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Background: Evidence for the effects of immunotherapy in non-small cell lung cancer (NSCLC) patients
with distant organ metastasis is insufficient, and the predictive efficacy of established markers in tissue and
blood is elusive. Our study aimed to determine the prognostic factors and develop a survival prognosis model
for these patients.

Methods: A total of 100 advanced NSCLC patients with distant organ metastases, who received single or
combination immune checkpoint inhibitors (ICIs) in Xijing Hospital between June 2018 and June 2021,
were enrolled for retrospective analysis. The major clinicopathological parameters were collected, and
associated survival outcomes were followed up by telephone or inpatient follow-up for nearly 3 years to
assess prognoses. The survival prognosis model was established based on univariate and multivariate Cox
regression analyses to determine the candidate prognostic factors.

Results: From the start of immunotherapy to the last follow-up, 77 patients progressed and 42
patients died, with a median follow-up of 18 months [95% confidence interval (CI): 15-19.9]. The
median progression-free survival (PFS) and overall survival (OS) were 8 months (95% CI: 5.6-10.4) and
21 months (95% CI: 8.9-33.1), respectively. Multivariate Cox proportional hazards analysis showed Eastern
Cooperative Oncology Group performance status (ECOG PS), body mass index (BMI), age-adjusted
Charlson comorbidity index (ACCI), lactate dehydrogenase (LDH), and absolute neutrophil count (ANC)
were correlated significantly with OS. Based on these five predictive factors, a nomogram and corresponding
dynamic web page were constructed with a concordance index (C-index) of 0.81 and a 95% CI of 0.778-0.842.
Additionally, the calibration plot and time-receiver operating characteristic (ROC) curve validated the
precision of the model at 6-, 12-, and 18-month area under the curves (AUCs) reached 0.934, 0.829, and
0.846, respectively. According to the critical point of the model, patients were further divided into a high-risk
total point score (TPS) >258, middle-risk (204< TPS <258), and low-risk group (TPS <204), and significant
OS differences were observed among the three subgroups (median OS: 4.8 vs. 13.0 vs. 32.9 months).
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Conclusions: A feasible and practical model based on clinical characteristics has been developed to predict

the prognosis of NSCLC patients with distant organ metastasis undergoing immunotherapy.
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Introduction

According to Global Cancer Statistics 2022, lung cancer
is the second most common malignancy with the highest
mortality rate worldwide (1). Approximately 85% of cases
are of non-small cell lung cancer (NSCLC) (2), and since
its early clinical manifestations and signs are not obvious,
40-55% of patients with the disease are first diagnosed at an
advanced stage (1,3). The most common distant metastatic
sites of advanced NSCLC are the brain, bone, and liver,
and in advanced patients presenting metastases, prognoses
decline sharply, and the median survival period is only 3-6
months (1,4,5). Therefore, it is important to prevent and
evaluate the occurrence and development of metastatic
NSCLC. The emergence of immune checkpoint inhibitors

Highlight box

Key findings

* A prognostic model based on common clinical characteristics is
promising for non-small cell lung cancer (NSCLC) patients with
distant organ metastasis.

What is known and what is new?

¢ Advanced NSCLC patients present with metastases, and
their prognosis seems to decline sharply despite undergoing
immunotherapy. Accessible clinical parameters have unique
advantages in terms of accuracy and clinical practicability, which
can reflect the overall immune landscape of patients.

¢ Five indicators (Eastern Cooperative Oncology Group
performance status, age-adjusted Charlson comorbidity
index, body mass index, absolute neutrophil count, and lactate
dehydrogenase) may be correlated with the prognosis of NSCLC
following immunotherapy. A feasible and practical model has been
developed to predict the prognosis of NSCLC patients with distant

organ metastasis prior to immunotherapy.

What is the implication, and what should change now?

* This novel model holds great promise in screening the potential
benefits of immunotherapy patients in routine clinical practice
while novel biomarkers are developed.
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(ICIs) is a milestone in the history of cancer drug therapy,
which has improved the 5-year survival rate of patients with
advanced NSCLC to 16-23% (6-8). While first-line anti-
programmed death 1 (anti-PD-1) pembrolizumab treatment
for advanced NSCLC results in long-term survival with a
S-year overall survival (OS) rate of 31.9% (9), only 6.2%
to 17.5% of asymptomatic or stably metastatic NSCLC
patients are included in relevant clinical trials on ICI (10,11).
Direct evidence of ICI efficacy in metastatic NSCLC
patients remains scarce. Moreover, rapidly increasing cases
requiring clinical immunotherapy and associated adverse
reaction rates necessitate the identification of predictive
biomarkers to assist clinical decision-making.

Previous studies mainly focused on tumor
microenvironment (I'ME), genome, tumor mutation
burden (TMB), and other aspects (12,13). However,
programmed death legend-1 (PD-L1), TMB, and other
classical biomarkers showed heterogeneous expression
in different stages of metastasis and in different organs.
Genome studies with generation sequencing revealed that
mutations detected in samples from metastatic tumors were
not recognized in more than 50% of matched primary lung
lesions (10,14,15). At the same time, the expensive cost of
genomic analysis and unavoidable invasive procedures have
severely limited their widespread use in clinical practice.
In contrast, easy-to-obtain clinical parameters have unique
advantages in terms of accuracy and clinical practicability
(16,17). For example, peripheral blood parameters have the
advantages of low risk, non-invasive, repeated sampling, and
can reflect the overall immune status of patients, enabling
researchers to explore the prognosis of patients. Among
clinical factors, poor Eastern Cooperative Oncology Group
performance status (ECOG PS) (>2), body mass index
(BMI), and lymphocyte and neutrophil counts and relative
have been proved to predict outcomes of NSCLC patients
receiving ICI therapy in clinical model (18-20). However,
previous models incorporating analyzed clinical variables
are not comprehensive, with many baseline confounders

Transl Lung Cancer Res 2023;12(10):2040-2054 | https://dx.doi.org/10.21037/tlcr-23-480



2042

and limited efficiency (21,22). Furthermore, the prognostic
power of above clinical factors in distant metastatic NSCLC
patients remains largely unclear. Taken together, the present
study aimed to assess the predictive-prognostic model
based on clinical parameters in distant metastatic NSCLC
patients who received ICI therapy to assist in clinical
decision-making. We present this article in accordance with
the TRIPOD reporting checklist (available at https://tlcr.
amegroups.com/article/view/10.21037/tlcr-23-480/rc).

Methods
Study population

A total of 188 patients treated with ICIs in Xijing Hospital
between June 2018 and June 2021 were examined
retrospectively. The inclusion criteria were as follows: (I)
age >18 years; (II) lung cancer diagnosed histologically
or cytologically; (III) distant organ metastasis diagnosed
pathologically or clinically prior to immunotherapy;
(IV) primary treatment for monotherapy or combination
therapy; (V) lesions were detected according to Response
Evaluation Criteria in Solid Tumors (RECIST) (version 1.1)
by at least one evaluation; and (VI) complete clinical and
pathological data and follow-up information were available.
Patients with other malignant tumors, infections, blood
diseases, or autoimmune diseases were excluded. After
screening, 100 patients who met the inclusion criteria were
enrolled. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the Ethics Committee of Xijing Hospital of Air
Force Medical University (approval No. KY20212214-C-1;
approval date: 2022.03.16) and informed consent was taken
from all individual participants.

Data acquisition

The clinical pathological characteristics of patients were
extracted from the electronic inpatient medical record
system, and the treatment and follow-up information
data were obtained through electronic medical records
or telephonic follow-up. The clinical records contained
information on gender, age, BMI, smoking status, ECOG
PS score, pathological type, clinical stage, number of
distant organ metastasis, type of driver gene mutation,
treatment plan and line number, age-adjusted Charlson
comorbidity index (ACCI), baseline blood cell count and
its ratio [neutrophil-to-lymphocyte ratio (NLR), derived
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NLR (dNLR), platelet-to-lymphocyte ratio (PLR),
and monocyte-to-lymphocyte ratio (MLR)], lactate
dehydrogenase (LDH), cytokeratin fragment antigen 21-1
(CYFRA21-1), carcinoembryonic antigen (CEA), other
serological parameters, and tumor marker indicators. All
data were finally updated in June 2022.

Treatment and efficacy assessment

Among the 100 patients who received immune monotherapy
or combined therapy, 85 received immune combined
chemotherapy, anti-vascular therapy, or a triple regimen.
According to the criteria for evaluating the efficacy of solid
tumors (RECIST, version 1.1), CT scanning was performed
every two cycles or at the stage of tumor progression to
assess the prognosis. A follow-up evaluation was conducted
every 3 months until the end of the study. OS was defined
as the time from the first administration of ICIs to death
from any cause or the last follow-up, the primary end-
point of our study. PFS was a secondary endpoint, defined
as the time from the initiation of immunotherapy to the
first record of tumor progression or death from any cause,
whichever occurred first. Patients without clinical or
imaging progress at the last follow-up were classified as
“censored”.

Statistical analysis

For descriptive analysis, the normal and non-normal
distributions of continuous variables were expressed by
mean = standard deviation (SD) and median [interquartile
range (IQR)], respectively, while categorical variables were
presented as percentages. Kaplan-Meier (K-M) curves and a
log-rank test were used to calculate OS, and Cox univariate
and multivariate survival analyses were used to determine
the effect of baseline clinical parameters on OS following
immunotherapy. The potential non-linear relationship
between clinical factors and outcomes was assessed by
restricted cubic spline (RCS), and the optimal cutoff value
was selected as the categorical variable and included in the
univariate analysis. Statistically significant (P<0.05) variables
in univariate analysis were used for further stepwise
multivariate Cox regression analysis. A dynamic nomogram
model for the prognosis of NSCLC patients with distant
metastasis before immunotherapy was constructed based
on the screened clinical factors. In the process of model
verification and evaluation, the internal validation was
performed by the 500 bootstrap resampling method, and
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A total of 188 advanced NSCLC patients
treated with immunotherapy

Y

Without distant organ metastasis (n=48)

Y

Patients with distant organ metastasis (n=140)

Y

Missing clinical/ pathological stage (n=9)
Missing molecular subtype (n=4)
Missing treat information (n=11)

Y

(n=116)

Patients without key information missing

Y

Lost to follow-up at 6 months (n=16)

Y

Patients eligible for inclusion criteria with
complete data and follow-up (n=100)

Figure 1 A flow chart of the study. NSCLC, non-small cell lung cancer.

a calibration plot was drawn to measure the consistency
between the predicted and actual results, indicating the
accuracy of the model. Concordance index (C-index) and
time-receiver operating characteristic (ROC) curve analyses
were conducted to evaluate the prediction accuracy and
discriminability of the model, respectively, and area under
the curve (AUC) >0.7 suggested a good prediction and
discrimination. Finally, K-M curves were used to evaluate
the prognosis of patients among three risk subgroups (high,
middle, and low). All statistical analyses were performed
using R software (version 4.2.0), while the optimal threshold
values of age, BMI, and ACCI were calculated using the
X-tile software application. All statistical tests were two-
sided and P<0.05 was considered statistically significant.

Results
Patient characteristics

A total of 100 NSCLC patients with distant organ
metastasis who underwent monotherapy or combination
therapy were included (Figure ). Among them, 24 patients
(24%) were over 70 years old, 81 (81%) were male, and
74 (74%) had a history of smoking. In 85 cases (85%),
PS was 0 or 1 at the initial stage of immunotherapy.
Adenocarcinoma was diagnosed in 65 cases (65%) and
squamous cell carcinoma in 33 cases (33%). According to

© Translational Lung Cancer Research. All rights reserved.

the eighth edition of the tumor-node-metastasis (TNM)
classification, 41% of the patients were in stage IVB, and
an ACCI score >8 was observed in 71 patients (71%). From
the date of the initial immunotherapy to the last follow-up,
77 patients showed progression, 42 died, and the median
follow-up time was 18 months [95% confidence interval
(CD: 15-19.9]. The median PFS and OS of patients were
8 months (95% CI: 5.6-10.4) and 21 months (95% CI: 8.9
33.1), respectively. Immunotherapy was used as first-line
treatment in 61 patients (61%), while 85 (85%) underwent
combined immunotherapy. Immune-related adverse effects
(irAEs) were seen in 26 (26%) patients. Details of other
baseline clinical variables are listed in 7able 1.

Relationship between LDH and survival

To avoid direct discarding of several continuous variables
in the univariate analysis due to the lack of statistical
significance (P<0.05) and ensure statistical rigor, we
analyzed the linear relationship between all continuous
variables and survival outcomes. This revealed LDH as
the only non-linear related indicator. Figure 2 shows a
significant non-linear relationship between LDH and OS
in NSCLC patients with distant metastasis, and the risk of
death increases sharply when LDH reaches 222 U/L (non-
linear P=0.0023). The optimal cut-off value of 222 U/L
was determined by RCS analysis.
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Table 1 Baseline clinical characteristics and laboratory parameters
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Table 1 (continued)

(n=100)
Variables Value
Gender

Female 19 (19.0)

Male 81 (81.0)
Age

<70 years 76 (76.0)

>70 years 24 (24.0)
BMI

<23.77 kg/m’ 71 (71.0)

>23.77 kg/m’ 29 (29.0)
Smoking status

Never 26 (26.0)

Current 18 (18.0)

Former 56 (56.0)
Liver metastasis

No 82 (82.0)

Yes 18 (18.0)
Brain metastasis

No 72 (72.0)

Yes 18 (18.0)
Bone metastasis

No 60 (60.0)

Yes 40 (40.0)
ECOG PS

Oor1 85 (85.0)

=2 15 (15.0)
Histology

Adenocarcinoma 65 (65.0)

Squamous 33 (33.0)

Other NSCLC 2 (2.0)
Mutation type

No 71 (71.0)

EGFR 8(8.0)

KRAS 13 (13.0)

Other 8 (8.0)

Table 1 (continued)

© Translational Lung Cancer Research. All rights reserved.

Variables Value
Clinical stage

IVA 59 (59.0)

IVB 41 (41.0)
Line of treatment

1 61 (61.0)

>2 39 (39.0)
ICl drug

Pembrolizumab 47 (47.0)

Camrelizumab 7 (7.0)

Tislelizumab 9 (9.0)

Sintilimab 29 (29.0)

Nivolumab 8 (8.0)
Mono or combo therapy

Mono therapy 15 (15.0)

Combo therapy 85 (85.0)
irAEs

No 74 (74.0)

Yes 26 (26.0)
PD-L1 TPS%

<1% 53 (53.0)

1-49% 28 (28.0)

>50% 19 (19.0)
ACCI

<8 29 (29.0)

>8 71 (71.0)
LDH P=0.129

<222 U/L 47 (47.0)

>222 U/L 53 (53.0)
Laboratory parameters

Alb (g/L) 38.08+5.33

ANC (x10%/L) 4.68+1.73

PLT (x10%L) 236.51+69.82

WBC count (x10%/L)
AMC (x10%L)
ProGRP (pg/mL)

6.86+2.02
0.56+0.16
38.91+10.16

Table 1 (continued)
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Table 1 (continued)

Variables Value
ALC (x10%L) 1.31 (0.93, 1.76)
AEC (x10%/L) 0.11 (0.05, 0.20)
LMR 2.40(1.79, 3.14)
NLR 3.43 (2.43, 4.78)
dNLR 2.16 (1.53, 2.75)
ALl 241.58 (159.63, 389.68)
PLR 183.02 (136.54, 236.72)
CEA (ng/mL) 5.32 (3.12, 22.03)

CYFRA21-1 (ng/mL) 7.24 (4.14, 20.02)

SCC (ng/mL) 1.45 (0.80, 3.95)
NSE (ng/mL) 17.12 (12.73, 24.75)
IL-6 (pg/mL) 15.99 (7.73, 30.57)
PCT (ng/mL) 0.06 (0.04, 0.14)

Values are presented as n (%), mean + SD, or median (Q1,
Q3). BMI, body mass index; ECOG PS, Eastern Cooperative
Oncology Group performance status; NSCLC, non-small cell
lung cancer; EGFR, endothelial growth factor receptor; KRAS,
Kirsten rat sarcoma viral oncogene homolog; ICI, immune
checkpoint inhibitor; irAEs, immune-related adverse effects;
PD-L1, programmed death legend-1; TPS, total point score;
ACCI, age-adjusted Charlson comorbidity index; LDH, lactate
dehydrogenase; Alb, albumin; ANC, absolute neutrophil count;
PLT, platelet; WBC, white blood cell; AMC, absolute monocyte
count; proGRP, progastrin-releasing peptide; ALC, absolute
lymphocyte count; AEC, absolute eosinophil count; LMR,
lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte
ratio; dNLR, derived NLR; ALI, advanced lung cancer
inflammatory index; PLR, platelet-to-lymphocyte ratio; CEA,
carcinoembryonic antigen; CYFRA21-1, cytokeratin fragment
antigen 21-1; SCC, squamous cell carcinoma antigen; NSE,
neuron-specific enolase; IL-6, interleukin-6; PCT, procalcitonin;
SD, standard deviation.

Univariate and multivariate Cox analyses for OS

After screening the prognostic variables from univariate
analysis, age, BMI, ECOG PS, clinical stage, ACCI, white
blood cell (WBC) count, absolute neutrophil count (ANC),
progastrin-releasing peptide (proGRP), interleukin-6 (IL-
6), and LDH correlated significantly with OS (P<0.05)
(Figure 2; Table S1). After Akaike information criterion
(AIC)-based stepwise regression (P<0.05), ECOG PS
>2 (P<0.001), BMI 523.77 kg/m’ (P=0.003), ACCI >8
(P=0.004), LDH 5222 U/L (P=0.012), and ANC (P=0.007)

© Translational Lung Cancer Research. All rights reserved.
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Figure 2 RCS analysis was used to assess the association between
LDH and survival in NSCLC patients with distant metastasis.
The HR derived from a multivariate Cox model is shown on the
Y-axis. The 95% CI of the HR is represented by the shaded area.
The reference for LDH (HR =1) is 222 U/L. The relationship
between LDH and survival of NSCLC patients with distant
metastasis is non-linear. The death hazard increases sharply after
LDH >222 U/L (P<0.001 for non-linearity). RCS, restricted cubic
spline; OS, overall survival; CI, confidence interval; LDH, lactate
dehydrogenase; NSCLC, non-small cell lung cancer; HR, hazard

ratio.

showed statistically significant differences (P<0.05) (Figure 3;
Table S1). Among these, ECOG PS exerted the greatest
impact on OS, followed by annual ACCI and LDH levels
[ECOG PS: hazard ratio (HR) =4.752, 95% CI: 2.073-
10.891, P<0.001; ACCI: HR =3.816, 95% CI: 1.538-9.469,
P=0.004; LDH: HR =2.461, 95% CI: 1.219-4.970,
P=0.012). Further subgroups analysis using K-M curves
confirmed BMI was a protective factor for prognosis, while
ECOG PS, ACCI, and LDH were associated with shorter
OS (Figure 44-4D). The above results suggest these factors
may be independent predictors of immunotherapeutic
benefits in NSCLC patients with distant metastasis.

Establishment and validation of OS probability using a

dynamic nomogram model

Based on the estimated coefficients in multivariate Cox
regression analysis, a survival nomogram model comprising
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The univariate analysis of OS—forest plots

A Characteristics HR (95% CI) P value Hazards ratio

IL-6 1.04 (1.01-1.06) 0.001

ProGRP 0.96 (0.93-0.99) 0.019 b

WBC 1.18 (1.01-1.39) 0.043 }-—-

ANC 1.29 (1.06-1.56) 0.010 =

LDH >222 U/L 2.66 (1.37-5.13) 0.004

LDH <222 U/L

ACCI >8 3.71 (1.55-8.88) 0.003

ACCl <8

Clinical stage IVB  0.48 (0.24-0.96) 0.037 ——t

Clinical stage IVA

ECOG PS =2 5.04 (2.45-10.36) 0.002

ECOGPSOor1

BMI >23.77 kg/m?  0.21 (0.08-0.54) 0.001 +=e—

BMI <23.77 kg/m?

Age >70 years 2.47 (1.30-4.70) 0.006

Age <70 years
I T
0 1 2

Decreased risk Increased risk

The mulitivariate analysis of OS —forest plots

B Characteristics HR (95% CI) Pvalue Hazards ratio
ANC 1.27 (1.07-1.51)  0.007 e
LDH >222 U/L 2.46 (1.22-4.97) 0.012
LDH <222 U/L
ACCI >8 3.82(1.54-9.47) 0.004
ACCl <8
ECOG PS =2 4.75 (2.07-10.89) <0.001
ECOG PS O or 1
BMI >23.77 kg/m” 0.23 (0.09-0.60) 0.003 =
BMI <23.77 kg/m?

I T
0 1 2

Decreased risk Increased risk

T T T T 1
4 6 8 10 12

Figure 3 Forest plot for univariate (A) and multivariate (B) analyses. OS, overall survival; HR, hazard ratio; CI, confidence interval; IL-6,

interleukin-6; proGRP, progastrin-releasing peptide; WBC, white blood cell; ANC, absolute neutrophil count; LDH, lactate dehydrogenase;

ACCI, age-adjusted Charlson comorbidity index; ECOG PS, Eastern Cooperative Oncology Group performance status; BMI, body mass

index.

ECOG PS, BMI, ACCI, ANC, and LDH was fit to
estimate the 6-, 12-, and 18-month OS probability in the
included patients (Figure 5A). The ECOG PS was the most
significant influencing factor, and an ECOG PS >2 meant
a higher risk of death. In detail, each prediction parameter
had a corresponding number of risk points obtained
by drawing a vertical line from the prediction factor to
the original point, and the risk points corresponding
to each parameter were summed up to obtain the total
score. Finally, a vertical line from the total score axis to
the OS probability axis was drawn to obtain the 6-, 12-,
and 18-month OS probability. The risk index (RI) was

© Translational Lung Cancer Research. All rights reserved.

calculated using the following formula: 1.479 x BMI (kg/m’)
+1.558 x ECOG PS + 1.339 x ACCI + 0.900 x LDH (U/L)
+0.237 x ANC (10°/L). Additionally, a dynamic nomograph
application for predicting OS probability was constructed
(https://lucky-wm-nomogram.shinyapps.io/DynNomapp/)
(Figure 5B), which can be conveniently available to
patients and physicians in the clinical practice. By using
the application, the patient’s risk probability plus 95% CI
of metastasis could be identified when the information of
five variables was input. To assess the predictive ability of
models, the C-index for the fitted model was 0.81 (95% CI:
0.778-0.842), and the calibration plot showed no significant
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Figure 4 K-M curves for OS based on predictors from the nomogram. OS according to (A) ECOG PS, (B) ACCI, (C) BMI, and (D) LDH.
ECOG PS, Eastern Cooperative Oncology Group performance status; ACCI, age-adjusted Charlson comorbidity index; BMI, body mass

index; LDH, lactate dehydrogenase; K-M, Kaplan-Meier; OS, overall survival.

deviation between the actual and predicted probabilities
(Figure 5C-5E). Moreover, the AUCs of the time-ROC
analysis for patients at 6, 12, and 18 months were 0.934,
0.829, and 0.846, indicating a favorable discrimination
of the model (Figure 6). In summary, the nomogram for
the NSCLC patients with distant organ metastasis had
considerable discriminative and calibrating abilities.

Performance of the dynamic nomogram in stratifying
patient risk

X-tile software was used to determine the best cutoff
value of the total point score (TPS) in the nomogram, and
patients were divided into high (TPS >258; 11 cases), middle
(204< TPS <258; 23 cases), and low (TPS <204; 66 cases)
risk subgroups (Figure 7A4). The final K-M curves analysis
revealed substantial survival disparities among the three
subgroups, with patients in the high-risk group showing
significantly shorter survival and a worsening tendency

(median OS: 4.8 vs. 13.0 vs. 32 months) (Figure 7B).
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Discussion

According to the Cancer ImmunoAtlas published in
Science in 2016, the efficacy of tumor immunotherapy is
affected by seven major factors: tumor homology, general
immune status of the body, immune cell infiltration, PD-L1
expression, tumor metabolism, ICI solubility, and tumor cell
susceptibility to immune effector molecules (23). Recently,
much attention has been paid on developing more effective
immunotherapies based on the characteristics of TME.
The sustained tumor antigen stimulation and immune
activation response lead to exhaustion or reshaping of the
effector cells in the microenvironment, rendering them
unable to perform normal functions or even promoting
malignant characteristics of the tumor, resulting in an
immunosuppressive microenvironment (24). PD-1 and
cytotoxic T lymphocyte-associated protein 4 (CTLA-4)
monoclonal antibodies, as classical representatives of
immune checkpoint blockade, can restore T cell activation
by correcting the immune suppression of the TME which
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can be considered as a potential cure for some patients with
advanced solid tumors (25). Compared to a median survival
time of only 12 months for metastatic NSCLC patients a
decade ago, patients who received immunotherapy achieved
a S-year survival rate of up to 20% (26). Although visceral
metastasis can greatly weaken the body’s anti-tumor
immune response, the application of immunotherapy,
especially in combination regimens, can effectively improve
the PFS and OS of patients with liver and brain metastases
(6,27). Clinical studies on bone metastasis are extremely
limited, but the combination of bone-targeted therapy and
immunotherapy seems to have a synergistic effect (28,29),
potentially partially restoring tumor immunogenicity and
the bone immune microenvironment. However, these
results need to be confirmed in larger-scale prospective
clinical trials. Overall, in current clinical practice, the
selection of the optimal treatment strategy for different

© Translational Lung Cancer Research. All rights reserved.

patients remains challenging due to the lack of non-
placebo-controlled clinical trials and extreme heterogeneity
of metastatic tumor. Utilizing specific predictive biomarkers
and establishing effective models may provide valuable
guidance for mNSCLC patients in specific therapy
regimens (20).

In this study, we comprehensively evaluated various
clinical parameters and five indicators (ECOG PS, ACCI,
BMI, ANC, and LDH) which were correlated with the
prognosis following immunotherapy, emphasizing their
potential roles as biomarkers. We then integrated these
independent clinical factors to innovatively develop an
interactive dynamic nomogram model and transformed it
into an application to facilitate its clinical application. The
application possessed the unique advantage of intuitively
obtaining individual risk based on the personalized
parameters of patients, demonstrating its feasibility, good
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predictive accuracy, and discriminative ability. Different
from previous studies (30,31), all patients in our study
were confirmed to have distant organ metastases before
immunotherapy. However, this group of patients often has
poor prognosis and needs more clinical attention. Compared
with the reported prognostic model with C-index of 0.74
(95% CI: 0.622-0.860) for NSCLC patients, our model
achieved a C-index of 0.81 (95% CI: 0.778-0.842), and
the time-ROC analysis of patients at 6, 12, and 18 months
showed that the AUC value reached 0.934, 0.829 and

1.0 f
0.8
>
=4
=
=
[%}
c
Jo}
2]
——AUC 6-month =0.934
—AUC 12-month =0.829
——AUC 18-month =0.846
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Figure 6 The AUCs for estimating the probabilities of OS at 6,
12, and 18 months, respectively. AUC, area under the curve; OS,

overall survival.
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0.846, respectively, which was significantly higher than
previous studies (22,32). In addition, we have innovatively
transformed it into a mobile device-based predictive web
page that can be easily operated by clinicians for clinical
application. It should be noted that due to being a single-
center study, the representativeness of the patients is limited
and the model lacks external validation. The applicability
of this model in mNSCLC patients from other sources still
needs to be tested in future research.

Although ECOG PS is a negative prognostic factor for
lung cancer survival, limited data are available on the safety
and efficacy of immunotherapy in NSCLC patients with
distant organ metastasis (19,33). CheckMate 153 trials
in 1,375 metastatic NSCLC patients revealed the 1-year
survival rate of the subgroup with ECOG PS 2 was lower
than that in the subgroup with ECOG PS 0-1 (17% wvs.
44%) (34). Another retrospective study comprising 75
elderly advanced NSCLC patients showed significant OS
differences between ECOG PS 2 and ECOG PS 0-1 (3.8 vs.
13.7 months) subgroups (35). Our findings indicate patients
with PS 2 have poor tolerance and responsiveness to ICI
treatment compared to those with ECOG PS 0-1, in line
with the above conclusions. In patients with distant organ
metastasis, restrictions to physical activity may further lead
to impaired immune function and an immunosuppressive
status (36). However, as a single biomarker, ECOG PS is
not sufficient to predict survival. Friedlaender ez al. (37)
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Figure 7 Stratified survival analysis performed in patients with distant organ metastasis based on risk score model. (A) Based on X-tile
software, the cut-off values of the high, middle, and low risk subgroups of the metastatic population receiving immunotherapy were divided.
(B) K-M curves for the three subgroups according to the cutoff value of the nomogram-based total score. The red, green, and blue curves
represent low-risk (TPS <204), middle-risk (204< TPS <258), and high-risk (TPS >258) subgroups, respectively. K-M, Kaplan-Meier; TPS,

total point score.
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suggest ECOG PS alone is affected by the subjectivity
of the evaluator and the differences in Karnofsky scores.
The patient’s physical condition is influenced by many
factors, such as age, reluctance to walk, medications use
(opioids, antidepressants), progression of neoplastic disease
(emaciation, weakness), and concomitant disease, such as
venous insufficiency of the lower extremities (38). Patients
with ECOG PS >2 also constitute a largely heterogeneous
group. The poor performance status can be caused by the
existence of complications or cancer itself, and there are
also significant differences between the two conditions in
terms of PFS and OS (39). Therefore, other indicators to
better assess the prognosis of patients necessitate further
studies.

In multivariate analysis, age was not a statistically
significant factor. Age alone is often not enough to reflect
the reserve capacity of organs and the risk-benefit ratio of
immunotherapy. ACCI is an integrative indicator following
the quantification of multiple comorbidities and weighted
age score, which better reflects the overall functional
status of patients. ACCI is mainly used in the context
of chemotherapy, and surgery (40,41), and evidence for
immunotherapy is relatively limited. Further, no studies
currently address the predictive significance of ACCI in
NSCLC patients with distant organ metastasis following
immunotherapy. A previous study suggests complications
in lung cancer patients follow similar pathogenic factors
and signal transduction mechanisms, exerting synergistic
effects and leading to the deterioration of the basic status
of patients and decline in treatment efficacy (42). For real-
world clinical settings, our findings incorporated ACCI
to determine its potential relationship with the patient’s
prognosis, and relative to ACCI <8, the ACCI >8 subgroup
showed a significantly poorer prognosis. Although there
is evidence that complications may affect the progression
of aggressive cancers, patients often die of cancer before
comorbidities affect survival. Our findings further suggest
complications do significantly affect survival in these
patients. In our study, tumor stage showed an adverse
relationship for OS in the univariate analysis but was non-
significant in the multivariate analysis, which suggests
tumor stage may not be an independent predictor of OS in
this population. Correlation between the ACCI score and
prognosis of NSCLC patients with distant metastasis was
more significant than tumor stage. In 2017, a retrospective
study pointed out for the first time that the Charlson
comorbidity index (CCI) score was closely related to
the prognosis of patients with advanced NSCLC after
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chemotherapy, and the cut-off value of CCI was determined
by this study as 9 (43). After considering age as a risk factor,
the threshold value was further reduced to 8, which has
similar results to the previous study, further confirming the
reliability of the current study.

Although obesity is the main risk factor for some
malignant tumors, its impact on immunotherapy for lung
cancer remains controversial. Wang et /. (44) demonstrated
increased T cell exhaustion and dysfunction through leptin
signaling in obese mice with high PD-1 expression. PD-1-
mediated T cell dysfunction in obesity facilitates markedly
higher tumor responsiveness to ICIs. Our results indicate
a high baseline BMI is a prognostic protective factor in
line with several recent findings. Kichenadasse et a/. (45)
report that immunotherapy confers a better prognosis
than chemotherapy in patients with high BMI with a
high survival benefit in the PD-L1 positive subgroup. A
multicenter study of metastatic NSCLC patients with PD-
L1 expression >50% reported that compared to patients
with normal weight, obese patients had significantly
higher ORR, longer PFS, and OS (18). More importantly,
this result was not observed in patients undergoing
chemotherapy, which constituted the control group. In our
study, regardless of the PD-L1 expression, a higher baseline
BMI correlated positively with the patient’s prognosis.
Thus, following ICI administration, the microenvironment
within metastases in the obese state may lead to greater
activation and function of T cells. Whether obesity affects
the patient’s prognosis through other immune cells or
non-immune factors in metastatic sites requires further
evaluation.

We also conducted a comprehensive assessment of the
peripheral blood parameters and found elevated baseline
ANC correlated significantly with poor OS (P=0.02), which
is in accordance with previous studies on the treatment
of melanoma with ipilimumab (46,47). Patients with
higher baseline ANC serum levels showed higher disease
progression with an increased risk of death (HR =3.38, 95%
CI: 2.62-4.36; HR =2.52, 95% CI: 1.97-3.21). Neutrophils
can maintain tumor stem cells, promoting immune escape,
contributing to tumor-related inflammation, and inducing
immunotherapy resistance (48). In addition to hematological
parameters, immature neutrophils, (CD10 and CD16 or
CD15"CD16™ according to flow cytometry), are related to
the rapid progression in patients with advanced NSCLC
undergoing treatment with ICIs (49). Many composite
indicators derived from neutrophils, such as NLR and
dNLR, are risk factors for disease progression and low
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survival in several solid tumors (50,51). However, in our
study population, no such association was observed. This
may be due to the selection of the cutoff value and a more
complex immune microenvironment due to metastasis. In
conclusion, targeting myeloid-derived immune cells such as
neutrophils in the future may provide insights for designing
new drug combinations with ICIs.

Similar to neutrophils, as an inflammatory indicator,
high levels of LDH result in the production of lactic acid
and the acidification of the extracellular matrix, which
increases tumor cell aggressiveness (52). LDH is related to
the prognosis of melanoma patients treated with ICIs (53),
and several retrospective studies show the PFS and OS of
NSCLC patients with high LDH following immunotherapy
are significantly shorter than those with normal LDH levels
(54,55). However, the effect of LDH on the benefit of ICI
treatment in advanced NSCLC patients, especially those
with distant organ metastasis, remains unclear. Takada
et al. (56) found that among patients with advanced NSCLC
treated with nivolumab, PFS and OS decreased significantly
more in those with LDH >222 U/L than in those with
LDH <222 U/L. Similarly, our RCS analysis also showed
baseline LDH >222 U/L was associated with a poor OS
before ICI therapy. However, our current understanding
of the importance of LDH remains nascent, which may
stem from the lack of a unified cut-off value. LDH is also
a marker of large dynamic changes, and in the future,
dynamic monitoring of LDH levels in patients undergoing
ICI treatment may be valuable for evaluating their
prognoses. Of note, the well-known tumor marker PD-
L1 was excluded from the nomogram due to no significant
difference (P=0.487). While PD-L1 expression can be
used to predict the prognosis of patients without organ
metastasis prior to immunotherapy, due to its heterogeneity
between metastatic and primary sites, whether PD-L1 can
serve as prognostic indicators for patients with distant organ
metastasis remains unconfirmed.

This study has some other limitations. First, the data
used in the analysis were collected retrospectively from
a single center, and there is a possibility of bias since the
sample size was relatively small. Second, although we
conducted internal validation using bootstrap resampling
methods, external validation is lacking. Third, various
immunotherapeutic agents may exert different effects, and
additional stratified analyses based on the use of ICI drugs
should be performed in the future. Finally, prospective
research needs to be conducted by expanding the sample
size to optimize the prognostic model in the future.
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Conclusions

Based on common clinical indicators and hematological
parameters, we developed a practical and cost-effective
prognostic model which can better predict the individual
OS probability in NSCLC patients with distant organ
metastasis after receiving immunotherapy. These findings
may aid clinicians in accurately discriminating the response
and prognosis of NSCLC patients in the future.
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