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Purpose: Patients with glioma often fail to achieve satisfactory outcomes despite receiving surgery, radiotherapy, and chemotherapy.
Photodynamic therapy (PDT) shows promise in addressing the limitations of traditional treatments. However, the immunological
effects of PDT in glioma patients remain underexplored. This study aims to fill this gap by analyzing lymphocyte subpopulations and
inflammatory markers in glioma patients undergoing PDT-assisted surgery.

Patients and Methods: To enhance our comprehension of the immunobiology of glioma within a clinical framework, we
conducted a retrospective analysis of glioma patients from September 2019 to December 2023. Peripheral blood lymphocyte
subpopulations (CD3+, CD19+, CD4+, CD8+, CD4+/CD8+) and hematological inflammatory factors were compared among 18
patients who underwent surgery with PDT, 10 patients treated with surgery alone, and healthy controls. Additionally, lymphocyte
subpopulations from 48 healthy individuals and hematology inflammatory factors from 38 healthy controls were regarded as
controls.

Results: PDT-assisted surgery resulted in significant alterations in lymphocyte subpopulations and inflammatory markers before and
after treatment, particularly in CD4+ and CD8+ T cells. PDT-treated patients demonstrated a superior therapeutic response compared
to surgery alone (P=0.035). Notably, primary glioma patients had more prolonged overall survival than recurrent glioma patients
(P=0.039).

Conclusion: PDT-assisted surgery significantly affects lymphocyte subpopulations and inflammatory markers, enhancing immune
response in glioma patients. These findings support the use of PDT as an effective adjuvant therapy. Monitoring lymphocyte
subpopulations and inflammatory markers may be valuable for glioma prognosis and treatment optimization.
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Introduction

Glioma is a type of tumor that originates from brain and spinal glial cells, accounting for 32% of all primary central
nervous system malignant tumors and 80% of all malignant tumors.'* The lethality rate within the first year of
diagnosis is close to 80%.” According to the 2021 World Health Organization (WHO) “Fifth Central Nervous
System Tumors Classification”, grade 1 and 2 gliomas are termed low-grade gliomas, while grades 3 and 4 are
categorized as high-grade gliomas. Molecular diagnosis is included in tumor classification, and adult diffuse gliomas
are divided into isocitrate dehydrogenase (IDH) wild-type and mutant (with or without 1p/19g-co-deletion)
subtypes.® Glioma carrying mutant IDH has different clinical characteristics from glioma carrying wild-type IDH,
and IDH mutations may cause low-grade gliomas to progress to high-grade gliomas.”®
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Presently, glioma treatment involves a multimodal approach, comprising maximal surgical resection combined
with postoperative chemoradiotherapy; however, it still exhibits a poor prognosis with a median survival of 12—18
months. Complete eradication of brain tumors is challenging, and even with radiologically complete resection,
recurrence is common, posing a significant challenge to current treatment modalities. Photodynamic therapy (PDT)
may emerge as a prominent anti-tumor treatment method in the future due to its advantages, such as high safety,
precise targeting, low invasiveness, and minimal side effects.” However, there are limited reports on the compre-
hensive comparison of different glioma subgroups, particularly regarding the impact of surgical resection supple-
mented by PDT on the immune system of glioma patients. Our study aims further to elucidate the changes in
immunological indices after PDT and assess the safety and efficacy of PDT in treating glioma.

Currently, PDT has been extensively utilized in various types of tumors, including esophageal cancer, melanoma, and
multidrug-resistant breast cancer.'®'® As an adjuvant treatment following malignant glioma resection, PDT has proven
safe and effective, with reported survival extensions of 73% for patients with anaplastic astrocytoma and 75% for patients
with glioblastoma multiforme.'*'® Most complications related to PDT are triggered by tumor resection rather than laser

Table | The General Information of Patients with Glioma in This Study

Characteristics PDT Group | Non-PDT Group | P-Value*
All patients (n) 18 10
Age, years (meanxSD) 54.67+9.38 52.00+12.25 0.991
Sex, n (%) 0.689
Male 8(44.44) 3(30.00)
Female 10(55.56) 7(70.00)
Starting point, n (%) 1.000
Primary 8(44.44) 2(20.00)
Recurrent 10(55.56) 8(80.00)
Clinical stage, n (%) 0.444
Grade 2 and 3 6(33.33) 5(50.00)
Grade 4 12(66.67) 5(50.00)
IDH1/2 mutation 0.08
+ 6(33.33) 8(80.00)
- 12(66.67) 2(20.00)
Treatment regimen, n (%) N
PDT 18 0
Non-PDT 0 10

Notes: Wilcoxon W-test, *P-values <0.05 is deemed statistically significant.
Abbreviation: PDT, photodynamic therapy.

Table 2 Comparative Analysis of Lymphocyte Subpopulations Among Grade 2 and 3 and Grade 4 Glioma Patients
versus Healthy Controls at Enrollment

Group CD3+ CDI9+ CD4+ CD8+ CD4+/CD8+

Grade 2 and 3 glioma | 70.90(66.10-76.60) | 9.50(5.80-11.10) 37.00(30.70—40.10) | 29.80(26.20-32.70) | 1.32(1.06—1.38)

Grade 4 glioma 69.10(57.85-77.10) | 15.60(10.65-23.20) | 41.30(33.10—47.80) | 18.10(14.80-27.25) | 2.30(1.25-3.09)
Control 76.20(72.45-78.98) | 12.55(10.73-14.93) | 43.35(38.43—46.15) | 26.90(25.00-28.55) | 1.62(1.40-1.77)
H 11.760 12.751 11.070 12.050 13.106

P 0.003 0.002 0.004 0.002 0.001

Notes: Kruskal-Wallis H-test, P-values <0.05 is deemed statistically significant.
Abbreviations: CD3+, CD3+T cells; CDI19+, CD 19+ T cells; CD4+, CD4+ T cells; CD8+, CD8+ T cells; CD4+/CD8+, the ratio of CD4+ T cells to
CD8+ T cells.
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irradiation alone.'” The mechanism of PDT operates by employing designated red light wavelengths to irradiate and
activate photosensitizers within tumor tissue, initiating the production of cytotoxic elements like reactive oxygen species,
which ultimately results in the death of tumor cells.'® In addition to its direct cytotoxic effects, PDT exerts its antitumor
effects primarily through modulation of the immune and inflammatory responses and microvascular destruction. PDT
often induces a robust acute inflammatory response, thereby enhancing the immunogenicity of tumor cells and stimulat-
ing the body’s anti-tumor immune response.'*?° We found a positive correlation between PDT treatment and treatment
efficacy in this study. Previous studies have shown that PDT improves median survival in high-grade gliomas and
extends the 2-year survival rate of patients from 18% to 28%.?' An in vitro experiment demonstrated that 5-ALA PDT of
GBM spheroids recruited and activated dendritic cells, while an in vivo experiment showed that G422 hGG mice

exhibited increased immune cell infiltration and cytokine release following PDT.****
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Figure | Distribution of lymphocyte subpopulations (CD3+, CD 19+, CD4+, CD8+, CD4+/CD8+) in patients with grade 2 and 3 and grade 4 glioma compared to healthy
controls. (A) CD3+ levels are reduced in grade 4 compared to controls; (B) Grade 2 and 3 gliomas show decreased CD4+ levels relative to controls; (C) Grade 4 patients
exhibit lower CD8+ levels compared to grade 2 and 3 gliomas and controls; (D and E) Grade 2 and 3 glioma patients have reduced CD4+/CD8+ ratios and CD 19+ levels
compared to grade 4 glioma patients and controls. Distribution of CD3+, CD19+, CD4+, CD8+, CD4+/CD8+ cells in grade 2 and 3 and grade 4 glioma patients and
controls. *P-values < 0.05, **P-values < 0.01.

Abbreviations: CD3+, CD3+T cells; CDI19+, CDI9+ T cells; CD4+, CD4+ T cells; CD8+, CD8+ T cells; CD4+/CD8+, the ratio of CD4+ T cells to CD8+ T cells.
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Despite its immune privilege, glioma can still induce extensive host immunosuppression.”*** Effector immune
cells, particularly T cells, are pivotal in antitumor responses, capable of crossing the blood-brain barrier and
mediating antigen-specific reactions.”® However, glioblastoma multiforme (GBM) patients experience profound
systemic and localized immunosuppression.””** Additionally, Nseyo et al found that urinary cytokines IL-1B and
TNF-a were detectable in bladder cancer patients only after PDT with the highest fluence but not in the control
group or the group treated with the lowest fluence.”® Fortunately, immune activation through PDT offers promising
therapeutic potential for glioma patients. Many studies suggest that gliomas produce a range of inflammatory
mediators and molecules known as damage-associated molecular patterns (DAMPs), which become translocated
and upregulated on the cell membrane after PDT. This process activates host immune cells, including leukocytes that
infiltrate the tumor site and produce proinflammatory factors and cytokines. Neutrophils rapidly migrate to the
treatment site to clear photodamaged tumor cells, while dendritic cells (DCs) and macrophages facilitate migration
and phagocytosis.’®! Retrospective analysis indicates that severe and persistent reductions in CD4+ counts are
common among newly diagnosed high-grade glioma (HGG) patients undergoing radiotherapy and temozolomide
treatment, correlating with therapy and linked to early death from tumor progression.>* Further investigation reveals
a significant downregulation of genes associated with T-cell activation in CD4+ and CD8+ T cells and an
upregulation of suppressor genes in immunosuppressive regulatory T (Treg) cells in GBM patients.®> Numerous
studies highlight the crucial role of neuroinflammatory responses in glioma development.***> Systemic inflammation
increases neutrophils and a decrease in lymphocytes, leading to immune cell cytolytic activity suppression and
immunosuppression. Lymphopenia reflects impaired cell-mediated immunity, while neutrophilia signifies systemic
inflammation with suppressive anticancer activity and T-cell cytotoxicity.*® Platelet-induced angiogenesis and
vascular endothelial growth factor secretion contribute to glioma progression in GBM patients, while platelet-
derived growth factor contributes to oncogenic transformation and tumorigenesis.”’ Platelets and neutrophils

Table 3 Changes in Lymphocyte Subpopulations Levels 48h Before and After PDT Treatment in Grade 2 and
3 Glioma Patients (n=6) [%; Median (Range)]

Group CD3+ CDI9+ CD4+ CD8+ CD4+/CD8+

PDT before | 71.35(46.47-81.38) | 9.05(7.40-12.65) | 37.50(25.93—42.63) | 27.15(17.83-32.78) | 1.33(1.20-1.51)

PDTafter | 73.45(51.83-81.95) | 9.20(6.80-16.35) | 35.00(28.33—40.80) | 27.55(20.10-35.95) | 1.35(0.99—1.48)

z —0.524 —1.153 —0.943 0.943 0.524

P 0.600 0.249 0.345 0.345 0.600

Notes: Wilcoxon signed-rank, P-values <0.05 is deemed statistically significant.
Abbreviations: PDT, photodynamic therapy; CD3+, CD3+T cells; CD 19+, CD19+ T cells; CD4+, CD4+ T cells; CD8+, CD8+ T cells; CD4
+/CD8+, the ratio of CD4+ T cells to CD8+ T cells.

Table 4 Changes in Lymphocyte Subpopulations Levels 48h Before and After PDT Treatment in Grade 4
Glioma Patients (n=12) [%; Median (Range)]

Group CD3+ CDI9+ CD4+ CD8+ CD4+/CD8+

PDT before | 70.35(63.00-77.03) | 14.30(8.40-25.08) | 41.60(34.08—48.05) | 18.05(14.60-25.20) | 2.33(1.54-2.92)

PDT after 56.80(47.33-69.85) | 18.80(12.28-24.15) | 29.85.(26.88-34.68) | 20.45(17.15-31.25) | 1.35(0.90-2.10)

z —2.275 —1.100 —2.197 0.235 -2.118

P 0.023 0.272 0.028 0.814 0.034

Notes: Wilcoxon signed-rank was constructed, P-values <0.05 is deemed statistically significant.
Abbreviations: PDT, photodynamic therapy; CD3+, CD3+T cells; CD 19+, CD19+ T cells; CD4+, CD4+ T cells; CD8+, CD8+ T cells; CD4
+/CD8+, the ratio of CD4+ T cells to CD8+ T cells.
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Figure 2 Changes in lymphocyte subpopulations (CD3+, CD4+, CD4+/CD8+) pre- and post-PDT in grade 2 and 3 and grade 4 glioma patients. (A—C) No significant change
in CD3+, CD4+, and CD4+/CD8+ levels in grade 2 and 3 gliomas post-PDT; (D-F) Reduction in CD3+, CD4+, and CD4+/CD8+ levels post-PDT in grade 4 gliomas.
Abbreviations: PDT, photodynamic therapy; CD3+, CD3+T cells; CD4+, CD4+ T cells; CD8+, CD8+ T cells; CD4+/CD8+, the ratio of CD4+ T cells to CD8+ T cells.

promote tumor cell survival, invasion, metastasis, and proliferation.*®*° Tumor-associated macrophages stimulate
tumor development and angiogenesis by releasing TNF-q, vascular endothelial growth factor, and epidermal growth
factor.*® Conversely, lymphocytes inhibit cancer cell proliferation and migration by inducing cytotoxic cell

Table 5 Comparative Analysis of Lymphocyte Subpopulations Between IDHI/2 Mutation- and + Glioma Patients in
Grade 2 and 3 (n=11) [%; Median (Range)]

Group CD3+ CDI9+ CD4+ CD8+ CD4+/CD8+

IDHI/2 mutation — | 79.25(76.60 —81.90) | 10.00(8.6011.40) | 39.85(37.00-42.70) | 31.45(28.10-34.80) | 1.27(1.23-)

IDHI/2 mutation + | 66.60(57.20-74.30) | 9.50(5.75-10.85) | 34.20(29.25-39.05) | 29.80(22.25-32.40) | 1.34(1.06—1.45)

z —1.886 —0.707 —-1.179 —0.709 0.814

P 0.073 0.582 0.327 0.582 0.909

Notes: Wilcoxon W-test was constructed, P-values <0.05 is deemed statistically significant.
Abbreviations: IDH, isocitrate dehydrogenase; CD3+, CD3+T cells; CD19+, CD19+ T cells; CD4+, CD4+ T cells; CD8+, CD8+ T cells; CD4+/CD8+,
the ratio of CD4+ T cells to CD8+ T cells.
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death.*’*> Reductions in lymphocyte levels weaken the host’s anticancer immunity, resulting in poor cancer
prognosis. Additionally, these inflammatory cells secrete or induce inflammatory factors that critically impact
symptoms and bodily functions, influencing s cancer patients’ quality of life and prognosis. Novel therapies
targeting inflammatory cells and mediators offer promising avenues for advanced cancer treatment.*’

Recently, several hematological indices, including the neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), and lymphocyte-to-monocyte ratio (LMR), have emerged as potential novel biomarkers

4447 and may serve as excellent predictors for patients with glioma.**>° Higher

of baseline inflammatory processes,
PLR and NLR, along with lower LMR, suggest a robust inflammatory response coupled with weakened immune
defenses in cancer patients, correlating with diminished quality of life and treatment outcomes. Moreover, given
their dynamic nature, NLR, PLR, and LMR promptly reflect host immunity status.’’ Importantly, previous studies
have indicated that these composite inflammation ratios may possess superior predictive ability compared to
traditional inflammatory factors.’> Although lymphocyte subpopulations and hematological inflammatory markers
are readily available as routine assays, their investigation in gliomas remains limited. Identifying patterns of
expression changes in glioma patients could unveil prognostic factors and novel therapeutic avenues.
Consequently, our study aims to elucidate the alterations in expression and clinical significance of hematological
inflammatory markers and lymphocyte subpopulations in patients with different glioma types before and after
treatment. Additionally, it seeks to assess their prognostic factors to improve guidance on glioma diagnosis and

treatment, thus fostering new prognostic perspectives.

Table 6 Comparative Analysis of Lymphocyte Subpopulations Between IDH /2 Mutation- and + Glioma Patients in
Grade 4 (n=17) [%; Median (Range)]

Group CD3+ CDI9+ CD4+ CD8+ CD4+/CD8+

IDH1/2 mutation — | 68.00(54.10-72.90) | 15.20(8.70-24.40) 41.90(32.70-46.70) | 20.20(14.40-25.30) | 1.72(1.35-2.99)

IDH1/2 mutation + | 75.00(61.08-78.03) | 17.75(10.85-23.43) | 39.75(30.70-55.08 17.85(13.60-31.85) | 2.33(0.97-3.19)
z —1.005 —0.201 —0.151 0.000 —0.201
P 0.350 0.884 0.884 1.000 0.884

Notes: Wilcoxon W-test was constructed, P-values <0.05 is deemed statistically significant.
Abbreviations: IDH, isocitrate dehydrogenase; CD3+, CD3+T cells; CD 19+, CD 19+ T cells; CD4+, CD4+ T cells; CD8+, CD8+ T cells; CD4+/CD8
+, the ratio of CD4+ T cells to CD8+ T cells.

Table 7 Comparative Analysis of Lymphocyte Subpopulations in Primary versus Recurrent Glioma Patients and
Healthy Controls at Enrollment

Group CD3+ CDI9+ CD4+ CD8+ CD4+/CD8+

Primary Glioma

70.45(59.73-76.73)

18.55(9.30-28.38)

41.60(35.23-48.58)

17.30(12.55-25.98)

2.33(1.48—3.27)

Recurrent Glioma | 70.00(59.88-76.95) | 10.85(8.13-15.30) | 37.10(29.98-42.88) | 27.55(18.25-32.98) | 1.34(1.06-1.71)
Control 76.20(72.45-78.98) | 12.55(10.73-14.93) | 43.35(38.43—46.15) | 26.90(25.00-28.55) | 1.62(1.40-1.77)
H 11.586 6.403 9.154 9.197 10.060

P 0.003 0.041 0.010 0.010 0.007

Notes: Kruskal-Wallis H-test was constructed, P-values <0.05 is deemed statistically significant.
Abbreviations: CD3+, CD3+T cells; CD 19+, CD 19+ T cells; CD4+, CD4+ T cells; CD8+, CD8+ T cells; CD4+/CD8+, the ratio of CD4+ T cells to

CD8+ T cells.
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Figure 3 Comparative distribution of lymphocyte subpopulations (CD3+, CD19+, CD4+, CD8+, CD4+/CD8+) among primary and recurrent glioma patients versus
healthy controls. (A) and (B) Recurrent glioma patients exhibit significantly reduced CD3+ and CD4+ levels in comparison to healthy controls; (C) Primary glioma patients
demonstrate decreased CD8+ levels when compared to both recurrent glioma patients and healthy controls; (D) and (E) Recurrent glioma patients show lower CD4+/CD8

+ ratios and CD 19+ levels relative to those with primary glioma. *P-values < 0.05, **P-values < 0.01.
Abbreviations: PDT, photodynamic therapy; CD3+, CD3+T cells; CD19+, CD19+ T cells; CD4+, CD4+ T cells; CD8+, CD8+ T cells; CD4+/CD8+, the ratio of CD4+

T cells to CD8+ T cells.

Materials and Methods

Patients and Controls

This study enrolled 28 glioma inpatients at Zhejiang Provincial People’s Hospital between September 2019 and
December 2023. 18 patients underwent tumor resection followed by PDT using hematoporphyrin (dose 5 mg/kg),
while the remaining 10 received only tumor resection. Glioma diagnoses were confirmed through routine and immuno-
histochemical staining of postoperative biopsies. Following diagnosis, patients underwent standard surgical, radiother-
apeutic, and chemotherapeutic treatments as per glioma treatment guidelines. The administration of postoperative PDT
was contingent upon clinical evaluations and institutional protocols. Subjects diagnosed with conditions or on
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medications affecting immune status, such as inflammatory disorders, were excluded. Control data were derived from
lymphocyte subpopulation analyses of 48 healthy individuals and routine blood tests from 38 healthy individuals.

Diagnoses of glioma were established through computed tomography (CT), magnetic resonance imaging (MRI), and
brain biopsies. Patient medical records were comprehensively reviewed to collect: (1) Demographic information: gender,
age, marital status, occupation, and educational attainment; (2) Personal medical history: results from MRIs, CT scans,
brain biopsies, tumor grading via blood tests, symptomatology, physical illness history, other cancer diagnoses, and
medication use; (3) Family mental health history.

Photosensitizers and Laser Devices

The photosensitizer used was hematoporphyrin injection (Chongqing Mele Biopharmaceutical Co., Ltd)., with a molecular
formula of C34H38N406 and a molecular weight of 598.70, excitable by visible red light at a wavelength of 630 nm. The
treatment laser device (Guoyi Huake Medical Technology Group Co., Ltd.) emitted light at a wavelength of 63543 nm,
utilizing pulse output.

Treatment Strategy

Patients were stratified into three groups based on their treatment regimens: the PDT group, the non-PDT group, and the control
group. The PDT group received an intravenous injection of hematoporphyrin 48h before the treatment. Treatment for the PDT
group consisted of surgical resection followed by PDT and adjuvant chemotherapy and radiotherapy postoperatively.
Hematoporphyrin was administered intravenously at a dosage of 5 mg/kg, followed by measures to protect the patient from
sunlight exposure. PDT treatment commenced 48h following the infusion. Segmented irradiation was employed for lesions
extending beyond the optical fiber’s reach. The standardized irradiation parameters included a wavelength of 630 nm, power of 1

Table 8 Changes in Lymphocyte Subpopulations Levels 48h Before and After PDT Treatment in Primary Glioma
Patients (n=8) [%, M(Range)]

Group CD3+ CDI9+ CD4+ CD8+ CD4+/CD8+

PDT before | 70.45(56.63—77.18) | 15.30(8.90-29.73) 39.75(34.08—42.43) | 19.25(11.33-28.13) | 1.93(1.38-2.55)

PDT after 62.45(48.78-69.85) 21.80(11.53-25.38) | 33.55(26.85—41.68) | 21.35(17.15-29.60) | 1.44(1.00-2.10)

z —1.540 —0.211 —1.120 —0.140 —0.980

P 0.123 0.833 0.263 0.889 0.327

Notes: Wilcoxon signed-rank was constructed, P-values <0.05 is deemed statistically significant.
Abbreviations: PDT, photodynamic therapy; CD3+, CD3+T cells; CD 19+, CD19+ T cells; CD4+, CD4+ T cells; CD8+, CD8+ T cells; CD4
+/CD8+, the ratio of CD4+ T cells to CD8+ T cells.

Table 9 Changes in Lymphocyte Subpopulations Levels 48h Before and After PDT Treatment in Recurrent
Glioma Patients (n=10) [%, M(Range)]

Group CD3+ CDI9+ CD4+ CD8+ CD4+/CD8+

PDT before | 70.35(63.00-77.03) | 14.30(8.40-25.08) 41.60(34.08—48.05) | 18.05(14.60-25.20) | 2.33(1.54-2.92)

PDT after 56.80(47.33-69.85) | 18.80(12.28-24.15) | 29.85.(26.88-34.68) | 20.45(17.15-31.25) | 1.35(0.90-2.10)

z —1.274 —-1.072 —1.988 —0.968 —2.090

P 0.203 0.284 0.047 0.333 0.037

Notes: Wilcoxon signed-rank was constructed, P-values <0.05 is deemed statistically significant.
Abbreviations: PDT, photodynamic therapy; CD3+, CD3+T cells; CD 19+, CD19+ T cells; CD4+, CD4+ T cells; CD8+, CD8+ T cells; CD4
+/CD8+, the ratio of CD4+ T cells to CD8+ T cells.
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Figure 4 Comparative analysis of CD4+ and CD8+ Cell levels in primary and recurrent glioma pre- and post-PDT treatment. (A) and (B) No significant alterations were
observed in CD4+ and CD4+/CD8+ ratios in primary glioma patients before versus after PDT treatment; (C) and (D) In recurrent glioma, CD4+ and CD4+/CD8+ levels
were significantly reduced post-PDT treatment compared to pre-treatment levels.

Abbreviations: PDT, photodynamic therapy; CD4+, CD4+ T cells; CD8+, CD8+ T cells; CD4+/CD8+, the ratio of CD4+ T cells to CD8+ T cells.

W, energy density of 150 J/cm2, and an irradiation duration of 0.5h. Patients were advised to avoid direct sunlight or exposure to
strong light sources for 1 month post-photosensitizer injection. The non-PDT group comprised patients who underwent surgical
resection without subsequent PDT. Other treatments for the non-PDT group mirrored those of the PDT group.

Table 10 Comparative Analysis of Lymphocyte Subpopulations Between IDH /2 Mutation- and + Primary Glioma
Patients (n=10) [%; Median (Range)]

Group CD3+ CDI9+ CD4+ CD8+ CD4+/CD8+

IDHI1/2 mutation — | 64.80(50.35-74.25) | 20.80(12.23-32.08) | 40.05(30.73—48.65) | 17.65(12.55-25.98) | 2.09(1.44-3.65)

IDHI1/2 mutation + | 75.00(66.00-79.95) | 14.70(5.90-25.75) 41.95(37.18-51.30) | 17.30(6.80-28.48) 2.33(1.57-2.98)

z —1.492 —0.853 —0.426 0.000 -0.213

P 0.171 0.476 0.762 1.000 0914

Notes: Wilcoxon W-test was constructed, P-values <0.05 is deemed statistically significant.
Abbreviations: IDH, isocitrate dehydrogenase; CD3+, CD3+T cells; CD 19+, CD19+ T cells; CD4+, CD4+ T cells; CD8+, CD8+ T cells; CD4+/CD8
+, the ratio of CD4+ T cells to CD8+ T cells.
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Detection of Peripheral Blood Lymphocyte Subpopulations

Peripheral blood, heparinized to prevent coagulation, was collected for lymphocyte subpopulation analysis immediately
before and 48h post-PDT. The following antibodies were utilized for flow cytometry: anti-CD3, anti-CD4, anti-CD8, and
anti-CD19, all sourced from BD Biosciences, San Jose, CA, USA. Isotype controls lacking specific reactivity served as
negative controls. The cell suspension was incubated at room temperature for 20 minutes. Following red blood cell lysis,
the cells were washed and resuspended in 200 pL of phosphate-buffered saline (PBS). Subsequently, cell analysis was
performed with a FACSCanto flow cytometer. CD3+ denotes total T cells, CD19+ represents total B cells, CD4+
identifies helper T cells, and CD8+ corresponds to cytotoxic T cells.

Measurement of Blood Cell Count Composite Inflammation Ratios

Blood cell counts were obtained from each participant upon admission, either before PDT treatment or 48h before
surgical resection. An automated analyzer (XE-2100, Sysmex, Kobe, Japan) was utilized to analyze the cell
counts, which were subsequently used to calculate composite inflammation ratios, namely NLR, PLR, and LMR.
The neutrophil-to-lymphocyte ratio (NLR) was determined by dividing the neutrophil count by the lymphocyte
count. The platelet-to-lymphocyte ratio (PLR) was computed by dividing the platelet count by the lymphocyte
count. The lymphocyte-to-monocyte ratio (LMR) was calculated as the ratio of the lymphocyte count to the
monocyte count.

Efficacy Evaluation
Complete response (CR), partial response (PR), stable disease (SD), and progressive disease (PD) were evaluated based
on data from the 2022 WHO guidelines. Study efficacy evaluation: Responses of CR and PR were categorized as

Table | | Comparative Analysis of Lymphocyte Subpopulations Between IDH /2 Mutation- and + Recurrent Glioma
Patients (n=18) [%; Median (Range)]

Group CD3+ CDI9+ CD4+ CD8+ CD4+/CD8+
IDH1/2 mutation — | 71.60(62.60-78.60) | 11.40(8.30-15.20) | 42.70(32.70—45.50) | 25.30(18.00-34.80) | 1.35(1.23-2.72)
IDH1/2 mutation + | 66.60(51.70-74.40) | 10.60(5.80-15.60) | 34.20(27.80-38.20) | 29.80(18.30-32.70) | I.13(1.05-1.45)
z —0.951 —0.272 —1.223 —0.498 —1.087

P 0.375 0.791 0.246 0.659 0.285

Notes: Wilcoxon W-test was constructed, P-values <0.05 is deemed statistically significant.
Abbreviations: IDH, isocitrate dehydrogenase; CD3+, CD3+T cells; CD19+, CDI9+ T cells; CD4+, CD4+ T cells; CD8+, CD8+ T cells; CD4
+/CD8+, the ratio of CD4+ T cells to CD8+ T cells.

Table 12 Changes in Lymphocyte Subpopulations Levels 48h Before and After Surgical Resection in Glioma
Patients (n=10) [%, M(Range)]

Group CD3+ CcDI9+ CD4+ CcD8+ CD4+/CD8+
Pre-operation | 68.75(59.13-74.85) | 12.00(9.33-20.43) | 35.70(29.85-41.75) | 30.50(19.40-32.98) | 1.24(1.01-1.83)
Post-operation | 74.70(68.28-) 8.40(6.13-17.00) | 42.30(33.80-48.10) | 30.70(24.13-32.83) | 1.38(1.22-1.73)
z ~2.803 ~1.376 -2.293 ~1.683 ~0.765

P 0.005 0.169 0.022 0.092 0.475

Notes: Wilcoxon signed-rank was constructed, P-values <0.05 is deemed statistically significant.
Abbreviations: CD3+, CD3+T cells; CD19+, CD19+ T cells; CD4+, CD4+ T cells; CD8+, CD8+ T cells; CD4+/CD8+, the ratio of CD4+
T cells to CD8+ T cells.
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effective treatments, whereas SD and PD were considered ineffective treatments. Outcomes of CR and PR were deemed
indicative of effective treatment, while SD and PD were classified as indicative of ineffective treatment.

Survival Analysis
Overall Survival (OS) was defined as the duration from surgical resection until death or the last follow-up. The Kaplan-Meier
method was utilized to estimate survival functions, while the Log rank test was employed to evaluate differences in survival

outcomes.

Statistical Analysis

Statistical analyses were conducted using SPSS Statistics 26.0 and GraphPad Prism 8.0. Continuous variables were reported as
mean + standard deviation (SD) and median with interquartile range (IQR), whereas categorical variables were presented as
counts and percentages (n, %). The Kruskal-Wallis H-test was applied for inter-group comparisons, while the Bonferroni
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Figure 5 Evaluation of lymphocyte subpopulations pre- and post-surgery in glioma patients. (A) and (B) CD3+ and CD4+ levels exhibited a significant increase in glioma patients 48h
post-surgery compared to pre-surgery values; (C), (D), and (E) No significant alterations were observed in CD |9+, CD4+, and CD4+/CD8+ ratios in glioma patients pre- versus post-

surgery.
Abbreviations: CD3+, CD3+T cells; CDI19+, CDI9+ T cells; CD4+, CD4+ T cells; CD8+, CD8+ T cells; CD4+/CD8+, the ratio of CD4+ T cells to CD8+ T cells.
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correction was utilized for pairwise comparisons. The non-parametric tests (Wilcoxon signed-rank test and Wilcoxon test)
were used to compare paired data. The Pearson chi-square test was employed to compare categorical variables. All p-values
were two-sided, with values <0.05 deemed statistically significant and <0.01 considered highly significant.

Results

Demographic and Clinical Characteristics of Glioma Patients

From December 2019 to December 2023, 28 glioma patients were enrolled. Table 1 presents the patients’ demographics and
clinical characteristics, such as age, gender, onset of disease, clinical stage, IDH1/2 mutation, and treatment regimen. 18
patients underwent PDT, while 10 received only surgical treatment. All patients, irrespective of their group, were administered
systemic therapy. Among the 14 glioma patients with IDH1/2 mutations, 6 received PDT and 8 did not; among the 14 patients
without IDH1/2 mutations, 12 received PDT and 2 did not. The median patient age was 54 years. No statistically significant
differences were observed in gender or age between the groups (P > 0.05), as detailed in Table 1.

Lymphocyte Subpopulation Analysis

Significant differences in CD3+, CD19+, CD4+, CD8+, and CD4+/CD8+ ratios were observed between the control group
and patients with grade 2 and 3 and grade 4 glioma upon enrollment (P < 0.05) (Table 2). Pairwise analyses revealed
lower levels of CD3+ in grade 4 glioma patients and CD4+ in grade 2 and 3 glioma patients compared to healthy controls
(Figure 1A and B). Grade 4 glioma patients exhibited reduced CD8+ levels relative to grade 2 and 3 glioma patients and
healthy controls (Figure 1C). Additionally, CD4+/CD8+ ratios and CD19+ levels in grade 2 and 3 glioma patients were
reduced relative to healthy controls (Figure 1D and E). Subsequent analysis focused on the changes in peripheral blood
immune cells in grade 2 and 3 and grade 4 glioma patients pre- and post-PDT treatment, as depicted in Tables 3 and
Table 4. The systemic immune cell count trends in grade 2 and 3 and grade 4 patients varied before and after PDT
treatment. Specifically, no statistical difference was observed in immune cell counts in stage II-III glioma patients pre-
and post-PDT treatment (Figure 2A—C). Post-PDT treatment, grade 4 glioma patients demonstrated a significant reduc-
tion in CD3+ cells, CD4+ cells, and the CD4+T/CD8+ ratio compared to pre-treatment levels (Figure 2D—F). In addition,
when IDH was included in the subgroups, as shown in Table 5 and Table 6, we found that lymphocyte subpopulation did
not change significantly regardless of whether grade 2 and 3 glioma patients had IDH1/2 mutations, which may be
because lymphocyte subpopulation is not as sensitive to the immune status of glioma patients as hematological
inflammatory factors.

Next, we focus on the immune profiles of primary and recurrent gliomas. Analysis revealed statistically significant
differences in levels of CD3+, CD19+, CD4+, CD8+, and the CD4+/CD8+ ratio among the primary glioma group,
recurrent glioma group, and healthy controls (P < 0.05) (Table 7). Pairwise comparisons indicated that levels of CD3+
and CD4+ in recurrent glioma patients were lower than in healthy controls (Figure 3A and B). Concurrently, CD8+ levels

Table 13 Comparative Analysis of Hematological Inflammatory Markers in Grade 2 and 3 and Grade 4 Glioma Patients versus Healthy
Controls at Enrollment

Group Lymphocyte Neutrophil Platelet Counts NLR PLR LMR
Percentage Percentage

Grade 2 and 3 glioma | 26.90(15.70-31.70) 65.70(61.10-73.50) 197.00(116.00-230.00) | 2.44(1.89—4.47) 131.80(95.43-178.50) 4.60(1.51-6.44)

Grade 4 glioma 23.40(14.05-32.65) 65.10(60.40-74.70) 222.00(177.50-252.50) | 2.74(1.85-5.04) 157.10(111.50-217.60) | 3.71(2.22-4.46)

Control 33.80(30.08—40.10) 56.75(50.18-61.18) 241.00(187.80—-264.80) 1.69(1.33-2.06) 133.90(114.20-152.90) | 5.25(4.02-6.61)

H 16.706 17.635 3.160 18.000 2.487 10717

P <0.001 <0.001 0.206 <0.001 0.288 0.005

Notes: Kruskal-Wallis H-test, P-values <0.05 is deemed statistically significant.
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio.
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Figure 6 Distribution of hematological inflammatory markers in grade 2 and 3 and grade 4 gliomas and controls. (A) Lymphocyte levels in grade 2 and 3 and grade 4 are
significantly lower than those in the controls; (B) Neutrophil levels in grade 2 and 3 and grade 4 gliomas are higher than those in the controls; (C) Platelet levels show no
significant difference; (D) There is no significant difference in PLR; (E) NLR of grade 2 and 3 and grade 4 gliomas is significantly higher than that of the controls; (F) LMR of
grade 4 glioma is lower than that of the controls.**P-values < 0.01, ***P-values < 0.001.

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio.

were higher in recurrent glioma patients than in primary glioma patients, without significant differences from healthy
controls (Figure 3C). Notably, levels of the CD4+/CD8+ and CDI19+ ratio in recurrent glioma patients were lower
compared to primary glioma patients yet showed no significant difference from healthy controls (Figure 3D and E). The

Table 14 Changes in Hematological Inflammatory Markers 48h Before and After PDT in Grade 2 and 3 Glioma Patients (n=6)
[%; Median (Range)]

Group Lymphocyte Neutrophil Platelet Counts NLR PLR LMR
Percentage Percentage

PDT before 21.25(13.98-31.85) 66.60(60.58-79.88) 161.00(115.50-261.75) 3.49(1.88-5.62) 132.38(94.38-181.45) 4.37(1.34-7.53)

PDT after 8.10(5.18-10.10) 85.95(81.00-88.93) 155.00(136.50-236.25) 8.72(10.49-19.50) | 210.77(150.19-287.76) | 1.60(0.66-2.07)

z —2.201 —2.201 —0.734 —2.201 -1.992 —2.201

P 0.028 0.028 0.463 0.028 0.046 0.028

Notes: Wilcoxon signed-rank, P-values <0.05 is deemed statistically significant.
Abbreviations: PDT, photodynamic therapy; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio.
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Table 15 Changes in Hematological Inflammatory Markers 48h Before and After PDT in Grade 4 Glioma Patients (n=12)
[%, M(Range)]

Group Lymphocyte Neutrophil Platelet Counts NLR PLR LMR
Percentage Percentage

PDT before 23.35(13.03-35.60) 65.45(54.53-77.38) 215.50(167.00.00-241.50) 2.87(1.53-5.88) 150.65(111.15-208.20) 3.03(2.02-4.35)

PDT after 6.30 (4.50-9.10) 85.90(80.13-92.28) 173.50(156.25-210.50) 13.92(9.10-20.80) 246.70(167.22-326.77) 1.15(0.74-1.76)

z —-3.061 —-3.059 —2.046 —-3.059 -2.118 —2.824

P 0.002 0.002 0.041 0.002 0.034 0.002

Notes: Wilcoxon signed-rank, P-values <0.05 is deemed statistically significant.
Abbreviations: PDT, photodynamic therapy; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio.

subsequent analysis examined lymphocyte subpopulation shifts in primary and recurrent glioma patients pre- and post-
PDT treatment, detailed in Table 8 and Table 9. Pre- and post-PDT treatment, systemic immune cell counts in primary
and recurrent glioma patients demonstrated varying patterns. Specifically, no statistical difference was observed in
immune cell counts in primary glioma patients pre- and post-PDT treatment (Figure 4A and B). After PDT treatment,
levels of CD4+ and the CD4+/CD8+ ratio in recurrent glioma patients were significantly decreased compared to pre-PDT
treatment levels (Figure 4C and D). After incorporating IDH1/2 mutations into this group, we found that lymphocyte
subpopulations did not differ significantly between the IDH1/2 mutation group and the non-mutated group in patients
with primary and recurrent gliomas (Table 10 and Table 11).

Following the evaluation of PDT responses in glioma across various groups, we analyzed peripheral blood
lymphocyte subpopulations in patients who had undergone surgical resection but not PDT. Other markers showed no
significant changes (refer to Table 12 and Figure 5). We hypothesize that adjuvant PDT may enhance immune
regulation following surgical resection in glioma patients, potentially leading to a significant accumulation of
immune cells at the tumor site.

Hematological Inflammatory Marker Analysis

Statistically significant differences were observed in lymphocyte classification, neutrophil percentage, NLR, and
LMR levels between the control group and patients with grade 2 and 3 and grade 4 glioma at enrollment (P<0.05)
(Table 13). However, no significant differences were found in platelet levels and PLR, as detailed in Table 13 and
Figure 6C and D. A study on advanced non-small cell lung cancer (NSCLC) showed that the variation of OS and
PFS among NSCLC subtypes was considerable. The increase of PLR in advanced NSCLC patients was not
associated with OS and PFS, which explained that PLR was not as sensitive in grade 4 glioma.> Pairwise
comparisons revealed that lymphocyte counts in stage II-Illgrade 2 and 3 and stage IVgrade 4 glioma patients
were significantly lower. In contrast, neutrophil percentage and NLR were considerably higher than those in healthy
controls (Figure 6A, B, and E). Additionally, LMR levels were lower in grade 4 glioma patients than in the control
group (Figure 6F). Notably, NLR and PLR were higher, and LMR lower, in grade 4 than in grade 2 and 3, although
these differences were not statistically significant (Figure 6E and F). Subsequently, we analyzed hematological
inflammatory markers before and after PDT treatment in these glioma patients, as presented in Table 14 and Table
15. The results indicated that, except for the nonsignificant differences in platelet levels in patients with grade 2 and
3 glioma before and after PDT treatment, the remaining hematological inflammatory biomarkers showed statistically
significant changes (P<0.05). Specifically, lymphocyte classification and LMR exhibited a decreasing trend in
patients with grade 2 and 3 and grade 4 glioma following PDT treatment (Figure 7A and F), with a significant
decrease in platelet count observed in grade 4 patients (Figure 7C). The decrease in platelet counts for grade 2 and
3, however, did not reach statistical significance. It should be noted that in patients with grade 2 and 3 and grade 4,
neutrophil percentage, NLR, and PLR exhibited a significant upward trend following. We found an interesting thing
that when IDH was included in the subgroups, as shown in Table 16 and Table 17, we found that grade 2 and 3
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Figure 7 Comparison of hematological inflammatory marker levels before and after PDT treatment for grade 2 and 3 and grade 4 gliomas. (A) Changes in lymphocyte levels
in grade 2 and 3 and grade 4 glioma before and after PDT treatment; (B) Changes in neutrophil levels; (C) Changes in platelet levels; (D) Changes in NLR levels; (E) Changes

in PLR levels and (F) LMR levels.

Abbreviations: PDT, photodynamic therapy; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio.
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Table 16 Comparative Analysis of Hematological Inflammatory Markers Between IDH /2 Mutation- and + Glioma Patients in Grade 2
and 3 (n=10) [%; Median (Range)]

Group Lymphocyte Neutrophil Platelet Counts NLR PLR LMR
Percentage Percentage
IDHI/2 mutation — 16.70(8.80-24.60) 73.20(66.30-80.10) 125.50(114.00-137.00) 5.89(2.70-9.08) 140.70(91.20-190.28) 2.11(0.85-3.38)

IDHI/2 mutation + 28.70(16.80-32.00) 64.10(60.05-70.20) 209.00(150.50-260.00) 2.23(1.88-4.38) 131.80(95.44-160.10) 5.14(2.88-6.79)

z —0.157 —1.414 —1.414 —1.414 0.000 —1.650

P 0218 0218 0.218 0.218 1.000 0.145

Notes: Wilcoxon W-test was constructed, P-values <0.05 is deemed statistically significant.
Abbreviations: IDH, isocitrate dehydrogenase; PDT, photodynamic therapy; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-
monocyte ratio.

Table 17 Comparative Analysis of Hematological Inflammatory Markers Between IDH /2 Mutation- and + Glioma Patients in Grade 4
(n=17) [%; Median (Range)]

Group Lymphocyte Neutrophil Platelet Counts NLR PLR LMR
Percentage Percentage

IDHI/2 mutation — 26.50(23.30-36.50) 63.70(52.90-66.80) 227.00(182.00-245.00) | 2.41(1.44-3.01) 144.20(109.60-187.00) | 4.07(2.63—4.67)

IDHI/2 mutation + 17.00(9.80-24.05) 74.70(67.15-85.30) 212.50(136.80-272.80) | 4.50(2.83-110.14) 193.20(111.20-285.80) 3.03(1.48-3.97)

z —2.111 -2.312 -0.503 —2.211 -0.704 -1.106

P 0.037 0.020 0.660 0.027 0.525 0.301

Notes: Wilcoxon W-test was constructed, P-values <0.05 is deemed statistically significant.
Abbreviations: IDH, isocitrate dehydrogenase; PDT, photodynamic therapy; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-
monocyte ratio.

glioma patients had no significant changes in inflammatory markers regardless of whether they had IDH1/2
mutations (Table 16 and Figure 8). However, for the grade 4 glioma group, we found that patients with IDH1/2
mutations had lower lymphocyte percentage than those without mutations (Figure 8A), while neutrophil percentage
and NLR were higher than those without mutations (Figure 8B and C).

Next, we turned our attention to primary and recurrent gliomas. The results revealed statistically significant
differences in lymphocyte percentage, neutrophil percentage, NLR, and LMR levels between primary and recurrent
glioma groups and healthy controls at enrollment (P<0.05) (Table 18). However, no significant differences were found in
platelet levels and PLR, as illustrated in Table 18 and Figure 9C and D. Pairwise comparisons indicated that lymphocyte
levels in both primary and recurrent glioma patients were significantly lower than in healthy controls (Figure 9A). In
contrast, neutrophil levels and NLR were higher (Figure 9B and E). In addition, the LMR levels in patients with recurrent
glioma were lower than those in the control group and lower than those in patients with primary glioma; however, the
latter difference was not statistically significant (Figure 9F). Subsequently, we examined the alterations in routine blood
and hematological inflammatory markers in patients with primary and recurrent glioma before and after PDT treatment,
as detailed in Table 19 and Table 20. Specifically, lymphocyte counts and LMR decreased in primary and recurrent
glioma patients after PDT treatment (Figure 10A and F), while neutrophil percentage and NLR significantly increased
(Figure 10B and D). Platelet levels and PLR increased in patients with primary glioma 48h post-PDT treatment; however,
no significant changes were observed in patients with recurrent glioma (Figure 10C and E). In this study, our data showed
that there was no statistical difference in routine blood and hematological inflammatory markers between patients with
and without IDH1/2 mutations, whether in primary or recurrent gliomas, as shown in Tables 21 and 22. After assessing

the response of PDT across various glioma groups, we investigated alterations in routine blood and hematological
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Figure 8 Comparison of hematological inflammatory marker levels for grade 2 and 3 and grade 4 gliomas with and without IDHI/2 mutation. (A) Changes in lymphocyte
levels in grade 2 and 3 and grade 4 glioma with and without IDH /2 mutation; (B) Changes in neutrophil levels; (C) Changes in NLR levels. *P-values < 0.05.
Abbreviations: IDH, isocitrate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio.

inflammatory markers in patients undergoing surgical resection without subsequent PDT. The analysis revealed statis-
tically significant alterations in lymphocyte percentage, neutrophil percentage, and platelet counts, as well as in NLR,
PLR, and LMRpre- and post-surgery (P<0.05) (Table 23). Specifically, increases were observed in neutrophil percentage,
NLR, and PLR compared to preoperative measurements (Figure 11B, D, and E). At the same time, decreases were noted
in lymphocytes, platelets, and LMR (Figure 11A, C and F). The observed changes in hematological biomarkers suggest
they may serve as sensitive indicators of systemic inflammatory responses in these patients.

Efficacy Evaluation

The efficacy evaluation and potential influencing factors for glioma treatment are shown in Table 24. Following surgery,
patients underwent standard chemoradiotherapy and were monitored through clinical and radiological assessments every
three months until death. The treatment proved effective for 18 patients (CR+PR, 64.3%), while 18 patients experienced
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Table 18 Comparative Analysis of Hematological Inflammatory Markers in Primary versus Recurrent Glioma Patients and Healthy

Controls at Enrollment

Group Lymphocyte Neutrophil Platelet Counts NLR PLR LMR
Percentage Percentage
Primary Glioma 27.50(12.48-33.93) 65.75(57.48-81.00) 224.50(179.80-240.50) 2.45(1.71-6.51) 114.60(104.10-161.90) 4.13(2.82-5.48)

Recurrent Glioma

25.30(15.38-29.13)

65.40(63.05-69.68)

203.00(139.30-267.50)

2.63(2.19-4.57)

164.10(119.90-197.70)

3.72(1.68-4.79)

Control 33.80(30.08—40.10) 56.75(50.18-61.18) 241.00(187.80-264.80) 1.69(1.33-2.06) 133.90(114.20-152.90) 5.25(4.02-6.61)
H 17.020 17.780 2.385 18.300 4.221 9.196
P <0.001 <0.001 0.304 <0.001 0.121 0.010

Notes: Kruskal-Wallis H-test, P-values <0.05 is deemed statistically significant.
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio.

disease progression (SD+PD, 35.7%). As of the last follow-up, 1 patient had died, and 5 had shown disease progression.
Of the 18 patients treated with PDT, 8 achieved complete remission (CR), 7 achieved partial response (PR), none
maintained stable disease (SD), and 3 exhibited progressive disease (PD). We investigated factors influencing treatment
efficacy in glioma patients and found PDT to be a significant determinant (p=0.035, Table 24). A positive correlation
exists between PDT treatment and treatment efficacy.

Clinical Prognostic Determinants of Glioma

Survival analysis was conducted across the entire cohort. Univariate survival analysis using the Kaplan-Meier method
indicated that the disease onset was a significant prognostic factor (p=0.039, Figure 12). The median follow-up duration
for all glioma patients was 19 months. The OS curve for the patients is depicted in Figure 13. The patients’ 34-month OS
rate was 70.9%. Kaplan-Meier analysis of OS for both the primary and recurrent glioma groups is presented in Figure 12.
Given that some patients still receive treatment and brief follow-up durations, the overall median OS has not yet been
established. As other related OS parameters in the univariate analysis did not meet the pre-established significance
threshold, multivariate analysis was not undertaken, as indicated in Table 25.

Discussion

The limited efficacy of immunotherapy in treating gliomas underscores the urgent need to enhance our understanding of
immunity in central nervous system diseases. This study demonstrates that, compared to controls, patients in the grade 2
and 3 and grade 4 groups and those in the primary and recurrent groups exhibit decreased lymphocyte percentage and
increased neutrophil percentage, indicative of systemic inflammation in glioma. Additionally, the CD3+, CD4+, and
CD8+ lymphocyte subsets were also reduced in these groups compared to controls. These findings suggest that the
glioma patients in this study generally exhibit compromised immune function. In preclinical models of glioma, CD4+
T cell function represents a critical protective mechanism in antitumor immunity, and a reduced frequency of antitumor
CD4+ T cells in high-grade glioma (HGG) patients correlates with poor OS.>* Furthermore, CD4+/CD8+ ratio in the
blood serves as an indicator of systemic immune activation.> This study included 10 cases of primary and 18 cases of
recurrent glioma. The results indicated that patients with recurrent glioma exhibited a more intense immunosuppressive
status than those with primary glioma, as evidenced by significant decreases in CD4+/CD8+, CD19+, and lymphocyte
percentage. Some studies suggest increased CD4+ T cells during short-term relapses of recurrent glioma.>* However, this
study found no significant changes in CD4+ T cells among patients with primary and recurrent gliomas, potentially
attributable to longer relapse periods. The proportion of CD8+ T cells was significantly higher in the recurrent group
compared to the primary group. The tumor microenvironment (TME) of gliomas plays a pivotal role in driving immune
suppression. Immunosuppressive cells within the glioma microenvironment, such as myeloid-derived suppressor cells
and tumor-associated macrophages, further complicate the role of CD8+ T cells.’® These immune cells secrete
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Figure 9 Distribution of hematological inflammatory markers in primary, recurrent gliomas compared to controls. (A) Lymphocyte levels are lower in both primary and
recurrent gliomas compared to controls; (B) Neutrophil levels in primary and recurrent gliomas are higher than those in the controls; (C) There are no significant
differences in platelet levels; (D) There is no significant difference in PLR; (E) NLR levels in primary and recurrent gliomas are significantly higher than those in the controls;
(F) LMR levels in recurrent gliomas are lower than those in the controls. *P-values < 0.05, ***P-values < 0.001.

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio.

immunosuppressive cytokines, including IL-10 and TGF-f, which inhibit the proliferation and cytotoxic function of
CD8+ T cells. Therefore, the observed increase in CD8+ T cells in recurrent gliomas may reflect a compensatory
response rather than effective antitumor activity, as these cells are likely suppressed by the surrounding TME. While our
study demonstrates a higher proportion of CD8+ T cells in recurrent glioma patients, this increase does not necessarily
translate to improved immune function. Instead, these CD8+ T cells may become exhausted or inhibited by the

immunosuppressive components of the TME.>” Our findings are consistent with those of Brennan,>®

supporting the
notion that CD8+ T cells are crucial for glioma progression.’® Patients with II-III stage glioma generally exhibit good
health, normal organ function, and adequate nutritional status. In contrast, IV stage patients often experience partial
immune cell depletion due to distant metastases, organ dysfunction, malnutrition, and cachexia. In this study, CD8+T cell
levels were lower in grade 4 compared to stages II-III, reflecting a degree of immune suppression in grade 4 glioma

patients. NLR, PLR, and LMR are recognized as novel inflammatory biomarkers, with increases in NLR and PLR and
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Table 19 Changes in Hematological Inflammatory Markers Levels 48h Before and After PDT in Primary Glioma Patients (n=8) [%,
M(Range)]

Group Lymphocyte Neutrophil Platelet Counts NLR PLR LMR
percentage Percentage

PDT before | 27.50(11.83-35.98) 64.75(54.43-83.40) 228.50(185.30-241.50) | 2.43(1.52-7.08) 124.80(107.60-197.50) | 4.08(2.15-5.13)

PDT after 5.80(3.00-7.18) 89.10(85.85-95.13) 191.00(167.00-212.00) | 15.16(12.11-33.25) | 235.00(144.40-517.70) | 1.34(0.94-2.16)

z —-2.521 —-2.521 —2.366 —2.521 —2.240 -2.380

P 0.012 0.012 0.018 0.012 0.025 0.017

Notes: Wilcoxon signed-rank, P-values <0.05 is deemed statistically significant.
Abbreviations: PDT, photodynamic therapy; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio.

Table 20 Changes in Hematological Inflammatory Markers Before and After PDT in Recurrent Glioma Patients (n=10) [%, M(Range)]

Group Lymphocyte Neutrophil Platelet Counts NLR PLR LMR
Percentage Percentage

PDT before | 23.00(15.20-27.95) 66.55(63.05-71.25) 173.50(131.75-218.00) | 2.89(2.28-4.57) 164.23(119.87-187.84) | 2.88(1.38-4.84)

PDT after 8.55(6.15-10.00) 85.25(78.30-87.18) 156.50(149.75-217.75) | 10.01(8.42-14.22) | 232.05(162.73-290.25) | 1.23(0.60-1.89)

z —2.805 —2.805 —0.561 —-2.803 —1.784 -2.599

P 0.005 0.005 0.575 0.005 0.074 0.009

Notes: Wilcoxon signed-rank, P-values <0.05 is deemed statistically significant.
Abbreviations: PDT, photodynamic therapy; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio.

decreases in LMR associated with poorer glioma prognosis.*”>® Consistent with these findings, patients in grade 4
exhibited higher NLR and PLR values than those in stages II-III. In contrast, LMR values were lower in grade 4 and
recurrent cases than in primary cases, suggesting that preoperative NLR and PLR may serve as useful indicators for
predicting glioma grading. IDH mutation is very meaningful in glioma. Compared with wild-type glioma, glioma with
IDH1/2 mutation shows a more indolent course and good prognosis; however, these tumors usually relapse. We further
subdivided grade 2 and 3 glioma patients according to whether they had IDH1/2 mutation or not. We found that there was
no significant change in inflammatory factors in grade 2 and 3 glioma patients regardless of whether they had IDH1/2
mutation or not. However, for grade 4 glioma, the lymphocyte classification of patients with IDH1/2 mutation was lower
than that of patients without mutation, while the neutrophil classification and NLR were higher than those of patients
without mutation, which just confirmed that IDH mutation can cause immunosuppression and promote tumor
progression.®® Glioma is characterized by high recurrence rates and limited efficacy following traditional treatments.
PDT may address some of these shortcomings. This study focuses on the changes in immune function before and after
PDT. Surprisingly, PDT treatment led to a statistically significant reduction in platelets, CD3+, CD4+, and CD4+/CD8+
in grade 4 patients. This may be due to enhanced local immunity following surgical resection and PDT, which attracts
numerous circulating immune cells to the tumor site. However, the bone marrow’s production of new immune cells may
not keep pace, leading to decreased blood cell counts. In contrast, no significant changes were observed in lymphocyte
subpopulations (CD3+, CD19+, CD4+, CD8+, and CD4+/CD8+) in grade 2 and 3 patients after PDT. Similarly, in more
immunosuppressed recurrent glioma patients, percentages of CD4+, CD4+/CD8+, and lymphocytes further decreased
after surgical resection with adjuvant PDT. This is likely because limited bone marrow output leads to the recruitment of
immune cells to tumor sites, enhancing local immunity and exerting anti-tumor effects. Similarly, in recurrent glioma
patients with more immunosuppression, levels of CD4+, CD4+/CD8+, and lymphocytes further decreased after surgical
resection with adjuvant PDT. This is likely because limited bone marrow output leads to the recruitment of immune cells
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Figure 10 Comparison of hematological inflammatory marker levels before and after PDT treatment in primary and recurrent gliomas. (A) Changes in lymphocyte levels in
primary and recurrent gliomas before and after PDT treatment; (B) Changes in neutrophil levels in primary and recurrent gliomas before and after PDT treatment; (C)
Changes in platelet levels in primary and recurrent gliomas before and after PDT treatment; (D) Changes in NLR levels in primary and recurrent gliomas before and after
PDT treatment; (E) Changes in PLR levels in primary gliomas before and after PDT treatment; (F) Changes in LMR levels in primary and recurrent gliomas before and after
PDT treatment.
Abbreviations: PDT, photodynamic therapy; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio.
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Table 21 Comparative Analysis of Hematological Inflammatory Markers Between IDH /2 Mutation- and + Primary Glioma Patients
(n=10) [%; Median (Range)]

Group Lymphocyte Neutrophil Platelet Counts NLR PLR LMR
Percentage Percentage

IDHI/2 mutation — 32.90(32.40-37.00) 61.40(52.90-70.10) 240.00(182.00-242.00) 3.00(1.81-6.22) 115.82(106.95-133.70) 5.42(4.44-8.97)

IDHI/2 mutation + 19.60(18.99-31.70) 84.60(74.10-87.40) 222.00(203.00-230.00) 18.46(7.37-18.46) 215.25(113.41-270.73) 3.80(3.15-5.36)

z -1.919 —1.492 —1.066 —-1.706 —0.853 —1.650

P 0.067 0.171 0.352 0.114 0.476 0.145

Notes: Wilcoxon W-test was constructed, P-values <0.05 is deemed statistically significant.
Abbreviations: IDH, isocitrate dehydrogenase; PDT, photodynamic therapy; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-
monocyte ratio.

Table 22 Comparative Analysis of Hematological Inflammatory Markers Between IDH /2 Mutation- and + Recurrent Glioma Patients
(n=18) [%; Median (Range)]

Group Lymphocyte Neutrophil Platelet Counts NLR PLR LMR
Percentage Percentage

IDHI/2 mutation — | 24.60(13.70-26.50) | 65.10(63.70-66.80) 182.00(137.00-245.00) 2.70(2.41-4.87) 187.00(157.10-220.00) 2.85(0.98-4.07)

IDH1/2 mutation + | 26.90(15.70-30.40) | 65.70(62.00-73.50) | 209.00(140.00-29,000) 2.44(2.06—4.47) 139.80(104.50-178.50) 4.47(1.74-6.44)

z -0.770 -0.136 -0.725 -0.498 —1.404 —1.585

P 0.479 0.930 0.479 0.659 0.179 0.126

Notes: Wilcoxon W-test was constructed, P-values <0.05 is deemed statistically significant.
Abbreviations: IDH, isocitrate dehydrogenase; PDT, photodynamic therapy; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-
monocyte ratio.

Table 23 Changes in Hematological Inflammatory Markers Before and After Surgical Resection in Glioma Patients (n=10) [%,
M(Range)]

Group Lymphocyte Neutrophil Platelet Counts NLR PLR LMR
Percentage Percentage

Pre-operation 27.65(18.30-30.90) 64.60(61.85-73.65) 216.50(193.30-294.50) 2.89(2.28-4.57) 136.70(87.43-245.60) 4.54(3.30-5.47)

Post-operation 6.95(4.08-15.88) 85.50(75.98-91.18) 181.50(152.30-236.50) 13.04(3.82-21.63) 250.70(172.40-551.70) 1.16(0.87-1.99)

z -2.803 -2.803 -2.397 —-2.497 —-2.701 -2.701

P 0.002 0.002 0.012 0.010 0.004 0.004

Notes: Wilcoxon signed-rank, P-values <0.05 is deemed statistically significant.
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio.

to tumor sites, enhancing local immunity and exerting anti-tumor effects. PDT did not significantly alter lymphocyte
subsets (CD3+, CD19+, CD4+, CD8+, and CD4+/CD8+) in patients with primary glioma. PDT did not considerably alter
lymphocyte subsets (CD3+, CD19+, CD4+, CD8+, and CD4+/CD8+) in primary glioma patients. These findings suggest
that grade 4 and recurrent glioma immune function respond more favorably to PDT. Following photooxidative damage
induced by PDT, neutrophils are the first to reach the tumor site, directing monocytes/macrophages to invade the

irradiated tumor margins to remove damaged and dead cells.®"**> Consistent with these findings, an increase in
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Figure 11 Comparison of hematological inflammatory marker levels before and after surgery in glioma patients. (A) Lymphocyte levels were lower 48h post-surgery
compared to pre-surgery levels; (B) Neutrophil levels were elevated 48h after surgery compared to their levels before surgery; (C) Platelet levels were reduced 48h after

surgery compared to levels measured before surgery; (D) NLR and (E) PLR were higher post-surgery compared to pre-surgery values; (F) LMR was decreased post-surgery
compared to pre-surgery values.

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio.

neutrophils was observed post-PDT across all groups, including stages II-1II and 1V, as well as primary and recurrent
cases. Regarding inflammatory markers, both subgroups displayed similar trends post-PDT: increases in NLR and PLR,
and a decrease in LMR. Although some studies have demonstrated that PDT possesses an immunosuppressive effect, this
effect is only partial. PDT indeed promotes the induction of tumor-specific immunity. Antigen-specific T cell-mediated
responses are vital for tumor ablation and play a significant role in achieving tumor eradication through PDT.%*** Some
researchers contend that PDT preferentially targets rapidly dividing cells, and in conditions like oral lichen planus, it may
cause abnormal T cell death.®®

Relative to other cancers, few clinical studies have explored immunological changes in glioma following PDT. This
study involved 28 glioma patients, of whom 18 underwent PDT irradiation post-maximal tumor resection, while 10
received only the surgical intervention. Efficacy analysis revealed that treatment outcomes varied significantly between
groups; patients receiving PDT demonstrated superior outcomes to those who did not (P=0.035); specifically, the
effective rate of patients receiving PDT treatment was 83.3%, while the effective rate of patients not receiving PDT
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Table 24 Comparison of Various Efficacy Types

Types n CR PR SD PD Effective Rate (%) Invalid Rate (%) P
(CR+PR)/n (SD+PD)/n

All patients 28 10 8 5 5 64.3 357

Starting point, n (%) 0.677
Primary 10 4 2 2 2 60.0 40.0
Recurrent 18 6 6 3 3 722 27.8

Clinical stage, n (%) 0.409
Grade 2 and 3 I | 4 2 4 54.5 455
Grade 4 17 9 4 3 | 76.5 23.5

IDH1/2 mutation 0.409
- 12 | 4 2 4 54.5 455
+ 6 9 4 3 | 76.5 23.5

Treatment regimen, n (%) 0.035
PDT 18 8 7 0 3 83.3 16.7
Non-PDT 10 2 | 5 2 40.0 60

Notes: Pearson chi-square test, P-values <0.05 is deemed statistically significant. “PR+CR” indicates that the treatment was effective, “SD+PD”
indicates that the treatment was ineffective treatment.

Abbreviations: PDT, photodynamic therapy; IDH, isocitrate dehydrogenase; CR, complete response; PR, partial response; SD, stable disease; PD,
progressive disease.

treatment was 40.0%. These results indicate significant benefits of combining surgery with PDT. Moreover, a detailed
analysis of prognostic factors showed that OS for the primary group was superior to that of the recurrent group
(P=0.039). Specifically, the median OS for the primary group was 34 months, whereas the median survival for the
recurrence group has not yet been reached, a promising finding. Despite the small sample size, our study suggests
a potentially beneficial effect of PDT on the recovery of patients’ immune systems relative to conventional treatments.
However, accumulating clinical data suggest that PDT’s effectiveness may not be uniform across all malignant glioma
cases, highlighting the importance of patient selection to maximize benefits.

Log Rank P=0.039
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Figure 12 Kaplan-Meier curve of overall survival of patients with glioma in primary group and recurrent group.
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Figure 13 Kaplan-Meier curves of overall survival for all glioma patients.

This study’s limitations must be acknowledged. As a single-center retrospective study, it is subject to selection bias,
and its findings require external validation. Furthermore, the short follow-up period and absence of certain outcome
measures may lead to overestimating the benefits of combining surgery with PDT. Most critically, the limited number of
participants restricted our capacity for robust statistical analysis, particularly for subgroup comparisons. Further

Table 25 Prognostic Factor Analysis

Factors n OS M(95% CI) Log Rank P
(Months)
Sex 0.509
Male I N
Female 17 N
Age 0.987
>54 19 N
<54 9 N
Treatment regimen 0.444
PDT 18 34.00 (3.25, 64.75)
Non-PDT 10 N
Starting point 0.039
Primary 10 34.00 (-)
Recurrent 18 N
Clinical stage 0.652
Grade 2 and 3 I N
Grade 4 17 N
CD3+(%) 0.366
=70 14 N
<70 14 N
CDI19+(%) 0.252
212.00 14 34.00 (3.09, 64.91)
<12.00 14
CDA4+ (%) 0.919
238.10 14 N
<38.10 14 N
(Continued)
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Table 25 (Continued).

Factors n OS M(95% CI) Log Rank P
(Months)

CD8+ (%) 0.754
225.10 14 N
<25.10 14 N

CD4+/CD8+ 0.984
2|.42 14 34.00 (-)
<1.42 14 N

NLR 0.885
22.63 14 N
<2.63 14 N

PLR 0.889
>140.74 14 N
<140.74 14 34.00 (-)

LMR 0.791
23.94 14 N
<3.94 14 N

Ki67 0.986
230% 13 N
<30% 15 N

ATRX 0.601
) 6 N
+) 22 N

Olig-2 0.299
) 4 N
+) 24 N

IDHI1/2 0.623
-) 14 N
+) 14 N

Notes: “+” means positive value. “N” indicates that the positive median survival time was not reached.
Abbreviations: PDT, photodynamic therapy; OS, overall survival; CD3+, CD3+T cells; CD19+, CDI19+
T cells; CD4+, CD4+ T cells; CD8+, CD8+ T cells; CD4+/CD8+, the ratio of CD4+ T cells to CD8+
T cells; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-
monocyte ratio; IDH, isocitrate dehydrogenase.

multicenter, prospective randomized trials are necessary to evaluate PDT’s impact on the glioma immune microenviron-

ment and its synergistic effects with other therapies.

Conclusion

In summary, monitoring changes in lymphocyte subpopulations and peripheral blood inflammatory markers offers a valuable
approach to assessing disease severity and progression in glioma patients. These biomarkers may be important tools for
auxiliary diagnosis, evaluating therapeutic efficacy, and guiding prognostic interventions. Additionally, this study highlights that
PDT, when used as an adjunct to surgical resection, has a more significant effect on the immune function of patients with
recurrent and grade 4 gliomas. These findings provide new insights into the immunomodulatory potential of PDT, suggesting its
role in enhancing treatment outcomes in advanced glioma cases.

Ethics Approval and Informed Consent
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