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Italy
u Department of Medicine and Surgery, Oncology, Fondazione IRCCS San Gerardo dei Tintori, Monza, Italy
v Department of Oncology, University of Turin, AOU Città della Salute e della Scienza di Torino, Turin, Italy
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A B S T R A C T

Background: Therapeutic strategies for patients with advanced NSCLC and an ECOG performance status (PS) 2 at 
diagnosis are supported by limited evidence.
Patients and methods: We led a prospective, observational study in 20 Italian centers on patients with advanced 
NSCLC and ECOG PS 2. Patients with EGFR mutations, ALK fusions or receiving first-line targeted treatments 
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Real-world
First-line

were excluded. We recorded physicians’ attitudes in addressing first-line treatments and clinical outcomes. The 
primary endpoint was progression-free rate at six months.
Results: From March 2022 to October 2023, 198 consecutive patients were included. Median age was 73 years 
(range 43–91). Forty-four patients (22%) were candidate to best supportive care, 49 (25%) to single agent 
chemotherapy, 14 (7%) to platinum doublet, 40 (20%) to mono-immunotherapy, 52 (26%) to chemo- 
immunotherapy. At a median follow-up of 9.4 months (95 % CI 7.2 – 11.7), 6-month progression-free rate 
was 15.3%, with a median progression-free survival of 1.6 months (95 % CI 1.3 – 1.9). Six-months overall 
survival (OS) rate was 27.7%, with a median OS of 2.8 months (95 % CI 2.0 – 3.6). Patients receiving chemo- 
immunotherapy (PD-L1 < 50%) had 6-month progression-free and OS rates of 22.9% and 29.1% respectively, 
with median PFS 1.9 months and median OS 3.7 months; mono-immunotherapy for patients with PD-L1 ≥ 50% 
led to slightly better outcomes. Among 155 patients receiving active treatment, no clinical-pathological char
acteristic harbored a prognostic role. One third of patients receiving immunotherapy-containing regimens 
encountered early clinical progression or death before the first radiological evaluation. No relevant safety signals 
emerged across treatments.
Conclusions: Less than half of patients with NSCLC and ECOG PS 2 were candidates to the regimens recommended 
for fit pts, i.e. mono-immunotherapy or chemo-immunotherapy according to PD-L1. Even with immunotherapy, 
most of these patients have dismal outcomes, suggesting that trials dedicating to PS 2 perform an intrinsic patient 
selection.

1. Introduction

The therapeutic landscape of advanced non-small cell lung cancer 
(NSCLC) has been reshaped during the past decade by immune check
point inhibitors (ICI), currently a cornerstone of first-line treatment for 
patients with no targetable molecular alterations [1,2]. The application 
in the clinical setting of regimens emerged from pivotal trials is some
times challenging, mainly due to the patient selection taking care in 
practice-changing studies [3].

Patients with an Eastern Cooperative Oncology Group performance 
status 2 (ECOG PS 2) represent up to one third of the diagnosis of 
advanced NSCLC [4], and are usually excluded from clinical trials. 
Despite poor PS is a prominent negative prognostic factor [5,6], scant 
evidence supports treatment decisions in this setting. The challenging 
management of this patient population is moreover hampered by its 
clinical definition and intrinsic heterogeneity [7]. Platinum-pemetrexed 
was considered the treatment of choice, at least in non-squamous his
tology, given the superiority over single agent pemetrexed [8]. More
over, poor PS itself accounts for more than half of the cases not deemed 
candidate to platinum-based regimens [9,10].

Despite clinical trials have been designed to evaluate ICI for patients 
with poor PS in the first-line setting (Table 1), no prospective evidence 
concerning chemo-immunotherapy is thus far available for this popu
lation. Inhibition of PD-1/PD-L1 alone with single agents has proven 
satisfactory in this setting, with one-year survival rates between 30% 
(when durvalumab was administered regardless of PD-L1 status) to 45% 
[11–14]. The phase 3 IPSOS trial was dedicated to the precise popula
tion of platinum-ineligible patients, and ECOG PS 2/3 accounted for 
more than 80% of the cases. Atezolizumab showed an overall survival 
(OS) benefit compared to vinorelbine or gemcitabine, yet more marked 
in PS 0–1 compared to PS 2 patients [10].

The combination of nivolumab and ipilimumab led to divergent re
sults in two different studies, with regard to the population with ECOG 
PS 2. In CheckMate 817, the outcomes were in line with the ones 
observed with anti-PD-1/PD-L1 inhibition alone across the trials, with 
median OS of 9 months [15]. On the other hand, in the randomized 
phase 3 ENERGY study, median OS was 2.9 months, with six-month and 
one-year OS rates of around 30% and 20%, respectively [16]. These 
results were disappointing compared to the control arm of platinum 
doublet (median OS 6.1 months, six-month and one-year OS rates 50% 
and 30%, respectively), prompting a halt in randomization following a 
pre-planned interim analysis showing futility. Again, this suggests a 
certain degree of heterogeneity among patients with advanced NSCLC 
and PS 2 included in clinical trials.

In the PICASO study, we aimed to systematically approach the 
population of patients diagnosed with an advanced NSCLC and an poor 

PS, to understand their management now that ICI, alone or in combi
nation with chemotherapy, are first-line treatment options irrespective 
of PS. PICASO is a prospective, observational study designed to assess 
the treatment distribution of unselected PS 2 patients in a clinical 
setting, and to report their outcomes in terms of activity, efficacy and 
safety according to the administered regimens.

2. Patients and methods

2.1. Study population

PICASO (GOIRC-04-2020) is an observational, prospective study led 
by the Gruppo Oncologico Italiano di Ricerca Clinica (GOIRC). For inclu
sion in the study, the following criteria had to be met: 1) Patients with 
diagnosis of advanced (stage IIIB/IV) NSCLC; 2) ECOG PS = 2; 3) Age ≥
18 years; 4) Patients previously untreated for advanced disease; 5) 
Informed consent signature. Subjects were not eligible for the study if 
they fulfilled any of the following exclusion criteria: 1) ECOG PS = 1, 3 
or 4; 2) Activating mutations of EGFR or rearrangements of ALK; acti
vating molecular alterations in additional genes (e.g. ROS1, RET, BRAF, 
MET, NTRK) that led to first-line targeted treatment; 3) The presence of a 
disease (other than lung cancer) not under clinical control and 
hampering survival outcomes.

The study was designed to enroll a minimum of 150 to a maximum of 
250 patients (Supplementary Table 1), in 20 Italian centers with 
expertise in thoracic oncology. The study was planned to have an 
accrual of one year, since the first enrolled patient in each center, 
although some centers had an enrollment period of less than one year, 
due to delays in local activation.

2.2. Data collection

This study includes five cohorts:
1. Patients receiving single agent chemotherapy (single agent CT) 

were expected to receive vinorelbine (intravenous, IV, or oral), gemci
tabine, or paclitaxel.

2. Patients receiving platinum doublets (combination CT) were ex
pected to receive carboplatin with either pemetrexed (non-squamous 
histology) or gemcitabine or (nab)paclitaxel (squamous histology).

3. Patients receiving anti-PD-1/PD-L1 monotherapy (single agent IO) 
had a PD-L1 ≥ 50% and received either pembrolizumab, atezolizumab 
or cemiplimab.

4. Patients receiving chemo-immunotherapy combinations (CT-IO) 
were expected to receive pembrolizumab or nivolumab/ipilimumab 
with either carboplatin/pemetrexed (non-squamous histology) or (nab) 
paclitaxel (squamous histology), according to Keynote-189, CheckMate 
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9LA, and Keynote-407 regimens [17–19].
5. Patients deemed candidate to best supportive care (BSC) did not 

receive active treatment.
Given the observational nature of this study, investigators were 

completely autonomous in their clinical decisions, and no guidance or 
clinical recommendations were provided beforehand.

According to Italian approval and reimbursement, chemo- 
immunotherapy combinations could only be administered in cases 
with PD-L1 expression < 50%. For patients whose tumors had PD-L1 

expression ≥ 50%, “off-label” administration could be demanded on a 
case-by-case basis, but it is not routinely used.

Standard clinical and pathological parameters for patients with 
NSCLC were collected. Performance status was additionally assessed 
according to the Karnofsky score. The Charlson comorbidity index 
assessed the burden of comorbidities for each patient and was meant to 
be reported as descriptive information [20]. ECOG PS was assessed at 
inclusion (specifying if the disease burden was conditioning the poor PS 
or it was attributable to comorbidities) and at every treatment course.

Table 1 
Prospective study evaluating fist-line immunotherapy in patients with advanced NSCLC and poor performance status.

Study Phase 
Primary 
endpoints

Global 
population

Drugs IO- 
treated 
PS 2 
patients

Reponse 
rates 
PS 2 
patients

Median PFS 
(95% CI) 
PS 2 
patients

Landmark 
PFS 
PS 2 
patients

Median OS 
(95% CI) 
PS 2 
patients

Landmark 
OS 
PS 2 
patients

PS 2 
patients 
with 
treatment- 
related 
advesrse 
events

PePS2 
Middleton 
Lancet Resp Med 
2020 [12]

II 
DCB, 
safety

PS 2 Pembrolizumab First line 
n = 24

ORR 21% 4.3 months 
(1.9–13.1)

6-month ≈
45% 
1-year ≈
30%

7.9 months 
(2.6-NR)

6-month ≈
55% 
1-year ≈
45%

Grade 3–5, 
at least 
possibly 
treatment- 
related: 
15% of the 
60 patients 
(regardless 
of 
treatment 
line)

Shaverdashvili 
eClinicalMedicine 
2023 [13]

II 
OS, safety

PS 2 Durvalumab n = 47 Among 38 
patients 
evaluated: 
ORR 26% 
DCR 73% 
Among 
the total 
47: 
ORR 21%

3 months 
(1–4)

NA 6 months 
(4–10)

6-month ≈
50% 
1-year 31%

Any grade: 
51% 
Grade 3–4: 
19%

SAKK 19/17 
Mark EJC 2024 
[14]

II 
6-month 
OS

PS 2 
PD-L1 TPS 
≥ 25%

Durvalumab n = 48 ORR 17% 2.5 months 
(1.8–7.1)

6-month ≈
40% 
1-year ≈
20%

8.5 months 
(4.4–16.7)

6-month =
60% 
1-year ≈
45%

Grade ≥ 3: 
19%

IFCT-1802 
SAVIMMUNE 
Gounant ESMO 
2024 [15]

II 
Safety

PS 2–3 
PD-L1 TPS 
≥ 25%

Durvalumab PS 2 n =
40 
PS 3 n =
10

PS 2–3 
ORR 26% 
DCR 44% 
PD32 % 
Not 
evaluable 
24%

3.5 months 
(1.8–9.4)

NA 9.7 months 
(4.4-NR)

1-year 
47.7%

PS 2–3 
Any grade: 
50% 
Grade 3–4: 
14%

IPSOS 
Lee Lancet 2023 
[11]

III 
OS

Platinum 
doublet 
inelegible 
(PS 0–3)

Atezolizumab 
vs 
Gemcitabine or 
Vinorelbine

n = 228 NA 4.1 vs 4.2 
HR global 
0.87 
(0.70–1.07)  

Unstratified 
HR PS 2 
0.89 
(0.70–1.14)

NA 9.7 vs 10.4 
HR global 
0.78 
(0.63–0.97)  

Unstratified 
HR PS 2 
0.86 
(0.67–1.10)

NA Any grade: 
57% vs 
80%  

Grade 3–4: 
16% vs 
33%  

Treatment- 
related 
deaths: 1% 
vs 3%

CheckMate 817 
Ready JITC 2023 
[16]

IIIB 
Safety in 
PS 0–1

No 
restrictions

Nivolumab 
Ipilimumab

n = 139 ORR 
20.9%

3.6 months 
(2.8–5.4)

1-year 
25.6% 
2-year 
13.7% 
3-year 
6.3%

9.0 months 
(5.5–12.9)

1-year 44% 
2-year 
26.5% 
3-year 
18.7%

Any grade: 
64% 
Grade 3–4: 
27.3%

GFPC 08–2015 
ENERGY 
Léna Lancet Resp 
Med 2024 [17]

III 
OS

Elderly, PS 
2 
Almost all 
PD-L1 <
50%

Nivolumab 
Ipilimumab 
vs 
Carboplatin 
doublet

n = 39 NA NA NA 2.9 
(1.4–4.8) 
vs 6.1  
(3.5–10.4) 
HR 1.32 
(0.82–2.11)

6-month ≈
30% 
1-year ≈
20%

NA in the 
specific 
population 
of PS 2

DCB: Durable clinical benefit; OS: Overall survival; PS: Performance status; TPS: Tumor proportional score; ORR: Objective response rate; DCR: Disease-control rate; 
SD: Stable disease; PR: Partial response; NA: Not available; PFS: Progression-free survival; 95% CI: 95% Confidence interval; HR: Hazard ratio; NR: Not reached.
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We recorded leucocyte composition at baseline, to derive the 
neutrophils-to-lymphocytes ratio (N/L ratio). We queried the concomi
tant steroid administration (≥ 10 mg prednisone daily, or equivalent) 
and if patients were treated with antibiotics in the 30 days before first- 
line treatment initiation.

We also queried physicians about the propensity (in a scale 0–100) to 
administer to each patient one of the five treatments listed above.

Doses of chemotherapy at treatment initiation were recorded.
Considering the observational nature of the study, radiological as

sessments were performed according to clinical practice (approximately 
every eight to twelve weeks). Adverse events were recorded according to 
the CTCAE v5.0 during the treatment phase and follow-up.

Follow-up assessments included additional therapy after the first-line 
one and respective outcomes, as well as OS data.

Data were recorded in participating centers by fulfilling electronic 
case report forms (eCRFs).

2.3. Objectives and endpoints

The primary objective was to collect clinical outcomes of unselected 
patients with advanced NSCLC lacking targetable molecular drivers and 
an ECOG PS 2 NSCLC, who were evaluated for first-line treatment.

Secondary objectives included the report of clinicians’ attitudes in 
the choice of treatment, and patients’ outcomes according to adminis
tered therapy, PD-L1 status, the reason conditioning the poor PS and 
other factors known to influence immunotherapy outcomes.

The primary end-point was the definition of the proportion of pa
tients without disease progression six months after the start of treatment 
(6-month progression-free rate) in the whole study population, and ac
cording to each of the five treatment categories reported above in Sec
tion 2.2. Secondary end-points included: i) The propensity of treating 
physicians in allocating each patient to receive one of the five treatments 
reported above; ii) Objective response rates (ORR) and disease control 
rates (DCR), according to RECIST criteria 1.1. Atypical patterns of 
response (e.g. pseudo-progressions) were recorded; iii) Progression-free 
survival (PFS); iv) OS; v) Incidence and severity of drug-related adverse 
events; vi) Differential outcomes according to the clinical factors con
ditioning the poor ECOG PS (disease burden and/or comorbidities) and 
other factors known to influence immunotherapy outcomes (e.g. PD-L1 
expression levels, steroids, antibiotics, N/L ratio).

We interrogated clinical outcomes and potential prognostic factors in 
the whole study population and among patients candidate to active 
treatment.

2.4. Statistical plan and considerations

This study was designed with a descriptive aim, without a 
hypothesis-driven fixed sample size.

The precision in the estimations of the outcome depended on the 
number of patients enrolled.

The primary outcome measure being the 6-month progression-free 
rate in the whole study population, we defined beforehand three 
different outcome scenarios (Supplementary Table 1), already used in 
our previous work [21]: 1) “Optimistic” scenario: 6-month progression- 
free rate 50 % (corresponding to the outcome observed in patients with 
ECOG performance status 0–1 and PD-L1 ≥ 50% in the KEYNOTE-042 
trial) [22]; 2) “Intermediate” scenario: 6-month progression-free rate 
40% (corresponding to the outcome observed in patients with ECOG 
performance status 0–1 treated with platinum plus pemetrexed in 
KEYNOTE-189 trial) [23]; 3) “Pessimistic” scenario: 6-month 
progression-free rate 30% (pooling patients with ECOG performance 
status 2 treated with either single-agent pemetrexed or carboplatin- 
pemetrexed in the trial by Zukin et al) [8]. This scenario was consid
ered pessimistic because it implies that the use of ICI has not improved 
the outcome of patients in this setting compared to chemotherapy only.

Investigators’ propensity for treatment choice was described, for 

each patient, in 2 ways: (1) number of treatment options with a pro
pensity more than 20 in a scale from 0 to 100; (2) delta (from 0 to 100) 
between the first and the second choice.

PFS was calculated from the date of first treatment administration (or 
the date of the visit with decision of BSC alone) and the date of disease 
progression (clinical, or radiologically assessed according to RECIST 
criteria, by local investigators) or death (whichever occurred first). OS 
was calculated from the date of first treatment administration (or the 
date of the visit with decision of treating with best supportive care 
alone) and the date of death. Response rate was defined by the number 
of radiological responses out of the total of actively treated subjects. 
Radiological assessments were performed per clinical practice, with no 
centralized review.

A minimum follow-up of six months since the last patient enrolled 
was required for data analysis.

Kaplan-Meyer method was used to derive survival estimates, and 
median follow-up was calculated according to the so-termed ‘reverse 
Kaplan-Meier’ (Kaplan-Meier estimate of potential follow-up) tech
nique. SPSS software was used for data analyses.

The comparison among treatment groups was designed to be only 
exploratory.

3. Results

3.1. Patients’ characteristics

From March 2022 to October 2023, 198 consecutive patients were 

Table 2 
Baseline patients’ characteristics.

Total patients 198

Age (median, range) 73 (43–91)
Sex 

Male 
Female

118 (60%) 
80 (40 %)

Smoking history 
Active 
Past 
Never 
Unknown

85 (43%) 
94(47%) 
14 (7%) 
5 (3%)

PS according to Karnofsky score 
60 
50

116 (59%) 
82 (41%)

Disease burden conditions the poor PS 
Yes 
No

177 (89%) 
21 (11%)

Comorbities present 
Yes 
No

182 (92%) 
16 (8%)

Charlson Comorbidity Index, median (range) 10 (6–21)
Histology 

Adenocarcinoma 
Squamous cell carcinoma 
Other

131 (66%) 
55 (28%) 
12 (6%)

PD-L1 expression 
< 50 % 
≥ 50 % 
Unknown

117 (59%) 
49 (25%) 
32 (16%)

N/L ratio (165 patients), median (range) 5.9 (0.7–44.7)
​
Patients receiving active treatment 155 (78%)
Ongoing steroids 

(prednisone ≥ 10 mg/die or equivalent) 
Yes 
No

59 (38%) 
96 (62%)

Antibiotic in the 30 days before treatment 
Yes 
No

21 (14%) 
134 (86%)

Hospital regimen 
Outpatients 
Inpatients

133 (86%) 
22 (14%)

PS: Performance status; N/L: Neutrophils/Lymphocytes.
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found eligible and included in the analysis (Table 2). Median age of 
patients was 73 years, and 118 (60%) were males. The large majority 
were ever-smokers (n = 179, 90%). Disease burden conditioned the poor 
PS in approximately 90% of the patients (n = 177), and a similar pro
portion had at least one comorbidity (n = 182). Cardiac, vascular and 
pulmonary were the most frequent comorbidities, observed respectively 
in 90 (45%), 88 (44%) and 79 (40%) patients. The median Charlson 
Comorbidity Index, collected for all the patients, was 10 (range 6–21). 
During the three months before the diagnosis of NSCLC, 78 patients 
(39%) reported unintended weight loss (median 8 kg).

The pathological diagnoses accounted for 131 adenocarcinomas 
(66%) and PD-L1 expression was ≥ 50% in 49 (25%) (Table 2). KRAS 
mutations were detected in 50 cases (25%). Two patients harbored a 

MET exon 14 skipping alteration, while one case each had HER2 mu
tation and NTRK fusion. Of note, MET inhibitors are only approved and 
reimbursed in Italy for the second or later lines of therapy.

Before starting (or being evaluated for) first-line therapy, 46 (23%) 
of the patients underwent radiotherapy, in five and 41 cases with 
curative and palliative intent, respectively.

N/L ratio was available for 165 patients, with a median of 5.9 (range 
0.7–44.7); 33 patients (20%) had a N/L ratio less then 3 (Table 2). 
Similar corresponding values were found across the 134 patients 
candidate to systemic therapy, with an available N/L ratio (data not 
shown).

Fig. 1. Treatment distribution in the whole population (A), and according to PD-L1 status (B). BSC: Best supportive care; Single agent CT: Single agent 
chemotherapy; Combination CT: Platinum doublets; Single agent IO: Anti-PD-1/PD-L1 monotherapy; CT-IO: Chemo-immunotherapy combinations.
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3.2. Treatment distribution in the whole population

Across the global population, 52 patients (26%) were candidate to 
CT-IO. Single agent CT was administered in 49 (25%) of the cases, and 
single agent IO in 40 (20%). Combination CT were the less frequently 
adopted first-line regimens (n = 14, 7%), and 43 patients (22%) were 
candidate to BSC only (Fig. 1A). Precise treatments (type of chemo
therapy and immunotherapy) are reported in Supplementary Table 2. 
Metronomic vinorelbine was the regimen most frequently used as single 
agent chemo, whereas carboplatin-pemetrexed, with or without IO, was 
the most commonly used chemotherapy combination. Among single 
agent IO, pembrolizumab was administered in 22/40 cases (55%). 
Chemotherapy was prescribed at a reduced dose in approximately one 
half of the patients (e.g. carboplatin AUC4, pemetrexed < 500 mg/m2, 
data not shown). Among the 155 patients who received active therapy, 
59 (38%) were receiving steroids (equivalent to prednisone ≥ 10 mg 
daily) at the moment of treatment initiation, and 21 (14%) had received 
antibiotic in the 30 days before. In the majority of the cases (n = 133, 
86%), active treatment was initiated in an outpatient setting (Table 2).

3.3. Estimation of clinicians’ propensity to allocate patients in each 
treatment group

For each patient included in this study, we asked the treating 
physician to provide the propensity (0–100) to allocate them in each of 
the five treatment groups, with no “threshold” effect (i.e. the sum of the 
propensity for each patient could be > 100). Among the 192 patients 
with treatment propensity available, the majority (n = 117, 61%) had at 
least two treatment options with a propensity higher than 20 in a scale 
from 0 to 100, indicating some uncertainty in the treatment choices 
(Supplementary Fig. 1A). In more than half of the cases, the delta in the 
treatment propensity between the first and second treatment options 
was < 50 (Supplementary Fig. 1B).

3.4. Clinical and pathological factors influencing treatment distribution

We assessed treatment distribution according to PD-L1 levels 
(Fig. 1B). Among the 117 patients with PD-L1 < 50%, 47 (40%) received 
chemo-IO and 37 (32%) single agent chemotherapy. Single agent IO was 
the most commonly administered agent among cases with PD-L1 ≥ 50% 
(39/49, 80%). Of note, in this group of patients, chemo-IO was admin
istered in one case only. Among the patients eventually treated with 
single agent IO, physicians would have opted for those chemo-IO regi
mens, if approved for PD-L1 ≥ 50%, in 27% of the cases. Among the 32 
patients with an unknown PD-L1 status, 10 (31%) and 4 (12%) received 
single agent chemotherapy and chemo-IO, respectively. The proportion 
of patients candidate to BSC only was higher in this latest subgroup (16/ 
32, 50%), suggesting that PD-L1 testing was omitted because systemic 
options besides targeted agents were not feasible. Patients candidate to 
BSC only represented the 19% (n = 22) of the subgroup with PD-L1 <
50%, and 10% (n = 5) of the ones with PD-L1 ≥ 50%.

We then evaluated additional clinical and pathological factors that 
could have influenced treatment allocation. There was a significant 
correlation between age and administered treatment, as patients 
candidate to chemotherapy doublets and chemo-IO were younger (me
dian age 68 years) compared to the ones candidate to single agent chemo 
or BSC (median age 78 and 76 years, respectively) (Supplementary 
Table 3). Median age of patients receiving single agent IO was 72 years. 
No difference in treatment distribution was observed regarding other 
clinico-pathological factors. With the limitation of the low number of 
patients without comorbidities (n = 16), they were frequently candidate 
to chemo-IO, and less to single-agent CT or BSC, compared to the ones 
with comorbidities (p = 0.062) (Supplementary Table 3). This trend 
suggests that in cases when disease burden alone conditioned poor PS, 
clinicians were prone to candidate patients to relatively more intense 
treatment regimens.

3.5. Clinical outcomes

At data cut-off (June 30th 2024), the median follow-up was 9.4 
months (95 % CI 7.2 – 11.7). Median PFS in the global population of 198 
ECOG PS 2 patients was 1.6 months (95 % confidence interval, 95% CI, 
1.3–1.9), with a 6-month progression-free rate of 15.3% (Fig. 2A). These 
results were worse than the “pessimistic” scenario delineated for eval
uating the primary endpoint (Supplementary Table 1). When assessing 
only the 155 patients who received active treatment, median PFS was 
1.9 months (95% CI 1.6–2-2), with a 6-month progression-free rate of 
17.5% (Supplementary Fig. 2A). We observed a significant difference in 
PFS between the five treatment groups (p < 0.001), as single agent IO 
and chemo-IO led to the best outcomes, with 6-months progression-free 
rate of 29.6% and 22.9%, respectively (Fig. 2B). The difference in PFS 
was statistically significant also if considering the four groups of active 
treatments (p = 0.013).

The median OS among the 198 patients was 2.8 months (95% CI 
2.0–3.6), with a 6-month OS rate of 27.7% (Fig. 2C). Among the 155 
patients receiving active treatment, median OS and 6-month OS rate 
were 3.5 months (95% CI 2.5–4.5) and 31.6%, respectively 
(Supplementary Fig. 2B). We observed a significant impact of the 
administered treatment on OS (p < 0.001), with 6-month OS rate of 
39.4% and 30.9% in the single agent IO and chemo-IO groups, respec
tively (Fig. 2D). Of note, single-agent IO was the only treatment group to 
reach a 1-year OS rate of 20%. When considering the four groups of 
active treatments only, no difference in OS was found (p = 0.443).

The median number of first-line treatment courses was two (range 
1–17 + ongoing). Out of 135 patients progressing on the first-line 
treatment, 19 (14%) received a second-line therapy, seven and 12 
with a baseline ECOG PS at the time of second line of 1 and 2, respec
tively. The most frequently administered regimen was single agent CT, 
and radiological response were six partial responses (PR, 3/3 in patients 
receiving targeted agents), three stable diseases (SD), and five disease 
progressions, while additional five patients progressed clinically or died 
before the first radiological evaluation. Two patients received third-line 
therapy.

3.6. Evaluation of potential prognostic factors

We interrogated the potential impact of clinical and pathological 
characteristics on PFS and OS in the global population (Supplementary 
Table 4) and among patients receiving active treatment (Supplementary 
Table 5).

We did not observe differences in PFS and OS between patients 
whose poor PS contributed to disease burden (n = 177) or not (only 
comorbidities, n = 21) (Supplementary Fig. 3A-B, respectively p = 0.75 
and p = 0.76), also when excluding patients candidate to BSC alone 
(Supplementary Fig. 3C-D).

A general trend towards better outcomes was observed in patients 
with PD-L1 ≥ 50 % (Supplementary Fig. 4), with statistical significance 
when assessing the PFS of all the patients included in the study (Sup
plementary Tables 4–5). Among the respective subgroups of patients 
with PD-L1 < 50 % and ≥ 50 %, the administered treatments retained a 
prognostic impact (Supplementary Fig. 5).

Clinico-pathological characteristics such as PS according to Karnof
sky, histology (other vs adenocarcinoma), and N/L ratio impacted on 
PFS and/or OS in the global population (Supplementary Table 4). Yet, 
when extensively assessing those parameters in the 155 patients 
receiving active treatment, none influenced PFS outcomes, while a N/L 
ratio ≥ 3 (p = 0.045) and steroids at therapy start (p = 0.021) correlated 
with shorter OS (Supplementary Table 5, Supplementary Fig. 6). 
Nevertheless, these two factors were not independently affecting OS in 
the multivariable analysis (Supplementary Table 6).
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3.7. Disease responses across treatment groups

Radiological responses in 154 patients receiving active treatment 
were recorded (Table 3). Partial responses and stable diseases were 
observed in 16% and 12% of this population. Approximately half of the 
patients treated with either single agent CT or a combination CT expe
rienced early clinical progression or death before the first radiological 
evaluation. The proportion of patients that did not undergo radiological 
evaluation was approximately a third when pooling single agent IO and 
CT-IO. IO-containing regimens were the only achieving a disease-control 
rate (SD + PR) > 25% (p = 0.275), and led to the highest radiological 
responses (p = 0.022). ECOG PS improvement was obtained in 10%, 0%, 
26% and 12% of the patients receiving single agent CT, combination CT, 
single agent IO and CT-IO, respectively.

3.8. Safety

No safety issues emerged among the 155 patients receiving active 
treatments (Table 4). Among immune-related adverse events (irAEs), 
only diarrhea was observed in ≥ 10% of patients receiving IO-based 

regimens. Grade 3–4 irAEs were rare: one case each of pulmonary and 
hepatic toxicity in the chemo-IO group, and two cases of hypothyroidism 
in the single agent IO group.

4. Discussion

The introduction of regimens containing ICI in the first-line setting of 
non-oncogene addicted NSCLC has dramatically improved patients’ 
outcomes. In patients with a poor PS, the evidence generated on ICI in 
dedicated prospective trials (resumed in Table 1) is thus far encour
aging. The efficacy/toxicity ratio could indeed favor PD-1/PD-L1 in
hibitors (with or without anti-CTLA-4 agents) over standard 
chemotherapy regimens in patients with ECOG PS 2. Our study on the 
other hand, prospectively evaluating an unselected population of pa
tients with poor PS, revealed a category of patients heterogeneous in 
terms of treatment indications and clinical outcomes, that remained 
overall dismal.

Globally, less than half of the patients in our cohort received the 
recommended regimens for fit patients, i.e. single agent IO and CT-IO, 
for PD-L1 ≥ 50% and regardless of PD-L1 expression, respectively. 

Fig. 2. PFS and OS in the whole population (A, C) and according to the treatment groups (B, D). PFS; Progression-free survival; mo: Month; 95% CI: 95% 
confidence interval; 6-mo%: 6-month rate; OS: Overall survival; BSC: Best supportive care; Single agent CT: Single agent chemotherapy; Combination CT: Platinum 
doublets; Single agent IO: Anti-PD-1/PD-L1 monotherapy; CT-IO: Chemo-immunotherapy combinations.
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More than 20% of patients (43/198) were not considered fit for any kind 
of active treatment, and this could be an underestimation. Indeed, pa
tient’s consent was required to enter the study, and investigators could 
have encountered practical difficulties in obtaining a signed consent 
from patients candidate to BSC only (especially if evaluated in other 
services at the moment of diagnosis).

The presence of a PD-L1 expression ≥ 50% represented a strong 
incentive to administer single agent IO, and only 1/49 patients with PD- 
L1 ≥ 50% received CT-IO. Italian approval and reimbursement, 
restricting the use of CT-IO in cases with PD-L1 expression < 50%, could 
have discouraged physicians towards this choice, despite the possible 
“off-label” administration on a case-by-case basis for cases with PD-L1 
expression ≥ 50%. Nevertheless, specifically questioned on the 

subject, investigators would have opted for CT-IO only in a minority of 
the cases with PD-L1 ≥ 50 % (27%), witnessing the preference towards 
single agent-IO in patients with poor PS. Despite CT-IO were the regi
mens more frequently adopted, a comparable number of patients 
received single agent CT, especially for PD-L1 < 50% and in cases with 
PD-L1 not performed, in this latter case likely because it would have not 
influenced treatment decisions.

The outcomes observed in the study population are objectively 
dismal, with median PFS and OS of 1.6 and 2.6 months, and corre
sponding 6-month rates of 15.3% and 27.7%, respectively. Despite the 
patients candidate to BSC only were conditioning these poor outcomes, 
the survival estimations did not dramatically change when evaluating 
only the 155 patients receiving active treatment (Supplementary Fig. 2). 
For reference, the outcomes observed in the pemetrexed monotherapy 
control arm in the trial by Zukin et al were as follows: median PFS 2.8 
months, 6-months progression-free rate 18.4%, median OS 5.3 months 
and 6-month overall survival rate 44.9% [8].

In oncogene-addicted NSCLC, a poor PS at diagnosis can be sub
stantially reverted by targeted agents, and even patients presenting with 
poor PS at diagnosis of extensive-stage SCLC have outcomes comparable 
to patients with good PS, likely due to the high chemosensitivity of the 
disease [24–27]. In stark contrast with these examples, the clinical 
evolution of the patients in our study was strongly impacted by their 
performance status. Given that ICI-containing regimens have not 
transformed the prognosis of these patients, conservative approaches 
with BSC only or single-agent chemotherapy are still valid options. 
These considerations should reassure clinicians that in front of a patient 
with advanced NSCLC and poor PS, the clinical judgment is likely the 
most important factor for addressing treatment choices.

Still, the best outcomes were observed in patients receiving IO- 
containing regimens, with a numerical superiority for single agent IO 
in patients with PD-L1 ≥ 50% (Fig. 2). The outcomes we observed for 
single agent IO are in line with the one we reported in our previous 
retrospective study dedicated to patients with ECOG PS and PD-L1 ≥
50% receiving pembrolizumab [21]. In prospective trials including pa
tients with lower PD-L1 expression, and having single agent IO as the 
most used regimens, the outcomes were more favorable (see Table 1), 
suggesting a global selection of patients even among the ones with poor 
PS.

We report here the first prospective data on CT-IO in patients with 
ECOG PS 2, in a population highly enriched for PD-L1 expression < 50%. 
The numerical better outcomes observed in patients receiving single 
agent IO, compared to the ones who received CT-IO, could lie on the 
prognostic/predictive role of high PD-L1 expression (i.e. ≥ 50%), 
required to receive single agent IO. Nevertheless, as our group and 
others have previously shown [13,21,28], patients who are highly 
symptomatic due to tumor burden have low probability of benefit from 
single agent IO. Therefore, dose-personalized CT-IO regimens could be 
considered when clinically possible and feasible according to approval 
and registration, even for patients with PD-L1 ≥ 50% in this category.

When exploring clinical and pathological elements potentially 
impacting on the outcomes of these patients, we were not able to detect 
any relevant element with an independent prognostic role. In our pre
vious work on pembrolizumab in ECOG PS 2 patients with PD-L1 ≥ 50%, 
we documented that the presence of a cancer disease burden condi
tioning the poor PS is an independent prognostic factor [22]. In the 
present study, the lack of confirmation of this previous finding, can be 
explained by several reasons. Our previous retrospective work was 
dedicated to the precise population receiving pembrolizumab for PD-L1 
≥ 50%, and the proportion of patients with a disease burden condi
tioning the poor PS was lower compared to the current study (73% vs 
89%). Thus, the low number of patients with a PS conditioned by 
comorbidities only in the present study (n = 21, 11%), as well as the 
variety of treatment administered, likely concur to the lack of confir
mation of our previous finding.

The observation that half of the patients receiving mono CT or CT 

Table 3 
Radiological responses and PS improvement.

Clinical 
PD/death

PD SD PR PS 
improvement

Total  
(n ¼ 154)

62 (40%) 50 
(32%)

18 
(12%)

24 
(16%)

21 (13%)

Single agent 
CT  
(n ¼ 49)

24 (49%) 14 
(28%)

9 
(18%)

2 (4%) 5 (10%)

Combination 
CT  
(n ¼ 14)

8 (57%) 4 
(29%)

1 (7%) 1 (7%) 0 (0%)

Single agent 
IO 
(n ¼ 40)

12 (30%) 13 
(32%)

6 
(15%)

9 
(23%)

10 (26%)

CT-IO  
(n ¼ 51)

18 (35%) 19 
(37%)

2 (4%) 12 
(24%)

6 (12%)

PD: Progressive disease; SD: Stable disease; PR: Partial response; PS: Perfor
mance status.
Single agent CT: Single agent chemotherapy; Combination CT: Platinum dou
blets; Single agent IO: Anti-PD-1/PD-L1 monotherapy; CT-IO: Chemo-immuno
therapy combinations.

Table 4 
Treatment-related adverse events.

Single 
agent CT 
(n ¼ 49)

Combination 
CT 
(n ¼ 14)

Single 
agent IO 
(n ¼ 39)

CT-IO 
(n ¼
52)

Patients experincing 
toxicities - any grade

26% 
(6%)

57% (29%) 26% 
(10%)

44% 
(13%)

Anemia 12% 
(0%)

29% (14%) 8% (0%) 25% 
(10%)

Neutropenia 4% (4%)
*

14% (7%) 0% (0%) 11% 
(4%)

Thrombocytopenia 4% (2%) 14% (14%) 3% (3%) 10% 
(4%)

Nausea 14% 
(0%)

21% (7%) 0% (0%) 8% 
(0%)

Vomiting 4% (0%) 14% (7%) 3% (0%) 6% 
(0%)

Diarrhea 2% (0%) 0% (0%) 10% 
(3%)

12% 
(2%)

Anorexia 8% (0%) 21% (7%) 8% (0%) 17% 
(2%)

Asthenia 18% 
(0%)

29% (14%) 15% 
(0%)

25% 
(10%)

Fever 2% (0%) 21% (7%) 0% (0%) 6% 
(0%)

Events registered in ≥ 10 % of patients in at least one treatment group are re
ported. The incidence of grade 3–4 events is reported between brackets.
BSC: Best supportive care; single agent CT: Single agent chemotherapy; Com
bination CT: Platinum doublets; Single agent IO: Anti-PD-1/PD-L1 mono
therapy; CT-IO: Chemo-immunotherapy combinations.

* One febrile neutropenia.
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combo, and a third of the ones receiving IO-based regimens, could not 
undergo a first radiological evaluation, is a further confirmation of the 
bad prognosis observed across this population. No relevant toxicity 
signals emerged from the analysis of the adverse events, suggesting that 
efficacy of the treatment regimens is the parameter of major interest for 
further studies in this patient population.

Real-world studies evaluating the effectiveness of ICI-containing 
regimens in first-line advanced NSCLC have shown outcomes compa
rable with clinical trials for patients with ECOG PS 0-1 [29,30]. Our 
prospective, observational study provide evidence on a population of 
patients with whose clinical management is more challenging. The main 
take-out from our data is that patients with advanced NSCLC and ECOG 
PS 2 represent a heterogeneous population in terms of treatment 
administered, and their outcomes remain poor. Conducting dedicated 
interventional clinical studies in this patient population is the only way 
to provide new treatment recommendation. Yet, the differential out
comes observed between our study and the majority of prospective trials 
evaluating ICI-bases regimens in patients with poor PS (Table 1) suggest 
that these latter are not always representative of the patient population 
itself. The only notable exception is represented by the poor outcomes 
reported with nivolumab and ipilimumab in the phase 3 Energy trial, 
enrolling patients candidate to a platinum doublet [16]. Moving from 
these premises, our data recommend caution in incorporating into the 
clinical practice the recent evidence generated by the randomized phase 
3 trial IPSOS [10]. An intrinsic selection of patients enrolled in this 
registrational study could explain the median OS of around 10 months 
for patients with PS 2 in both the atezolizumab and mono-chemotherapy 
arms. We hope that a better and objective refinement of “performance 
status” (e.g. through the assessment of physical activity with wearable 
devices) [31,32], could help to stratify patients and help treatment 
decisions.

Our study has limitations. Defining a patient as having an ECOG PS 2 
is per se subjective [33,34]. A multicenter study like the current one 
could therefore have included patients within a spectrum of poor PS, 
according to the subjective evaluation of treating physicians, and an 
independent confirmation by a second clinician was not requested. The 
time intervals for radiographic evaluations were not fixed, and their 
centralized, independent review was not performed, concurring to a 
variability in the estimations of PFS and disease responses. The number 
of patients included in the analyses, especially if considering the five 
treatment groups separately, was limited. Our estimation could there
fore have been more precise if we had a larger population, and we could 
not perform an evaluation of prognostic factors within the treatment 
groups. The observational nature of this study precludes recommenda
tions to be driven from our data. The approval of CT-IO combinations 
only for patients with PD-L1 expression < 50% in Italy could moreover 
have had an impact on treatment recommendations for patients with 
PD-L1 expression ≥ 50%. The limited number of registered adverse 
events could suggest some degree of under-reporting, as a strict data 
monitoring was not present in this observational, academic study.

Taken together, by assessing an unselected population of patients 
with NSCLC and PS 2 in the era of immunotherapy, we were led to the 
acknowledgment of its high clinical heterogeneity, in terms of treatment 
recommendations and clinical outcomes, that remain overall dismal. 
The clinical judgment should guide treatment choices, also aiming to 
avoid overtreatment of patients with an intrinsic poor prognosis.
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