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Importance: Immune checkpoint inhibitors (ICls) have become the standard
treatment for advanced non-small cell lung cancer (NSCLC). However, their
prognostic role in NSCLC patients remains controversial. Hypertension (HTN) is
an important risk factor for many cancers, but the pathogenesis underlying HTN
in relation to cancer prognosis remains unclear.

Objective: We aimed to investigate the possible association between HTN and
prognosis in advanced NSCLC patients.

Data sources: Data on advanced NSCLC patients receiving immunotherapy at
stages llIb, Illc or IV were included.

Study selection: Multicenter retrospective studies and trials reporting the use of
immunotherapy were included. Main outcomes and measures: Progression-free
survival (PFS) and overall survival (OS) were analyzed using Cox proportional
hazards models and were estimated by the Kaplan-Meier method. Subgroup
analysis on NSCLC hypertensive patients was pre-planned and was presented in
the form of Forest Plot. Statistical software utilized for all analyses included
statistical analysis system (SAS) V.9.4 and R version 4.2.2 (R Foundation for
Statistical Computing).

Results: Between January 2016 and June 2024, 1175 NSCLC patients receiving
immunotherapy were enrolled, with 219 (18.6%) classified as hypertensive group
and 956 (81.4%) classified as non-hypertensive group. Neutrophil count and
ECOG = 2 showed a significant association with OS in univariate analysis (HR =
0.69, 95%Cl: 0.51 - 0.92, P = 0.012, and HR = 1.02, 95%Cl: 1.00 t0 1.03, P = 0.008
respectively). In multivariate analysis, ECOG = 2 was significantly correlated with
OS (HR = 0.73, 95%CLl: 0.54 to 0.98, P = 0.037) and PD - 1/PD-L1 had significant
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association with PFS (HR = 1.27, 95%Cl: 1.00 to 1.61, P = 0.050). OS was found
significantly longer in non-hypertensive group than in hypertensive group (P =
0.049). No baseline indicator was found significant correlated with the survival
prognosis of patients receiving immunotherapy in subgroup analysis.
Conclusion and relevance: The non-hypertensive group was associated with a
lower risk of mortality than hypertensive group. In subgroup analysis, no baseline
indicator was observed a significant correlation with survival prognosis on OS and
PFS in hypertensive patients. Our findings provided an important prognostic
factor to improve the prognosis of advanced NSCLC patients receiving
immunotherapy. Prospective randomized trials are needed to further validate
these findings.

immune checkpoint inhibitor, hypertension, non-small cell lung cancer, PD-1/PD-L1
inhibitors, prognosis

1 Background

Lung cancer is the malignant tumor with the highest morbidity and
mortality in China, and indeed worldwide (1). Non-Small Cell Lung
Cancer (NSCLC) is the most common pathological subtype,
accounting for 85% of all lung cancers (2). However, 30%-40% of
NSCLC patients are diagnosed at an advanced stage, having a poor
prognosis (3). Immunotherapy plays an important role in the
treatment of NSCLC patients. Recently, immune checkpoint
inhibitors (ICIs) have brought a major breakthrough, especially those
targeting the programmed death receptor (PD - 1) and programmed
death ligand 1 (PD-L1), which have become the standard treatment for
driver-negative advanced NSCLC. According to the American Society
of Clinical Oncology (ASCO), continuing the exploration of immune
strategies, optimization of existing immunotherapy protocols, and
reduction of adverse outcomes of cancer treatment would be the
focus of future research (4, 5).

Although immunotherapy has made a tremendous impact on
patient survival in many high-incidence cancer indications (6), the
response of patients to ICIs varies considerably. Patient-intrinsic factors
(such as age, sex, body mass index (BMI) and human leukocyte antigen
(HLA) genotype), tumor-intrinsic factors (such as the tumor-associated
stroma) and environmental factors (such as the gut microbiota) may
lead to the success or failure of the blockade of ICIs (7-10). In addition,
controlling the gut microbiome may modulate the effectiveness of tumor
immunotherapy (11). The key drivers of ICIs efficacy and patient
survival have been summarized into five separate underlying factors:
tumor mutation burden (TMB), T cell effective infiltration, transforming
growth factor-beta (TGF-f) activity, prior treatment and proliferative
potential (12). Therefore, different types of tumors can be systematically
classified to better predict how patients would respond to IClIs.

The development of PD - 1 and PD-LI has significantly extended
the survival time of NSCLC patients, with higher response rates and
lower incidence of side effects than anti-cytotoxic T lymphocyte-
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associated antigen-4 (CTLA - 4) (13, 14). Recent studies have shown
that a variety of factors could affect the immunotherapy prognosis of
advanced NSCLC patients. High BMI appeared to be associated with
improved survival (15). CD161+CD127+CD8+T cells may be a key
indicator of the poor prognosis in NSCLC patients with diabetes (16).
IClIs, especially nivolumab combined with ipilimumab, might become
one of the options for NSCLC patients with chronic kidney disease
(CKD) (17). Moreover, the two most common adverse events of
immunotherapy-related cardiotoxicity were myocarditis and
pericarditis, which can lead to a high mortality rate (18). Beyond
comorbidities, baseline inflammatory markers may critically guide
ICI decisions. CRP level and neutrophil to lymphocyte ratio (NLR)
may serve as a marker for the prognosis of advanced NSCLC patients
receiving immunotherapy (19-21). Paradoxically, leukopenia
(WBC<4x10°/L), which may have an association with
malignancies, usually disqualified patients from clinical trials (22),
though real-world data suggest comparable benefit (23-25).
Hypertension (HTN) remains a major chronic disease morbidity
across the world. The prevalence of HTN continues to increase
worldwide. The incidence of HTN in people aged 30-79 years
doubled from 1990 to 2019, with 59% of women and 49% of men
globally having previously diagnosed HTN in 2019 (26). Due to the
common risk factors HTN and cancer shared, it might mask a causal
relationship between high blood pressure (BP) and cancer (27). Some
of the risk factors associated with HTN, such as obesity, type 1I
diabetes mellitus, smoking, and a sedentary life-style, also increased
the risk of cancer (28). Many studies have indicated that HTN was an
important risk factor for certain cancers (29), such as breast cancer
(30), lung cancer (31) and kidney cancer (32), which contributed to a
larger mortality burden (33). The pathogenesis underlying HTN in
relation to cancer prognosis remains unclear. Preclinical evidence
suggested HTN may impair anti-PD-1 response through angiotensin
II-mediated CD8+T cell suppression and vascular endothelial growth
factor-driven myeloid-derived suppressor cell accumulation (34, 35).

frontiersin.org


https://doi.org/10.3389/fonc.2025.1621363
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Yuan et al.

Moreover, previous murine models demonstrated calcium channel
blockers (e.g., amlodipine) reverse tumor vasculature abnormalities
and improve PD - 1 inhibitor efficacy (36). Yet human translational
data remain conflicting: while renin-angiotensin-aldosterone system
inhibitors correlate with prolonged OS in retrospective NSCLC
cohorts (37), randomized trials show no benefit (38). This
mechanistic uncertainty underscored the clinical importance to
clarify HTN’s real-world impact in ICI-treated patients.

Nowadays, some studies have confirmed that HTN can affect the
prognosis of patients receiving targeted therapy while few studies have
focused on the correlation between HTN and immunotherapy of lung
cancer. Therefore, in this study, we conducted a comparative analysis
of 1175 patients diagnosed with advanced NSCLC and received
immunotherapy at West China Hospital, West China Lung Cancer
Center, Sichuan Cancer Hospital, Sichuan People’s Hospital, and
Shandong Cancer Hospital from January 2016 to June 2024 to
investigate the possible association between HTN and prognosis in
advanced NSCLC patients.

2 Materials and methods
2.1 Patient materials

This multicenter prospective, observational study included all
patients with pathologically confirmed advanced-stage NSCLC who
were treated immunotherapy at West China Hospital of Sichuan
University, West China Lung Cancer Center, Sichuan Cancer
Hospital, Sichuan People’s Hospital, and Shandong Cancer Hospital
from January 2016 to June 2024. Advanced-stage disease was defined
as stage IIIb (N3MO), IIIc (N3MO) or IV (NanyM1) according to the
AJCC Version 8 staging system. Pathologic confirmation was
required, and the eligible histologies were as follows: squamous cell
carcinoma, adenocarcinoma, large cell carcinoma, neuroendocrine
carcinoma (NSCLC with neuroendocrine features or atypical
carcinoids, but not small cell carcinoma) or NSCLC not otherwise
specified. Data were collected into specific databases, with information
on pathological type and features, previous medical and surgical
history, diagnosis, metastasis and follow-up. The exclusion criteria
included (1): incomplete treatment cycle (2); lack of available data on
HTN (3); immunotherapy received after third-line treatment (4); no
follow-up data (5); receipt of ICIs other than PD - 1/PD-L1 and (6)
receipt of only neoadjuvant immunotherapy.

This study was approved by the Institutional Review Board of
West China Hospital of Sichuan University (approval number
20241410), and all patients provided written informed consent.

2.2 Statistical methods

The main objectives were to assess the association between
HTN and the prognosis of immunotherapy in advanced NSCLC
patients with progression-free survival (PFS) and overall survival
(OS) as the primary endpoints. Additionally, the direct efficacy of
immunotherapy was evaluated, using complete response (CR),
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partial response (PR), stable disease (SD), progressive disease
(PD), objective response rate (ORR) and disease control rate
(DCR). PFS was defined as the time from the date of randomized
treatment to the date of progression or death, whichever came first,
while OS was defined as the time from the date of randomization to
the date of death from any cause.

Baseline variables such as age, BMI, sex, underlying conditions,
histology, smoking history, tumor stages, metastasis, medication,
blood routine and PD-L1 TPS were included in patient
characteristics. The chi-squared test (for categorical variables) or
Wilcoxon rank sum test (for continuous variables) was used to
observe the differences in baseline indicators between groups.

Patients with at least one evaluable endpoint (i.e. PES or OS)
were included in the present analysis. A possible different impact of
HTN on prognosis was evaluated by means of survival curves. The
Kaplan-Meier method was used to estimate OS and PFS, which was
compared with log-rank tests.

Univariate and multivariate analyses cox proportional hazards
models were used to determine the baseline indicators on OS and PFS
without or with adjustment for other prognostic factors. All
multivariate models included as covariates age, BMI, diabetes,
coronary heart disease (CHD), lung metastasis, neutrophil count
and medication. All the fitted models were stratified according to the
enrolling center and results were presented as HR with their 95% CL.

A further subgroup analysis was performed on NSCLC patients
with HTN, including indicators such as age, BMI, diabetes, CHD,
metastasis and type of immunotherapy drugs. The results of
subgroup analysis were presented in the form of Forest Plot.
Statistical software utilized for all analyses were statistical analysis
system (SAS) V.9.4 and R version 4.2.2 (R Foundation for Statistical
Computing). Statistical significance was defined as two-sided P
<0.05. Our study fully aligned with methodological consensus
(NCCN Biostatistics Guidelines 2023, https://www.nccn.org/
guidelines/guidelines-detail?category=1&id=1450).

3 Result
3.1 Patients characteristics

A total of 4896 patients were enrolled in the present study. 3811
patients (77.8%) were excluded based on the exclusion criteria
(Figure 1). The remaining 1175 patients were included in the final
analyses, classified into two groups: hypertensive group (n=219)
and non-hypertensive group (n=956).

The demographic characteristics of the two groups were
presented in Table 1. The hypertensive group had higher age and
BMI than the non-hypertensive group (P<0.001). Among underlying
conditions, the rates of diabetes and CHD in hypertensive group were
higher than non-hypertensive groups (21.5% vs. 8.1%, P<0.001;
13.7% vs. 5.3%, P<0.001, respectively). Non-hypertensive group had
a lower rate of metastasis than hypertensive group (14.4% vs. 6.8%,
P =0.011). Furthermore, a large proportion of the patients were male
(78.7%), with the majority exhibiting ECOG scores of 1 - 2, and 645
patients (54.9%) were current or former smokers.
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4986 Patients who received immunotherapy after being diagnosed with NSCLC
at the stage of I1Ib, IIlc or IV between January 2016 and June 2024

3811 Excluded

1423 with incomplete treatment cycle

67 without HTN data available

1258 received immunotherapy after third-line treatment

84 without follow-up data (i.e. having incomplete OS or PFS curve)
548 received other ICIs other than PD-1/PD-L1

431 received neoadjuvant immunotherapy

4

1175 Assessed for eligibility

Y

219 Hypertension

FIGURE 1

\A

956 Non-hypertension

Flowchart of the Study Population. NSCLC indicates non-small cell lung cancer; HTN, hypertension; OS, overall survival; PFS, progression-free
survival; ICls, immune checkpoint inhibitors; PD-1, programmed death receptor and PD-L1, programmed death ligand1.

TABLE 1 Baseline characteristics of NSCLC patients categorized by hypertension and non-hypertension.

Hypertension (n = 219) Non-hypertension (n = 956) = P value
Age median (range),y 65.81 (64.88, 66.75) 61.06 (60.43, 61.7) <0.001
BMI mean (range) 24.28 (23.85, 24.71) 23.12 (22.9, 23.34) <0.001
Sex n (%) 0.613
Female 52 (23.7) 198 (20.7)
Male 167 (76.3) 758 (79.3)
Smoking history (%) 0.645
Never 105 (47.9) 425 (44.5)
Ever 114 (52.1) 531 (55.5)
Histology (%) 0.706
LUAD 130 (59.4) 598 (62.5)
LUSC 72 (32.9) 309 (32.3)
LCC 6(2.7) 20 (2.1)
Other 11 (5.0) 36 (3.8)
Underlying conditions (%)
Diabetes 47 (21.5) 77 (8.1) <0.001
Kidney disease 24 (11.0) 102 (10.7) 0.992
Liver disease 22 (10) 124 (13.0) 0.496
Coronary heart disease 30 (13.7) 51 (5.3) <0.001
Tumor stages (%) 0.301
IIIB, IIIC 37 (16.9) 123 (12.9)
IVA, IVB 182 (83.1) 830 (86.8)
(Continued)
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TABLE 1 Continued

10.3389/fonc.2025.1621363

Hypertension (n = 219) Non-hypertension (n = 956) = P value
Metastasis (%)
None 15 (6.8) 138 (14.4) 0.011
Brain 40 (18.3) 181 (18.9) 0.974
Liver 188.2) 62 (6.5) 0.656
Bone 59 (26.9) 231 (24.2) 0.691
Lung/Peural 133 (60.7) 462 (48.3) 0.004
EGFR mutation (n%) 24 (11.0) 107 (11.2) 0.977
Plantlet count *10°/L. mean (range) 259.48 (245.49, 273.48) 244.2 (238.25, 250.14) 0.08
Neutrophil count *10°/L mean (range) 6.48 (5.65, 7.31) 5.5 (5.13, 5.86) <0.001
Lymphocyte count *10°/L mean (range) 1.87 (1.46, 2.27) 1.67 (1.5, 1.84) 0.01
Monocyte count *10°/L mean (range) 0.71 (0.59, 0.83) 0.69 (0.55, 0.83) 0.06
Leukocyte count *10°/L mean (range) 8.47 (7.85, 9.1) 7.45 (7.22, 7.69) <0.001
PLR 192.01 (176.95, 207.08) 199.01 (191.05, 206.98) 0.627
NLR 4.55 (4.08, 5.03) 4.32 (4.06, 4.59) 0.292
LMR 3.07 (2.82, 3.32) 3.24 (2.97, 3.50) 0.820
Medication n (%) 0.035
IT 179 (81.7) 701 (73.3)
IT+AA 40 (18.3) 255 (26.7)
PD-L1 TPS % (%) 0.186
<1 39 (17.8) 194 (51.0)
1~50 59 (26.9) 166 (17.4)
>50 32 (14.6) 108 (11.3)

NSCLC, non-small cell lung cancer; BMI, body mass index; LUAD, lung adenocarcinomas; LUSC, lung squamous cell carcinomas; LCC, large cell carcinoma; EGFR, epidermal growth factor
receptor; PLR, platelet to lymphocyte ratio; NLR, neutrophil to lymphocyte ratio; LMR, lymphocyte to monocyte ratio; IT, immunotherapy; AA, anti-angiogenesis inhibitors and TPS, tumor

proportion score.

Bolded terms represented major categories; non-bolded terms beneath them indicated subcategories.

3.2 Impact of univariate on overall survival
and progression-free survival

The results of the univariate analysis in OS and PFS were
summarized in Table 2. Neutrophil count and ECOG = 2 showed a
significant association with OS (HR = 0.69, 95%Cl: 0.51 - 0.92, P =
0.012, and HR = 1.02, 95%Cl: 1.00 - 1.03, P = 0.008 respectively).
Neutrophil count was also the only one indicator that was
associated with PFS (HR = 1.01, 95%Cl: 1.00 - 1.02, P = 0.050).

However, the PD-L1 TPS between 1% and 50% and more than
50% were associated with increased HR of 0.82 (95%Cl: 0.62 - 1.07,
P = 0.140) and 1.21 (95%Cl: 0.89 - 1.65, P = 0.217), respectively,
suggesting decreased OS compared to the PD-L1 TPS less than 1%.

3.3 Impact of multivariate on overall
survival and progression-free survival

The results of the multivariable Cox model on OS and PFS were
illustrated in Table 3, including indicators such as age, BMI, ECOG
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= 2, underlying condition (diabetes and CHD), lung/pleural
metastasis, neutrophil count, medication and PD - 1/PD-LI.

A multivariate logistic regression analysis demonstrated that
ECOG = 2 was significantly correlated with OS (HR = 0.73, 95%Cl:
0.54 to 0.98, P = 0.037) while PD - 1/PD-L1 had significant
association with PFS (HR = 1.27, 95%Cl: 1.00 to 1.61, P = 0.050).
No impact of other variables was detected on OS and PFS.

3.4 Immunotherapy survival analysis on
overall survival and progression-free
survival between hypertensive group and
non-hypertensive group

We employed the Kaplan-Meier method to examine survival
differences between hypertensive and non-hypertensive groups. OS
was significantly longer in non-hypertensive group than in
hypertensive group (P = 0.049, Figure 2A). Conversely, survival
prognosis of immunotherapy of hypertensive group was not better
than non-hypertensive group (P = 0.084, Figure 2B).
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TABLE 2 Univariable Cox model for overall survival and progression-free survival in immunotherapy.

Univariate
oS
HR (95%Cl)

PFS
HR (95%Cl)

10.3389/fonc.2025.1621363

Age median (range), y 0.99 (0.98 - 1.00) 0.396 0.99 (0.98 - 1.00) 0.183

BMI mean (range) 0.98 (0.94 - 1.01) 0.168 0.98 (0.94 - 1.01) 0.156

Male 1.11 (0.87 - 1.43) 0.396 1.09 (0.85 - 1.40) 0.505

Smoking 1.13 (0.92 - 1.38) 0.251 1.21 (0.99 - 1.49) 0.067
‘ ECOG

0 Reference Reference

1 1.10 (0.90 - 1.35) 0.278 0.96 (0.78 - 1.18) 0.697

2 0.69 (0.51 - 0.92) 0.012 0.80 (0.60 - 1.07) 0.134
‘ Histology (%)

LUSC Reference Reference

LUAD 1.01 (0.82 - 1.24) 0.925 1.04 (0.85 - 1.27) 0.714

LCC 1.06 (0.59 - 1.90) 0.843 1.28 (0.72 - 2.28) 0.401
‘ Underlying conditions (%)

Diabetes 0.96 (0.71 - 1.31) 0.808 0.85 (0.62 - 1.16) 0.293

Kidney disease 0.89 (0.69 - 1.13) 0.338 0.87 (0.68 - 1.11) 0.268

Liver disease 0.98 (0.77 - 1.24) 0.844 0.88 (0.69 - 1.12) 0.292

Coronary heart disease 1.47 (0.84 - 2.56) 0.175 1.04 (0.60 - 1.82) 0.881

Tumor stages (%) 0.329 0.282

IIIB, 1IIC Reference Reference

IVA, IVB 0.90 (0.72 - 1.12) 0.89 (0.71 - 1.10)

Metastasis (%)

None 0.99 (0.76 - 1.28) 0.934 0.88 (0.68 - 1.14) 0.340

Brain 1.12 (0.84 - 1.50) 0.432 1.07 (0.80 - 1.44) 0.632

Liver 1.16 (0.83 - 1.62) 0.389 1.30 (0.93 - 1.82) 0.126

Bone 0.93 (0.73 - 1.18) 0.532 0.88 (0.69 - 1.11) 0.277

Lung/Peural 1.09 (0.89 - 1.34) 0.405 0.97 (0.79 - 1.19) 0.765

EGFR mutation (n%) 1.17 (0.82 - 1.67) 0.392 1.22 (0.85 - 1.74) 0275

Plantlet count *10°/L mean (range) 1.00 (1.00 - 1.00) 0.851 1.00 (1.00 - 1.00) 0.651

EZ::‘ZE:;;O unt *10°/L 1.02 (100 - 1.03) 0.008 101 (1.00 - 1.02) 0.050

XTE};;’;Z;;O“M "10°7L 1.01 (0.98 - 1.03) 0.621 1.01 (0.98 - 1.04) 0.469

Monocyte count *10%/L

mean (range) 1.03 (1.00 - 1.07) 0.058 1.03 (1.00 - 1.06) 0.057

:;::’Egigc:)um 107 1.02 (0.9 - 1.04) 0.160 101 (0.99 - 1.03) 0.384

PLR 1.00 (1.00 - 1.00) 0.647 1.00 (1.00 - 1.00) 0.924

NLR 1.01 (0.99 - 1.03) 0.551 1.00 (0.98 - 1.03) 0.747
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TABLE 2 Continued

Univariate

oS PFS

HR (95%Cl) P value HR (95%Cl) P value

Metastasis (%)

LMR 1.00 (0.96 - 1.04) 0.889 0.99 (0.96 - 1.03) 0.770
Medication n (%) 0.477 0.682
IT Reference Reference

IT+AA 1.09 (0.86 - 1.38) 1.05 (0.83 - 1.33)

PD-L1 TPS % (%)

<1 Reference Reference
1~50 0.82 (0.62 - 1.07) 0.140 0.85 (0.65 - 1.11) 0.233
>50 1.21 (0.89 - 1.65) 0.217 1.33 (0.98 - 1.81) 0.069

BMI, body mass index; OS, overall survival; PFS, progression-free survival; ECOG, eastern cooperative oncology group; LUAD, lung adenocarcinomas; LUSC, lung squamous cell carcinomas;
LCC, large cell carcinoma; EGFR, epidermal growth factor receptor; PLR, platelet to lymphocyte ratio; NLR, neutrophil to lymphocyte ratio; LMR, lymphocyte to monocyte ratio;
IT, immunotherapy; AA, anti-angiogenesis inhibitors and TPS, tumor proportion score.

Bolded terms represented major categories; non-bolded terms beneath them indicated subcategories.

The direct effects of immunotherapy in hypertensive and non-  stacked bar plot presented the PD - 1/PD-L1 proportion in
hypertensive groups were illustrated respectively in the pie charts  hypertensive and non-hypertensive groups (Figure 3B). PD - 1
(Figure 3A). ORR in hypertensive group (25%) was far lower than ~ dominated both in hypertensive (69.3%) and non-hypertensive
that in non-hypertensive group (39%), which indicated a potential ~ group (77.7%), which may suggest that PD - 1 had a stronger
of better treatment in non-hypertensive group. Furthermore, effect on immunotherapy prognosis than PD-LI.

TABLE 3 Multivariable Cox model for overall survival and progression-free survival in immunotherapy.

Multivariate

(O PFS

HR (95%Cl) P value HR (95%Cl) P value
Age median (range), y 0.99 (0.98 - 1.00) 0.199 0.99 (0.98 - 1.00) 0.148
BMI mean (range) 0.98 (0.95 - 1.02) 0.294 0.98 (0.94 - 1.01) 0.190
ECOG =2 0.73 (0.54 - 0.98) 0.037 - -
Diabetes 0.97 (0.71 - 1.34) 0.156 0.88 (0.64 - 1.20) 0.412
Coronary heart disease 1.51 (0.85 - 2.68) 0.156 0.97 (0.55 - 1.72) 0.913
Lung/Peural metastasis 1.05 (0.89 - 1.30) 0.623 0.96 (0.78 - 1.18) 0.683
Neutrophil count *10°/L mean (range) 1.01 (1.00 - 1.03) 0.087 1.01 (1.00 - 1.02) 0.067
Medication n (%) 0.791 0.893
IT Reference Reference
IT+AA 1.04 (0.81 - 1.32) 1.01 (0.80 - 1.30)
PD-1/PD-L1 - 0.050
PD-L1 - Reference
PD-1 - 1.27 (1.00 - 1.61)

BMI, body mass index; OS, overall survival; PFS, progression-free survival; ECOG, eastern cooperative oncology group; IT, immunotherapy; AA, anti-angiogenesis inhibitors; PD - 1,
programmed death receptor and PD-L1, programmed death ligand 1.
Bolded terms represented major categories; non-bolded terms beneath them indicated subcategories.
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FIGURE 2

Immunotherapy survival analysis on progression-free survival between hypertensive and non-hypertensive group
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Kaplan_meier curves for survival prognosis between hypertensive group and non-hypertensive group were shown. (A) OS was significantly longer in non-hypertensive group than the hypertensive group. (B)

PFS in hypertensive group was not better group. OS, overall survival.

The direct effect of immunotherapy in hypertensive and non-hypertensive group
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39%
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FIGURE 3

The PD-1/PD-L1 proportion in hypertensive and non-hypertensive group
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The direct effect and PD-1/PD-L1 proportion in hypertensive and non-hypertensive group were shown. (A) ORR in hypertensive group was 25%, much lower than the 39% in non-hypertensive group. (B) Staked
bar plot presented the distribution of PD-1/PD-L1 in hypertensive and non-hypertensive group, indication that PD-1 made up the majority both in hypertensive (69.3%) and non hypertensive group (77.7%).

ORR, objective response rate (SD, stable disease; PR, partial response; PD, progressive disease.
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3.5 Subgroup analysis on overall survival
and progression-free survival

A cohort of 564 NSCLC hypertensive patients were included in
the subgroup analysis on OS and PFS. However, there was no
significance in OS (Figure 4A) and PFS (Figure 4B) analysis between
the baseline indicators and the survival prognosis of patients
receiving immunotherapy.

4 Discussion

With the emergence of ICIs, these drugs have made significant
breakthroughs in the treatment of NSCLC and have rapidly become
a standard treatment for driver-negative patients. Currently, PD - 1/
PD-LI is recognized as an important biomarker used in clinical
practice (39, 40). However, complex clinical conditions, such as
baseline characteristics and underlying diseases, may influence the
effectiveness of immunotherapy and affect the identification of
NSCLC patients who benefit from it. Indeed, identifying
indicators that influence the prognosis of immunotherapy in
NSCLC patients may be a promising strategy to improve survival
and reduce mortality.

In our univariate and multivariate analyses, PD - 1/PD-L1 was
significantly associated with PES, while ECOG = 2 was associated
with OS, consistent with previous studies that ECOG PS score>2
has important prognostic value in NSCLC patients receiving ICIs
treatment (41). In a previous single-arm trial assessing the safety
and efficacy of PD - 1 inhibitors in advanced NSCLC, PD - 1
blockade (Camrelizumab)-activated neoantigen-specific cellular
therapy (aNASCT) demonstrated safety and immunogenicity in
NSCLC patients, suggesting its promising potential in cancer
immunotherapy (42). Another observational study indicated that

10.3389/fonc.2025.1621363

PD - 1 inhibitors were widely administered to NSCLC patients with
stage III and IV extensively metastatic lung cancer, showing
significantly longer PFS and OS (43-46). Anti-PD-1 antibody
alone or combined with chemotherapy has become the standard
of care for advanced NSCLC patients (47). Consistent with previous
studies, our study showed a significant correlation between PD - 1/
PD-L1 and PFS. However, we did not observe a significant
association between PD - 1/PD-L1 and OS. This discrepancy may
be due to variations in the study population, the type of PD - 1/PD-
L1 utilized, the sample size, and the method of obtaining the results.

Our study found that, among advanced NSCLC patients who
received immunotherapy, the non-hypertensive group was associated
with a lower risk of mortality than hypertensive group. Additionally,
no baseline indicator was observed a significant correlation with
survival prognosis in hypertensive patients. HIN was reported that
it may lead to a poor survival for advanced NSCLC patients with type
2 diabetes mellitus (48). Nevertheless, in our study, we didn’t see this
correlation, which was not consistent with previous research. The
results of studies on the correlation between HTN and the prognosis
of targeted therapy in NSCLC patients varies. Some indicated some
targeted drug (such as bevacizumab) was associated with an increased
risk of HTN development in NSCLC patients (49), which led to the
poor prognosis of treatment. Others showed that HTN in
bevacizumab-treated patients with metastatic NSCLC led to
significantly improved responses (50). The occurrence of HTN may
be an important clinical indicator predicting the efficacy of third-line
targeted drug treatment in NSCLC patients (51). However, no specific
large-scale studies of the correlation between HTN and the prognosis
of immunotherapy in NSCLC patients was observed.

Due to the fact that there was no previous studies on the
relevant pathogenesis, we hypothesized the reasons why there was a
significant correlation between HTN and the prognosis of
immunotherapy in NSCLC patients were as follows. HTN was

The Cox proportional hazard model of OS in hypertensive cohort

Variable
Overall
BMI

<24

>=24
Age

<65

>=65
Diabetes

No or unknown

Yes
CHD

No

Yes
Metastasis

No

Yes
Medication

T

IT+AA
Lung_metastasis

No

Yes

Count
564

Percent
100

HR (95% CI) P value P for interaction
1.05(0.82 10 1.35) 0.691

0.933
393
17

69.6809
30.3191

1.07 (0.7 to 1.47) 0.702
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0.800
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216
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74
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FIGURE 4

The Cox proportional hazard model of PFS in hypertensive cohort

Variable Count  Percent HR (95% CI) P value P for interaction
Overall 564 100 “ 1.10 (0.86 to 1.42)  0.435
BMI ' 0.736
<24 393 69.6809 4 1.08 (0.78 to 1.49)  0.649
>=24 171 30.3191 = 1.18(0.78t0 1.76)  0.431
Age ! 0.979
<65 348 61.7021 ‘I- 1.19 (0.81t0 1.74) 0.380
>=65 216 38.2979 1.19 (0.84 to 1.69) 0.323
Diabetes : 0.724
No or unknown 490 86.8794 = 1.15(0.87 t0 1.52) 0.317
Yes 74 13.1206 —:-— 1.03 (0.56 to 1.90)  0.929
CHD ' 0.150
No 547 96.9858 ‘IP' 1.06 (0.82t0 1.37) 0.663
Yes 17 3.0142 JI—-—* 3.62(0.87 to 14.97) 0.076
Metastasis ' 0.796
No 97 17.1986 —— 1.16 (0.59 0 2.28) 0.660
Yes 467 82.8014 T 1.10 (0.84 to 1.44) 0.474
Medication ' 0.459
T 432 76.5957 -f- 1.07 (0.82to 1.41)  0.608
IT+AA 132 23.4043 1.48 (0.78t0 2.83) 0.232
Lung_metastasis : 0.337
No 224 39.7163 ‘I- 1.26 (0.85t0 1.86) 0.249
Yes 340 60.2837 -+ 1.00 (0.72t0 1.38)  0.996
—Fr £ I I 3
0 2 4 6 8 10
HR (95%Cl)

Cox proportional hazard models of significant independent predictive factors associated with progression-free survival and overall survival were
shown. As illustrated in the form of Forest Plot, there was no significance in OS and PFS analysis between the indicators and the survival prognosis of
immunotherapy. OS, overall survival; PFS, progression-free-survival; BMI, body mass index; CHD, coronary heart disease; IT, immunotherapy and AA,

anti-angiogenesis inhibitors
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reported to be independently associated with increased risk of both
VEGF-related adverse vascular events (AVEs) and discontinuation
due to VEGF-related AVEs, which may be an important factor to
affect the prognosis of immunotherapy (52).

Voltage-gated calcium channels (VGCCs) increased BP in HTN
by promotin vasoconstriction, while abnormally regulated calcium
channels in cancer may drive tumor cell’s proliferation, migration,
and immune escape (36). In other words, some anti-hypertensive
drugs may affect the prognosis of NSCLC immunotherapy, which
needed to be confirmed by further studies.

Overall, our data suggested that further research would be
needed to elucidate the relationship between HTN and the
prognosis of immunotherapy in NSCLC patients.

5 Limitations

The findings of this study had to be seen in light of the following
limitations. Firstly, this was a retrospective study, and the inherent
drawbacks of retrospective studies made some selection bias
inevitable, while the lack of original imaging data in a proportion
of patients made it difficult to further explore the prognostic impact
of NSCLC patients receiving immunotherapy. Secondly, the data
used were not specifically collected for the purposes of this study,
but were derived from existing clinical practice information, not
allowing for a randomized clinical trial (RCT). Thirdly, the results
of this study were based on data from the population in five
hospitals. The moderate sample size of NSCLC patients receiving
immunotherapy limited the ability to draw a definitive conclusion
and the generalizability to other populations. However, our study
provided the preliminary evidence for future large-scale and
prospective trials. Fourthly, data of PD-L1 expression were sparse
and some of the PD-L1 status could not be determined from this
database. There was a possibility that patients with low or negative
PD-L1 expression were more likely to receive conventional
chemotherapy, which were excluded from this study. Finally,
while CRP, ESR and cytokines were not measured due to
retrospective constraints, we analyzed guideline-recommended
hematologic indices (e.g., NLR, PLR and LMR) and adjusting
for direct inflammation proxies (e.g., neutrophil count, ECOG).
Future studies should integrate multiplex cytokine profiling. At the
same time, this study did not further investigate the effects of
different types of anti-hypertensive drugs on the prognosis of
NSCLC patients receiving immunotherapy. Further studies should
be based on samples using the same ICI drugs (PD - 1/PD-L1
inhibitors) and classified according to the types of anti-hypertensive
drugs to investigate its impact on immunotherapy prognosis.

6 Conclusion

Our study is the first large-scale retrospective multicenter study to
investigate the association between HTN and the prognosis of
immunotherapy in advanced NSCLC patients. In our study, the
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non-hypertensive group was associated with a lower risk of mortality
compared to the hypertensive group. In subgroup analysis, no
baseline indicator was observed a significant correlation with
survival prognosis on OS and PES in hypertensive patients. Our
findings provide an important prognostic factor to improve the
prognosis of advanced NSCLC patients receiving immunotherapy.
Prospective randomized trials are warranted to further validate
these findings.
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