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Introduction: The tumor microenvironment (TME) influences diffuse large B-cell lymphoma (DLBCL) progression, but the prognostic
roles of tumor-infiltrating T-lymphocytes (TIL-T), tumor-associated macrophages (TAMs), and PD-L1 remain undefined. This study
investigates the clinicopathological associations and prognostic impacts of TIL-T, TAMs, and PD-L1 expression in DLBCL.

Methods: This retrospective study evaluated 89 primary DLBCL cases, integrating clinicopathological data with automated
immunohistochemical quantification of CD3, CD8, FOXP3, CD163, and PD-L1 expression in tumor hotspots and microenvironmental
compartments. Prognostic associations of TIL-T, TAMs, and PD-L1 expression with PFS and OS were analyzed via Kaplan-Meier
methods and Cox regression.

Results: High CD3+ infiltration correlated with lower Ki-67 expression, while elevated FOXP3+ levels linked to improved Eastern
Cooperative Oncology Group Performance Status (ECOG). CD163+ TAMs varied by NCCN-IPI risk, ECOG, and cell of origin.
Neoplastic PD-L1 (nPD-L1) positivity associated with higher NCCN-IPI scores, CD3+ T-cell infiltration, and CD163+ TAM
enrichment. Microenvironmental PD-L1 (mPD-L1) correlated with age, ECOG, B symptoms, and infiltration of all T-cell subsets
and TAMs. Survival analysis revealed prolonged overall survival (OS) with high CD3+, CD8+, FOXP3+ TIL-T, CD163+ TAMs, or
mPD-L1 positivity, while progression-free survival (PFS) improved with CD3+ infiltration and mPD-L1. Univariate analysis identified
B symptoms, extranodal involvement, and low TIL-T levels as OS risks, whereas ECOG 0 and mPD-L1+ were protective. Multivariate
modeling confirmed B symptoms, extranodal disease, and CD3+ TIL-T as independent OS predictors; CD3+ TIL-T and B symptoms
independently impacted PFS.

Discussion: The TME plays a crucial role in the biological behavior of DLBCL, particularly because TIL-T and TAMs are
significantly associated with patient survival outcomes. These cell types may serve as critical biomarkers and provide novel
immunotherapy targets in DLBCL.

Keywords: diffuse large B-cell lymphoma, tumor microenvironment, tumor-infiltrating lymphocytes, tumor-associated macrophages,
programmed death-ligand 1

Introduction
Diffuse large B-cell lymphoma (DLBCL), the most prevalent adult-onset malignant lymphoma, exhibits pronounced
biological heterogeneity. This disease presents distinct variations in clinical manifestations, histomorphological patterns,
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immunological features, and cytogenetic characteristics.' The R-CHOP regimen—rituximab, cyclophosphamide, doxor-
ubicin, vincristine, and prednisone—has improved the survival of most patients with DLBCL and remains the gold-
standard first-line chemotherapy for patients with DLBCL. Although most patients achieve long-term remission or are
cured, a substantial percentage ultimately succumb to complications arising from disease relapse or refractory disease.>

In recent years, the development of immune checkpoint inhibitors (ICIs), such as anti-PD-1/PD-L1 inhibitors, has
considerably improved treatment precision and prolonged patient survival. However, their efficacy in DLBCL remains
unpredictable due to limited biomarkers and incomplete understanding of the tumor microenvironment (TME).>*>
Emerging evidence indicates that the TME—particularly tumor-infiltrating T lymphocytes (TIL-T) and tumor-
associated macrophages (TAMs)—modulates ICI response and influences anti-tumor immunity.* While PD-L1 expres-
sion is established as a biomarker in Hodgkin’s and T-cell lymphomas, its prognostic and predictive role in DLBCL is
poorly defined.® Critically, prior studies lack standardized quantification methods and seldom integrate TME components
with PD-L1 in DLBCL prognostication.

To address these gaps, this study employs immunohistochemistry (IHC) staining techniques combined with digital
image analysis to characterize TME expression and quantify PD-L1 expression levels in DLBCL. We aimed to
investigate TME characteristics and evaluate links among PD-L1 expression, clinicopathological factors, and prognosis
in Chinese patients with DLBCL. This work advances DLBCL precision medicine by providing mechanistic insights into
TME-immune interactions and delivering actionable biomarkers for risk stratification and therapy selection.

Methods

Case Collection and Histological Assessment

The study included 89 patients diagnosed with primary DLBCL at Fujian Cancer Hospital, China, between August 2012
and November 2022. Inclusion criteria were available histopathological specimens and comprehensive clinical docu-
mentation. Clinicopathological features were systematically analyzed through a retrospective review of electronic health
records. Biopsy material was subjected to standard histological tissue processing; 10% formalin-fixed and paraffin-
embedded (FFPE) tissues were sectioned at a thickness of 3 um. Sections were stained with hematoxylin and eosin to
facilitate microscopy and detailed histopathological analysis. Two hematopathologists independently reviewed all cases,
using criteria outlined in the World Health Organization Classification of Tumors of Haematopoietic and Lymphoid
Tissues (5th Edition) to confirm histological diagnoses. This study was conducted in strict accordance with the
Declaration of Helsinki, and written informed consent was obtained from all participants or their legal guardians. The
protocol was approved after a comprehensive review by the Institutional Review Board of Fujian Cancer Hospital
(K2022-166-01).

IHC

IHC staining was performed using 3,3'-diaminobenzidine as the chromogen on a Ventana Benchmark XT automated
staining system (Roche Diagnostics, Switzerland) at the Department of Pathology, Fujian Cancer Hospital. Sections of
FFPE tissue (3 um thick) were subjected to IHC staining in accordance with a standardized protocol involving specific
antibodies against mouse anti-CD3 (MX036, MXB Biotechnologies), rabbit anti-CD8 (SP16, MXB Biotechnologies),
mouse anti-FOXP3 (ab215206, Abcam), mouse anti-CD163 (MX081, MXB Biotechnologies), and PD-L1 (clone 28-8,
Roche, RRID:SCR_019010). Antigen retrieval and staining protocols were systematically optimized and validated for
each biomarker; experimental controls included both positive and negative specimens. Staining assessments were
independently conducted by at least two certified pathologists to reach a consensus.

Semiquantitative Assessment of TIL-T and Analysis of PD-LI Expression

Hematoxylin and eosin-stained and IHC-stained sections were digitally scanned using the IBL 500 automated slide
scanning system. Hematopathologist marked the hotspot regions of positive cells in the IHC-stained sections, then the
percentages of positive cells in hotspot regions for CD3, CD8, FOXP3, and CD163 markers were quantified using the
“Positive Cell Detection” algorithm in QuPath software (version 0.5.1, RRID:SCR 018257). The optimal prognostic
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cutoff values for positive cells expressing each marker (CD3, CDS8, FOXP3, and/or CD163) were determined via receiver
operating characteristic (ROC) curve analysis; cases were categorized into low-expression (low) and high-expression
(high) subgroups. PD-L1 expression was assessed using a compartment-specific definition: neoplastic PD-L1 (nPD-L1)
positivity was defined as staining in >5% of tumor cells, whereas microenvironmental PD-L1 (mPD-L1) positivity was
defined as staining in >5% of microenvironmental cells.”*

Statistical Analysis and Data Availability

The primary endpoints were overall survival (OS) and progression-free survival (PFS). OS was defined as the interval between
the date of diagnosis and the date of all-cause mortality. PFS was defined as the interval between the date of diagnosis and the
date of recorded tumor progression or all-cause mortality. In terms of radiological assessments, PFS was characterized by
evidence of local disease progression or distant metastasis. All statistical analyses were conducted using R software (version
4.3.0, RRID:SCR_001905). Comparisons of clinicopathological features in patients with DLBCL were performed using the
t-test, X2 test, analysis of variance, Fisher’s exact test, Kruskal-Wallis test, or Mann—Whitney U-test, as appropriate. Intergroup
survival analysis was conducted using the Kaplan—-Meier method. Univariate and multivariate analyses of prognostic factors
were performed by Cox proportional hazards regression modeling. P values less than 0.05 were considered statistically
significant. The data generated in this study are available within the article and its supplementary data files.

Results

Patient Clinical Characteristics

The clinicopathological features of the 89 patients with DLBCL included in this study are summarized in Table S1. The
age distribution ranged from 25 to 78 years (median, 54 years). Among the 89 patients, 49 were men (55.06%) and 40
were women (44.94%), resulting in a male-to-female ratio of 1.2:1. According to the Ann Arbor staging system, six
patients (6.74%) had stage I lymphoma, 32 (35.96%) had stage II lymphoma, 18 (20.22%) had stage III lymphoma, and
33 (37.08%) had stage IV lymphoma. Based on the cell of origin, 23 patients (25.84%) had the germinal center B-cell
(GCB) subtype of DLBCL, whereas 66 (74.16%) had the non-germinal center B-cell (non-GCB) subtype. At the time of
diagnosis, serum lactate dehydrogenase levels were elevated above the normal range in 37 patients (41.57%).
Additionally, 11 patients (12.36%) exhibited B symptoms associated with lymphoma. According to Eastern
Cooperative Oncology Group (ECOG) performance status score, nine patients (10.11%) had a score of 0, 74 patients
(83.15%) had a score of 1, and six patients (6.74%) had a score of 2. Based on the National Comprehensive Cancer
Network International Prognostic Index (NCCN-IPI), 25 patients (28.09%) were classified as low-risk, 52 (58.43%) as
low-intermediate-risk, and 12 (13.48%) as intermediate-high-risk. The median follow-up duration was 32 months (range,
7—84 months).

Relationships of the TME with Clinicopathological Features

Optimal cutoff values were determined by receiver operating characteristic curve analysis, and patients were categorized
into low-expression (low) and high-expression (high) groups based on the threshold. Among the 89 patients, 33 (37.08%)
exhibited high CD3 expression, whereas 56 (62.92%) exhibited low CD3 expression. Patients in the high CD3 expression
group had significantly lower Ki-67 expression levels (P=0.035). Notably, the inverse relationship between CD3
expression and Ki-67 proliferation index (P=0.035) reveals a previously underreported link between T-cell infiltration
and tumor growth dynamics in DLBCL. In total, 36 patients (40.45%) showed high CDS8 expression; 53 patients
(59.55%) showed low CD8 expression. No statistically significant differences in clinicopathological features were
observed between these groups. High FOXP3 expression was observed in 37 patients (41.57%), whereas 52 (58.43%)
exhibited low expression. Patients in the high FOXP3 expression group had significantly lower ECOG scores (P=0.046),
the association suggests immunomodulatory effects on patient functional status. Furthermore, 53 patients (59.55%)
displayed high CD163 expression and 36 patients (40.45%) displayed low expression. Statistically significant differences
between these groups were observed regarding NCCN-IPI score (P=0.003), NCCN-IPI risk stratification (P=0.004), cell
of origin classification (P=0.020), and ECOG score (P=0.044) (Table 1 and Figures 1, S1).
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Table | Association Between Tumor Microenvironment (TME) Expression Profile and Clinical Pathological Factors in Diffuse Large B-Cell Lymphoma (DLBCL)

Variables CD3 P CD8 P FOXP3 P CDI163 P
High Low High Low High Low High Low
n=33 n=56 n=36 n=53 n=37 n=52 n=53 n=36
Gender, n (%) 0.606 0.429 0.117 0.608
Female 16 (48.48) 24 (42.86) 18 (50.00) 22 (41.51) 13 (35.14) 27 (51.92) 25 (47.17) 15 (41.67)
Male 17 (51.52) 32 (57.14) 18 (50.00) 31 (58.49) 24 (64.86) 25 (48.08) 28 (52.83) 21 (58.33)
Age, MeantSD 53.36 £ 11.34 5343 £ 12.71 0.981 54.08 £ 11.63 52.94 + 12.58 0.667 | 5235 11.19 54.15 + 12.85 0.494 55.36 = 12.61 50.53 = 11.00 0.065
LDH, Mean + SD 246.67 £ 121.45 | 246.67 = 121.45 | 0.061 268.64 + 13425 | 319.28 £ 236.25 | 0.248 | 301.92 £ 206.69 | 294.19 + 197.5] | 0.860 301.92 £ 206.69 | 294.19 £ 19751 | 0.860
Ki67, Mean * SD 0.78 + 0.14 0.84 +0.11 0.035 | 081 £0.14 0.82 +0.11 0.641 | 0.79 £ 0.13 0.84 +0.12 0.069 081 +0.14 0.83 + 0.09 0411
NCCN IPI, Mean + SD 227 + 1.0l 229 + 119 0.958 239 + 1.08 221 % 115 0.456 | 2.27 + 0.99 229 + 1.21 0.940 2.57 + 0.95 1.86 + 1.22 0.003
NCCN IPI group, n (%) 0.938 0.530 0.576 0.004
Low-risk 9 (27.27) 16 (28.57) 8 (22.22) 17 (32.08) 9 (24.32) 16 (30.77) 8 (15.09) 17 (47.22)
Low-intermediate-risk | 20 (60.61) 32 (57.14) 22 (61.11) 30 (56.60) 24 (64.86) 28 (53.85) 37 (69.81) 15 (41.67)
Intermediate-high-risk | 4 (12.12) 8 (14.29) 6 (16.67) 6 (11.32) 4 (10.81) 8 (15.38) 8 (15.09) 4 (11.11)
Stage, n (%) 0.525 0.059 0.111 0.204
| 1 (3.03) 5(8.93) 0 (0.00) 6 (11.32) 0 (0.00) 6 (11.54) 2 (3.77) 4 (1111
Il 10 (30.30) 22 (39.29) 11 (30.56) 21 (39.62) 12 (32.43) 20 (38.46) 16 (30.19) 16 (44.44)
1] 7 (21.21) 11 (19.64) 7 (19.44) 11 (20.75) 8 (21.62) 10 (19.23) 13 (24.53) 5(13.89)
v 15 (45.45) 18 (32.14) 18 (50.00) 15 (28.30) 17 (45.95) 16 (30.77) 22 (41.51) 11 (30.56)
COO, n (%) 0.444 0.881 0.480 0.020
GCB 7 (21.21) 16 (28.57) 9 (25.00) 14 (26.42) I (29.73) 12 (23.08) 9 (16.98) 14 (38.89)
Non-GCB 26 (78.79) 40 (71.43) 27 (75.00) 39 (73.58) 26 (70.27) 40 (76.92) 44 (83.02) 22 (61.11)
B symptom, n (%) 0.086 0.201 0.483 0.491
Absent 32 (96.97) 46 (82.14) 34 (94.44) 44 (83.02) 34 (91.89) 44 (84.62) 48 (90.57) 30 (83.33)
Present 1 (3.03) 10 (17.86) 2 (5.56) 9 (16.98) 38.11) 8 (15.38) 5(9.43) 6 (16.67)
ECOG, n (%) 0.625 0.141 0.046 0.044
0 3 (9.09) 6 (10.71) 1 (2.78) 8 (15.09) I (2.70) 8 (15.38) 4 (7.55) 5 (13.89)
| 29 (87.88) 45 (80.36) 33 (91.67) 41 (77.36) 35 (94.59) 39 (75.00) 48 (90.57) 26 (72.22)
2 1 (3.03) 5(8.93) 2 (5.56) 4 (7.55) 1 (2.70) 5 (9.62) 1(1.89) 5 (13.89)
Extranodal sites, n (%) 0.187 0.842 0.282 0.166
Absent 30 (90.91) 45 (80.36) 30 (83.33) 45 (84.91) 33 (89.19) 42 (80.77) 47 (88.68) 28 (77.78)
Present 3 (9.09) I (19.64) 6 (16.67) 8 (15.09) 4 (10.81) 10 (19.23) 6 (11.32) 8 (22.22)

Note: Bold font indicates a statistically significant difference (p < 0.05).

Abbreviations: NCCN-IPI, National Comprehensive Cancer Network International Prognostic Index; COO, Cell of Origin; GCB, Germinal Center B-cell Type; ECOG, Eastern Cooperative Oncology Group Performance Status; Mean,

average value; SD, standard error; Median, median value.
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Figure | Receiver operating characteristic (ROC) curves of the ratio of tumor-infiltrating T-lymphocytes (TIL-T) and tumor-associated macrophages (TAMs): CD3 (A), CD8
(B), CD163 (C), and FOXP3 (D).

Relationships of PD-L| Expression with Clinicopathological Features in the TME

Context

The expression levels of nPD-L1 and mPD-L1 were assessed; their associations with clinicopathological features and the
TME were analyzed. Among the 89 patients, 37 (41.57%) displayed nPD-L1 positivity. nPD-L1 positivity was
significantly associated with CD3+ T-cell infiltration (P=0.019), CD163+ macrophage infiltration (P<0.001), and NCCN-
IPI risk stratification (P=0.021), especially patients with low-intermediate-risk. In total, 56 patients (62.92%) showed
mPD-L1 positivity. Of particular novelty, mPD-L1 positivity was significantly associated with age (P=0.026), ECOG
score (P=0.005), B symptoms (P=0.023), CD3+ T-cell infiltration (P=0.005), CD8+ T-cell infiltration (P=0.017),
FOXP3+ T-cell infiltration (P=0.036), and CD163+ TAM infiltration (P<0.001). This comprehensive interplay positions
mPD-L1 as a central regulator in DLBCL biology (Table 2 and Figure S2).
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Table 2 Association of PD-LI Expression with Clinicopathological Factors and Tumor Microenvironment (TME)

B-Cell Lymphoma (DLBCL)

in Diffuse Large

Variables Total (n = 89) nPD-LI mPD-LI
Negative (n = 52) Positive (n =37) Statistic P Negative (n =33) Positive (n = 56) Statistic P
Age, Mean = SD 5340 = 12.15 5281 = 12.02 5424 + 1246 t=-0.55 0.586 49.70 £ 12.71 55.59 + 11.37 t=-2.26 0.026
Gender, n (%) ¥2=0.35 0.553 ¥*=0.13 0.714
Female 40 (44.94) 22 (42.31) 18 (48.65) 14 (42.42) 26 (46.43)
Male 49 (55.06) 30 (57.69) 19 (51.35) 19 (57.58) 30 (53.57)
LDH, Mean * SD 298.80 + 201.92 295.92 + 183.09 302.84 + 22837 t=-0.16 0.875 309.18 £ 225.66 292.68 + 188.43 t=0.37 0.712
Stage, n (%) - 0715 0.859
I 6 (6.74) 4 (7.69) 2 (5.41) 2 (6.06) 4.(7.14)
Il 32 (35.96) 21 (40.38) 11 (29.73) 13 (39.39) 19 (33.93)
1] 18 (20.22) 10 (19.23) 8 (21.62) 5 (15.15) 13 (23.21)
v 33 (37.08) 17 (32.69) 16 (43.24) 13 (39.39) 20 (35.71)
NCCN IPIl, Mean + SD 228 = 1.12 213125 249 +0.87 t=—1.47 0.144 209 1.13 239 % 1.1 t=—1.23 0.220
NCCN IPI group, n (%) =776 0.021 $=2.27 0.321
Low-risk 25 (28.09) 19 (36.54) 6 (16.22) 12 (36.36) 13 (23.21)
Low-intermediate-risk | 52 (58.43) 24 (46.15) 28 (75.68) 16 (48.48) 36 (64.29)
Intermediate-high-risk | 12 (13.48) 9 (17.31) 3(8.11) 5 (15.15) 7 (12.50)
B symptom, n(%) 12=0.49 0.483 %*=5.20 0.023
Absent 78 (87.64) 44 (84.62) 34 (91.89) 25 (75.76) 53 (94.64)
Present 11 (12.36) 8 (15.38) 3(8.11) 8 (24.24) 3 (5.36)
ECOG, n (%) 0.099 0.005
0 9 (10.11) 5 (9.62) 4(1081) 6 (18.18) 3 (5.36)
I 74 (83.15) 41 (78.85) 33 (89.19) 22 (66.67) 52 (92.86)
2 6 (6.74) 6 (11.54) 0 (0.00) 5 (15.15) 1(1.79)
Extranodal sites, n (%) ¥2=0.01 0915 ¥*=0.01 0.908
Absent 75 (84.27) 44 (84.62) 31 (83.78) 28 (84.85) 47 (83.93)
Present 14 (15.73) 8 (15.38) 6 (16.22) 5 (15.15) 9 (16.07)
COO, n (%) ¥*=1.58 0.208 %*=0.06 0813
GCB 23 (25.84) 16 (30.77) 7 (18.92) 9 (27.27) 14 (25.00)
Non-GCB 66 (74.16) 36 (69.23) 30 (81.08) 24 (72.73) 42 (75.00)
CD3, n (%) ¥?=5.53 0.019 ¥*=8.03 0.005
High 33 (37.08) 14 (26.92) 19 (51.35) 6 (18.18) 27 (48.21)
Low 56 (62.92) 38 (73.08) 18 (48.65) 27 (81.82) 29 (51.79)
CDS8, n (%) r=3.12 0.077 x*=5.72 0.017
High 36 (40.45) 17 (32.69) 19 (51.35) 8 (24.24) 28 (50.00)
Low 53 (59.55) 35 (67.31) 18 (48.65) 25 (75.76) 28 (50.00)
FOXP3, n (%) 2=131 0.253 =442 0.036
High 37 (41.57) 19 (36.54) 18 (48.65) 9 (27.27) 28 (50.00)
Low 52 (58.43) 33 (63.46) 19 (51.35) 24 (72.73) 28 (50.00)
CDI163, n (%) ¥*=32.29 <0.001 =171 <0.001
High 53 (59.55) 18 (34.62) 35 (94.59) 12 (36.36) 41 (73.21)
Low 36 (40.45) 34 (65.38) 2 (5.41) 21 (63.64) 15 (26.79)

Note: Bold font indicates a statistically significant difference (p < 0.05).

Abbreviations: nPD-LI, Neoplastic PD-LI; mPD-LI, Microenvironmental PD-LI; NCCN-IPI, National Comprehensive Cancer Network International Prognostic Index;
COO, Cell of Origin; GCB, Germinal Center B-cell Type; ECOG, Eastern Cooperative Oncology Group Performance Status; Mean, average value; SD, standard error; t,
t-test; 2 chi-square test; -, Fisher’s exact test.

Differences in TME Composition and PD-L| Expression Between GCB-Type and
Non-GCB-Type DLBCL

Comparison of TME composition between GCB and non-GCB subtypes of DLBCL revealed that CD163+ TAMs were
significantly more abundant in the non-GCB subtype than in the GCB subtype (P=0.020). No statistically significant
differences were observed between the two subtypes regarding the ratio of TIL-T cells or the expression levels of nPD-L1
and mPD-L1 (Table 3). The results highlight subtype-specific macrophage biology as a key differentiator, potentially
explaining the aggressive phenotype of non-GCB tumors.
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Table 3 Analysis of Tumor Microenvironment (TME) and PD-LI Expression in
Tumor-Cells versus Microenvironmental-Cells Between Germinal Center B-Cell

Type (GCB) and Non-GCB Diffuse Large B-Cell Lymphoma (DLBCL)

Variables Total GCB Non-GCB Statistic P
(n=89) (n=123) (n = 66)

CD3, n (%) ¥*=0.59 0.444
High 33 (37.08) 7 (30.43) 26 (39.39)
Low 56 (62.92) 16 (69.57) 40 (60.61)

CDS, n (%) ¥*=0.02 0.881
High 36 (40.45) 9 (39.13) 27 (40.91)
Low 53 (59.55) 14 (60.87) 39 (59.09)

FOXP3, n (%) £=0.50 0.480
High 37 (41.57) Il (47.83) 26 (39.39)
Low 52 (58.43) 12 (52.17) 40 (60.61)

CDI163, n (%) =537 0.020
High 53 (59.55) 9 (39.13) 44 (66.67)
Low 36 (40.45) 14 (60.87) 22 (33.33)

nPD-LI, n (%) =158 0.208
Negative 52 (58.43) 16 (69.57) 36 (54.55)
Positive 37 (41.57) 7 (30.43) 30 (45.45)

mPD-LI, n (%) £2=0.06 0813
Negative 33 (37.08) | 9(39.13) 24 (36.36)
Positive 56 (62.92) 14 (60.87) 42 (63.64)

Note: Bold font indicates a statistically significant difference (p < 0.05).
Abbreviations: Germinal Center B-cell Type; nPD-LI, Neoplastic PD-LI; mPD-LI,

Microenvironmental PD-LI; y2, chi-square test.

Relationships of the TME with PD-L| Expression and Survival
Kaplan—Meier survival analysis showed that patients in the groups with low infiltration of CD3+ T cells (P<0.001),
CD8+ T cells (P=0.016), FOXP3+ T cells (P=0.021), and CD163+ TAMs (P=0.047) had significantly shorter OS.
Additionally, patients in the group with low CD3+ T-cell infiltration (P<0.001) exhibited worse PFS. Patients in the
mPD-L1-negative group exhibited significantly worse PFS (P=0.008) and shorter OS (P=0.035) (Figures 2 and 3).
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Figure 2 Kaplan-Meier survival analysis of tumor microenvironment (TME) characteristics, PD-L| expression status, and overall survival (OS) outcomes: CD3 (A), CD8
(B), FOXP3 (C), CD163 (D), Neoplastic PD-LI (nPD-L1) (E), Microenvironmental PD-LI (mPD-LI) (F).
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Figure 3 Kaplan-Meier survival analysis of tumor microenvironment (TME) characteristics, PD-L| expression status, and progression-free survival (PFS) outcomes:CD3 (A),
CD8 (B), FOXP3 (C), CD163 (D), Neoplastic PD-LI (nPD-LI) (E), Microenvironmental PD-LI (mPD-LI) (F).

According to univariate Cox regression analysis, shorter OS was significantly associated with the presence of
B symptoms (P<0.001), extranodal involvement (P=0.039), low CD3 expression (P=0.006), low CDS8 expression
(P=0.024), and low FOXP3 expression (P=0.029). In contrast, longer OS was significantly associated with ECOG
score 0 (P=0.041) and mPD-L1 positivity (P=0.042). Shorter PFS was significantly associated with the presence of
B symptoms (P<0.001) and low CD3 expression (P=0.002), whereas longer PFS was significantly associated with nPD-
L1 positivity (P=0.011). Subsequent multivariate Cox regression analysis revealed that B symptoms (P=0.005), extra-
nodal involvement (P=0.022), and CD3+ T-cell infiltration (P=0.026) were independent prognostic factors for OS.
Moreover, B symptoms (P=0.008) and CD3+ T-cell infiltration (P=0.022) were identified as independent prognostic
factors for PFS (Table 4). Critically, multivariate analysis identified CD3+ T-cell infiltration as an independent prognostic
factor for both OS (P=0.026) and PFS (P=0.022)—a finding reinforced by its consistent survival benefits across Kaplan-
Meier curves (OS/PFS both P<0.001). This establishes stromal CD3+ T-cells as a novel, stand-alone biomarker eclipsing
conventional PD-L1 metrics in prognostic power.

Table 4 Prognostic Factor Analysis in Diffuse Large B-Cell Lymphoma (DLBCL) Using Univariate and Multivariate COX Proportional
Risk Regression Modeling

Variables os PFS
Univariate Multivariate Univariate Multivariate
HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
Age 1.00 (0.96 ~ 1.03) 0.839 0.99 (0.96 ~ 1.02) 0.471
Gender
Female 1.00 (Reference) 1.00 (Reference)
Male 1.18 (0.51 ~2.72) 0.706 1.20 (0.62 ~ 2.32) 0.596
LDH 1.00 (0.99 ~ 1.00) 0.805 0.99 (0.99 ~ 1.00) 0.317
NCCN IPI 0.84 (0.57 ~ 1.23) 0.368 1.06 (0.77 ~ 1.44) 0.734
NCCN IPI group
Low-risk 1.00 (Reference) 1.00 (Reference)
Low-intermediate-risk | 0.69 (0.29 ~ 1.67) 0414 0.99 (0.46 ~ 2.12) 0.982
Intermediate-high-risk 1.00 (0.27 ~ 3.70) 0.998 1.65 (0.60 ~ 4.57) 0.332
(Continued)
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Table 4 (Continued).

Variables os PFS
Univariate Multivariate Univariate Multivariate
HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
Stage
| 1.00 (Reference) 1.00 (Reference)
Il 1.09 (0.24 ~ 4.89) 0.908 1.29 (029 ~ 5.78) | 0.737
1] 0.46 (0.08 ~ 2.78) 0.400 1.21 (025 ~5.82) | 0816
\% 0.64 (0.13 ~ 3.17) 0.582 1.84 (0.42 ~ 8.09) | 0417
(e(e]e}
GCB 1.00 (Reference) 1.00 (Reference)
non-GCB 0.73 (0.30 ~ 1.79) 0.494 0.85 (0.40 ~ 1.80) | 0.667
B symptom
Absent 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Present 4.66 (1.90 ~ 11.47) <0.001 4.28 (1.54 ~ 11.88) 0.005 | 4.44 (2.09 ~9.44) | <0.001 2.90 (1.32 ~ 6.37) 0.008
ECOG
0 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
| 0.35 (0.13 ~ 0.96) 0.041 0.39 (0.13 ~ 1.17) 0.093 0.50 (0.21 ~ 1.22) | 0.128
2 0.95 (0.18 ~ 4.97) 0.952 0.80 (0.14 ~ 4.45) 0.797 1.07 (0.27 ~ 4.33) | 0919
Extranodal sites
Absent 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Present 2.73 (1.05 ~ 7.08) 0.039 3.44 (1.19 ~ 9.93) 0.022 1.98 (0.89 ~ 4.39) | 0.093
CD3
High 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Low 16.65 (2.24 ~ 123.84) | 0.006 10.82 (1.33 ~ 88.31) 0.026 3.94 (1.63 ~9.49) | 0.002 291 (.16 ~7.28) 0.022
CDs8
High 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Low 3.47 (1.18 ~ 10.19) 0.024 1.42 (0.39 ~ 5.20) 0.595 1.95 (0.94 ~ 4.04) | 0.073
FOXP3
High 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Low 3.01 (1.12~8.13) 0.029 0.89 (0.27 ~ 2.95) 0.845 1.08 (0.55 ~2.12) | 0.814
CDIl63
High 1.00 (Reference) 1.00 (Reference)
Low 225 (0.99 ~ 5.14) 0.054 1.74 (0.90 ~ 3.35) | 0.097
nPD-LI
Negative 1.00 (Reference) 1.00 (Reference)
Positive 0.63 (0.27 ~ 1.50) 0.299 0.61 (031 ~1.22) | 0.165
mPD-LI
Negative 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Positive 0.43 (0.19 ~ 0.97) 0.042 0.85 (0.35 ~ 2.03) 0.707 0.43 (022 ~0.82) | 0.011 0.64 (032 ~ 1.28) | 0.210

Note: Bold font indicates a statistically significant difference (p < 0.05).

Abbreviations: OS, Overall Survival; PFS, Progression-free Survival; NCCN-IPI, National Comprehensive Cancer Network International Prognostic Index; COOQ, Cell of
Origin; GCB, Germinal Center B-cell Type; ECOG, Eastern Cooperative Oncology Group Performance Status; nPD-LI, Neoplastic PD-LI; mPD-LI, Microenvironmental
PD-LI; HR, Hazard Ratio; Cl, Confidence Interval.

Discussion
In this study, we demonstrate that high infiltration of CD3+, CD8+, and FOXP3+ TIL-T and CD163+ TAMs within the
TME independently predicts improved survival in DLBCL patients. Critically, PD-L1 expression—particularly in mPD-
L1—correlates with favorable clinical features and prolonged PFS/OS, positioning it as a promising prognostic
biomarker. These findings, validated through standardized digital pathology in a Chinese cohort, establish the TME’s
clinical relevance for DLBCL risk stratification.

DLBCL, the most prevalent subtype of non-Hodgkin lymphoma, is characterized by pronounced clinical aggressiveness
and substantial biological heterogeneity. In clinical practice, lymphoma prognosis is primarily evaluated based on clinical
symptoms, disease classification, and cellular origin. However, the role of the TME is often overlooked in this assessment.
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Immune checkpoints and the TME have remained central to numerous oncological investigations. The TME plays a crucial
role in the biological behavior of DLBCL; it consists of various immune cells, stromal cells, blood vessels, extracellular matrix
components, cytokines, and chemokines. Consequently, the TME strongly influences tumor initiation and progression.>>%!°
In DLBCL, the TME is predominantly characterized by TIL-T and TAMs, which are significantly associated with patient
survival. Additionally, the PD-1/PD-L1 immune checkpoint serves as a critical mechanism for evading immune surveillance.*
In this study, we conducted a retrospective analysis of DLBCL in Chinese patients to evaluate its impact on prognosis, in
conjunction with PD-L1 expression levels and associated clinicopathological features.

TIL-T play a pivotal role in tumor immune mechanisms and function as key effector cells in tumor immunotherapy.
They are regarded as important immunobiological markers in various solid tumors.” Published studies have used markers
such as CD3, CDS, and FOXP3 to investigate the effects of TIL-T in different solid tumors on patient survival,''™13
including melanoma, colorectal cancer, gastric cancer and hepatocellular cancer. The results showed that the percentage
of TIL-T is significantly associated with patient prognosis. Lately, emerging evidence also underscores the prognostic
relevance of TIL-T in lymphoma. Song et al demonstrated that a lower percentage of TIL-T in the TME of patients with
DLBCL was associated with shorter survival.'*

In our analysis of the relationship between CD3+ T-cell infiltration and clinicopathological factors, we noted that
patients with low CD3+ T-cell infiltration exhibited a high Ki-67 proliferation index. This finding is consistent with results
reported by Han et al.'” Additionally, our survival analysis revealed that high CD3+ T-cell infiltration was a favorable
prognostic factor independently associated with patient outcomes, similar to findings from previous studies.>'> Therefore,
the assessment of CD3+ T-cell infiltration may serve as a prognostic indicator for patients with DLBCL.

As central effector cells in anti-tumor immune responses, CD8+ cytotoxic T lymphocytes play an important role in
the prognostic assessment of various malignant tumors through their immune surveillance function. There is evidence
that the extent of CD8+ T-cell infiltration within the TME is positively associated with improved prognosis in patients
with DLBCL."'®!'7 This finding was confirmed in our study, where high CD8+ TIL-T infiltration was significantly
associated with prolonged OS and PFS. These results provide a novel foundation for the identification and selection of
immunotherapy targets in patients with DLBCL.

Regulatory T cells (Tregs), a key cell population involved in maintaining immune homeostasis, mediate self-tolerance by
specifically suppressing the host’s anti-tumor immune responses and play a crucial regulatory role in the TME.'®!'* Molecular
biological studies have demonstrated that FOXP3 is a critical transcription factor and an important marker of Tregs; its expression
level is closely associated with tumor immune escape mechanisms. Multiple studies have confirmed that high FOXP3+ Treg
infiltration is significantly associated with prolonged survival in patients with DLBCL.>* This finding aligns with our results,
suggesting that FOXP3+ Tregs within the TME of DLBCL influence tumor immune response intensity and clinical outcomes.

In recent years, immune scores have emerged as important prognostic indicators for cancer patients; they have been
used to predict outcomes in various solid tumors, such as colorectal cancer and malignant melanoma.?* 2 However, no
standardized immune scoring system currently exists for lymphoma. In our study, some cases were diagnosed based on
biopsy specimens, which precluded accurate determination of tumor cell infiltration at the tumor margin.

This study utilized digital image analysis software to evaluate TIL-T, considerably reducing inter-observer and intra-
observer variability. This approach facilitates determination of the optimal cutoff value for TIL-T. However, this study
was limited by its retrospective design; the cutoff value used to distinguish high and low TIL-T infiltration was not
substantiated. Further validation of the cutoff value and results accuracy with an external cohort is required.

TAMs have been widely recognized for their critical contributions to tumor proliferation, invasion, and metastasis
through diverse mechanisms.” In this study, Kaplan—-Meier survival curve analysis demonstrated that patients with high
CD163+ TAM infiltration exhibited significantly prolonged OS. In patients with DLBCL receiving the R-CHOP regimen,
greater CD163+ TAM infiltration may be positively associated with improved prognosis.*® However, some studies have not
replicated this conclusion;’' the discrepancies might be attributed to factors such as heterogeneity in the study population
and variability in IHC evaluation criteria. Prospective studies are needed to confirm the clinical utility of these findings.

Additionally, comparison of the TME between GCB and non-GCB subtypes of DLBCL revealed significantly greater
CD163+ TAM infiltration in the TME of non-GCB subtype patients. This finding is consistent with the results of
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a multicenter cohort study by Autio et al, suggesting that this phenomenon contributes to the worse prognosis observed in
patients with non-GCB subtype DLBCL relative to patients with the GCB subtype.32

The PD-1/PD-L1 pathway represents a critical mechanism for tumor immune evasion; PD-L1 expression is closely
linked to the composition and function of the TME.® PD-L1 expression in both tumor cells and cells within the TME was
evaluated by IHC staining. Based on the morphology and staining results from representative cases, PD-L1-positive cells
in the TME were primarily macrophages, consistent with findings reported by Mitteldorf et al.>* However,
a methodological limitation of the present study was the absence of double IHC staining to identify specific cell types.
Consequently, the possibility of PD-L1 expression in other TME cell populations could not be ruled out.

Our results showed a significant association between nPD-L1 positivity and CD163+ TAM infiltration, which might
be attributed to the anti-inflammatory and tumor-promoting functions of CD163+ TAMs. Additionally, mPD-L1
positivity was significantly associated with patient age, presence of B symptoms, ECOG score, and the infiltration of
various microenvironmental cells, including CD3+, CD8+, and FOXP3+ TIL-T, as well as CD163+ TAMs. Furthermore,
Kaplan—Meier survival curve analysis and univariate Cox regression analysis revealed that mPD-L1 positivity was
significantly associated with prolonged PFS and OS. Based on these findings, PD-L1 is expected to serve as a promising
biomarker for assessing disease status and prognosis in patients with DLBCL. High PD-L1 expression has been
associated with prolonged PFS in patients with DLBCL; it may also indicate a better response to chemotherapy.®**
However, a study by Kwon et al, which examined PD-L1 immunostaining in 126 patients with DLBCL, revealed that
high PD-L1 expression in both tumor cells and microenvironmental cells was significantly associated with the presence
of B symptoms, although PD-L1 expression lacked prognostic significance.*® Another study demonstrated that patients
with PD-L1 negativity exhibit significantly higher survival rates than those with PD-L1 positivity."” Explanations for
these diverse analytical results may include: 1) methodological differences in IHC staining, such as variations in
automated staining platforms, antibody clone numbers, and standardized operating procedures, which can introduce
data abnormalities; 2) inconsistent criteria for defining immune marker positivity, leading to heterogeneity in the results;
and 3) the relatively limited sample size in this study, which may have contributed to variations in the final outcomes.

This study has limitations. Primarily, as a retrospective analysis, detailed standardized treatment information (eg, specific
first-line and salvage regimens, dose intensity, transplant details, CAR-T therapy) was not systematically available for the
entire cohort. While we adjusted for key clinical prognosticators, particularly the IPI score, variations in treatment could
represent an unmeasured confounding factor influencing OS outcomes. Future prospective studies should prioritize the
standardized collection of comprehensive treatment data. Validation of the prognostic and predictive value of the identified
TME biomarkers within more uniformly treated patient cohorts (eg, R-CHOP only) and investigation of their interaction with
specific therapies (eg, novel agents, immunotherapy, CAR-T) are important next steps to precisely define their clinical utility.

In conclusion, our data robustly demonstrate that high infiltration of CD3+, CD8+, and FOXP3+ TIL-T and CD163+ TAMs
independently predicts improved survival outcomes in DLBCL patients, while validating these associations in a Chinese cohort
through standardized digital pathology. Critically, PD-L1 expression in microenvironmental cells correlates with favorable
clinical parameters and emerges as a potent prognostic biomarker. These results resolve key methodological inconsistencies in
prior TME assessments and establish combinatorial TME signatures as clinically actionable tools for DLBCL risk stratification.
Considering the sample size limitations in this study, additional investigations with larger cohorts are required to validate the
clinical utility of these parameters in DLBCL and to identify practical new targets for immunotherapy.

Abbreviation

DLBCL, diffuse large B-cell lymphoma; TME, tumor microenvironment; TIL-T, tumor-infiltrating T-lymphocytes;
TAMs, tumor-associated macrophages; ECOG, Eastern Cooperative Oncology Group Performance Status; NCCN-IPI,
National Comprehensive Cancer Network International Prognostic Index; PD-1, programmed death receptor-1; PD-L1,
programmed death-ligand 1; nPD-L1, Neoplastic PD-L1; mPD-L1, Microenvironmental PD-L1; GCB, Germinal Center
B-cell type; IHC, immunohistochemistry; OS, overall survival; PFS, progression-free survival; Tregs, Regulatory T cells.
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