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Abstract
Background: Recently, the Patras Immunotherapy Score (PIOS) has been developed to 
estimate the survival benefit of patients with advanced non-small-cell lung cancer (aNSCLC) 
treated with nivolumab or pembrolizumab. The aim of this study was to validate the clinical 
value of PIOS in an external cohort of aNSCLC patients.
Methods: PIOS is a baseline formula produced by the combination of performance status, body 
mass index, age and line of treatment. In this multicentre study, 626 patients with confirmed 
NSCLC pathology, who had been treated with nivolumab or pembrolizumab, as well as 444 
patients with aNSCLC, who had been managed with chemotherapy alone, were retrospectively 
enrolled. Predictive and prognostic values of PIOS were finally evaluated.
Results: Patients treated with immunotherapy and higher PIOS score had an improved 
progression-free survival not only in univariate [hazard ratio (HR) = 0.621, p = 0.001], but 
also in multivariable analysis (HR = 0.651, p = 0.003). In addition, improved overall survival 
with increasing PIOS score was also observed (HR = 0.608, p < 0.001) with this association 
remaining statistically significant after adjusting for programmed-cell death ligand 1 (PD-
L1) expression (HR = 0.620, p < 0.001). In addition, patients with disease progression (PD) had 
lower scores compared to those with stable disease (SD), partial response (PR) or complete 
response (CR) in a two-tier model (p < 0.001) as well as in a four-tier model (PD, SD, PR and 
CR; p < 0.001). Prognostic significance of PIOS score also persisted using a binary logistic 
regression analysis, adjusted for disease stage and PD-L1 status (p = 0.002, odds ratio: 
0.578). Contrarily, PIOS had no prognostic significance in the chemotherapy group; however, 
upon combined analysis of the two cohorts, PIOS was found to have a significant interaction 
with the type of treatment (HR = 0.066 with p < 0.001), confirming its predictive value for 
immunotherapy.
Conclusions: This study provides further validation of PIOS in aNSCLC patients treated with 
anti-PD-1 monotherapy.
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Introduction
Immune checkpoint inhibitors (ICIs) have dra-
matically changed the course of patients with 
advanced non-small-cell lung cancer (aNSCLC).1 
Immunotherapy has reformed the treating options 
of aNSCLC not only beyond the first line, but 
also in the first line of treatment (LOT).2 
Inhibition of programmed-cell death 1 (PD-1) 
and programmed-cell death ligand 1 (PD-L1) by 
monoclonal antibodies is the most successful 
immunotherapeutic intervention in NSCLC.3 
Blocking of PD-1/PD-L1 interaction leads to 
reactivation of the immune response, achieving a 
robust anticancer response.4 In particular, anti-
PD-1/PD-L1 blockade can reinvigorate the inac-
tive antigen-specific CD8+ T cells, located at the 
tumor microenvironment, overcoming the nega-
tive regulatory effects of this immune checkpoint 
activation.5 Nivolumab and pembrolizumab are 
the first ICIs approved by the US Food and Drug 
Administration and European Medicines Agency 
for the treatment of aNSCLC.4

Until now, PD-L1 protein expression and tumour 
mutation burden (TMB) are the only two used 
biomarkers regarding their predictive value in 
NSCLC patients treated with ICIs.6 Particularly, 
the PD-L1 expression (percentage) is the most 
investigated biomarker since its significance has 
been evaluated in a great number of retrospective 
and prospective studies as well as in clinical trials.7 
Regarding TMB, Rizvi et al.8 have correlated the 
improved objective response and progression-free 
survival (PFS) with higher nonsynonymous muta-
tion burden in tumours given that higher TMB 
reflects more neoantigens. However, undoubt-
fully, PD-L1 expression and TMB are imperfect 
predictors for effectiveness of immunotherapy in 
lung cancer patients.9 So, the need for new, clini-
cally useful and reproducible markers remains an 
urgent, ongoing and challenging matter.10

Formerly, our group has established and investi-
gated the Patras Immunotherapy Score (PIOS) 
formula using four clinical parameters [perfor-
mance status (PS) as given by the Karnofsky 
Performance Status Scale Index, body mass index 
(BMI), age (AGE) and LOT], calculated as 
PIOS ((PS BMI)/(LOT AGE)).= × × 11 The ini-
tial evaluation of PIOS was based on analysing 
retrospective data collected by 112 aNSCLC 
patients (discovery group), who were treated with 
nivolumab or pembrolizumab as monotherapy at 
the University Hospital of Patras, Greece.11

In the current study, we have validated the clini-
cal significance of PIOS formula in aNSCLC, 
evaluating its predictive and prognostic value in a 
multicenter external cohort of aNSCLC patients, 
who have previously been treated with nivolumab 
or pembrolizumab as well as in a second cohort of 
patients with aNSCLC treated with chemother-
apy regimens only.

Patients and methods

Study design, population and data collection
This study was performed following the Helsinki 
Declaration on ethical guidelines (2013) and upon 
approval by the Scientific Committee and the 
Committee on Research and Ethics of the 
University Hospital of Patras (Greece, 232/ 
6.04.2017) and by the Ethics Committee of the 
Heidelberg University Hospital (S-145/2017).12 
Informed consent of enrolled patients was waived 
by the Ethics committee since enrolment was per-
formed retrospectively and patients’ data were 
anonymized. This multicenter study included 
two cohorts of patients (validation group and 
chemotherapy group), who were retrospectively 
selected based on the specific inclusion criteria. 
Chemotherapy group included patients only from 
the Heidelberg University Hospital, while the val-
idation group included both Greek and German 
patients. All patients enrolled in the validation 
group of the current study had histologically or 
cytologically confirmed NSCLC pathology, mon-
otherapy with nivolumab (240 mg every 2 weeks) 
or pembrolizumab (2 mg/kg or 200 mg every 
3 weeks) in any LOT, available clinical data from 
the observation period (March 2013–January 
2020). Case selection and statistical analysis were 
conducted blindly to the particular characteristics 
as well as to the clinical efficacy. Inadequate avail-
ability of follow-up data (lack of follow-up data 
regarding the final outcome) as well as incomplete 
immunotherapy (incomplete cycles, very early 
death after enrolment, uncaused withdrawal of 
treatment), concurrent administration of chemo-
therapeutic agents with immunotherapy, use of 
high dose of glucocorticoids as well as enrolment 
in the initial study of PIOS (discovery group) were 
among the exclusion criteria (Figure 1).

For all patients of the validation group, clinico-
pathological traits, PS before ICIs administra-
tion, PD-L1 expression, best overall response 
(BOR) as per RECIST 1.1 criteria, PFS, 
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post-immunotherapy overall survival (OS) as well 
as last follow-up or date of death were also col-
lected.13 Patients with stable disease (SD) or par-
tial response (PR) or complete response (CR) to 
immunotherapy were categorized in favourable 
group, while as poor responders were character-
ized the patients with progressive disease. Cases 
were classified in tumor stages according to the 
American Joint Committee on Cancer 8th edition 
of TNM Staging System.14 The Eastern 
Cooperative Oncology Group (ECOG) scale was 
used for the evaluation of the PS prior to anti-
PD-1 first administration. Based on the results 
from Prasad et al.15 ECOG PS was converted to 

Karnofsky Performance Scale for calculation rea-
sons. Based on our previous findings, PIOS score 
was calculated using the four clinical parameters 
and following the proposed formula 
PIOS PS BMI LOT AGE= × ×(( ) / ( )).11

In addition, inclusion criteria for the patients of 
chemotherapy group were the same as those of 
the patients of the validation group with the 
exception of the treating management. All 
patients of this group had not received immuno-
therapy or other targeted therapy and they had 
medically been managed using chemotherapeutic 
regimens. Furthermore, clinicopathological traits, 

Figure 1.  STROBE diagram of patients included in the validation group of this study. The majority of patients 
had metastatic disease, however, few of them had inoperable stage III disease and they were treated with 
systematic treatments upon or not chemoradiotherapy.
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PS, OS and last follow-up or date of death were 
similarly collected. PIOS calculation was per-
formed following the same procedure as previ-
ously described.

The absence of activating mutations of Epidermal 
Growth Factor Receptor gene and of rearrange-
ments of Anaplastic Lymphoma Kinase gene were 
necessary to exclude driver gene addiction. The 
enrolled patients have been medically managed 
by the treating medical oncologists following the 
guidelines at the time of follow-up. Throughout 
the paper, the term ‘discovery’ refers to the dis-
covery population of our original study and the 
term ‘validation’ to the validation population of 
the current study.11

Statistical analysis
Matlab’s Statistics and Machine Learning 
ToolboxTM R2020a was used for the statistical 
analysis. The Kruskal–Wallis test was used for 
calculating the differences between groups with 
ordinal or continuous data, since the assump-
tions for employing analysis of variance were not 
met. The Shapiro–Wilk parametric hypothesis 
test was used for normality testing. In addition, 
binary and multivariable logistic regression mod-
els were used to investigate whether studied 
parameters and PIOS were independently related 
to response. In multivariable analysis, multicol-
linearity was assessed using variance inflation 
factor.

Survival analysis was performed using the 
Kaplan–Meier method and the log-rank test. The 
95% confidence intervals (CIs) of the survival 
functions were computed using the Greenwood’s 
Formula. Cox proportional hazard models were 
used for univariate and multivariable analyses of 
the studied covariates, in correlation with PFS 
and OS. PFS was calculated from the date of 
treatment initiation through disease progression 
(PD) or death from any cause. Also, OS was cal-
culated from the date of diagnosis to death or last 
follow-up. As cut-off point for PIOS calculations 
in the immunotherapy group was used the cut-off 
point of the discovery cohort of the previous study 
(median PIOS = 0.176).11 When classifying 
patients in three groups based on PIOS (low, 
medium and high), the 1/3 and 2/3 percentiles 
were used. Statistical significance was defined at 
5% and tests were two-sided.

Results

Patients, disease and treatment characteristics
Characteristics of the patients enrolled in the vali-
dation as well as chemotherapy groups are sum-
marized in Table 1. In all, 626 patients with 
aNSCLC were retrospectively enrolled as valida-
tion cohort in the current study. All of them were 
treated with anti-PD-1 monotherapy (nivolumab 
or pembrolizumab). Almost two-thirds (63.9%) 
of them were treated with nivolumab and the rest 
with pembrolizumab. Most of the participants 
were males (73%), while 27% of them were 
females. The median age was 66 years (range, 
30–89 years). The vast majority of the patients 
(94.2%) had a confirmed histological diagnosis of 
adenocarcinoma or squamous cell carcinoma. 
PD-L1 expression was available for almost two-
thirds (67.1%) of the patients, with more than 
50% immunopositivity for PD-L1 being detected 
in 200 participants (~32%). Most of the patients 
had advanced disease (stages 3B, 3C or 4), while 
two patients with stage 3A disease were also 
enrolled, as they had inoperable disease.14

Most of the patients (513) had PS 0 or 1 and 113 
(18.1%) of them had PS (ECOG) 2 or 3. Post-
immunotherapy OS was available for all the cases 
enrolled in the study. The date of last follow-up 
was 31 January 2020 with a mean follow-up time 
366 days. Patients of the favourable group repre-
sented the 59.1% of our cohort. The BOR was 
not available for 45 patients, while the rest of the 
patients (211) had PD, based on the first evalua-
tion after the enrolment in the immunotherapy. A 
little less than 50% (48.2%) died over the follow-
up period.

Regarding the patients of the chemotherapy 
cohort, 444 patients with metastatic disease were 
enrolled in this subgroup. Most of the partici-
pants were males (67%), while 33% of them were 
females. The median age was 63 years (range, 
37–82 years). All of them were of stage IV and 
had received carboplatin- or cisplatin-based 
doublets.

PIOS model and PFS in the validation group
The Kaplan–Meier survival curves for PFS by 
risk group, determined by PIOS score, are pre-
sented in Figure 2. The cut-off point from the 
discovery group (PIOS = 0.176) was used for 

https://journals.sagepub.com/home/tam
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Table 1.  Characteristics of NSCLC patients enrolled in the validation as well as chemotherapy sub-cohorts of the current study.

Patient characteristics Immunotherapy group 
number (%)

Chemotherapy group 
number (%)

p Value across groups

Total 626 444  

Age (years) median (range) 66 (30–89) 63 (37–82) p < 0.001

Weight (kg) median (range) 72 (38–146) 75.5 (37–137) p = 0.032

Height (m) median (range) 1.70 (1.40–1.98) 1.71 (1.47–197) p = 0.363

BMI (kg/m2) median (range) 24.88 (14.66–54.28) 25.56 (15.10–52.21) p = 0.136

Gender

  Male 457 (73%) 298 (67%) p = 0.037

  Female 169 (27%) 146 (33%)  

Histology p < 0.001

  Squamous 198 (31.6%) 84 (18.92%)  

  Adenocarcinoma 392 (62.6%) 322 (72.52%)  

  Large-cell carcinoma, 
adenosquamous or NSCLC

36 (5.8) 38 (8.56%)  

Stage –

  III (no further specified) 12 (1.9%) 0 (0%)  

  IIIA 2 (0.3%) 0 (0%)  

  IIIB 32 (5.1%) 0 (0%)  

  IIIC 1 (0.2%) 0 (0%)  

  IV (no further specified) 515 (82.2%) 1 (0.23%)  

  IVA 19 (3%) 113 (25.45%)  

  IVB 45 (7.2%) 330 (74.32%)  

PD-L1 status (%) –

  <1 77 (12.3%) N/A  

  1–49 145 (23.2%) N/A  

  ⩾50 200 (31.95%) N/A  

  NA 204 (32.6%) N/A  

PS (ECOG) p < 0.001

  0 209 (33.4%) 224 (50.45%)  

  1 304 (48.6%) 205 (46.17%)  

  2 100 (16%) 14 (3.15%)  

  ⩾3 13 (2.1%) 1 (0.23%)  

(Continued)
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patient classification, based on the PIOS formula. 
Similar to the results from the discovery group, a 
statistically significant association between PIOS 
and PFS was also observed (Cox proportional 
hazards regression model with p < 0.001). 

NSCLC patients with higher PIOS score 
(⩾0.176) had an improved PFS compared to 
patients with lower PIOS score (Figure 2(a), log-
rank p < 0.001). Median PFS was 515 days for 
the patients with lower PIOS score, while the 

Patient characteristics Immunotherapy group 
number (%)

Chemotherapy group 
number (%)

p Value across groups

LOT –

  1 160 (25.6%) 444 (100%)  

  2 357 (57%) 0 (0%)  

  ⩾3 109 (17.4%) 0 (0%)  

Treatment Immunotherapy Chemotherapy –

  Nivolumab 400 (63.9%) Carboplatin–Gemcitabine 
120 (27.03%)

 

  Pembrolizumab 226 (36.1%) Carboplatin–Pemetrexed 70 
(15.76%)

 

  Carboplatin–Vinorelbine 88 
(19.82%)

 

  Cisplatin–Gemcitabine 51 
(11.49%)

 

  Cisplatin–Pemetrexed 52 
(11.71%)

 

  Cisplatin–Vinorelbine 63 
(14.19%)

 

BOR –

  CR 7 (1.1%) N/A  

  PR 188 (30%) N/A  

  SD 175 (28%) N/A  

  PD 211 (33.7%) N/A  

  NA 45 (7.2%) N/A  

OS status –

  Alive 324 (51.8%) 0 (0%)  

  Dead 302 (48.2%) 417 (93.92%)  

  NA 0 (0%) 27 (6.08%)  

OS median (95% CI), days 258 (339.03–393.02) 211.5 (321.6–405.91) p = 0.922

BMI, body mass index; BOR, best overall response; CI, confidence interval; CR, complete response; ECOG, Eastern Cooperative Oncology Group; 
LOT, line of treatment; NA, not available; NSCLC, non-small-cell cancer; OS, overall survival; PD, progressive disease; PD-L1, programmed death-
ligand 1; PR, partial response; PS, performance status; SD, stable disease.

Table 1.  (Continued)
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Figure 2.  (a) Kaplan–Meier survival curve for PFS (with 95% CIs) for patients classified using as cut-off point the median PIOS from 
the discovery group, (b) Kaplan–Meier survival curves for PFS for the two-tier classification of PIOS and PD-L1 expression with cut-
off point at 1%, (c) Kaplan–Meier survival curves for PFS for the two-tier classification of PIOS and PD-L1 expression with cut-off 
point at 50%, and (d) Kaplan–Meier survival curves for PFS using a three-tier classification for PIOS and PD-L1.
CIs, confidence interval; PD-L1, programmed-cell death ligand 1; PFS, progression-free survival; PIOS, Patras Immunotherapy Score.
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survival curve for the favourable subgroup did not 
reach the threshold of 50%.

In Figure 2(b)–(d), the two- and three-tier com-
parisons of PFS for PIOS and PD-L1 status are 
presented, using the group of patients for which 
PIOS, PD-L1 and PFS were available (n = 408). 
In the two-tier classification of patients, where 
1% and 50% were used as cut-off points for 
PD-L1 (Figure 2(b) and (c), respectively), we 
observed that patients with higher PIOS score 
have slightly better PFS than those with higher 
PD-L1 expression (⩾1%), while patients with 
PD-L1 < 1% have slightly worse PFS compared 
to those with low PIOS, although there is not a 
statistically significant difference between the sur-
vival curves of the corresponding groups. In addi-
tion, when the cut-off point for the PD-L1 
expression was set at 50%, the survival curves of 
the corresponding groups are visually similar and 
there is not a statistically significant difference 
between the survival curves of the corresponding 
groups.

For the same subgroup (n = 408), in the three-tier 
classification, there was a statistically significant 
association of PFS with PIOS (log-rank p < 0.001) 
and, furthermore, a statistically significant trend 
between the groups of PIOS (log-rank trend test 
p = 0.006). In the pairwise log-rank tests after 
adjustment for multiple tests, a statistically sig-
nificant difference was observed between patients 
with high and low PIOS (p < 0.001) as well as 
between patients with high versus medium PIOS 
(p = 0.011). For the other two groups (low versus 
medium PIOS), no statistically significant differ-
ence was observed. In addition, median PFS for 
patients with low PIOS was 144 days and 152 days 
for patients with low PD-L1 expression, while the 
other groups did not reach the threshold of sur-
vival probability of 50% and there were not statis-
tically significant differences between the survival 
curves for the corresponding groups of PIOS and 
PD-L1 expression.

Multivariable analysis for PFS, adjusted for those 
covariates that had a statistical significance in the 
univariate Cox regression analysis and no associa-
tion from multicollinearity analysis, confirmed 
the statistical significance of PIOS when consid-
ered together with clinical stage (3 or 4) and posi-
tive or negative PD-L1 expression [Table 2, 
hazard ratio (HR) = 0.651, 95% CI: 0.492–0.863, 
p = 0.003].

PIOS was associated with clinical outcome
In the discovery cohort, higher PIOS score had 
been associated with longer post-immunotherapy 
OS. In the validation cohort, the improved clini-
cal outcome with increasing PIOS score was also 
observed using the same cut-off point as that of 
the discovery group (Figure 3(a), log-rank, p <  
0.001). At univariate Cox regression analysis, the 
median OS for the favourable group (PIOS ⩾  
0.176) was 765 days compared to 332 days for the 
poor responders (HR = 0.608, 95% CI: 0.482–
0.766, p < 0.001). Furthermore, when using the 
1/3 and 2/3 percentiles for grouping patients in 
high, medium and low PIOS, focusing on the 
sub-cohort for which both PIOS and PD-L1 
expression were available (n = 418, Figure 3(b)), 
the median days of survival were 505 and 221 days 
for medium and low PIOS groups, respectively, 
while the group with high PIOS did not reach the 
threshold of 50% survival probability. A statisti-
cally significant association was observed in the 
three-tier model (log-rank p < 0.001) as well as 
statistically significant was the trend between the 
groups (high, medium and low PIOS) and OS 
(log-rank trend p = 0.001). In the pairwise log-
rank tests after adjustments for multiple tests, sta-
tistically significant differences were observed 
between all the groups (high versus low p < 0.001, 
high versus medium p = 0.003 and medium versus 
low p = 0.004). The median OS days for patients 
with high, medium and low PD-L1 expression 
were 994, 387 and 217 days, respectively. The 
survival curves of the three-tier model between 
the corresponding groups for PIOS and PD-L1 
expression showed similar trends, since there are 
not statistically significant associations between 
the corresponding groups. The Kaplan–Meier 
survival curves for the two-group classification for 
PIOS (using the discovery’s group cut-off point) 
and PD-L1 classified in positive (⩾1%) and neg-
ative (<1%) or using as cut-off point for the 
PD-L1 expression the 50% are presented in 
Figure 3(c) and (d), respectively. When two 
groups of patients were used, PIOS and PD-L1 
(using 1% as cut-off point) showed similar trend 
and no statistically significant difference in the 
unfavourable groups. In the case of the favourable 
groups, the PIOS and PD-L1 survival groups 
were statistically significantly different (log-rank 
test p = 0.03). In the other hand, when using 50% 
as cut-off point for the PD-L1 expression, the 
survival curves of the corresponding groups were 
showed similar trend and no difference was 
observed.

https://journals.sagepub.com/home/tam
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In the Cox regression analysis, the association of 
PIOS with OS remained statistically significant 
(Table 3, HR = 0.62, 95% CI: 0.492–0.783, p <  
0.001) after adjusting for the covariates that had a 
statistical significance in the univariate analysis 
and no association from multicollinearity analysis 
(PD-L1), while LOT and PS were not included 
in the multivariable Cox proportional-hazards 
model since they had been used in the PIOS score 
(Table 2).

PIOS and response
Furthermore, the initial observation which closely 
correlated PIOS with BOR was also replicated in 
this validation group. Patients with PD had lower 
scores compared to those with SD, PR or CR, 
who had higher scores in a two-tier model 
(p < 0.001). The means for the different compari-
sons for the two-tier model, along with the corre-
sponding standard errors, are shown in Table 4. 

This association remained using a four-tier model 
(PD, SD, PR and CR) for evaluation of BOR 
(p < 0.001). After Bonferroni adjustment for mul-
tiple tests, PIOS differed between patients with 
PD and PR (p < 0.001), but not between PD and 
SD (p = 0.100). The mean values along with the 
corresponding standard errors of each group are 
shown in Table 4. The Cochran–Armitage test for 
trend, using patients with low and high PIOS 
(cut-off point of the discovery group), and the 
four-tier BOR showed a statistically significant 
linear trend (p < 0.001, Cochran–Armitage chi-
square 14.604) between the PIOS groups and 
BOR. Prognostic significance of PIOS score (cut-
off point of the discovery group) also persisted 
using a binary logistic regression analysis (PD ver-
sus rest), adjusted for disease stage and PD-L1 
status (p = 0.003, OR: 0.520, 95% CI: 0.339–
0.798). The area under the receiver operating 
characteristic curve was 0.605 (SE = 0.024, 95% 
CI: 0.558–0.653) in this validation set.

Table 2.  Univariate and multivariable (using the covariates with p < 0.05) analyses fitting Cox proportional hazard models  
for PFS.

Covariate Univariate analysis* Multivariable analysis

HR (95% CI) p Value HR (95% CI) p Value

Age* ⩾ 66 years 1.059 (0.805–1.394) 0.683  

Sex 0.901 (0.659–1.232) 0.513  

Weight* ⩾ 72 kg 0.868(0.66–1.142) 0.313  

Height* > 1.70 m 1.114 (0.844–1.469) 0.446  

BMI* ⩾ 24.88 0.837 (0.636–1.102) 0.204  

Histology (SQ versus ADC) 1.125 (0.836–1.513) 0.438  

Stage (4 versus 3) 2.548 (1.256–5.167) 0.01 2.616 (1.29–5.308) 0.009

PD-L1 < 1% (negative versus positive) 1.87 (1.326–2.635) <0.001 1.792 (1.267–2.532) <0.001

PD-L1 < 50% 1.741 (1.32–2.296) <0.001  

LOT (first versus subsequent) 0.656 (0.467–0.921) 0.015  

ECOG PS (0 versus rest) 0.373(0.263–0.53) <0.001  

ECOG PS (0, 1 versus 2, 3) 0.532 (0.390–0.724) <0.001  

PIOS score ⩾ PIOS cut-off$ 0.621 (0.47–0.821) 0.001 0.651 (0.492–0.863) 0.003

*Univariate analysis was performed using median as cut-off.
$In the analysis of PIOS score was used the cut-off point of the initial publication.
ADC, adenocarcinoma; Adeno SQ, adenosquamous; BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; LC,  
large cell carcinoma; LOT, line of treatment; NSCLC, non-small-cell lung carcinoma; PD-L1, programmed death-ligand 1; PFS, progression-free 
survival; PIOS, Patras Immunotherapy Score; PS, performance status; SQ, squamous.
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Figure 3.  (a) Kaplan–Meier survival curve for OS (with 95% CIs) for patients classified using as cut-off point the median PIOS from 
the discovery group, (b) Kaplan–Meier survival curves for OS using a three-tier classification for PIOS and PD-L1, (c) Kaplan–Meier 
survival curves for OS using as cut-off point the median PIOS from the discovery group and PD-L1 expression with cut-off point 
at 1%, and (d) Kaplan–Meier survival curves for OS using as cut-off point the median PIOS from the discovery group and PD-L1 
expression with cut-off point at 50%.
CIs, confidence interval; OS, overall survival; PD-L1, programmed-cell death ligand 1; PFS, progression-free survival; PIOS, Patras Immunotherapy 
Score.
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PIOS model in chemotherapy group and its 
predictive value
To assess the specificity of the PIOS model for 
patients with aNSCLC treated with ICIs mono-
therapy, we evaluated its prognostic significance in 
a chemotherapy-treated cohort. All of the patients 
(444) enrolled in this subgroup had a PIOS score 

greater than 0.1761, which was the PIOS cut-off 
point extracted in the discovery group and which 
was used in the validation group.11 For this reason, 
we used in the univariate analysis as cut-off point 
the median PIOS score of the patients in this 
cohort (Table 5). Multivariable analysis was not 
performed since significant factors in the 

Table 3.  Univariate and multivariable (using the covariates with p < 0.05) analyses fitting Cox proportional hazard models for OS.

Covariates Univariate analysis* Multivariate analysis

HR (95% CI) p Value HR (95% CI) p Value

Age ⩾ 66 years 0.896 (0.713–1.125) 0.345  

Sex 0.918 (0.712–1.184) 0.510  

Weight ⩾ 72 kg 0.887 (0.707–1.113) 0.302  

Height ⩾ 1.70 m 1.2196 (0.968–1.536) 0.091  

BMI ⩾ 24.88 0.818 (0.651–1.027) 0.084  

Histology (SQ versus ADC) 1.084 (0.845–1.391) 0.526  

Stage (4 versus 3) 1.472 (0.902–2.402 0.122  

PD-L1 (negative versus positive) 1.68 (1.213–2.328) 0.002 1.594 (1.15–2.211) 0.005

PD-L1 < 50% 1.655 (1.308–2.093) <0.001  

LOT (first versus subsequent) 0.596 (0.447–0.796)8 <0.001  

ECOG PS (0 versus rest) 0.326 (0.245–0.434) <0.001  

ECOG PS (0,1 versus 2,3) 0.47 (0.359–0.614) <0.001  

PIOS score$ 0.608(0.482–0.766) <0.001 0.62 (0.492–0.783) <0.001

*Univariate analysis was performed using median as cut-off.
$In the analysis of PIOS score was used the cut-off point of the initial publication.
ADC, adenocarcinoma; BMI, body mass index; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; LOT, line of 
treatment; OS, overall survival; PD-L1, programmed death-ligand 1; PIOS, Patras Immunotherapy Score; PS, performance status; SQ, squamous.

Table 4.  BOR subgroups and statistical correlations.

PD median (±SE) SD median (±SE) PR median (±SE) CR median (±SE)

0.188 (±0.001) 0.212 (±0.001) 0.239 (±0.001) 0.205 (±0.02)

BOR – two tier (group 1 versus group 2) p Value Group 1 mean (±SE) Group 2 mean (±SE)

PD versus SD, PR, CR <0.001 0.188 (±0.0005) 0.219 (±0.0003)

PD, SD versus PR, CR <0.001 0.225 (±0.0003) 0.184 (±0.0004)

PD, SD, PR versus CR <0.001 0.238 (±0.0007) 0.195 (±0.0003)

BOR, best overall survival; CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease.
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univariate analysis were already included in the 
PIOS calculation. The median PIOS for this 
cohort is 0.3719. In Figure 4, Kaplan–Maier sur-
vival curves for patients with high and low PIOS 
score are presented. No significant statistical asso-
ciation was observed between the patients with 
high and low PIOS score in the chemotherapy 
group (log-rank test, p = 0.40866). The median OS 
for patients with low or high PIOS was 221 and 
212 days, respectively.

In addition, in combined analysis of the valida-
tion cohort and chemotherapy group, there was a 
significant interaction between PIOS and the spe-
cific treatment (immunotherapy versus chemo-
therapy, HR = 0.356 with p < 0.001; for PIOS, 
HR = 0.174 with p < 0.001; for the interaction 
between PIOS and the type of treatment, 
HR = 0.066 with p < 0.001), suggesting that the 
PIOS is both prognostic for NSCLC patients and 
predictive for the benefit from PD-L1 inhibitor 
monotherapy. Furthermore, the significant pre-
dictive effect of PIOS for patients treated with 
ICIs was remained when we analysed separately 
the patients of the immunotherapy group from 
Greece (n = 405) and Germany (n = 221) (OS 

HR = 0.04 with p < 0.001, and OS HR = 0.500 
with p < 0.001, respectively).

Discussion
The management of NSCLC patients with meta-
static disease has tremendously been reformed over 
the last decade due to the incorporation of immu-
notherapy and particularly ICIs in the treatment of 
this patient population, improving response rates 
and clinical outcome.4 Despite the impressive 
results in a big proportion of patients, the majority 
of them do not experience any benefit, as until now, 
there are no clinically useful, available biomarkers.4 
The identification of clinically useful biomarkers to 
recognize the subgroup of patients who will respond 
to ICIs remains an unmet need.

In this vein, we have recently proposed a new 
score, which emphasizes on widely available non-
interventional parameters, such as PS, BMI, 
LOT and age, giving rise to the PIOS score.11 In 
the current study, we validated the predictive and 
prognostic value of PIOS in an external multicen-
tre, bigger cohort of aNSCLC patients. Similar to 
the initial findings, PIOS was statistically associ-
ated with the response to ICIs as well as with 
clinical outcome of aNSCLC patients.

As far as the clinical effects of the factors incorpo-
rated in the PIOS are concerned, there is a strong 
evidence from numerous studies. PS as a starter 
has been previously documented by Dall’Olio et 
al.16 that when equal to or more than two (PS ⩾ 2), 
according to the ECOG scale, it has a negative 
impact on prognosis of NSCLC patients treated 
with ICIs. Furthermore, Ahmed et al.17 have 
reported that patients with poorer PS before 
receiving immunotherapy have inferior PFS and 
OS, although PS status has not had any correla-
tion with the response. With regard to the under-
lying mechanism, it has been hypothesized that 
PS reflects the immune system status and there-
fore, patients with poor PS may have an immune 
system with deteriorated functionality.18

More data exist regarding the close association of 
BMI, a factor of the PIOS formula, with the effi-
cacy of immunotherapy. Predictive significance of 
BMI for cancer patients (NSCLC, melanoma, 
renal cell carcinoma and other types of cancer) 
treated with ICIs has been reported by Cortellini 
et al.19 noting that obesity is associated with better 
response rates and improved survival outcomes.

Table 5.  Univariate (using the covariates with p < 0.05) analysis fitting Cox 
proportional hazard models for OS.

Covariate Univariate analysis*

HR (95% CI) p Value

Age ⩾ 63 years 1.083 (0.892–1.314) 0.422

Sex (male = 1) 1.133 (0.922–1.394) 0.235

Weight ⩾ 75.5 kg 1.116 (0.921–1.353) 0.261

Height ⩾ 1.71 m 1.103 (0.910–1.337) 0.319

BMI ⩾ 25.56 1.105 (0.912–1.339) 0.310

Histology (SQ versus ADC)* 1.035 (0.808–1.327) 0.785

PS (0 versus rest) 0.582 (0.479–0.708) <0.001

PS (0,1 versus 2,3) 0.175 (0.103–0.296) <0.001

PIOS score$ 0.918 (0.757–1.113)4 0.382

*Only patients with squamous and adenocarcinoma are included.
$The cut-off point for the PIOS score is 0.3719 (median of the cohort), since PIOS for 
all patients was greater than the cut-off point of the PIOS in the discovery group.
ADC, adenocarcinoma; BMI, body mass index; CI, confidence interval; 
ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; PIOS, Patras 
Immunotherapy Score; PS, performance status; SQ, squamous.
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The third factor of PIOS index is the age of 
patients. Age is a clinical characteristic with a 
well-documented predictive value for ICIs. Kugel 
et al.20 published a study some years ago regard-
ing the impact of age in response to immunother-
apy, mentioning that getting older increases the 
chance of melanoma patients to anti-PD-1 ther-
apy response. However, opposite results have 
come up from a number of studies, blunting the 
association of age with effectiveness of immuno-
therapy. For instance, Betof et al.21 have reported 
that OS of melanoma patients does not differ 
across age groups. In this line, Marur et al.22 a 
year later, reported that patients ⩾65 years with 
advanced or metastatic NSCLC, treated with 
ICIs, experienced similar effectiveness with 
younger ones. Interestingly, Botticelli et al.23 have 
documented a survival advantage for elderly who 
received nivolumab; however, the difference was 
slightly over the level of statistical significance 
(p = 0.057).

The findings from the current study also validated 
the prognostic value of PIOS in NSCLC patients 
managed with ICIs, since it was associated not only 
with PFS but also with OS. Current research has 
focused on the combination of particular parame-
ters, mainly related to traits of immune system. 
One of the most assessed score in different cancer 
types regarding its prognostic value is the neutro-
phil-to-lymphocyte ratio (NLR), which is based on 
the measurements in peripheral samples. Poor clin-
ical outcome of patients treated with immunother-
apy has been associated with increased NLR 
scores,24 as well as with hyper-progressive disease.25 
A meta-analysis by Cao et al.26 which included 14 
retrospective studies, has also confirmed the value 
of NLR on prognosis of patients treated with 
nivolumab. Another group of biomarkers are 
derived by the combination of clinical parameters 
with immune-related traits. Among them are the 
cases of advanced lung cancer inflammation 
index,27 aggregate index of systemic inflammation,28 
systemic inflammation index,29 lung immune prog-
nostic index,24 EPSILoN ECOG PS, smoking his-
tory, evidence of liver metastases, levels of lactate 
dehydrogenase, NLR18 and immunotherapy sex-
ECOG-NLR-delta NLR.30

Despite the promising results, there are some 
potential weaknesses in the current study. A limi-
tation of our study is the analysis of retrospective 
data. To address this issue, a big number of 
patients from multiple medical centres from 
Greece and Germany were enrolled. In addition, 

to increase representation of the cohort, the selec-
tion of the patients was performed serially and 
blindly to the clinical outcome and particularly to 
patients’ characteristics. Another weakness of the 
study is the lack of PD-L1 expression for almost 
one-third of the patients. Furthermore, a poten-
tial limitation of the study is also the heterogene-
ity of the cohort study regarding the LOT.

Despite the aforementioned weaknesses, the vali-
dation of PIOS formula confirms our initial 
observation that simple, non-conventional and 
non-biological parameters of the patients have a 
great impact on the response as well as on the 
clinical outcome of the patients treated with anti-
PD-1 agents. The current approaches focus 
mainly on the biological profile of the disease, 
while PIOS shed light on the clinical significance 
of other parameters, which are underestimated. 
This study shows that PIOS is a robust biomarker 
for ICIs monotherapy, but not for chemotherapy 
alone. In addition, given that PIOS is derived 
from simple and always available factors, it has 
the potential to lead to rapid integration into clin-
ical practice supporting physicians in the deci-
sion-making process. Furthermore, incorporation 

Figure 4.  Kaplan–Meier Survival curves for OS in chemotherapy group 
using as cut-off point for PIOS the median of this subgroup.
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of specific molecular tumor characteristics in 
PIOS formula, leading to better sensitivity and 
specificity, will be a reasonable next step in the 
way to future clinical exploitation.

Conclusions
In conclusion, we validate in this study the PIOS 
score, which has been recently generated. This 
baseline index, which is produced by a combina-
tion of non-interventional parameters (PS, BMI, 
age and LOT), is confirmed to have prognostic 
and predictive value for aNSCLC patients, 
treated with anti-PD-1 ICIs as monotherapy.
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