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Abstract

Background. Immune checkpoint blockade (ICB) therapy has shown limited benefit in recurrent high-grade glioma
(HGG), in part due to an immunosuppressive tumor microenvironment. Emotional distress (ED) is known to alter
immune regulation, yet its role in shaping the response to ICB in glioma remains unexplored. We aimed to determine
the association between pre-treatment ED and ICB efficacy in recurrent HGG (rHGG) and to explore the underlying
mechanism using tumor in situ fluid circulating tumor DNA (TISF-ctDNA).

Methods. We prospectively enrolled 75 rHGG patients receiving tislelizumab, bevacizumab, and temozolomide. ED
was evaluated using PHQ-9 and GAD-7 before undergoing ICB treatment. Clinical outcomes were compared between
ED and No ED groups.TISF-ctDNA sequencing and immunohistochemical staining of tumor tissues were performed
to identify pathway alterations and immune markers.

Results. Compared to No ED patients, ED patients had significantly shorter overall survival (15.8 vs. 32.3 months;
HR=2.40, P=.006) and progression-free survival (3.4 vs. 7.8 months; P=.049), along with lower objective response
(10.7% vs. 48.5%, P=.002) and clinical benefit rates (39.3% vs. 69.7%, P=.017). TISF-ctDNA analysis revealed enrich-
ment of AXON guidance, cAMP signaling, and HPV-related pathways in ED patients. ED was also associated with
elevated systemic inflammatory markers (NLR, MLR, PLR; P<.05). IHC showed decreased infiltrating immune cells
in tumors from ED patients.

Conclusions. Pretreatment ED is associated with impaired ICB efficacy in rHGG, potentially mediated by altered
tumor signaling and reduced intratumoral immune cell infiltration. Psychological screening may enhance person-
alized immunotherapy strategies.

Key Points
e Emotional distress reduces survival and response to ICB in recurrent glioma
e ED correlates with immune suppression and higher systemic inflammation markers

e TISF-ctDNA reveals ED-specific tumor pathways compromising immunotherapy

Immune checkpoint blockade (ICB) therapies have demon-  immunotherapy in glioma patients is generally limited, with a
strated remarkable efficacy across numerous cancer subtypes.'™  minority experiencing prolonged benefits.”” A more compre-
However, gliomas are classified as “cold” tumors due to their  hensive view of optimizing ICB therapy suggests investigating
immunosuppressive microenvironment, characterized by few  the impact of physiological, environmental, behavioral, and
tumor-infiltrating lymphocytes (TILs).*® The response to  psychological factors (such as diet, physical activity, and mood/
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Importance of the Study

Immune checkpoint blockade (ICB) has limited efficacy
in gliomas due to theirimmunosuppressive microenviron-
ment. While tumor-intrinsic and molecular barriers are
well recognized, the role of emotional distress (ED) as an
extrinsic, modifiable factor remains unexplored. This
study provides the first prospective evidence that pre-
treatment ED impairs ICB efficacy in recurrent HGG. ED
was associated with reduced overall and progression-free
survival, lower response rates, elevated systemic inflam-
mation, diminished tumor-infiltrating immune cells, and

mindfulness) on cancer immunotherapy outcomes.®
Emotional distress (ED), encompassing negative emotional
states in response to stressors, is increasingly recognized
as a significant factor.”® Cancer patients are at a substantially
higher risk of experiencing ED compared to the general pop-
ulation, primarily due to disease-related fears.""'? Emerging
evidence underscores the intricate relationship between
emotional and psychological states and host immune func-
tion, presenting substantial potential for enhancing cancer
treatment, particularly immunotherapy.’

The impact of ED on the efficacy of glioma immunother-
apy and the progression of the tumor are little known at
present. Advances in understanding body-brain neural cir-
cuitry reveal its critical role in regulating peripheral inflam-
mation via vagal and brainstem pathways, highlighting the
influence of the central nervous system on immune balance.'™
This framework supports exploring how ED may impact
tumor immunity, especially in immunosuppressive “cold”
tumors like gliomas. Preclinical studies suggest that ED may
facilitate tumor progression and invasiveness by suppressing
protective immunity, triggering or exacerbating chronic
inflammation, and enhancing immunosuppressive mecha-
nisms.'® Additionally, ED triggers the sympatho-adrenal-med-
ullary (SAM) system and the hypothalamic-pituitary-adrenal
(HPA) axis, facilitating systemic adaptation. Simultaneously,
it influences the peripheral nervous system, encompassing
both the sympathetic and parasympathetic divisions, to
orchestrate localized reactions.These changes alter the secre-
tion of stress-associated immune-modulating molecules
(SAIMSs), which interact with immune cell receptors, directly
reshaping the tumor’s immune landscape.””" A study con-
ducted on animals revealed that prolonged stress hastens
the advancement of glioblastoma multiforme by activating
the DRD2/ERK/p-catenin axis and the positive feedback loop
involving Dopamine/ERK/TH.?°

High-grade glioma (HGG) represents the most common
form of primary malignant brain tumor, comprising more
than fifty percent of all such tumors.?" Individuals with gli-
oma are particularly vulnerable to neurological symptoms,
social isolation, and difficulties in interpersonal relation-
ships, more so than patients with other types of cancer.?
Moreover, the fear associated with HGG exacerbates
patients’ vulnerability to ED.?* Currently, because ICB ther-
apy is not a standard glioma treatment, no studies have
explored the association between ED and ICB response in

ED-specific genomic alterations identified via tumor in
situ fluid circulating tumor DNA (TISF-ctDNA) profiling.
Importantly, No ED patients showed greater ctDNA clear-
ance and immune activation post-treatment. These find-
ings reveal a novel brain-tumor-immune interaction axis
through which ED modulates tumor immunity. The results
support integrating routine ED screening and psychoso-
cial intervention into glioma immunotherapy protocaols,
and highlight the translational potential of TISF-guided
immune monitoring to personalize treatment strategies.

this population, underscoring the urgent need for prospec-
tive clinical investigations.

This study presents the findings of a prospective obser-
vational study exploring the association between ED and
ICB response in recurrent HGG (rHGG), and investigates
potential mechanisms via tumor in situ fluid (TISF), which
reflects the tumor’s in vivo environment.?*?

Methods

Study Design Study Population

This prospective, single-center, observational clinical study
aims to investigate the correlation between ED and clinical
outcomes of ICB therapy in rHGG patients. Initiated on June
1, 2021, the study enrolled 75 glioma patients between June
1, 2021, and May 16, 2024 (NCT05515133). Please see
Supplementary Methods for the inclusion and exclusion
criteria. The primary objective was to evaluate the relation-
ship between ED and ICB therapy efficacy in rHGG. The pri-
mary endpoint was OS, with secondary endpoints including
objective response rate (ORR), clinical benefit rate (CBR),
and PFS. Exploratory outcomes included quality of life (QoL)
assessments, DNA sequencing analysis, andTlLs by immu-
nohistologic analysis (see Supplementary Methods). Ethical
approval for this investigation was obtained from the Ethics
Committee of Henan Provincial People’s Hospital. Informed
consent was acquired in writing from all participants, and
treatments were administered at the same institution.
Baseline data were recorded before the initiation of immu-
notherapy. Each patient received intravenous tislelizumab
(BeiGene, Ltd.) 200 mg and bevacizumab (Roche Pharma
Ltd.) 3 mg/kg every 3 weeks, in combination with their stan-
dard temozolomide (Beijing S| Pharmaceutical Co., Ltd.)
regimen, until either radiological signs of progression or
intolerable side effects were observed.

Follow-Up and Progression Status

Patients underwent baseline brain MRI with contrast
enhancement within 1 week prior to their first ICB therapy
session as a reference for comparison. Imaging follow-ups
occurred every 3-5 weeks until secondary tumor progression
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was detected. Tumor response was evaluated by two authors,
Dr.Wang and Dr. Zhang, following the Response Assessment
in Neuro-Oncology 2.0 (RANO 2.0) criteria.”® For patients
exhibiting disease progression, the immunotherapy-specific
RANO (iRANO) criteria were applied. OS was defined as the
duration from the initial surgery until death from any cause.
PFS was the time from the first ICB treatment to either dis-
ease progression or death, whichever occurred sooner.
Although enrollment was completed, patient follow-up
remained ongoing. Data collection concluded on June
30, 2024.

Evaluation of Emotional Distress

In line with the American Society of Clinical Oncology’s
guidelines, the evaluation of anxiety and depression was
performed using the Patient Health Questionnaire (PHQ-9)
for depression and the Generalized Anxiety Disorder (GAD-7)
scale to assess anxiety.” The PHQ-9 includes nine questions
designed to evaluate depressive symptoms experienced over
the past 2 weeks, with total scores ranging from 0 to 27.3° The
GAD-7, consisting of seven items, measures anxiety symp-
toms within the same 2-week period, with scores ranging
from 0 to 21.%" In this study, ED was defined as a score of 5 or
higher on either the PHQ-9 or GAD-7. The severity of ED was
classified as follows: (1) No ED: Scores on both the PHQ-9 and
GAD-7 fall between 0 and 4; (2) Mild ED: Scores of 5to 9 on
either the PHQ-9 or GAD-7; (3) Severe ED: Scores of 10 or
higher on either the PHQ-9 or GAD-7. Patients were evaluated
within 2 weeks prior to commencing immunotherapy.

TISF and Peripheral Blood Collection

TISF and peripheral blood samples were obtained and pro-
cessed at Henan Provincial People’s Hospital.To enable post-
operative collection of TISF, a fluid reservoir capsule was
implanted intraoperatively at the time of the initial diagnos-
tic surgery by experienced neurosurgeons using neuronav-
igation guidance, and was placed between the periosteum
and the galea aponeurosis. Placement was performed under
a strict aseptic protocol with prophylactic antibiotic admin-
istration according to institutional practice. Because this
study enrolled patients at first recurrence, the reservoir had
already been in place prior to study entry, and no additional
surgical procedure was performed specifically for reservoir
implantation. Samples were collected at each treatment
cycle after evidence of disease progression, with baseline
samples taken prior to the start of treatment. Patients pro-
vided 0.5 to 1 ml of TISF via the implanted reservoir.
Additionally, 5 ml of peripheral blood was drawn to analyze
germline DNA and measure circulating biomarkers. Plasma
was separated through Ficoll-Hypaque density gradient cen-
trifugation at 1500 rpm for 5 minutes to remove cellular
components. The supernatant was stored at —80°C for sub-
sequent analysis. Similarly, TISF samples underwent the
same processing steps, with their supernatants stored at
-80°C. Systemic inflammation markers, such as the
Neutrophil-to-Lymphocyte Ratio (NLR), Monocyte-to-
Lymphocyte Ratio (MLR), and Platelet-to-Lymphocyte Ratio
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(PLR), were assessed through routine blood tests. These
markers were categorized based on their median values and
analyzed for potential correlations with clinical characteris-
tics and patient survival.

Statistical Analysis

Statistical analyses were carried out using IBM SPSS soft-
ware, version 23 (IBM Corp., Armonk, NY, USA). Differences
between categorical variables were examined using
Pearson’s chi-square test, with Fisher’s exact test employed
for small sample sizes. For continuous variables, either
independent-samples t-tests or nonparametric alternatives
(Mann-Whitney for independent data and Wilcoxon for
paired data) were applied, depending on distribution pat-
terns. Survival analysis was conducted with the Kaplan-Meier
method, and comparisons were made using the log-rank
test and Gehan-Breslow-Wilcoxon test to assess the associ-
ation between ED and primary or secondary outcomes.The
relationship between ED and survival outcomes was evalu-
ated using Cox proportional hazards regression, with mul-
tivariable Cox models incorporating clinical prognostic
factors. Variables achieving statistical significance (P<.05)
in univariate analysis were included in the multivariable
models.To ensure balanced comparison groups, propensity
score matching (PSM) was implemented.?? This process
matched ED patients to No ED patients based on a multi-
variable logistic regression model, where ED status was
treated as the outcome variable. Matching utilized a greedy
nearest neighbor algorithm without replacement, applying
a caliper width of 0.02 and a 1:1 ratio. Sensitivity analyses
further assessed the relationship between ED severity and
clinical outcomes, focusing on OS.

Results

Patients and Baseline Characteristics

By May 16, 2024, a total of 178 patients were screened for
inclusion in the study. Of these, 92 patients (51.7%) were
excluded prior to enrollment due to reasons including a
diagnosis of low-grade glioma, irregular adherence to
first-line treatment following surgery, loss of communica-
tion or literacy skills before the initiation of immunotherapy,
and refusal to undergo immunotherapy after relapse.
Consequently, 86 patients were enrolled in the study. After
enrollment, 11 patients (12.8%) were further excluded for
not consistently receiving immunotherapy post-relapse or
for undergoing fewer than two sessions of immunotherapy.
Ultimately, 75 patients were included in the analysis inves-
tigating the impact of ED on immune checkpoint blockade
response in rHGG. The study design and patient selection
process are depicted in Figure 1A. All patients completed an
ED assessment within 2 weeks before initiating immuno-
therapy. The median follow-up duration was 14.9 months
(95% CI: 11.9-19.1).The median age was 55 years, and 58.7%
(44/75) of patients were men. According to the 2021 WHO
CNS classification, tumors were categorized as glioblas-
toma, IDH-wildtype (80.0%, 60/75), astrocytoma, IDH-mutant
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Figure 1.

Participant Flowchart and the Distribution of ED. (A) Participant flowchartillustrating patient enroliment, inclusion, and exclusion criteria

for the ED clinical trial (NCT05515133). A total of 86 patients with recurrent HGG were screened, 75 patients received regular immunotherapy and
were included in the final analysis. Patients were stratified into two groups: ED (n = 36) and No ED (n = 39). Analyses included survival outcomes,
therapeutic response, quality of life, TISF-ctDNA sequencing, and immune infiltration dynamics. (B) Stratification of patients based on ED severity.
Among patients with emotional distress, 26 exhibited mild ED and 10 exhibited severe ED. (C) Distribution of individual PHQ-9 and GAD-7 item scores
in the cohort. Among 36 patients with ED, 12 exhibited exclusively PHQ-9 scores >5, 1 had solely GAD-7 scores >5, and 23 presented with both
PHQ-9 and GAD-7 scores >5. Abbreviations: ED: emotional distress; TISF-ctDNA: tumor in situ fluid-circulating tumor DNA.

(16.0%, 12/75), or oligodendroglioma, IDH-mutant (4.0%,
3/75). MGMT promoter methylation was present in 37.3%
(28/75), absent in 45.3% (34/75), and not detected in 17.3%
(13/75). Baseline characteristics are summarized in Table 1.
At baseline, 48.0% of patients (36/75) were identified with
ED, with 72.2% (26/36) classified as mild ED and 27.8%
(10/36) as severe ED (Figure 1B).The distribution of individ-
ual PHQ-9 and GAD-7 item scores in the cohort is shown in
Figure 1C. Multivariate logistic regression revealed that
patients with lower baseline Karnofsky performance score
(KPS) (70-80) was more likely to experience ED
(Supplementary Table S1).

ED Was Associated with a Reduction in OS

By June 30, 2024, a total of 36 OS events were documented.
The median OS for the entire cohort was 21.2 months (95%
Cl: 14.1-28.3). Patients in the No ED group demonstrated a
median OS of 32.3 months (95% Cl: 22.3-42.3), while the ED
group had a median OS of 15.8 months (95% CI: 8.4-23.1).
Survival analysis revealed that OS was significantly shorter
in the ED group compared to the No ED group under immu-
notherapy (hazard ratio [HR] 2.40, 95% CI: 1.22-4.72; P=.006,
Figure 2A). To further investigate the association between
ED and OS, both univariate and multivariate Cox regression
analyses were performed. Univariate analysis identified
significant associations between OS and variables including
age, KPS, IDH-1 mutation status, baseline steroid use,

caregiver, and ED status. However, given the potential for
rare event bias and the complete separation observed for
IDH-1 mutation status, Firth’s penalized multivariate Cox
regression was employed to provide unbiased parameter
estimates. Based on these findings, age, KPS, IDH-1 muta-
tion status, baseline steroid use, caregiver, and ED status
were included in the Firth-adjusted multivariate Cox regres-
sion analysis. This analysis identified ED ([HR] 2.74, 95% ClI:
1.27-5.92; P=.01) and age >55 years ([HR] 4.74, 95% ClI:
1.87-12.05; P=.001) as independent predictors of poorer OS,
while IDH-1 mutation was a favorable prognostic factor ([HR]
0.13, 95% ClI: 0.02-0.78; P=.026, Supplementary Figure S1).
To create balanced cohorts, propensity score matching
(PSM) was employed, matching ED patients to No ED
patients. This process resulted in 59 matched patients, with
28 in each group. In the PSM sample, baseline characteristics
were well balanced (SupplementaryTable S2).Thirty-one OS
events were observed, with the No ED group having a
median OS of 26.2 months (95% Cl: 14.3-38.1) versus 15.8
months (95% CI: 6.8-24.8) in the ED group. OS was signifi-
cantly lower in the ED group (HR 1.98, 95% CI: 0.97-4.05;
P=.047, Figure 2C). We then explored the association
between the severity of ED and OS. The median OS for
patients with mild ED was 18.2 months (95% CI 10.9 to 25.5),
while for those with severe ED it was 10.5 months (95% CI
10.2 to 10.8). Compared to the No ED group, both mild (HR
2.13,95% Cl: 0.97-4.71; P=.03) and severe ED (HR 4.03, 95%
Cl: 1.02-15.88; P<.001) were associated with significantly
shorter OS (Figure 2B).
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Table 1. Baseline Characteristics of 75 Enrolled Patients

Characteristics No ED (n=39) ED (n=36) Total (n=75) Pvalue

Age (years), n (%) <b5 19(48.7) 18(50.0) 37(49.3) 912
>55 20(51.3) 18(50.0) 38(50.7)

Sex, n (%) Male 20(51.3) 24(66.7) 44(58.7) 176
Female 19(48.7) 12(33.3) 31(41.3)

KPS, n (%) 70-80 10(25.6) 17(47.2) 27(36.0) .052
90-100 29(74.4) 19(52.8) 48(64.0)

Histopathologic diagno- Glioblastoma, IDH-wildtype 30(76.9) 30(83.3) 60(80.0) .361°

sis, n (%) Astrocytoma, IDH-mutant 6(15.4) 6(16.7) 12(16.0)
Oligodendroglioma, 3(7.7) 0(0.0) 3(4.0)

IDH-mutant

Primary tumor loca- Frontal lobe 17(43.6) 14(38.9) 31(41.3) .828¢

tion, n (%) Temporal lobe 10(25.6) 13(36.1) 23(30.7)
Parietal lobe 7(17.9) 6(16.7) 13(17.3)
Thalamus 3(7.7) 1(2.8) 4(5.3)
Occipital lobe 1(2.6) 1(2.8) 2(2.7)
Insular lobe 1(2.6) 0(0.0) 1(1.3)
Brainstem 0(0.0) 1(2.8) 1(1.3)

MGMT promoter methyla- No 17(43.6) 17(47.2) 34(45.3) .951

tion, n (%) Yes 15(38.5) 13(36.1) 28(37.3)
Not-detected 7(17.9) 6(16.7) 13(17.3)

Radiation, n (%) No 23(59.0) 27(75.0) 50(66.7) 141
Yes 16(41.0) 9(25.0) 25(33.3)

Tumor size at baseline (mm) Median 273 25.9 26.3 .265°
Range 8.5-77.6 8.9-81.9 8.5-81.9

Baseline steroid use, n (%) No 32(82.1) 27(75.0) 59(78.7) .456
Yes 7(17.9) 9(25.0) 16(21.3)

Extent of surgery, n (%) Complete resection 28(71.8) 22(61.1) 50(66.7) .390°
Partial resection 11(28.2) 13(36.1) 24(32.0)
Unable to assess 0(0.0) 1(2.8) 1(1.3)

Smoking, n (%) No 31(79.5) 23(63.9) 54(72.0) 133
Yes 8(20.5) 13(36.1) 21(28.0)

Hypertension/diabetes, n (%) No 26(66.7) 24(66.7) 50(66.7) 1.000
Yes 13(33.3) 12(33.3) 25(33.3)

Educational level, n (%) <High school 17(43.6) 14(38.9) 31(41.3) .680
>High school 22(56.4) 22(61.1) 44(58.7)

Marital status, n (%) Married 1(2.6) 5(13.9) 6(8.0) .099°
Others 38(97.4) 31(86.1) 69(92.0)

Job status, n (%) Unemployed 31(79.5) 30(83.3) 61(81.3) .669
Employed 8(20.5) 6(16.7) 14(18.7)

Caregiver, n (%) Spouse 17(43.6) 15(41.7) 32(42.7) .866
Others 22(56.4) 21(58.3) 43(57.3)

Residence, n (%) Country 27(69.2) 28(77.8) 55(73.3) 403
City 12(30.8) 8(22.2) 20(26.7)

Monthly income (CNY), n (%) <5,000 30(76.9) 26(72.2) 56(74.7) .640
>5,000 9(23.1) 10(27.8) 19(25.3)

BMI (kg/m?), n (%) <24 22(56.4) 18(50.0) 40(53.3) .578
>24 17(43.6) 18(50.0) 35(46.7)

aThe histopathologic diagnosis, primary tumor location, extent of surgery, and marital status were analyzed using two-sided Fisher's exact tests, and
the proportions of all other categorical characteristics were analyzed using two-sided y? tests.
Tumor size at baseline was compared between groups using the Mann-Whitney U test.
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Figure 2.

Kaplan-Meier Survival Analysis of OS Stratified by ED and Its Severity. (A) Kaplan-Meier curve of 0S comparing ED patients and No ED

patients in the entire cohort. ED patients showed markedly reduced survival. (B) Kaplan-Meier curve of 0S stratified by ED severity (No ED, mild
ED, and severe ED). Both mild and severe ED patients showed significantly reduced 0S compared to No ED patients. (C) Kaplan-Meier curve of
0S in the PSM cohort comparing No ED and ED groups. The survival disadvantage in ED patients remained significant after adjustment.

ED Is Associated with Lower Objective Response
Rate and Clinical Benefit Rate

We analyzed the relationship between ED and secondary
endpoints, including the objective response rate (ORR), clin-
ical benefit rate (CBR), and PFS in the context of immuno-
therapy. As of the data cutoff, imaging evaluations revealed
2 patients with a complete response (CR), 17 with a partial
response (PR), 25 exhibiting stable disease (SD), and 17
showing progressive disease (PD). 14 patients had no eval-
uable post-ICB imaging data.The overall ORR (CR + PR) was
31.1%, with 48.5% in the No ED group vs. 10.7% in the ED
group. The overall CBR (CR/PR/SD =6 months) was 55.7%,
with 69.7% in the No ED group compared to 39.3% in the
ED group. Figure 3A-C illustrate the maximum percentage
change in target lesion size from baseline for both groups
following immunotherapy. The ED group demonstrated a
significantly lower probability of achieving ORR (48.5% vs.
10.7%, odds ratio [OR] 0.13; 95% CI: 0.03-0.51; P=.002) and
CBR (69.7% vs. 39.3%, OR 0.28; 95% Cl: 0.10-0.81; P=.017)

compared to the No ED group. By the data cutoff, 44
progression-free survival (PFS) events had been docu-
mented. The median PFS for the entire cohort was 4.1
months (95% Cl: 1.8-6.4). Patients in the No ED group
demonstrated a median PFS of 7.8 months (95% Cl: 2.1-13.4),
while the ED group had a median PFS of 3.4 months (95%
Cl: 1.56-56.3). PFS was notably shorter in the ED group com-
pared with the No ED group (P=.049, Figure 3D).

Patients with ED Performed Worse on Several
Aspects of Assessment of QoL

SupplementaryTable S3 presented baseline EORTC-QLQ-C30
scores for the No ED and ED groups. Compared to the No
ED group, the ED group had significantly lower scores in
Global health (median [IQR]: 83.3 [66.7-83.3] vs. 50.0
[35.4-58.3]; P<.001), Physical functioning (86.7 [80.0-93.3]
vs. 63.3 [46.7-80.0]; P<.001), Role functioning (100.0
[66.7-100.0] vs. 66.7 [50.0-95.8]; P<.001), Emotional
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Figure 3. Therapeutic Response and PFS Stratified by ED. (A-C) Waterfall plots showing maximum percentage change in target lesion size from
baseline in (A) all patients, (B) No ED patients, and (C) ED patients. (D) Kaplan-Meier curve for PFS stratified by ED status. Patients with ED had sig-
nificantly shorter PFS compared to those without ED. The P-value was determined by Gehan-Breslow-Wilcoxon test. PFS: progression-free survival;
CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease; ORR: overall response rate; CBR: clinical benefit rate.

functioning (91.7 [83.3-100.0] vs. 75.0 [568.3-83.3]; P<.001), [33.3-66.7]; P<.001), Fatigue (33.3 [22.2-33.3] vs. 33.3
Cognitive functioning (66.7 [66.7-83.3] vs. 50.0 [33.3-66.7]; [33.3-66.7]; P=.001), Nausea and vomiting (0.0 [0.0-0.0] vs.
P<.001), Social functioning (83.3 [66.7-100.0] vs. 50.0 0.0 [0.0-29.2]; P=.043), Pain (0.0 [0.0-16.7] vs. 16.7 [0.0-33.3];
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P=.010), Insomnia (0.0 [0.0-33.3] vs. 33.3 [0.0-33.3]; P=.008),
Appetite loss (0.0 [0.0-33.3] vs. 33.3 [0.0-33.3]; P=.002), and
Financial difficulties (33.3 [33.3-66.7] vs. 66.7 [33.3-100.0];
P<.001). Scores for dyspnea (0.0 [0.0-0.0] vs. 0.0 [0.0-33.3];
P=.141), Constipation (0.0 [0.0-33.3] vs. 0.0 [0.0-33.3]; P=.580),
and Diarrhea (0.0 [0.0-0.0] vs. 0.0 [0.0-0.0]; P=.881) were sim-
ilar between the groups.

ED Alters Key Molecular Pathways and Genetic
Landscapes, Potentially Compromising
Immunotherapy Efficacy in High-Grade Gliomas

Genetic landscape differences and pathway alterations may
elucidate mechanisms underlying the reduced immuno-
therapy efficacy in ED patients. Given the temporal hetero-
geneity of gliomas, initial tumor tissue may not accurately
reflect recurrent disease characteristics. To address this, we
developed a novel liquid biopsy method and defined a new
liquid, TISF, collected directly from the TISF collector. Our
previous studies demonstrated that TISF can provide
real-time insights into tumor genetic evolution and charac-
teristics, which contains a higher concentration of circulat-
ing tumor DNA (ctDNA) than that found in blood or
cerebrospinal fluid. Among 48 patients with baseline TISF
samples, 93.8% exhibited at least one genomic alteration
at baseline. In both subgroups, TERT and TP53 were iden-
tified as the most commonly mutated genes. Besides,
amplifications of H3F3B and MUC16 were observed at high
frequency in patients with or without ED (Figure 4A).
Mutation frequency analysis at the gene level revealed no
significant differences between groups (Figure 4B). Gene
set enrichment analysis utilizing the Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathways database revealed
that somatic genetic alterations associated with AXON
guidance, wnt signaling pathway, human papillomavirus
infection, rap1 signaling pathway, mismatch repair, cAMP
signaling pathway, cellular senescence, thyroid hormone
signaling pathway and cocaine addiction were observed
more frequently in ED patients, while other carcinogenic
pathways showed no significant differences (Figure 4C).
Subsequent survival analysis of 48 patients with baseline
TISF samples revealed that somatic alterations in AXON
guidance (HR 3.53, 95% CI: 0.85-14.61; P=.004), human
papillomavirus infection (HR 2.69, 95% CI: 1.18-6.15;
P=.034), and thyroid hormone signaling pathways (HR
3.69, 95% CI: 1.55-8.75; P<.001) were significantly associ-
ated with shorter OS (Figure 4D-F). Analysis of 44 patients
with baseline TISF samples and evaluable radiologic data
showed that somatic alterations in AXON guidance (HR
2.27,95% Cl: 0.80-6.40; P=.036) and human papillomavirus
infection pathways (HR 2.38, 95% ClI: 1.17-4.83; P=.032) cor-
related with reduced PFS compared to patients without
these alterations (Figure 4G-H). Additionally, patients with
alterations in AXON guidance (45.7% vs. 0%; P=.016) and
cAMP signaling pathways (46.7% vs. 14.3%; P=.038) exhib-
ited lower ORR. No substantial differences were found in
the additional pathways that were evaluated (Supplementary
Figure S2A and B). These findings suggest that ED may
modulate immunotherapy outcomes by altering pathways
such as AXON guidance. Further studies are necessary to

delineate causal relationships and elucidate the precise
molecular mechanisms underlying these associations.

ED Impairs Immune Activation and Associates
with TMB and Systemic Inflammation in
Recurrent Glioma

To elucidate mechanisms underlying the association
between ED and ICB response, we evaluated baseline
TISF-TMB levels as a potential marker of tumor aggressive-
ness. Among 48 patients with baseline TISF samples, the ED
group exhibited significantly higher TISF-TMB levels com-
pared to the No ED group (median [IQR]: 5.7 [1.8-10.3] vs.
2.1 [1.4-5.0] Muts/Mb; P=.026, Figure 5A). Using a median
TMB threshold of 3.9 Muts/Mb, no statistically significant
difference in OS was detected between the low and high
TISF-TMB groups (undefined [95% Cl: 11.2-undefined] vs.
26.2 [95% CI: 17.1-46.2] months; HR 1.09, 95% Cl: 0.48-2.47;
P=.84, Figure 5E). Next, baseline immune cell subset ratios
in peripheral blood were also assessed. Peripheral blood
was collected from all patients (75/75) at baseline. Results
indicated that patients with ED exhibited significantly higher
baseline neutrophil-to-lymphocyte ratio (NLR) (median
[IQR]: 3.7 [2.1-7.8] vs. 2.2 [1.4-3.2]; P=.003, Figure 5B),
monocyte-to-lymphocyte ratio (MLR) (median [IQR]: 0.4
[0.3-0.5] vs. 0.3 [0.2-0.4]; P=.03, Figure 5C), and
platelet-to-lymphocyte ratio (PLR) (median [IQR]: 165.9
[114.8-281.7] vs. 130.0 [93.5-177.9]; P=.007) compared to No
ED patients (Figure 5D). Using median values as cutoffs,
high baseline MLR (30.5 [95% CI: 19.5-undefined] vs. 15.6
[95% CI: 11.6-22.3] months; HR 2.33, 95% CI: 1.17-4.62;
P=.008, Figure 5F) and PLR (32.3 [95% CI: 19.5-50.4] vs. 15.6
[95% CI: 10.6-22.3] months; HR 2.32, 95% CI: 1.17-4.59;
P=.008, Figure 5G) were associated with poorer OS.
Although baseline NLR was not significantly associated with
OS (26.2 [95% CI: 18.2-50.4] vs. 17.1 [95% CI: 10.7-30.5]
months; HR 1.80, 95% Cl: 0.92-3.53; P=.07, Figure 5H), NLR
may have potential prognostic value. In parallel, immuno-
histochemical analysis of paired pre- and post-treatment
tumor tissues from four patients undergoing a second sur-
gical resection due to treatment-resistant progression
revealed distinct immune infiltration dynamics stratified by
ED status. Patients 014 and 048 were classified as No ED,
while patients 009 and 049 were classified as ED. Overall,
post-treatment tissues from all four patients exhibited a
notable increase in CD163+ macrophage infiltration com-
pared to their pre-treatment counterparts (Figure 5I).
Notably, differential immune responses emerged upon sub-
group analysis by ED status: patients without ED (014 and
048) demonstrated an increase in infiltrating immune cells
(CD3+, CD4+, CD8+, CD68+, and CD163+) post-treatment,
indicative of enhanced immune activation. Conversely,
among the ED patients, patient 049 showed a universal
decrease in all immune cell populations except CD163+ mac-
rophages. Patient 009 exhibited reduced infiltration of CD3+
T cells and CD68+ macrophages post-treatment; although
slight median increases were observed for CD4+ and CD8+
T cells, these counts remained low both pre- and
post-treatment, with minimal variation (Figure 5J). These
findings underscore a potential mechanistic association
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Figure 4. Genomic and Pathway Alterations with Survival Analysis Stratified by ED. (A) Oncoplot of somatic alterations in baseline TISF-ctDNA
from 48 patients with recurrent high-grade glioma. Bar plots summarize mutation types and frequency per gene. (B) Comparison of mutation fre-
quencies for specific genes between ED and No ED groups. (C) Pathway enrichment analysis showing altered pathways between ED and No ED
groups. (D-F) Kaplan-Meier overall survival curves for patients with and without alterations in (D) Axon guidance, (E) human papillomavirus infection,
and (F) thyroid hormone signaling pathways. All three alterations were associated with significantly shorter overall survival. (G-H) Kaplan-Meier
analysis of PFS stratified by somatic alterations in key signaling pathways. (G) Patients with alterations in the Axon guidance pathway showed
significantly shorter PFS compared to those without alterations. (H) Patients with alterations the Human papillomavirus infection pathway were
associated with reduced PFS. The P-value was determined by Log-rank test. See also Supplementary Figure S2.
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Figure 5. Association of Tumor Mutational Burden and Systemic Inflammatory Markers with Emotional Distress and Survival Outcomes.
(A) TISF-TMB at baseline was significantly higher in patients with ED compared to those without ED. (B-D) Systemic inflammatory markers in
peripheral blood at baseline, including (B) neutrophil-to-lymphocyte ratio, (C) monocyte-to-lymphocyte ratio, and (D) platelet-to-lymphocyte ratio,
were all significantly elevated in ED patients. (E-H) Kaplan-Meier survival analysis of OS stratified by baseline (E) TMB, (F) MLR, (G) PLR, and (H)



Figure 5. (Continued)
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NLR. High MLR and PLR were significantly associated with shorter 0S. Differences in 0S between high and low TMB or NLR groups were not
statistically significant. (I) Representative immunohistochemical staining of CD163+ macrophages in pre- and post-treatment tumor tissues from
four patients. Post-treatment tissues from all four patients exhibited a notable increase in CD163+ macrophage infiltration compared to their
pre-treatment counterparts. Images were acquired at low, medium, and high magnifications as indicated. Scale bars: 100 pm, 50 pm, 25 pm. (J)
Quantification of immune cell infiltration per high-power field before and after treatment in patients 014, 048 (No ED), and 009, 049 (ED). Positive
cells were manually counted in six randomly selected tumor invasion front fields for each marker. Bars represent means. Post-treatment tissues
from No ED patients showed increased infiltration of CD3*, CD4+, CD8*, CD68*, and CD163* immune cells. In contrast, ED patients exhibited a general
decrease inimmune cell infiltration, with the exception of CD163* macrophages and slight increases in CD4+ and CD8* T cells, though these changes
were minimal. The P-value was determined by Log-rank test. TMB-H: tumor mutational burden-high; TMB-L: tumor mutational burden-low; NLR-H:
neutrophil-to-lymphocyte ratio-high; NLR-L: neutrophil-to-lymphocyte ratio-low; MLR-H: monocyte-to-lymphocyte ratio-high; MLR-L:
monocyte-to-lymphocyte ratio-low; PLR-H: platelet-to-lymphocyte ratio-high; PLR-L: platelet-to-lymphocyte ratio-low.

between ED and impaired antitumor immune responses in
rHGG patients receiving immunotherapy.

No ED is Associated with a Reduction in TISF-
ctDNA MVAF following ICB Treatment

Next, we analyzed the association between ED status and
TISF-ctDNA. Among the 48 patients with baselineTISF, 62.5%
(30/48) had serial TISF samples. The analysis identified no
notable difference in baseline TISF-ctDNA Maximal Somatic
Variant Allelic Frequency (MVAF) between ED and No ED
groups (median [IQR]: 5.3 [3.1-17.5] vs. 4.4 [2.8-21.7]; P=.98,
Supplementary Figure S3A). Furthermore, no significant
association with OS was observed (19.8 [95% Cl: 11.6-46.2]
vs. 24.5 [95% CI: 19.5-undefined] months; HR 0.82, 95% CI:
0.36-1.86; P=.63, Supplementary Figure S3B). Further anal-
ysis of TISF-ctDNA data from patients with detectable base-
lineTISF-ctDNA and serial TISF-ctDNA NGS (N=30) indicated
that ED patients were less likely than No ED patients to
experience a decrease in TISF-ctDNA MVAF following ICB
treatment (40.0% vs. 80.0%; OR 0.17; 95% CI: 0.03-0.85;
P=.025, Supplementary Figure S3C). Additionally, patients
with a decrease MVAF post-ICB treatment (N=18) had sig-
nificantly longer OS compared to those with an increase
(N=12) (32.3 [95% Cl: 24.5-46.2] vs. 19.5 [95% CI:
9.3-undefined] months; HR 2.89, 95% Cl: 0.87-9.60; P=.040,
Supplementary Figure S3D). We identified 4 patients who
cleared TISF-ctDNA post-treatment and 26 patients with
detectable TISF-ctDNA. The median OS for patients who
cleared TISF-ctDNA after ICB treatment was undefined
months (95% Cl: 24.5-undefined), compared to 32.3 months
(95% ClI: 18.2-46.2; P=.43) in those with detectable ctDNA
(Supplementary Figure S3E). Notably, 100% (4/4) of patients
who cleared TISF-ctDNA post-treatment were in the No ED
group, suggesting that No ED status may be associated with
a higher likelihood of molecular-level disease remission.

Discussion

This observational study prospectively explored the asso-
ciation between ED and clinical outcomes in patients with
rHGG receiving ICB therapy. As far as we know, this rep-
resents the largest prospective investigation of the associ-
ation between ED and ICB response in rHGG. The results

indicate that patients experiencing ED prior to ICB treatment
exhibited significantly reduced OS and PFS compared to
those without ED. Furthermore, these patients demonstrated
lower ORR and CBR, underscoring the substantial influence
of psychological factors on treatment efficacy.The study also
highlights the utility of TISF in monitoring glioma progres-
sion, particularly in ED patients. By analyzing TISF-ctDNA,
we observed a distinct mutational landscape that may con-
tribute to the observed reduced efficacy of ICB in ED patients.
TISF provides a comprehensive and sensitive representation
of tumor genetic evolution, allowing for real-time monitor-
ing of residual disease and offering insights into tumor
dynamics not captured by traditional tissue biopsies.

Previous studies have suggested that psychological stress
can adversely influence antitumor immunity via neuroen-
docrine pathways, including the HPA axis and SAM system
activation."®*® For instance, Fraterman et al demonstrated
that pretreatment ED in melanoma patients was associated
with reduced responses to ICls, suggesting that ED may
impair immune activation through alterations in cytokine
profiles or immune cell populations.® Similarly, a recent
prospective study involving patients with advanced
non-small-cell lung cancer revealed a significant association
between ED and unfavorable clinical outcomes, such as a
shorter PFS, a lower ORR, and a reduced OS.This study also
reported elevated cortisol levels in patients with ED, further
linking psychological stress to immune suppression and
impaired treatment efficacy.®* Our study extends these find-
ings to rHGG, characterized by an immunologically “cold”
microenvironment. While previous research has primarily
focused on cancers with inflamed tumor microenviron-
ments, such as melanoma, our results suggest that ED may
exert an even more pronounced effect in gliomas, where
baseline immune activation is inherently limited.6=’

The mechanisms linking ED to reduced ICB efficacy in
glioma patients likely involve both systemic and localized
immune modulation. ED can induce prolonged activation of
the HPA axis, resulting in increased glucocorticoid secretion,
known to suppress antitumor immunity by inhibiting T-cell
proliferation and enhancing immune evasion.*** Sustained
activation of the sympathetic nervous system may lead to
increased catecholamine secretion, creating a tumor micro-
environment that suppresses immune responses by stimu-
lating regulatory T cells and myeloid-derived suppressor
cells.*>* Cui and Kang demonstrated that chronic stress
reduces CCL3 secretion, a chemokine critical for maintaining
effective antitumor immune responses. Decreased CCL3



https://academic.oup.com/noa/article-lookup/10.1093/noajnl/vdag040/#supplementary-data
https://academic.oup.com/noa/article-lookup/10.1093/noajnl/vdag040/#supplementary-data
https://academic.oup.com/noa/article-lookup/10.1093/noajnl/vdag040/#supplementary-data
https://academic.oup.com/noa/article-lookup/10.1093/noajnl/vdag040/#supplementary-data
https://academic.oup.com/noa/article-lookup/10.1093/noajnl/vdag040/#supplementary-data

Wang et al.: ED impairs ICB efficacy in glioma

leads to a more immunosuppressive microenvironment in
gliomas, potentially hindering immune cell infiltration and
antitumor activity.** Additionally, key signaling pathways
such as AXON guidance mediate this effect. AXON guidance
genes, including SEMAA4F, promote glioma cell infiltration by
facilitating bidirectional signaling with neurons and remod-
eling peritumoral synapses.* This pathway is likely exacer-
bated in ED patients by stress-related immune-modulating
molecules, such as glucocorticoids, which heighten neuronal
activity and tumor invasiveness. Recent findings reveal that
the body-brain neural circuit, mediated by vagal signaling
and specific brainstem neurons, plays a pivotal role in mod-
ulating peripheral inflammatory responses, maintaining
immune balance in various immune dysregulation disorders,
and underscoring the central nervous system'’s critical func-
tion in regulating peripheral immune environments.’ Such
a body-brain axis could represent a pathway through which
ED impacts tumor immunotherapy efficacy, particularly in
“cold” tumors like gliomas. The neuroimmune interactions
triggered by ED through similar body-brain signaling mech-
anisms may lead to an immunosuppressive microenviron-
ment, thereby influencing therapeutic outcomes in glioma
patients. Our integrative findings including elevated systemic
inflammatory markers, reduced TILs, high TISF-TMB, and
impaired ctDNA clearance, collectively suggest a multifac-
eted immunosuppressive phenotype in ED patients, corre-
sponding preclinical and clinical observations in other
related studies.*®

Based on neuropathological observations, we cautiously
speculate that the immune responses observed in this trial
may be at least partially immune-mediated. Notably, patients
without ED showed an overall increase in intratumoral
CD3+, CD4+, CD8+, CD68+, and CD163+ immune cells fol-
lowing treatment, suggesting a potentially enhanced local
immune activation. In contrast, patients with ED exhibited
either reduced or minimal changes in these immune popu-
lations, hinting at a possible state of immune inertia or sup-
pression. Although limited by small sample size, this pattern
echoes our systemic findings of elevated NLR and impaired
ctDNA clearance in the ED group, and may reflect a multi-
faceted impact of psychological distress on both systemic
and local immunity. Interestingly, CD163+ macrophage infil-
tration increased post-treatment in all patients, regardless
of ED status. This uniform upregulation could signify a
shared escape adaptation of recurrent gliomas, in which
enrichment of CD163+ tumor-associated macrophages, fre-
quently linked to the M2 phenotype, contributes to sustained
immunosuppression despite therapeutic intervention.*

We acknowledge this combined treatment regimen is not
an internationally established standard-of-care regimen at
recurrence. In our setting, treatment selection at recurrence is
shaped by local formulary and reimbursement constraints,
and several agents commonly used elsewhere are not rou-
tinely available or not incorporated into local guideline-based
pathways. Accordingly, our cohort reflects a pragmatic regional
practice pattern, which should be considered when interpret-
ing the external generalizability of our findings. We therefore
adopted this biologically motivated approach to leverage
anti-VEGF-mediated microenvironmental modulation as a
potential means to support immune engagement. Mech-
anistically, VEGF-driven vascular dysfunction and VEGF-
associated immunosuppressive signaling may impede

immune-cell trafficking.”® The concept of a dose-dependent
vascular normalization window supports the use of appropri-
ately dosed anti-VEGF therapy to transiently improve vascular
function and immune accessibility, whereas excessive VEGF
blockade may over-prune vessels and impair the delivery and
efficacy of concomitant therapies.***"These microenvironmen-
tal considerations further emphasize the importance of identi-
fying clinical factors—such as ED—that may be associated with
impaired immune activation and reduced therapeutic benefit.

Given the high prevalence of ED in patients with recurrent
glioma, who often experience significant psychological chal-
lenges such as anxiety and depression post-diagnosis, integrat-
ing psychosocial support into standard clinical care protocols
could potentially improve treatment outcomes.®? Routine ED
screening using validated assessment tools like the PHQ-9 and
GAD-7 could facilitate early identification of at-risk patients.?*'
Targeted interventions, including cognitive behavioral therapy
or pharmacological treatments, may mitigate the negative
impact of ED on immune function.®®* Moreover, our findings
suggest that assessing ED may serve as a non-invasive bio-
marker, enabling the identification of patients most likely to
respond positively to ICB therapy. This could facilitate more
tailored treatment strategies for individual patients.

This study has several limitations. First, its observational
design limits the ability to establish a definitive causal rela-
tionship between ED and ICB efficacy, despite the use of
propensity score matching to reduce potential confounding.
Second, ED was assessed only once at baseline, without
longitudinal follow-up. This limited the ability to capture
fluctuations in psychological status over time, which may
be relevant to treatment response. The study did not incor-
porate a standardized psycho-oncology pathway, and sub-
sequent psychological interventions or psychotropic
medication use were not longitudinally captured.This limits
our ability to assess how distress management may have
affected ED trajectories and treatment outcomes.Third, neu-
roendocrine biomarkers such as cortisol, ACTH, or catechol-
amines were not measured. At the time of study design,
there was no established consensus on optimal timing and
methodology for endocrine sampling in glioma patients
undergoing immunotherapy, limiting the feasibility of such
measurements in this context. Finally, the single-center
nature of this study may restrict the generalizability of our
findings to broader populations with different demographic
or healthcare characteristics.

Future studies should focus on identifying the precise
molecular pathways through which ED influences the tumor
immune microenvironment in gliomas. Greater attention
should be directed toward the regulatory mechanisms of
neuron-tumor cell interactions on the glioma immune micro-
environment. Longitudinal studies incorporating serial biop-
sies or advanced imaging techniques could provide deeper
insights into the dynamic immune changes and cytokine
profiles associated with ED. Additionally, clinical trials inves-
tigating the effectiveness of psychosocial interventions along-
side ICB therapy could help determine whether alleviating ED
improves immunotherapy outcomes. Expanding this research
to a multicenter setting would enhance the robustness of
findings and support their broader applicability.

In conclusion, this study provides prospective observa-
tional evidence suggesting an association between ED and
reduced immunotherapy efficacy and survival outcomes



in patients with rHGG. Patients with ED experienced
reduced OS and PFS, as well as lower response rates to
immunotherapy. The findings emphasize the importance
of incorporating psychological factors into the manage-
ment of glioma patients, particularly those receiving immu-
notherapy. Integrating psychosocial support measures may
enhance the therapeutic response to ICB and improve
patient outcomes. Future research should further elucidate
the mechanisms by which ED affects tumor immunity and
evaluate interventions to mitigate these effects in clinical
settings.

Supplementary Material

Supplementary material is available online at
Neuro-Oncology Advances (https://academic.oup.
com/noa).

Keywords

circulating tumor DNA | emotional distress | high-grade
glioma | immune checkpoint blockade | tumor in
situ fluid

Author Contributions

X.B.: Conceptualization; D.W., J.Z,, G.L, J.M., Z.S. and X.B.:
Methodology; J.Z, G.L, C.B., SW., M.L,, Z.S., ZY., M.W. and X.B.:
Investigation; D.W., G.L., and Y.G.: Visualization; X.B.: Funding
acquisition; X.B.: Project administration; R.Z. and X.B.:Supervision;
D.W and X.B.: Writing—original draft; D.W., J.Z, Y.S, M.W, and
X.B.: Writing—review and editing.

Conflict of Interest Statement

None declared.

Funding

This work was supported by grants from Natural Science
Foundation of Henan Province (232300421171); Research
Foundation of the Health Commission of Henan Province
(SBGJ20232006); and Henan Medical Science and Technology
Research Youth Co-construction Project (SBGJ202103017).

Acknowledgments

We thank the patients and their families that enrolled in the study.

Wang et al.: ED impairs ICB efficacy in glioma

Ethics

Ethical approval for this investigation was obtained from the
Ethics Committee of Henan Provincial People’s Hospital. Written
informed consent was obtained from all participants prior to
enrollment.

Data Availability

Data underlying this article is available upon request per Alliance
procedures.

Affiliations

Department of Neurosurgery, Henan University People’s Hospital,
Henan Provincial People’s Hospital, Zhengzhou, China (D.W., S.W.,
X.B.); Department of Neurosurgery, Zhengzhou University
People’s Hospital, Henan Provincial People’s Hospital, Zhengzhou,
China(D.W.,J.Z,G.L,M.L,G.Lv., ZS.,J.M., ZY., Y.G., X.B.); Clinical
Center for Glioma Henan Provincial People’s Hospital, Henan
Province Precision Diagnosis and Treatment Engineering
Research Center for Glioma, Zhengzhou, China (D.W., J.Z,, G.L,
C.B., SW., M.L, G.Lv, ZS., J.M., .., Y.G., X.B.); Department of
Psychological Medicine, Zhengzhou University People’s Hospital,
Henan Provincial People’s Hospital, Henan University People’s
Hospital, Zhengzhou, Henan, China (C.B.); Department of
Pathology, Henan Provincial People’s Hospital, Zhengzhou, China
(R.Z., Y.S.); Department of Radiology, Henan Provincial People’s
Hospital, Zhengzhou, China (M.W.)

References

1. Sharma P. Goswami S, Raychaudhuri D, et al. Immune checkpoint
therapy-current  perspectives and future directions.  Cell.

2023;186:1652-1669. https://doi.org/10.1016/j.cell.2023.03.006

. Carlisle JW, Steuer CE, Owonikoko TK, Saba NF. An update on the

immune landscape in lung and head and neck cancers. CA Cancer J Clin.
2020;70:505-517. https://doi.org/10.3322/caac.21630

. Carlino MS, Larkin J, Long GV. Immune checkpoint inhibitors in mela-

noma. Lancet. 2021;398:1002-1014. https://doi.org/10.1016/
S0140-6736(21)01206-X

. Cercek A, Lumish M, Sinopoli J, et al. PD-1 blockade in mismatch

repair-deficient, locally advanced rectal cancer. N Engl J Med.
2022;386:2363-2376. https://doi.org/10.1056/NEJMoa2201445

. Preddy I, Nandoliya K, Miska J, Ahmed AU. Checkpoint: inspecting the

barriers in glioblastoma immunotherapies. Semin Cancer Biol.
2022;86:473-481. https://doi.org/10.1016/].semcancer.2022.02.012

. Weller M, Wen PY, Chang SM, et al. Glioma. Nat Rev Dis Primers.

2024;10:33. https://doi.org/10.1038/s41572-024-00516-y

. Lim M, Xia YX, Bettegowda C, Weller M. Current state of immunotherapy

for glioblastoma. Nat Rev Clin Oncol. 2018;15:422-442. https://doi.
org/10.1038/s41571-018-0003-5


https://academic.oup.com/noa/article-lookup/10.1093/noajnl/vdag040/#supplementary-data
https://academic.oup.com/noa
https://academic.oup.com/noa
https://doi.org/10.1016/j.cell.2023.03.006
https://doi.org/10.3322/caac.21630
https://doi.org/10.1016/S0140-6736(21)01206-X
https://doi.org/10.1016/S0140-6736(21)01206-X
https://doi.org/10.1056/NEJMoa2201445
https://doi.org/10.1016/j.semcancer.2022.02.012
https://doi.org/10.1038/s41572-024-00516-y
https://doi.org/10.1038/s41571-018-0003-5
https://doi.org/10.1038/s41571-018-0003-5

Wang et al.: ED impairs ICB efficacy in glioma

8.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

van den Bent MJ, Geurts M, French PJ, et al. Primary brain tumours in
adults. Lancet. 2023;402:1564-1579. https://doi.org/10.1016/S0140-
6736(23)01054-1

. Boesch M, Baty F, Kowatsch T, Wolf D, Friih M, Brutsche MH. Call for a

holistic framework for cancer immunotherapy. Cancer. 2022;128:
3772-3774. https://doi.org/10.1002/cncr.34467

Guo WJ, Wang HY, Deng W, et al. Effects of anxiety and depression and
early detection and management of emational distress on length of stay
in hospital in non-psychiatric inpatients in China: a hospital-based cohort
study. Lancet. 2019;394:83-83.

Pitman A, Suleman S, Hyde N, Hodgkiss A. Depression and anxiety in
patients with cancer. BMJ. 2018;361:k1415. https://doi.org/10.1136/
bmj.k1415

Mitchell AJ, Chan M, Bhatti H, et al. Prevalence of depression, anxiety,
and adjustment disorder in oncological, haematological, and palliative-care
settings: a meta-analysis of 94 interview-based studies. Lancet Oncol.
2011;12:160-174. https://doi.org/10.1016/S1470-2045(11)70002-X
Eckerling A, Ricon-Becker I, Sorski L, Sandbank E, Ben-Eliyahu S. Stress
and cancer: mechanisms, significance and future directions. Nat Rev
Cancer. 2021;21:767-785. https://doi.org/10.1038/s41568-021-00395-5
Yang H, Xia L, Chen J, et al. Stress-glucocorticoid-TSC22D3 axis com-
promises therapy-induced antitumor immunity. Nat Med. 2019;25:
1428-1441. https://doi.org/10.1038/s41591-019-0566-4

Jin H, Li MT, Jeong E, Castro-Martinez F, Zuker CS. A body-brain circuit
that regulates body inflammatory responses. Nature. 2024;630:695-703.
https://doi.org/10.1038/s41586-024-07469-y

Antoni MH, Dhabhar FS. The impact of psychosocial stress and stress
management on immune responses in patients with cancer. Cancer.
2019;125:1417-1431. https://doi.org/10.1002/cncr.31943

Ma YT, Kroemer G. The cancer-immune dialogue in the context of stress. Nat
RevImmunol. 2024;24:264-281. https://doi.org/10.1038/s41577-023-00949-8
Fridman WH, Zitvogel L, Sautes-Fridman C, Kroemer G. The immune
contexture in cancer prognosis and treatment. Nat Rev Clin Oncol.
2017;14:717-734. https://doi.org/10.1038/nrclinonc.2017.101

Saul AN, Oberyszyn TM, Daugherty C, et al. Chronic stress and suscep-
tibility to skin cancer. J Natl Cancer Inst. 2005;97:1760-1767. https://
doi.org/10.1093/jnci/dji401

Wang Y, Wang X, Wang K, et al. Chronic stress accelerates glioblastoma
progression via DRD2/ERK/p-catenin axis and dopamine/ERK/TH posi-
tive feedback loop. J Exp Clin Cancer Res. 2023;42:161. https://doi.
org/10.1186/513046-023-02728-8

Segura PP, Quintela NV, Garcia MM, et al. SEOM-GEINO clinical guide-
lines for high-grade gliomas of adulthood (2022). Clin Trans! Oncol.
2023;25:2634-2646. https://doi.org/10.1007/s12094-023-03245-y
Rooney AG, Carson A, Grant R. Depression in cerebral glioma patients:
a systematic review of observational studies. J Nat/ Cancer Inst.
2011;103:61-76. https://doi.org/10.1093/jnci/djq458

Loughan A, Willis K, Lanoye A, et al. Exploring calm in patients with
high-grade glioma. Neuro-Oncology 2021;23:vi184-184. https://doi.
org/10.1093/neuonc/noab196.728

Sheng ZY, Yu JL, Deng KY, et al. Integrating real-time in vivo tumour
genomes for longitudinal analysis and management of glioma recur-
rence. Clin Trans! Med. 2021;11:€567. https://doi.org/10.1002/ctm?2.567
Sheng ZY, Yu JL, Deng KY, et al. Characterizing the genomic landscape
of brain glioma with circulating tumor DNA from tumor in situ fluid. Front
Oncol. 2021;11:584988. https://doi.org/10.3389/fonc.2021.584988

Xu SS, Sheng ZY, Yu JL, et al. Real-time longitudinal analysis of human
gliomas reveals in vivo genome evolution and therapeutic impact under
standardized treatment. Clin Trans/ Med. 2022;12:€956. https://doi.
org/10.1002/ctm2.956

Yu JL, Sheng ZY, Wu S, et al. Tumor DNA from tumor in situ fluid reveals
mutation landscape of minimal residual disease after glioma surgery

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

and risk of early recurrence. Front Oncol. 2021;11:742037. https://doi.
org/10.3389/fonc.2021.742037

Wen P, Van Den Bent M, Youssef G, et al. Rano 2.0: update to the
response assessment in neuro-oncology (rano) criteria for high- and
low-grade gliomas in adults. J Clin Oncol. 2023;41:5187-5199. https://
doi.org/10.1200/JC0.23.01059

Deshields TL, Wells-Di Gregorio S, Flowers SR, et al. Addressing distress
management challenges: recommendations from the consensus panel
of the American psychosocial oncology society and the association of
oncology social work. CA Cancer J Clin. 2021;71:407-436. https://doi.
o0rg/10.3322/caac.21672

Kroenke K, Spitzer RL, Williams JBW. The PHQ-9—validity of a brief
depression severity measure. J Gen Intern Med. 2001;16:606-613.
https://doi.org/10.1046/].1525-1497.2001.016009606.x

Spitzer RL, Kroenke K, Williams JBW, Léwe B. A brief measure for
assessing generalized anxiety disorder—the GAD-7. Arch Intern Med.
2006;166:1092-1097. https://doi.org/10.1001/archinte.166.10.1092
Kurz CF, Krzywinski M, Altman N. Propensity score matching. Nat Methods.
2024;21:1770-1772. https://doi.org/10.1038/s41592-024-02405-4

YiL, Lin X, She XL, Gao W, Wu MH. Chronic stress as an emerging
risk factor for the development and progression of glioma. Chin
Med J (Engl). 2024;137:394-407. https://doi.org/10.1097/CM9.
0000000000002976

Fraterman |, Reijers ILM, Dimitriadis P. et al. Association between pre-
treatment emotional distress and neoadjuvant immune checkpoint block-
ade response in melanoma. Nat Med. 2023;29:3090-3099. https://doi.
0rg/10.1038/s41591-023-02631-x

Zeng Y, Hu CH, Li YZ, et al. Association between pretreatment emotional
distress and immune checkpoint inhibitor response in non-small-cell lung
cancer. Nat Med. 2024;30:1680-1688. https://doi.org/10.1038/s41591-
024-02929-4

Tan AC, Ashley DM, Lépez GY, Malinzak M, Friedman HS, Khasraw M.
Management of glioblastoma: state of the art and future directions. CA
Cancer J Clin. 2020;70:299-312. https://doi.org/10.3322/caac.21613
Andersen BM, Akl CF, Wheeler MA, Chiocca EA, Reardon DA, Quintana
FJ. Glial and myeloid heterogeneity in the brain tumour microenviron-
ment. Nat Rev Cancer. 2021;21:786-802. https://doi.org/10.1038/
s41568-021-00397-3

Picard M, McManus MJ, Gray JD, et al. Mitochondrial functions modu-
late neuroendocrine, metabolic, inflammatory, and transcriptional
responses to acute psychological stress. Proc Nat/ Acad Sci U S A.
2015;112:E6614-E6623. https://doi.org/10.1073/pnas. 1515733112
Ulrich-Lai YM, Herman JP. Neural regulation of endocrine and autonomic
stress responses. Nat Rev Neurosci. 2009;10:397-409. https://doi.
org/10.1038/nrn2647

Saha B, Mondal AC, Basu S, Dasgupta PS. Circulating dopamine level,
in lung carcinoma patients, inhibits proliferation and cytotoxicity of
CD4+and CD8+T cells by D1 dopamine receptors: an in vitro analysis. Int
Immunopharmacol. 2001;1:1363-1374. https://doi.org/10.1016/s1567-
5769(01)00068-6

Figueroa C, Galvez-Cancino F, Oyarce C, et al. Inhibition of dopamine recep-
tor D3 signaling in dendritic cells increases antigen cross-presentation to
CD8+ T-cells favoring anti-tumor immunity. J Neuroimmunol. 2017,
303:99-107. https://doi.org/10.1016/}.jneuroim.2016.12.014

Hoeppner LH, Wang Y, Sharma A, et al. Dopamine D2 receptor agonists
inhibit lung cancer progression by reducing angiogenesis and tumor
infiltrating myeloid derived suppressor cells. Mol Oncol. 2015;9:270-281.
https://doi.org/10.1016/j.molonc.2014.08.008

Wu J, Zhang RH, Tang N, et al. Dopamine inhibits the function of
Gr-1+CD115+ myeloid-derived suppressor cells through D1-like receptors
and enhances anti-tumor immunity. J Leukoc Biol. 2015;97:191-200.
https://doi.org/10.1189/jIh.5A1113-626RR


https://doi.org/10.1016/S0140-6736(23)01054-1
https://doi.org/10.1016/S0140-6736(23)01054-1
https://doi.org/10.1002/cncr.34467
https://doi.org/10.1136/bmj.k1415
https://doi.org/10.1136/bmj.k1415
https://doi.org/10.1016/S1470-2045(11)70002-X
https://doi.org/10.1038/s41568-021-00395-5
https://doi.org/10.1038/s41591-019-0566-4
https://doi.org/10.1038/s41586-024-07469-y
https://doi.org/10.1002/cncr.31943
https://doi.org/10.1038/s41577-023-00949-8
https://doi.org/10.1038/nrclinonc.2017.101
https://doi.org/10.1093/jnci/dji401
https://doi.org/10.1093/jnci/dji401
https://doi.org/10.1186/s13046-023-02728-8
https://doi.org/10.1186/s13046-023-02728-8
https://doi.org/10.1007/s12094-023-03245-y
https://doi.org/10.1093/jnci/djq458
https://doi.org/10.1093/neuonc/noab196.728
https://doi.org/10.1093/neuonc/noab196.728
https://doi.org/10.1002/ctm2.567
https://doi.org/10.3389/fonc.2021.584988
https://doi.org/10.1002/ctm2.956
https://doi.org/10.1002/ctm2.956
https://doi.org/10.3389/fonc.2021.742037
https://doi.org/10.3389/fonc.2021.742037
https://doi.org/10.1200/JCO.23.01059
https://doi.org/10.1200/JCO.23.01059
https://doi.org/10.3322/caac.21672
https://doi.org/10.3322/caac.21672
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1038/s41592-024-02405-4
https://doi.org/10.1097/CM9.0000000000002976
https://doi.org/10.1097/CM9.0000000000002976
https://doi.org/10.1038/s41591-023-02631-x
https://doi.org/10.1038/s41591-023-02631-x
https://doi.org/10.1038/s41591-024-02929-4
https://doi.org/10.1038/s41591-024-02929-4
https://doi.org/10.3322/caac.21613
https://doi.org/10.1038/s41568-021-00397-3
https://doi.org/10.1038/s41568-021-00397-3
https://doi.org/10.1073/pnas.1515733112
https://doi.org/10.1038/nrn2647
https://doi.org/10.1038/nrn2647
https://doi.org/10.1016/s1567-5769(01)00068-6
https://doi.org/10.1016/s1567-5769(01)00068-6
https://doi.org/10.1016/j.jneuroim.2016.12.014
https://doi.org/10.1016/j.molonc.2014.08.008
https://doi.org/10.1189/jlb.5A1113-626RR

44,

45,

46.

47.

48.

Cui XT, Kang CS. Stressing the role of CCL3 in reversing the immunosup-
pressive microenvironment in gliomas. Cancer Immunol Res.
2024;12:514-514. https://doi.org/10.1158/2326-6066.CIR-24-0254
Huang-Hobbs E, Cheng YT, Ko YJ, et al. Remote neuronal activity drives
glioma progression through SEMA4F. Nature. 2023;619:844-850. https://
doi.org/10.1038/s41586-023-06267-2

Gromeier M, Brown MC, Zhang G, et al. Very low mutation burden is a
feature of inflamed recurrent glioblastomas responsive to cancer immu-
notherapy. Nat Commun. 2021;12:352. https://doi.org/10.1038/
$41467-020-20469-6

McGrail DJ, Pilié PG, Rashid NU, et al. High tumor mutation burden fails
to predict immune checkpoint blockade response across all cancer types.
Ann Oncol. 2021;32:661-672. https://doi.org/10.1016/}.annonc.2021.02.006
Huang RZ, Kang T, Chen SY. The role of tumor-associated macrophages
in tumor immune evasion. J Cancer Res Clin Oncol. 2024;150:238.
https://doi.org/10.1007/s00432-024-05777-4

49.

50.

51.

52.

53.

Wang et al.: ED impairs ICB efficacy in glioma

Fukurnura D, Kloepper J, Amoozgar Z, Duda DG, Jain RK. Enhancing
cancer immunotherapy using antiangiogenics: opportunities and chal-
lenges. Nat Rev Clin Oncol. 2018;15:325-340.

Jain RK. Normalization of tumor vasculature: an emerging concept in
antiangiogenic therapy. Science. 2005;307:58-62. https://doi.org/10.1126/
science.1104819

Melhem JM, Tahir A, Calabrese E, et al. Dose-dependent efficacy
of bevacizumab in recurrent glioblastoma. J Neuro-Oncol. 2023;161:
633-641.

Rooney AG, McNamara S, Mackinnon M, et al. Frequency, clinical asso-
ciations, and longitudinal course of major depressive disorder in adults
with cerebral glioma. J Clin Oncol. 2011;29:4307-4312. https://doi.
0rg/10.1200/JC0.2011.34.8466

Wielgosz J, Schuyler BS, Lutz A, Davidson RJ. Long-term mindfulness
training is associated with reliable differences in resting respiration rate.
Sci Rep. 2016;6:27533. https://doi.org/10.1038/srep27533



https://doi.org/10.1158/2326-6066.CIR-24-0254
https://doi.org/10.1038/s41586-023-06267-2
https://doi.org/10.1038/s41586-023-06267-2
https://doi.org/10.1038/s41467-020-20469-6
https://doi.org/10.1038/s41467-020-20469-6
https://doi.org/10.1016/j.annonc.2021.02.006
https://doi.org/10.1007/s00432-024-05777-4
https://doi.org/10.1126/science.1104819
https://doi.org/10.1126/science.1104819
https://doi.org/10.1200/JCO.2011.34.8466
https://doi.org/10.1200/JCO.2011.34.8466
https://doi.org/10.1038/srep27533

	Active Content List
	Methods
	Results
	Discussion
	Supplementary Material


