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Simple Summary: Real-world studies of immune checkpoint inhibitors (ICIs) in advanced non-small
cell lung cancer (NSCLC) have shown worse outcomes in patients with poor Eastern Cooperative
Oncology Group Stage Performance Status (ECOG PS). This index measures functional status but
does not assess the cause. The ECOG PS scale is influenced by different aspects, such as the burden
of the disease itself, the presence of comorbidities and the global frailty of patients. The influence
of frailty on the efficacy of ICIs in patients with NSCLC has not been evaluated. In this study, we
investigated the role of frailty on the clinical outcomes of first-line pembrolizumab in a retrospective
cohort of 101 patients with advanced NSCLC. In our study, frailty determined based on indirect
markers was identified as an independent predictor of overall survival (OS) and progression-free
survival (PFS). Frailty assessment before starting antineoplastic therapy could be a useful tool for
clinical decision making.

Abstract: ICIs have been able to improve overall survival in advanced-stage lung cancer. The benefit
of this therapy is limited in patients with poor ECOG PS. However, this scale is imprecise and can be
influenced by different factors, such as frailty. Cancer patients have a high risk of frailty independently
of age. In this observational, single-center, retrospective study, we investigated the effect of frailty
on the effectiveness of pembrolizumab in first-line use in a cohort of 101 patients with metastatic
NSCLC. Frailty was determined using a frailty score system developed by Sakakida et al. Univariate
and multivariate analysis was performed to determine the prognostic role of frailty on OS and PFS.
Median OS was significantly higher in patients with low frailty compared with intermediate and
high frailty (23.8 vs. 7.0 and 1.8 months, respectively; p < 0.001). Median PFS was also significantly
higher in patients with low frailty compared with intermediate and high frailty (10.5 vs. 3.9 and
1.6 months; p < 0.001, respectively). Frailty was the only variable that showed significant differences
in OS and PFS. Multivariate analysis confirms frailty as an independent predictor of OS and PFS.
Frailty assessment could help to select which patients are candidates for ICIs in NSCLC.

Keywords: pembrolizumab; non-small cell lung cancer; frailty

1. Introduction

In 2020, there were 2,206,771 (11.4%) new cases of lung cancer worldwide, and
1,796,144 (18%) deaths were caused by the disease [1]. The emergence of immune check-
point inhibitors (ICIs) has substantially improved the prognosis of advanced-stage lung
cancer, resulting in higher survival compared with conventional chemotherapy [2–9]. How-
ever, the benefit of this therapy is limited in some subgroups of patients, such as patients
with poor Eastern Cooperative Oncology group performance status (ECOG PS) [10–12].
These findings have been shown in real-world data studies because clinical trials have
excluded patients with PS ≥ 2 [13,14]. We recently published a study with real-life data
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in which patients with non-small lung cancer (NSCLC) and PS of 0–1 treated with pem-
brolizumab in a first-line setting had better clinical outcomes than patients with ECOG
PS ≥ 2 [15]. This scale is the one most commonly used in cancer patients to assess their
disability level. However, this index measures functional status but does not assess the
cause, and as a result, very different patients may be categorized with the same PS. The
ECOG PS scale is influenced by different aspects, such as the burden of the disease itself,
the presence of comorbidities and the global frailty of elderly people [16].

A person is considered to be fragile when there is a decrease in their biological
reserve, generating greater vulnerability to stressful factors (cancer or treatments) and
greater risk of adverse events (complications, dependence or death) [17,18]. According to
recommendations agreed upon by a group of experts, all people with significant weight
loss (>5%) due to chronic disease and all people older than 70 years should undergo frailty
screening [19]. It is estimated that more than half of cancer patients are in a frail state.
According to data published by the National Cancer Institute of the United States, the
median age of lung cancer patients at diagnosis is 71 years, and more than 70% of cases
are older patients [20]. Age-related changes in organ function and organ reserve can alter
tolerability to and toxicity of pharmacotherapy. The higher prevalence of liver, kidney,
heart and bone marrow diseases in the elderly also affects patient performance status (PS)
by increasing polypharmacy and thus interactions that cause a higher risk of mortality
in this population [21,22]. However, although frailty increases with age, it can occur at
any age, particularly in patients with acute illness [23]. Frailty status is associated with an
impaired immune system and a pro-inflammatory state [24]. The efficacy of ICIs has not
been determined in frail patients with advanced NSCLC. This type of research is necessary
to make clinical decisions and to select patients who will benefit from these therapies. In the
present study, we analyze the influence of frailty on overall survival and progression-free
survival in a cohort of patients with metastatic NSCLC treated with pembrolizumab in a
first-line setting, using a frailty score system developed by Sakakida et al. [25].

2. Materials and Methods
2.1. Study Design and Data Collection

This was a cohort expansion of a previously published observational, single-center,
retrospective study [15] that included all patients with advanced NSCLC with a PD-L1
Tumor Proportion Score (TPS) ≥ 50% and negative mutations of EGFR (epidermal growth
factor receptor) or ALK (anaplastic lymphoma kinase) treated with pembrolizumab single-
drug therapy as first-line treatment between 1 January 2017 and 31 December 2020.

Demographic data (sex and age), history of smoking behavior, tumor histology, PD-
L1 TPS, presence of central nervous system (CNS) metastasis, disease stage at diagnosis,
ECOG PS, comorbidities and hematological parameters at the beginning of the adminis-
tration of pembrolizumab were obtained from electronic medical records and oncology
pharmacy registers.

Primary effectiveness endpoints were overall survival (OS), defined as the time from
the start of pembrolizumab to death, and progression-free survival (PFS), defined as the
time from the start of pembrolizumab treatment to progression or death. Those patients
who did not present an event (progression and/or death) before the end date of the study
were censored. Objective response rate (ORR) and stable disease (SD) were also analyzed.

We determined the level of frailty for each patient at the start of pembrolizumab using
the Frailty Scoring System (FSS) developed by Sakakida et al. (Appendix A). This tool
considers indirect markers of frailty, including ECOG PS, Charlson comorbidity index (CCI)
and neutrophil–lymphocyte ratio (NLR). The FSS categorizes frailty as low, intermediate
or high.

The NLR was calculated by dividing the neutrophil count by the lymphocyte count.
We considered the blood count closest to the start of pembrolizumab.
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2.2. Statistical Analysis

Statistical analysis was performed with the SPSS® 24.0 statistical software. Continuous
variables were expressed with mean or median measures and their corresponding measures
of dispersion, standard deviation or interquartile range, respectively. The categorical
variables were presented in frequencies and percentages. To compare continuous variables,
the Mann–Whitney U test or Student’s t-test and Fisher’s exact test for categorical variables
were used. The normal trend of the data was demonstrated with the Kolgomorov–Smirnov
test. The Kaplan–Meier method was used for estimating the probability of survival. The
long-rank test was used to determine the relationship between each variable and OS
and PFS. Subsequently, the Cox regression model was performed with the variables that
had shown statistical significance in the previous analysis. Hazard ratios and associated
95% confidence intervals were also calculated using the Cox proportional hazards model.
Statistical significance was considered to exist when p < 0.05. The validity of the statistical
model was verified with three statistics: likelihood ratio, Wald test, and log-rank. The
assumption of proportionality of risks was also validated.

2.3. Ethics

Patients were anonymized with a code number in order to comply with the Organic
Law on Data Protection 03/5 December 2018 (OPDL) and thus protect the confidentiality
of patient data. Informed consent was not requested from the patients because it was a
retrospective cohort.

3. Results
3.1. Baseline Population Characteristics

In total, 101 patients were included in the study. Demographic and clinical characteris-
tics are detailed in Table 1. Most patients were male and were smokers or ex-smokers. The
median age was 67 years, and 65.3% were under 70 years of age. The most prevalent histol-
ogy was adenocarcinoma (68.3%), followed by squamous cell (18.8%) and other histologies
(12.9%). Almost all patients (97.7%) had stage 4 cancer at diagnosis and 15.8% presented
brain metastases. PD-L1 TPS was ≥90% in 26.7% of patients.

Table 1. Baseline demographic and clinical characteristics of patients.

Characteristics Values, n (%)

Sex
Male

Female
75 (74.3)
26 (25.7)

Age
<70 years of age
≥70 years of age

63 (62.4)
38 (37.6)

Smoking history
Yes
No

93 (92.1)
8 (7.9)

Histology
Adenocarcinoma

Squamous
NSCLC poorly differentiated

Others

69 (68.3)
19 (18.8)

9 (8.9)
4 (4.0)

Disease stage
IIIB
IV

2 (2.3)
86 (97.7)

Brain metastases
Yes
No

16 (15.8)
85 (84.2)
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Table 1. Cont.

Characteristics Values, n (%)

PD-L1 TPS%
<90%
≥90%

74 (73.3)
27 (26.7)

ECOG PS
0
1
2
3

20 (19.8)
43 (42.6)
30 (29.7)
8 (7.9)

CCI
0–2
≥3

91 (90.1)
10 (9.9)

NLR
≥4
<4

58 (57.4)
43 (42.6)

Frailty Scoring System
Low

Intermediate
High

28 (27.7)
41 (40.6)
32 (31.7)

NSCLC: non-small cell lung cancer; ECOG PS: Eastern Cooperative Oncology Group performance status; PD-L1:
programmed cell death ligand 1; TPS: tumor proportion score; CCI: Charlson Comorbidity Index; NLR: Neutrophil–
Lymphocyte Ratio.

3.2. Baseline Population Characteristics According to Frailty Scoring System

According to the FSS, at the beginning of pembrolizumab therapy, the level of frailty
was low in 27.7% of patients, intermediate in 40.6% of patients and high in 31.7%. Most of
the patients (90.1%) had a CCI score of 0–2, 37.9% of patients had an ECOG score ≥ 2 and
57.4% had an NLR ≥ 4.

Baseline characteristics according to the FSS are detailed in Table 2. No statistically
significant differences were found in baseline demographic and clinical characteristics
among patients with low, intermediate or high frailty. It should be noted that the proportion
of elderly patients was similar in the three groups. Adenocarcinoma histology was less
frequent in patients with high frailty, but this difference was not statistically significant.

Table 2. Baseline classification of patients according to the Frailty Scoring System.

Characteristics
Frailty Scoring System

p-Value
Low n (%) Intermediate n (%) High n (%)

Sex
Male

Female
21 (75)
7 (25)

29 (70.7)
12 (29.3)

25 (78.1)
7 (21.9)

0.769

Smoking history 25 (89.3) 38 (92.7) 30 (93.8) 0.801

Histology
Adenocarcinoma

Non-adenocarcinoma
20 (71.4)
8 (28.6)

31 (75.6)
10 (24.4)

18 (56.3)
14 (43.8)

0.193

PD-L1-expression
levels
≥90%
<90%

7 (25)
21 (75)

11 (26.8)
30 (73.2)

9 (28.1)
23 (71.9)

0.963

Elderly
No (age < 70years)

Yes (age ≥ 70 years)
16 (57.1)
12 (42.8)

26 (63.4)
15 (36.6)

21 (65.6)
11 (34.4)

0.783



Biology 2023, 12, 191 5 of 12

Table 2. Cont.

Characteristics
Frailty Scoring System

p-Value
Low n (%) Intermediate n (%) High n (%)

Brain metastases
Yes
No

5 (17.9)
23 (82.1)

4 (9.8)
37 (90.2)

7 (21.9)
25 (78.1)

0.350

PD-L1: programmed cell death ligand 1.

3.3. Pembrolizumab Outcomes in Overall Population

At the cut-off date (28 February 2022), with a median follow-up time of 30 months,
24 patients included in our study were alive (23.8%) and 86 (85.1%) had progressed, while 49.5%
(n = 50) of patients died in the first three months of treatment with pembrolizumab. Median
OS and PFS were 6.2 months (95% CI, 3.3–9.1) and 3.2 months (95% CI, 1.6–4.8), respectively.

Regarding response rate, no patients in our cohort achieved a complete response, 28.7%
presented a partial response, 17.8% showed stable disease and 26.7% showed progression
disease. Tumor response could not be assessed in 26.7% of patients due to death or clinical
progression before the first evaluation.

3.4. Impact of Frailty in Outcomes of Pembrolizumab

Survival analysis of OS and PFS according to the FSS are shown in Figure 1. OS was
significantly higher in patients with low frailty, with a median of 23.8 months compared
with 7.0 months (95% CI, 3.8–10.2) and 1.8 months (95% CI, 1.2–2.6) in patients with
intermediate and high frailty, respectively. Similarly, the median PFS in patients with
low, intermediate and high frailty was 10.5 (95% CI, 0–21.7), 3.9 (95% CI, 2.1–5.7) and
1.6 months (95% CI, 0.9–2.3), respectively (p < 0.001). In the first 3 months, 84.3% (27/32) of
patients with high frailty died compared with 46% (19/41) and 14% (4/28) of patients with
intermediate and low frailty, respectively.
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Figure 1. Kaplan–Meier analysis of overall survival and progression-free survival. Figure (a,b) show
Kaplan–Meier estimates of overall survival and progression-free survival stratified according to the
level of frailty based on the Frailty Scoring System.
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Regarding ORR (Table 3), there were statistically significant differences according to
the level of frailty. The PR rate was the same in patients with low and intermediate frailty.
However, most patients with high frailty had PD as the best response (p < 0.001).

Table 3. Rate of response according to Frailty Scoring System.

Response Low FSI Intermediate FSI High FSI

PR, n (%) 11 (40.7) 16 (50.0) 2 (13.3)

SD, n (%) 12 (44.4) 6 (18.8) -

PD, n (%) 4 (14.8) 10 (31.3) 13 (86.7)
PR: partial response; SD: stable disease; PD: progression disease; FSS: Frailty Scoring System.

The results of univariate analysis for PFS and OS with the rest of the variables collected
(sex, age, smoking history, histology, presence of brain metastases and PD-L1 TPS) did not
show statistically significant differences (Table 4).

Table 4. Univariate analysis for progression-free survival and overall survival.

Progression-Free Survival Overall Survival

Variable Median (95% CI) p-Value Median (95% CI) p-Value

Sex
Female

male
3.2 (0.7–5.7)
3.2 (1.4–4.9)

0.630 4.2 (0–13.8)
6.3 (3.8–8.7)

0.805

Age
<70
≥70

3.2 (1.5–4.9)
3.9 (1.1–6.7)

0.829 5.7 (1.9–9.4)
7.0 (3.9–10.1)

0.934

Smoking history
No
Yes

4.4 (0–14.7)
3.2 (1.6–4.8)

0.566 10.8 (0–31.3)
5.9 (3.5–8.3)

0.237

Histology
Adenocarcinoma

Non-adenocarcinoma
4.2 (2.3–6.2)
2.1 (1.9– 2.3)

0.303 7.0 (2.2–11.9)
3.3 (0–7.0)

0.282

PD-L1 TPS
<90%
≥90%

3.1 (1.2–5.0)
3.3 (0.7–5.8)

0.554 6.2 (2.8–9.6)
5.3 (0–11.7)

0.742

Brain Metastasis
No
Yes

3.7 (1.9–5.6)
2.2 (0.04–4.3)

0.164 7.0 (1.9–12.2)
4.1 (2.2–5.9)

0.205

Frailty Scoring System
Low

Intermediate
High

10.5 (0–21.2)
3.9 (2.1–5.7)
1.6 (0.9–2.3)

<0.001 23.8 (–)
7.0 (3.8–10.2)
1.8 (1.2–2.6)

<0.001

PD-L1: programmed cell death ligand 1.

The FSS was the only variable included in the Cox proportional-hazards model. The
HRs of OS for intermediate and high frailty were 2.4 (95% CI, 1.3–4.5) and 6.3 (95% CI,
3.3–12.0), respectively (Figure 2a). The HRs of PFS for intermediate and high frailty were
2.0 (95% CI, 1.1–3.4) and 5.2 (95% CI, 2.9–9.4), respectively (Figure 2b).
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4. Discussion

In this study, we explored the influence of frailty on the outcome of pembrolizumab
in first-line therapy of NSCLC. Our data suggest that patients with higher frailty have
worse clinical results. The median OS and PFS were significantly reduced as the FSS
increased. To our knowledge, this is the first study that correlates frailty with the outcomes
of immunotherapy in NSCLC. Some studies have shown reduced survival in frail patients
with early stages of NSCLC [26–29]. A systematic review and meta-analysis showed
poor prognosis in lung cancer patients with frailty or prefrailty [29]. However, this study
includes different profiles of patients (early and late stages), and patients treated with ICIs
were not evaluated. The study carried out by Sbrana et al. [28] evaluated the MPI (Multi-
Pronostic Index) as a screening tool for 79 older adults with advanced or metastatic cancer
eligible to receive immunotherapy. Authors found that patients with the highest MPI score
experienced the worst overall survival, with a five-fold increased risk of mortality. In this
work, the Short Physical Performance Battery (SPPB) was also used as a risk assessment of
frailty in older adults. The prevalence of frailty or pre-frailty was high (63.3%), although,
unlike in our study, the percentage of patients with ECOG PS of 2–3 was very low (11.4%).
As in our study, frail patients treated with immunotherapy had worse outcomes. However,
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these results cannot be compared with ours because the population characteristics were
very different. Sbrana et al. included older patients with several types of cancer and stages.

There are various tools available to assess frailty in oncology patients, some of which
have been validated in the elderly population with cancer, and more specifically in patients
with lung cancer. Several systematic reviews attempting to analyze the impact of frailty
in older patients with lung cancer have been published in recent years [30,31]. Among
the most used tools in the different studies is the G-8 screening tool [32], developed to
identify elderly cancer patients who may benefit of a comprehensive geriatric evaluation
and thus maximize the health results that can be obtained through the approach chosen for
your oncological pathology. The G-8 screening tool is an easy-to-use tool and is available
online [3]. Other tools used are the Vulnerable Elderly Survey 13 (VES 13), the Comprehen-
sive Geriatric Assessment (CGA) or the Fried Frailty Index (FFI), among others. Our study,
being retrospective, limited the use of self-report or prospective tools, which is why the
use of the abovementioned tools to assess the degree of frailty of the patients included in
the study was rejected. The Sakakida tool is a combined variable that uses three indirect
indicators of frailty [25].

Other authors have evaluated the influence of these factors separately. ECOG PS
has been identified as a prognostic factor of survival in patients with NSCLC treated with
pembrolizumab in a first-line setting [33,34]. In a previously published study [15], we found
that patients treated with pembrolizumab with ECOG PS ≥ 2 had a significantly shorter OS
and PFS than those with ECOG PS of 0–1, with a median OS of 2 months and 18.9 months,
respectively. However, the use of the ECOG as a prognostic marker is insufficient, and it is
necessary to investigate other aspects related to the patient. The FSS is a more complete
tool in which, in addition to the ECOG PS, other important factors, such as the NLR and
comorbidities, are considered.

Other real-world data studies have obtained similar outcomes to ours. In the same
way, the prognostic effect of the baseline NLR on OS and PFS has been proven in patients
treated with ICIs [35,36], and recently, Alessi et al. [37] published a paper stating that
patients treated with first-line pembrolizumab with PD-L1 TPS ≥ 50% and a high NLR had
a significantly lower ORR (52.4% vs. 24.7%, p < 0.001) and median PFS (10.4 vs. 3.4 months,
HR: 0.48 (IC 95%: 0.35–0.66, p < 0.001)) than patients with a low NLR. Other authors have
found an association between high basal NLR levels with resistance to treatment with
ICIs [38,39]. These results may be in line with our results, since the disease progression rate
in the high-frailty cohort was 85%, and this could be explained by the high NLRs in this
cohort. In this sense, the NLR could be considered as a confounding factor for frailty in our
population. However, frailty is associated with a pro-inflammatory state characterized by
an elevation of inflammatory markers, including peripheral white blood cells.

The influence of comorbidities on the efficacy of ICIs has also been evaluated by some
authors. However, no conclusive results have been found in this regard [40–42]. In this
research, we determined the comorbidities of our cohort through the CCI. Overall, our
population had low CCI scores, and their effects on frailty could be limited in our study. In
any case, it is difficult to compare with other studies because there is wide variability in
the classification of patients according to the CCI score. We categorized patients into two
groups according to scores 0–2 and ≥3, while other authors classified patients with CCI
scores ≥ 1 and <1 or 0, 1, 2 and ≥3.

The proportion of older patients (>70 years of age) was low, which could explain
the low CCI score in our population. There are different definitions of frailty, although
most of them agree that frailty increases with aging. However, in patients with chronic
illnesses, frailty can occur at any age [43]. In our study, frailty was not associated with
age. On the other hand, it should be noted that most patients with high frailty died
in the first three months after the start of therapy. In the pivotal clinical trial Keynote-
024 [8], the median time to respond to pembrolizumab was 2.2 months, with the survival
curve of the pembrolizumab arm starting to separate from the chemotherapy arm after
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2 months of treatment. Due to the poor short-term prognosis in frail patients, the benefit of
immunotherapy in these types of patients may be limited.

Based on these results, the frailty of patients could play a key role in therapeutic deci-
sion making. Due to the mechanism of action of these drugs and the marked relationship
of frailty with the immune system, this tool could be applied to select patients who are
candidates for treatment with immunotherapy. However, to confirm these results, it is
necessary to carry out prospective studies with validated frailty tools. In addition, more
studies are needed to compare the FSS with other frailty assessment tools and find out the
best tool to apply in this population.

This study has some limitations, such as retrospective design and, as a consequence,
the use of indirect markers of frailty. Nevertheless, given that the outcome variables
assessed are relevant endpoints such as OS and PFS, and the components assessed in frailty
are routinely collected variables in clinical practice, the bias of those variables observed is
unlikely. Furthermore, the Sakakida tool is not a widely validated tool for measuring frailty.

5. Conclusions

In conclusion, high frailty, evaluated through indirect markers of frailty, significantly
reduces survival in patients with advanced NSCLC who received first-line therapy with
pembrolizumab. Frailty status assessment in cancer patients before treatment could sup-
port decision making with individualized cancer treatment planning to avoid under-
or overtreatment.
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Appendix A

Table A1. Charlson comorbidity index weights.

1 point
History of MI; CHF; PD (includes aortic aneurysm 36 cm); Cerebrovascular disease (with mild or no residua or
transient ischemic attack); Dementia; COPD; Connective tissue disease; Peptic ulcer disease; Mild liver diseases

(no portal hypertension, including chronic hepatitis); Diabetes without end-organ damage

2 points Hemiplegia; Moderate or severe renal disease; Diabetes with end-organ damage; Other tumors without metastasis
(exclude if >5 years from diagnosis of non-small cell lung cancer); Leukemia (acute or chronic); Lymphoma

3 points Moderate or severe liver disease

6 points Other metastatic solid tumors (exclude if >5 years from diagnosis of non-small cell lung cancer); acquired
immunodeficiency syndrome (not just human immunodeficiency virus positive)

33 points Maximum comorbidity score
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Table A2. Frailty scoring system developed by Sakakida et al.

Variable Value Score

ECOG
0–1 0
≥2 1

CCI
0–2 0
≥3 1

NLR
<4 0
≥4 1

Total score
0 Low frailty
1 Intermediate frailty

2, 3 High frailty
ECOG PS: Eastern Cooperative Oncology Group performance status; CCI: Charlson Comorbidity Index; NLR:
Neutrophil–Lymphocyte Ratio.
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9. Sezer, A.; Kilickap, S.; Gümüş, M.; Bondarenko, I.; Özgüroğlu, M.; Gogishvili, M.; Turk, H.M.; Cicin, I.; Bentsion, D.; Gladkov,
O.; et al. Cemiplimab monotherapy for first-line treatment of advanced non-small-cell lung cancer with PD-L1 of at least 50%: A
multicentre, open-label, global, phase 3, randomised, controlled trial. Lancet 2021, 397, 592–604. [CrossRef] [PubMed]

10. Sehgal, K.; Gill, R.R.; Widick, P.; Bindal, P.; McDonald, D.C.; Shea, M.; Rangachari, D.; Costa, D.B. Association of Performance
Status With Survival in Patients With Advanced Non–Small Cell Lung Cancer Treated With Pembrolizumab Monotherapy. JAMA
Netw. Open 2021, 4, e2037120. [CrossRef]

11. Friedlaender, A.; Metro, G.; Signorelli, D.; Gili, A.; Economopoulou, P.; Roila, F.; Banna, G.; De Toma, A.; Camerini, A.;
Christopoulou, A.; et al. Impact of performance status on non-small-cell lung cancer patients with a PD-L1 tumour proportion
score ≥50% treated with front-line pembrolizumab. Acta Oncol. 2020, 59, 1058–1063. [CrossRef]

12. Facchinetti, F.; Mazzaschi, G.; Barbieri, F.; Passiglia, F.; Mazzoni, F.; Berardi, R.; Proto, C.; Cecere, F.L.; Pilotto, S.; Scotti, V.; et al.
First-line pembrolizumab in advanced non–small cell lung cancer patients with poor performance status. Eur. J. Cancer 2020,
130, 155–167. [CrossRef] [PubMed]

13. Passaro, A.; Spitaleri, G.; Gyawali, B.; De Marinis, F. Immunotherapy in Non–Small-Cell Lung Cancer Patients with Performance
Status 2: Clinical Decision Making With Scant Evidence. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2019, 37, 1863–1867. [CrossRef]
[PubMed]

14. Burgos-San José, A.; Colomer-Aguilar, C.; Martínez-Caballero, D.; Massutí-Sureda, B. Effectiveness and Safety of Atezolizumab,
Nivolumab and Pembrolizumab in Metastatic Non-Small Cell Lung Cancer. Farm. Hosp. Organo Expresion Cient. Soc. Espanola
Farm. Hosp. 2021, 45, 121–125. [CrossRef]

http://doi.org/10.3322/caac.21660
http://doi.org/10.1056/NEJMoa1507643
http://doi.org/10.1016/S1470-2045(20)30641-0
http://doi.org/10.1056/NEJMoa1809064
http://doi.org/10.1016/S0140-6736(16)32517-X
http://www.ncbi.nlm.nih.gov/pubmed/27979383
http://doi.org/10.1056/NEJMoa1716948
http://doi.org/10.1056/NEJMoa1801005
http://www.ncbi.nlm.nih.gov/pubmed/29658856
http://doi.org/10.1056/NEJMoa1606774
http://www.ncbi.nlm.nih.gov/pubmed/27718847
http://doi.org/10.1016/S0140-6736(21)00228-2
http://www.ncbi.nlm.nih.gov/pubmed/33581821
http://doi.org/10.1001/jamanetworkopen.2020.37120
http://doi.org/10.1080/0284186X.2020.1781249
http://doi.org/10.1016/j.ejca.2020.02.023
http://www.ncbi.nlm.nih.gov/pubmed/32220780
http://doi.org/10.1200/JCO.18.02118
http://www.ncbi.nlm.nih.gov/pubmed/30995172
http://doi.org/10.7399/FH.11509


Biology 2023, 12, 191 11 of 12

15. Galán, R.J.; Prado-Mel, E.; Pérez-Moreno, M.A.; Caballano-Infantes, E.; Moreno, S.F. Influence of Performance Status on the
Effectiveness of Pembrolizumab Monotherapy in First-Line for Advanced Non-Small-Cell Lung Cancer: Results in a Real-World
Population. Biology 2021, 10, 890. [CrossRef] [PubMed]

16. Badaoui, S.; Shahnam, A.; McKinnon, R.A.; Abuhelwa, A.Y.; Sorich, M.J.; Hopkins, A.M. The predictive utility of patient-reported
outcomes and performance status for survival in metastatic lung cancer patients treated with chemoimmunotherapy. Transl. Lung
Cancer Res. 2022, 11, 432–439. [CrossRef] [PubMed]

17. Overcash, J.; Cope, D.G.; Van Cleave, J.H. Frailty in Older Adults: Assessment, Support, and Treatment Implications in Patients
With Cancer. Clin. J. Oncol. Nurs. 2018, 22, 8–18. [CrossRef] [PubMed]

18. Fried, L.P.; Tangen, C.M.; Walston, J.; Newman, A.B.; Hirsch, C.; Gottdiener, J.; Seeman, T.; Tracy, R.; Kop, W.J.; Burke, G.; et al.
Frailty in Older adults: Evidence for a phenotype. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2001, 56, M146–M156. [CrossRef]

19. Wildiers, H.; Heeren, P.; Puts, M.; Topinkova, E.; Janssen-Heijnen, M.L.; Extermann, M.; Falandry, C.; Artz, A.; Brain, E.; Colloca,
G.; et al. International Society of Geriatric Oncology Consensus on Geriatric Assessment in Older Patients With Cancer. J. Clin.
Oncol. Off. J. Am. Soc. Clin. Oncol. 2014, 32, 2595–2603. [CrossRef]

20. Cancer of the Lung and Bronchus—Cancer Stat Facts. Available online: https://seer.cancer.gov/statfacts/html/lungb.html
(accessed on 2 November 2022).

21. Balducci, L.; Extermann, M. Management of Cancer in the Older Person: A Practical Approach. Oncologist 2000, 5, 224–237.
[CrossRef]

22. Shrestha, S.; Shrestha, S.; Khanal, S. Polypharmacy in elderly cancer patients: Challenges and the way clinical pharmacists can
contribute in resource-limited settings. Aging Med. 2019, 2, 42–49. [CrossRef] [PubMed]

23. Junius-Walker, U.; Onder, G.; Soleymani, D.; Wiese, B.; Albaina, O.; Bernabei, R.; Marzetti, E. The essence of frailty: A systematic
review and qualitative synthesis on frailty concepts and definitions. Eur. J. Intern. Med. 2018, 56, 3–10. [CrossRef] [PubMed]

24. Pansarasa, O.; Pistono, C.; Davin, A.; Bordoni, M.; Mimmi, M.C.; Guaita, A.; Cereda, C. Altered immune system in frailty:
Genetics and diet may influence inflammation. Ageing Res. Rev. 2019, 54, 100935. [CrossRef] [PubMed]

25. Sakakida, T.; Ishikawa, T.; Uchino, J.; Tabuchi, Y.; Komori, S.; Asai, J.; Arai, A.; Tsunezuka, H.; Kosuga, T.; Konishi, H.; et al. Safety
and tolerability of PD-1/PD-L1 inhibitors in elderly and frail patients with advanced malignancies. Oncol. Lett. 2020, 20, 14.
[CrossRef]

26. Raghavan, G.; Shaverdian, N.; Chan, S.; Chu, F.-I.; Lee, P. Comparing Outcomes of Patients With Early-Stage Non–Small-Cell
Lung Cancer Treated With Stereotactic Body Radiotherapy Based on Frailty Status. Clin. Lung Cancer 2018, 19, e759–e766.
[CrossRef]

27. Franco, I.; Chen, Y.-H.; Chipidza, F.; Agrawal, V.; Romano, J.; Baldini, E.; Chen, A.; Colson, Y.; Hou, Y.; Kozono, D.; et al. Use of
frailty to predict survival in elderly patients with early stage non-small-cell lung cancer treated with stereotactic body radiation
therapy. J. Geriatr. Oncol. 2018, 9, 130–137. [CrossRef]

28. Sbrana, A.; Antognoli, R.; Pasqualetti, G.; Linsalata, G.; Okoye, C.; Calsolaro, V.; Paolieri, F.; Bloise, F.; Ricci, S.; Antonuzzo,
A.; et al. Effectiveness of Multi-Prognostic Index in older patients with advanced malignancies treated with immunotherapy.
J. Geriatr. Oncol. 2019, 11, 503–507. [CrossRef]

29. Dai, S.; Yang, M.; Song, J.; Dai, S.; Wu, J. Impacts of Frailty on Prognosis in Lung Cancer Patients: A Systematic Review and
Meta-Analysis. Front. Med. 2021, 8, 715513. [CrossRef]

30. Komici, K.; Bencivenga, L.; Navani, N.; D’Agnano, V.; Guerra, G.; Bianco, A.; Rengo, G.; Perrotta, F. Frailty in Patients with Lung
Cancer. Chest 2022, 162, 485–497. [CrossRef]

31. Fletcher, J.A.; Fox, S.T.; Reid, N.; Hubbard, R.E.; Ladwa, R. The impact of frailty on health outcomes in older adults with lung
cancer: A systematic review. Cancer Treat. Res. Commun. 2022, 33, 100652. [CrossRef]

32. Bellera, C.; Rainfray, M.; Mathoulin-Pélissier, S.; Mertens, C.; Delva, F.; Fonck, M.; Soubeyran, P. Screening older cancer patients:
First evaluation of the G-8 geriatric screening tool. Ann. Oncol. 2012, 23, 2166–2172. [CrossRef] [PubMed]

33. Middleton, G.; Brock, K.; Savage, J.; Mant, R.; Summers, Y.; Connibear, J.; Shah, R.; Ottensmeier, C.; Shaw, P.; Lee, S.-M.; et al.
Pembrolizumab in patients with non-small-cell lung cancer of performance status 2 (PePS2): A single arm, phase 2 trial. Lancet
Respir. Med. 2020, 8, 895–904. [CrossRef] [PubMed]

34. Facchinetti, F.; Di Maio, M.; Perrone, F.; Tiseo, M. First-line immunotherapy in non-small cell lung cancer patients with poor
performance status: A systematic review and meta-analysis. Transl. Lung Cancer Res. 2021, 10, 2917–2936. [CrossRef]

35. Xie, X.; Liu, J.; Yang, H.; Chen, H.; Zhou, S.; Lin, H.; Liao, Z.; Ding, Y.; Ling, L.; Wang, X. Prognostic Value of Baseline
Neutrophil-to-Lymphocyte Ratio in Outcome of Immune Checkpoint Inhibitors. Cancer Investig. 2019, 37, 265–274. [CrossRef]
[PubMed]

36. Sacdalan, D.B.; Lucero, J.A.; Sacdalan, D.L. Prognostic utility of baseline neutrophil-to-lymphocyte ratio in patients receiving
immune checkpoint inhibitors: A review and meta-analysis. OncoTargets Ther. 2018, 11, 955–965. [CrossRef]

37. Alessi, J.V.; Ricciuti, B.; Alden, S.L.; Bertram, A.A.; Lin, J.J.; Sakhi, M.; Nishino, M.; Vaz, V.R.; Lindsay, J.; Turner, M.M.; et al.
Low peripheral blood derived neutrophil-to-lymphocyte ratio (dNLR) is associated with increased tumor T-cell infiltration and
favorable outcomes to first-line pembrolizumab in non-small cell lung cancer. J. Immunother. Cancer 2021, 9, e003536. [CrossRef]
[PubMed]

http://doi.org/10.3390/biology10090890
http://www.ncbi.nlm.nih.gov/pubmed/34571767
http://doi.org/10.21037/tlcr-21-938
http://www.ncbi.nlm.nih.gov/pubmed/35399575
http://doi.org/10.1188/18.cjon.s2.8-18
http://www.ncbi.nlm.nih.gov/pubmed/30452021
http://doi.org/10.1093/gerona/56.3.M146
http://doi.org/10.1200/JCO.2013.54.8347
https://seer.cancer.gov/statfacts/html/lungb.html
http://doi.org/10.1634/theoncologist.5-3-224
http://doi.org/10.1002/agm2.12051
http://www.ncbi.nlm.nih.gov/pubmed/31942511
http://doi.org/10.1016/j.ejim.2018.04.023
http://www.ncbi.nlm.nih.gov/pubmed/29861330
http://doi.org/10.1016/j.arr.2019.100935
http://www.ncbi.nlm.nih.gov/pubmed/31326616
http://doi.org/10.3892/ol.2020.11875
http://doi.org/10.1016/j.cllc.2018.05.008
http://doi.org/10.1016/j.jgo.2017.09.002
http://doi.org/10.1016/j.jgo.2019.09.010
http://doi.org/10.3389/fmed.2021.715513
http://doi.org/10.1016/j.chest.2022.02.027
http://doi.org/10.1016/j.ctarc.2022.100652
http://doi.org/10.1093/annonc/mdr587
http://www.ncbi.nlm.nih.gov/pubmed/22250183
http://doi.org/10.1016/S2213-2600(20)30033-3
http://www.ncbi.nlm.nih.gov/pubmed/32199466
http://doi.org/10.21037/tlcr-21-15
http://doi.org/10.1080/07357907.2019.1639057
http://www.ncbi.nlm.nih.gov/pubmed/31304800
http://doi.org/10.2147/OTT.S153290
http://doi.org/10.1136/jitc-2021-003536
http://www.ncbi.nlm.nih.gov/pubmed/34824161


Biology 2023, 12, 191 12 of 12

38. Mezquita, L.; Preeshagul, I.; Auclin, E.; Saravia, D.; Hendriks, L.; Rizvi, H.; Park, W.; Nadal, E.; Martin-Romano, P.; Ruffinelli,
J.C.; et al. Predicting immunotherapy outcomes under therapy in patients with advanced NSCLC using dNLR and its early
dynamics. Eur. J. Cancer 2021, 151, 211–220. [CrossRef]

39. Xu, W.; Liang, Y.; Lin, Z. Association Between Neutrophil–Lymphocyte Ratio and Frailty: The Chinese Longitudinal Healthy
Longevity Survey. Front. Med. 2021, 8, 783077. [CrossRef] [PubMed]

40. Zeng, X.; Zhu, S.; Xu, C.; Wang, Z.; Su, X.; Zeng, D.; Long, H.; Zhu, B. Effect of Comorbidity on Outcomes of Patients with
Advanced Non-Small Cell Lung Cancer Undergoing Anti-PD1 Immunotherapy. Experiment 2020, 26, e922576. [CrossRef]
[PubMed]

41. Ng, I.K.; Kumarakulasinghe, N.B.; Syn, N.L.; Soo, R.A. Development, internal validation and calibration of a risk score to predict
survival in patients with EGFR-mutant non-small cell lung cancer. J. Clin. Pathol. 2021, 74, 116–122. [CrossRef] [PubMed]

42. Hanazawa, H.; Matsuo, Y.; Takeda, A.; Tsurugai, Y.; Iizuka, Y.; Kishi, N.; Takehana, K.; Mizowaki, T. Development and validation
of a prognostic model for non-lung cancer death in elderly patients treated with stereotactic body radiotherapy for non-small cell
lung cancer. J. Radiat. Res. 2021, 62, 1029–1038. [CrossRef] [PubMed]

43. Hoogendijk, E.O.; Afilalo, J.; Ensrud, K.E.; Kowal, P.; Onder, G.; Fried, L.P. Frailty: Implications for clinical practice and public
health. Lancet 2019, 394, 1365–1375. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.ejca.2021.03.011
http://doi.org/10.3389/fmed.2021.783077
http://www.ncbi.nlm.nih.gov/pubmed/35047530
http://doi.org/10.12659/MSM.922576
http://www.ncbi.nlm.nih.gov/pubmed/32893263
http://doi.org/10.1136/jclinpath-2020-206754
http://www.ncbi.nlm.nih.gov/pubmed/32576630
http://doi.org/10.1093/jrr/rrab093
http://www.ncbi.nlm.nih.gov/pubmed/34617109
http://doi.org/10.1016/S0140-6736(19)31786-6
http://www.ncbi.nlm.nih.gov/pubmed/31609228

	Introduction 
	Materials and Methods 
	Study Design and Data Collection 
	Statistical Analysis 
	Ethics 

	Results 
	Baseline Population Characteristics 
	Baseline Population Characteristics According to Frailty Scoring System 
	Pembrolizumab Outcomes in Overall Population 
	Impact of Frailty in Outcomes of Pembrolizumab 

	Discussion 
	Conclusions 
	Appendix A
	References

