical progressive disease and those with clinical progres-

sion according to the investigators have been included.
PpOS was defined as the length of time between the

first occurrence of PD during pembrolizumab and death

(resulting from any cause), or to the last contact; ppOS

was evaluated with univariable analyses, according to

the therapeutic strategies chosen by clinicians at the

moment of disease progression, categorised as patients

who received pembrolizumab beyond PD (ByPD), (with

or without local ablative treatments - LATs) and pa-
tients who received other post-progression systemic

treatments (switched approach).

By considering the possible positive selection bias

associated with oligo-progressive disease [16], in-

vestigators were also asked to clarify whether patients

who received pembrolizumab ByPD had experienced

oligo-progression (defined as progression of a single

metastasis already present and/or progression that can
be safely treated with ablative treatments).

The possible relationship between baseline patients’

features and post-progression pathways (categorised as

no post-progression treatments, pembrolizumab ByPD

and switched approach) was evaluated. The following

clinicopathologic characteristics were evaluated: age

(<70 versus �70 years old) [17], gender (male versus

female), Eastern Cooperative Oncology GroupdPS
(ECOG-PS) (0 versus 1 versus �2), central nervous

system (CNS) metastases (yes versus no), bone
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metastases (yes versus no), liver metastases (yes versus

no), Body Mass Index (BMI) according to the World

Health Organisation (WHO) categories [18,19], PD-L1

tumour expression (<90% versus � 90%) [12], smok-

ing status (current versus former versus never smoker)

[12,15], and corticosteroids administration within the 30

days before treatment commencement (dose equivalent

or higher to 10 mg prednisone per day) (yes versus no)
[12].

Additionally, considering the limited sample size of

the subgroups, a random case-control matching was

also performed to better compare clinical outcomes of

patients receiving pembrolizumab ByPD alone and

those who received pembrolizumab ByPD plus LATs.

Considering the retrospective design and data lack

availability regarding patients characteristics at the
moment of LATs delivery, all the cases (from the ByPD

plus LATs group) and controls (from the ByPD alone

group), were randomly paired on the basis of those

baseline characteristics that might have influenced cli-

nicians’ choice at the moment of disease progression,

including ECOG-PS (0e1 versus 2), CNS metastases

(yes versus no), bone metastases (yes versus no), and

(previous) best response to pembrolizumab (partial/
complete response versus stable/progressive disease)

[data not shown].

Further analyses were performed only among pa-

tients who received a second-line systemic treatment

(regardless of previous treatments with pembrolizumab

beyond PD). II line PFS was defined as the time from

second-line treatment initiation, to disease progression/

death (whichever occurred first) or to the last contact. II
line OS was defined as the time from second-line treat-

ment initiation, to death or to the last contact.

Second-line treatments were categorised as

platinum-based doublet chemotherapy, single-agent

chemotherapy and other regimens. Those patients’

characteristics that could have changed over time,

including ECOG-PS, age, CNS metastases, bone me-

tastases and liver metastases, were re-assessed at the
second line treatment commencement. All patients’

features were then compared to their baseline distri-

bution. For evaluating whether some of the clinical

characteristics affected clinical outcomes, univariable

and multivariable analyses of II line PFS and II line OS

were performed (using a stepwise selection of cova-

riates, with an entry significance level of 0.05). Having

received previous pembrolizumab ByPD (yes versus
no) was also considered as a covariate. Patients

without events were considered to be censored at the

time of the last follow-up. The data cutoff period was

September 2020.

2.2. PD-L1 expression evaluation

PD-L1 expression analysis among the entire population

has already been reported [12]. Considering that tumour
proportion score (TPS) for PD-L1 expression has been

validated with the 22C3 antibody only, we referred to

‘PD-L1 expression’ throughout the study [12,20]. All the

immunohistochemical (IHC) analyses were performed

locally at each participating institution, using a different

antibodies and platforms according to their respective

clinical practice (including 22C3 [60.4%], SP263 [32.1%],

E1L3N [0.9%], 28-8 [1.7%], not available [4.9%]) [12].
Considering that in some institutions, the PD-L1

expression level is reported only as ‘�50%’, and not as

a discrete value, only patients with data available

regarding the absolute value of PD-L1 tumour staining

have been included in the clinical outcome analysis ac-

cording to PD-L1 expression [12]. Nevertheless, each of

the recruited patients had a PD-L1 expression of �50%.

We previously verified that 90% was the optimal
threshold for clinical outcomes estimation according to

PD-L1 tumour expression in the whole population [12],

confirming its significant role in identifying patients with

improved responses and survival, as also reported by

Aguilar et al. [21]. Therefore, 90% was set as the cutoff

for the present analysis.
2.3. Statistical analysis

Descriptive statistics were used to report patients’

characteristics. Median ppOS, II line PFS and II line OS

were evaluated using the KaplaneMeier method. The

median period of follow-up was calculated according to

the reverse KaplaneMeier method. c2 test was used for

the correlation analyses. The log-rank test was used for

univariable analyses and Cox regression models were

used for multivariable analyses and for the estimation of
hazard ratios (HRs) with 95% confidence intervals (CIs).

A caliper width of <1 for the standard deviation was

used for the random case-control matching. All statis-

tical analyses were performed using MedCalc Statistical

Software version 18.11.3 (MedCalc Software bvba,

Ostend, Belgium; http://www.medcalc.org; 2019).
3. Results

3.1. Post-progression overall survival analysis

The entire cohort consisted of 974 metastatic NSCLC

patients with PD-L1 expression �50%. With a median

follow-up of 22.7 months (95%CI: 21.6e38.2), the me-

dian PFS and OS of the entire population were 7.0

months (95%CI: 6.1e8.2; 678 events) and 15.8 months

(95%CI: 13.5e17.5; 548 events), respectively

(Supplementary Fig. 1). At the data cut-off, 678 patients

(69.6%) experienced disease progression; the post-
progression median follow-up was 14.4 months (95%

CI: 11.9e33.1). The absolute PD-L1 expression value

was available for 488 (71.9%) out of 678 patients. Fig. 1

reports the study’s flow diagram. Baseline characteristics

http://www.medcalc.org


Fig. 1. Study’s flow diagram.
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of patients who experienced disease progression are

summarised in Table 1.

At the data cut-off, among the 678 patients who

experienced disease progression, 379 (55.9%) had not

received any further treatment, and 359 patients (52.9%)
had died. 198 patients (29.2%) received a switched

approach and 101 (14.9%) received pembrolizumab

ByPD either alone (64 [9.4%]) or in combination with

LATs (37 [5.5%]) (Supplementary Fig. 2). Table 1 also

reports the correlation analysis between baseline clini-

copathologic characteristics and post-progression path-

ways. There was a significant association between older

age (p Z 0.0011), higher ECOG-PS (p < 0.0001),
baseline corticosteroid administration (p Z 0.0024) and

not having received any post-progression treatment.

One patient (2.7%) received surgery, one patient

(2.7%) received radiation therapy (RT) plus surgery and

35 patients (94.6%) received RT. Eighteen patients
(28.1%) among those who received pembrolizumab

ByPD alone, and 28 patients (75.7%) among those who

received pembrolizumab ByPD in combination with

LATs, were marked as oligo-progressive patients

(p < 0.0001).
The median ppOS of patients who received a

switched approach was 8.2 months (95%CI: 7.1e9.1;

131 events), while the median ppOS of those who

received pembrolizumab ByPD alone and with the

addition of LATs was 8.0 months (95%CI: 5.4e11.8;

events) and 13.9 months (95%CI: 6.1e14.3; 18 events),

respectively (log-rank test: p Z 0.0958) (Fig. 2A).

3.2. Random case-control matching

After the case-control random matching, 35 patients

from the pembrolizumab ByPD plus LATs and 35 pa-

tients from the pembrolizumab ByPD alone were



Table 1
Patients’ characteristics.

N� (%) c2 test

678 patients Post-progression outcome

No treatments

379

Pembrolizumab

ByPD

101

Switched

Approach

198

AGE, (years)

Median 70.2 71.4 69.6 67.2 P Z 0.0011

Range 28e92 31e92 38e86 28e86

Elderly (�70) 347 (51.2) 216 (62.2) 50 (14.4) 81 (23.3)

Smoking status

Never smokers 85 (12.5) 48 (56.5) 14 (16.5) 23 (27.1) P Z 0.8182

Former smokers 370 (56.6) 201 (54.1) 54 (14.6) 115 (31.1)

Current smokers 223 (32.9) 130 (58.3) 33 (14.8) 60 (26.9)

SEX

Male 449 (66.2) 246 (54.8) 68 (15.1) 135 (30.1) P Z 0.7090

Female 229 (33.8) 133 (58.1) 33 (14.4) 63 (27.5)

ECOG PS

0 180 (26.5) 61 (33.9) 47 (26.1) 72 (40.0) P < 0.0001

1 353 (52.1) 199 (54.6) 45 (12.7) 109 (30.0)

�2 145 (21.4) 119 (82.1) 9 (6.2) 17 (11.7)

Histology

Squamous 156 (23.0) 97 (62.2) 18 (11.5) 41 (26.3) P Z 0.1690

Non-squamous 522 (77.0) 282 (54.0) 83 (15.9) 157 (30.1)

PD-L1 expression a

<90% 408 (83.6) 243 (59.6) 54 (13.2) 111 (27.2) P Z 0.6327

�90% 80 (16.4) 52 (59.6) 10 (12.5) 18 (22.5)

CNS metastases

Yes 133 (19.6) 77 (57.9) 19 (14.3) 37 (27.8) P Z 0.8747

No 545 (80.4) 302 (55.4) 82 (15.0) 161 (29.5)

Bone metastases

Yes 257 (37.9) 144 (56.0) 38 (14.8) 75 (29.2) P Z 0.9976

No 421 (62.1) 235 (55.8) 63 (15.0) 123 (29.2)

Liver metastases

Yes 127 (18.7) 81 (63.8) 11 (8.7) 35 (27.6) P Z 0.0508

No 551 (81.3) 298 (54.1) 90 (16.3) 163 (29.6)

Baseline corticosteroids

Yes 190 (28.0) 126 (66.3) 24 (12.6) 40 (21.1) P Z 0.0024

No 488 (72.0) 253 (51.8) 77 (15.8) 158 (32.4)

BMI (kg/m2)b

Median [range] 24.2 [14.0e44.9] 23.8 [14.0e44.9] 24.5 [16.6e38.1] 24.3 [16.2e43.5] P Z 0.4328

Underweight (�18.5) 27 (4.4) 16 (59.3) 1 (3.7) 10 (37.0)

Normal weight (18.5e25) 348 (56.4) 203 (58.3) 47 (13.5) 98 (28.2)

Overweight (25e30) 177 (28.7) 93 (52.5) 25 (14.1) 59 (33.3)

Obese (�30) 65 (10.5) 37 (56.9) 12 (18.5) 16 (24.6)

a Available for 488 patients.
b Available for 617 patients.
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perfectly paired. Matched patients receiving pem-

brolizumab plus LATs achieved a median ppOS of 13.9

months (95%CI: 7.9e14.3; 17 events), while matched

patients receiving pembrolizumab ByPD alone reported

a median ppOS of 7.8 months (95%CI: 3.3e17.6; 22

events) (log-rank: p Z 0.0179) (Fig. 2B).

3.3. Second line PFS and OS analysis

At the data cut off, 241 (35.5%) among the 678 patients

who had experienced disease progression received a

second-line systemic treatment; 191 patients (79.3%)

received platinum-based doublet chemotherapy, 44
(18.3%) single-agent chemotherapy and 6 (2.5%) other

regimens (Supplementary Fig. 2). Forty-six patients

(19.1%) had received previous pembrolizumab ByPD.

Patients’ characteristics at second-line commence-

ment are summarised in Table 2. As compared to the

baseline (at the first-line treatment commencement),

there was a significantly higher proportion of patients

aged under 70 years old (p Z 0.0244), and having CNS
(p Z 0.0001), bone (p Z 0.0266) and liver metastases

(p Z 0.0148). Noteworthy, at the second-line treatment

commencement, there was also a significantly higher

proportion of patients with a poorer ECOG-PS

(p < 0.0001).



Fig. 2. KaplaneMeier survival estimate of post-progression overall survival according to the therapeutic strategies chosen by clinicians at

the moment of progressive disease (PD): patients who received pembrolizumab beyond PD (ByPD), (with or without local ablative

treatments e LATs) and patients who received other post-progression systemic treatments (switched approach).

Table 2
Patients’ characteristics at second-line treatment commencement.

Baseline II line setting c2 test

678 N� (%) 241 N� (%)

AGE, (years)

Median 70.2 67.9 P Z 0.0244

Range 28e92 29e86

Elderly (�70) 347 (51.2) 103 (42.7)

ECOG PS

0 180 (26.5) 28 (11.6) P < 0.0001

1 353 (52.1) 156 (64.7)

�2 145 (21.4) 57 (23.7)

CNS metastases

Yes 133 (19.6) 78 (32.4) P Z 0.0001

No 545 (80.4) 163 (67.6)

Bone metastases

Yes 257 (37.9) 111 (46.1) P Z 0.0266

No 421 (62.1) 130 (53.9)

Liver metastases

Yes 127 (18.7) 63 (26.1) P Z 0.0148

No 551 (81.3) 178 (73.9)

Smoking status

Never smokers 85 (12.5) 33 (13.7) P Z 0.6048

Former smokers 370 (56.6) 137 (56.8)

Current smokers 223 (32.9) 71 (29.5)

Sex

Male 449 (66.2) 165 (68.5) P Z 0.5260

Female 229 (33.8) 76 (31.5)

Histology

Squamous 156 (23.0) 47 (19.5) P Z 0.2599

Non-squamous 522 (77.0) 194 (80.5)

PD-L1 expressiona b

<90% 408 (83.6) 133 (86.4) P Z 0.4130

�90% 80 (16.4) 21 (13.6)

a Available for 488 patients.
b Available for 154 patients.
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With a second-line median follow-up of 12.1 months

(95%CI: 10.5e32.5), II line PFS and II line OS overall

were 3.9 months (95%CI: 3.1e4.8; 206 events) and 6.7

months (95%CI: 5.7e7.9; 158 events), respectively. Pa-

tients who received platinum-based doublet chemo-

therapy had a median II line PFS of 4.1 months (95%CI:
3.2e5.3; 162 events), while those who received single-
agent chemotherapy and other regimens had a median II

line PFS of 2.8 months (95%CI: 1.8e4.0; 39 events) and

4.0 months (95%CI: 4.3e5.3; 5 events), respectively (log-

rank test: p Z 0.5628) (Fig. 3A). II line OS was 7.5
months (95%CI: 5.9e8.9; 119 events) for patients

treated with platinum-based doublet chemotherapy, 5.3

months (95%CI: 2.7e6.9; 34 events) for those receiving

single-agent chemotherapy and 3.4 months (95%CI:

1.3e7.9; 5 events) for patients receiving other regimens

(log-rank test: 0.0289) (Fig. 3B).

Table 3 summarized univariable and multivariable

analyses for II line PFS and II line OS. In the multi-
variable analysis, only ECOG-PS �2 was confirmed to

be significantly associated with an increased risk of

progressive disease as compared to ECOG-PS

0 (HR Z 3.09 [95%CI: 1.84e5.19], p < 0.001). Pa-

tients receiving other regimens had an increased risk of

death as compared to platinum-based doublet chemo-

therapy (HR Z 2.53 [95%CI: 1.02e6.27]; p Z 0.0447),

as well as patients with an ECOG-PS � 2 compared to
ECOG-PS 0 (HR Z 3.61 [95%CI: 1.90e6.83],

p Z 0.0001). Among the evaluable patients, PD-L1

expression (cut off 90%) was neither associated with II

line PFS (HR Z 0.81 [95%CI:0.49e1.35]; p Z 0.4305)

nor with II line OS (HR Z 0.81 [95%CI: 0.47e1.38];

p Z 0.4328).
4. Discussion

Clinical decision-making in advanced disease has always

been a contentious topic in NSCLC, and while the

advent of ICIs has been a game-changer, it does not

simplify treatment algorithms. Recently, a review of

real-world observational studies reported a median OS

ranging from 4.6 to 12.8 months in the second-line
setting [22]. We report ppOS ranging from 8.0 months to

13.9 months, findings that somehow mirror the incre-

mental benefit already reported in the post-

immunotherapy setting [23e26].



Fig. 3. KaplaneMeier survival estimate of II line progression-free survival (PFS) (A) and II line overall survival (OS) (B) according to the

received second-line regimen: platinum-based doublet chemotherapy, single-agent chemotherapy and other regimens.
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Our study conveys a credible portrait of contempo-

rary routine clinical practice in advanced NSCLC. The

median OS for the entire population was 15.8 months, a

significantly worse estimate compared to the 26.3

months reported in Keynote-024 [8]. These results are

not unsurprising, considering the higher proportion of

patients with adverse prognostic factors present in our
cohort (i.e. those with ECOG-PS � 2, receiving corti-

costeroids, aged more than 70 years old). Whilst ac-

counting for the OS discrepancy, data on real-world

populations are highly important to confirm RCT

findings, where participants are highly selected for lower

co-morbidity burden and feature portending to indolent

disease. In this respect, it has been already demonstrated

that NSCLC patients with PD-L1 expression �50% and
poor baseline PS, particularly if related to disease

burden [27], experience inferior outcomes with first-line

single-agent pembrolizumab [28].

Considering that with a shorter follow-up, the OS of

our cohort was 17.2 months [12], it can be assumed

that post-progression outcomes played their specific

detrimental role, reflecting the downside of having

included frail patients. The impressively high pro-
portions of patients who did not receive any further

treatment at the data cut off (55.9%), and who died

without receiving any subsequent treatments (52.9%),

which are worse than reported in clinical trials [8,9],

mirror these findings. Accordingly, the correlation

analysis revealed that baseline (at the first-line treat-

ment) characteristics significantly associated with not

having received any further treatment are typical fea-
tures of patients’ frailty, including older age

(p Z 0.0011), higher ECOG-PS (p 0.0001) and baseline

corticosteroids administration (p Z 0.0024). These re-

sults suggest that NSCLC patients with PD-L1

expression �50% aged �70 years old, with an

ECOG-PS � 2, and receiving systemic corticosteroids

before starting the first-line pembrolizumab, are at

higher risk of life-threatening progressive disease;
therefore, the treatment sequencing approach (first-line

immunotherapy followed by second-line chemotherapy)
is unlikely to be completely pursued. However, a

tailored decision-making process at the first-line treat-

ment commencement should always take into account

that frail/older patients are unlikely to be treated with

thefirst-line chemoimmunotherapy combinations

without experiencing limiting side effects.

Our results regarding the ppOS are partially aligned
with similar studies reported in this setting [29]. The

case-control matching analysis confirmed that patients

receiving pembrolizumab ByPD in combination with

LATs achieved the best post-progression outcome;

therefore, a combinational approach should always be

considered at the moment of disease progression (when

feasible), as confirmed in a recent prospective study [30].

However, although the random-matching included key
baseline characteristics (CNS and bone metastases,

ECOG-PS and previous best response to pem-

brolizumab) that might have affected clinicians’ choice

regarding post-progression treatments, we have not been

able to entirely mitigate the positive selection bias

associated with the oligo-progressive disease, which is

known to be related with a better prognosis [16,31]. In

fact, in our population LATs were significantly associ-
ated with oligo-progressive disease (p < 0.0001), and

considering the retrospective nature of the study we

could not evaluate the criteria associated with post-

progression choices.

The II line PFS and II line OS analyses revealed that

patients who had reached the second-line setting tended

to be younger compared to the first-line setting. They

also had poorer PS and a higher prevalence of CNS,
bone and liver metastases. This is probably related to

the natural history of the disease, which tends to worsen

throughout treatment lines. These negative baseline

characteristics could explain the low median II line PFS

and II line OS in absolute terms and when compared to

other studies in the post-immunotherapy setting

[25,26,32]. Nevertheless, we found an incremental

benefit for patients who received platinum-based
doublet chemotherapy, while ECOG-PS still remains

the major determinant of II line PFS and II line OS.



Table 3
Univariable and multivariable analyses for II line PFS and II line OS.

Variable (Comparator) II line progression-free survival II line overall survival

UVA HR (95% CI);

p-value

MVA HR (95% CI);

p-value

UVA HR (95% CI);

p-value

MVA HR (95% CI);

p-value

Treatment regime

(Platinum doublets)

Single agent CT 1.20 (0.84e1.71);

p Z 0.3038

e 1.51 (1.03e2.21);

p Z 0.0337

1.01 (0.66e1.51);

p Z 0.9802

Others 1.17 (0.48e2.87);

p Z 0.7172

2.21 (0.90e5.46);

p Z 0.0829

2.53 (1.02e6.27);

p Z 0.0447

ECOG-PS (0)

1 1.35 (0.85e2.15);
p Z 0.1958

1.37 (0.86e2.20);
p Z 0.1796

1.49 (0.83e2.66);
p Z 0.1766

1.56 (0.87e2.80);
p Z 0.1339

� 2 3.12 (1.87e5.20);

p < 0.0001

3.09 (1.84e5.19);

p < 0.0001

3.63 (1.96e6.72);

p < 0.0001

3.61 (1.90e6.83);

p Z 0.0001

Age

Elderly vs non-Elderly 1.05 (0.79e1.39);

p Z 0.7065

e 1.12 (0.82e1.53);

p Z 0.4661

e

CNS metastases

Yes vs No 1.34 (1.01e1.79);

p Z 0.0489

1.33 (0.98e1.79);

p Z 0.0629

1.22 (0.87e1.71);

p Z 0.2369

e

Bone metastases

Yes vs No 1.34 (1.01e1.78);
p Z 0.0378

1.15 (0.86e1.55);
p Z 0.3198

1.31 (0.95e1.80);
p Z 0.0885

e

Liver metastases

Yes vs No 1.14 (0.84e1.55);

p Z 0.3824

1.11 (0.81e1.52);

p Z 0.5025

1.17 (0.83e1.65);

p Z 0.3472

e

Previous ByPD

Yes vs No 0.83 (0.61e1.26);

p Z 0.4999

e 0.91 (0.61e1.36);

p Z 0.6573

e

Smoking status

(Never smoker)

Former smoker 0.99 (0.66e1.49);

p Z 0.9970

e 1.24 (0.77e2.02);

p Z 0.3661

e

Current smoker 0.77 (0.49e1.21);

p Z 0.2694

0.95 (0.56e1.61);

p Z 0.8523

Histology

Non-sq. vs Squamous 0.99 (0.70e1.41);
p Z 0.9951

1.15 (0.86e1.55);
p Z 0.3198

0.96 (0.64e1.42);
p Z 0.8449

e

PD-L1 expressiona

�90% vs <90% 0.81 (0.49e1.35);
p Z 0.4305

e 0.81 (0.47e1.38);
p Z 0.4328

e

Sex

Male vs Female 1.26 (0.93e1.70);

p Z 0.1282

e 1.50 (1.05e2.13);

p Z 0.0246

1.36 (0.94e1.97);

p Z 0.0954

a Available for 154 patients. UVA: univariable analysis; MVA: multivariable analysis.
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Several limitations of the present study must be

acknowledged. The retrospective design and the lack of

centralised imaging review expose to selection biases.

Moreover, patients’ outcomes assessment performed

according to the respective clinical practice of the

participating centres might have affected the analysis,

including the definition of oligo-progressive disease.

Additionally, also the lack of a centralised review of PD-
L1 expression, as well as missing data about its discrete/

absolute value for some patients, might have affected

the reliability of our analysis. More than one-third of

the patients have been tested using the SPS263 and other

antibodies. Despite the harmonisation evidence [33,34],

we have to consider that only the 22C3 has been clini-

cally validated in relation to pembrolizumab as a com-

panion diagnostic assay, and some evidence has
underlined possible discrepancies at clinically relevant

cutoffs (TPS 1% and 50%) [35].
5. Conclusion

Our study portrays the significant heterogeneity in the

outcome of NSCLC patients with PD-L1 expression

�50% treated with first-line single-agent pembrolizumab

in routine practice as compared to RCTs. In comparison

with the Keynote-024 [1,2], patients achieve worse out-

comes in the real-world scenario. These findings provide
an important benchmark that is characteristic of pa-

tients usually not enrolled in RCTs: older age, with

poorer PS and who were receiving corticosteroids prior

to immunotherapy. Attrition between the first and
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second line is common, and the post-progression

outcome is a major determinant of the global

outcome. Among patients who are able to receive

further treatments, pembrolizumab ByPD � LATs

represents a viable option. Among patients who reach a

second-line treatment, ECOG-PS still remains the major

determinant of clinical outcomes.
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