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Abstract 

Purpose: Diffuse large B cell lymphoma (DLBCL) is one of the most common B cell lymphomas, which 
displays heterogeneous pathologies. Programmed cell death 1/ programmed cell death ligand 1 
(PD-1/PD-L1) plays an essential role in immunosuppression in multiple malignancies. Signal transducer 
and activator of transcription 3 (STAT3)-positive patients also have an independently inferior clinical 
outcome. However, there are no reports on the effect of plasma soluble PD-L1 (sPD-L1) combined with 
plasma STAT3 on the prognosis of DLBCL. In this study, we investigate the relationships between plasma 
sPD-L1 combined with STAT3 and clinical prognosis of DLBCL. 
Methods: Levels of plasma sPD-L1 and STAT3 were quantified using ELISA in eighty-seven DLBCL 
patients. Multiplexed immunofluorescence staining was performed to visualize the expression of PD-L1 in 
twenty-nine matched FFPE specimens from all patients. 
Results: The survival analysis revealed that the progression-free survival (PFS) and overall survival (OS) 
in high sPD-L1 level group were poorer than that in low sPD-L1 level group (PFS, P < 0.001; OS, P < 
0.001). Similarly, the PFS and OS in high STAT3 level group were also poorer than that in low STAT3 level 
group. Multivariate cox regression analysis showed that both high sPD-L1 and high STAT3 levels were the 
independent prognostic factors negatively affecting survival. In addition, patients with DLBCL having high 
levels of both sPD-L1 and STAT3 had a worse outcome than those patients having any one high or low 
levels of both (P < 0.001). 
Conclusions: We therefore revealed that high levels of plasma sPD-L1 and STAT3 are associated with 
inferior outcome for DLBCL patients, suggesting that combined measurement of their levels in plasma 
may be a promising prognostic strategy for DLBCL patients. 
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Introduction 
Diffuse large B cell lymphoma (DLBCL) is one of 

the most common B-cell lymphomas, accounting for 
approximately 30-40% of non-Hodgkin’s lymphoma 
(NHL) [1]. It is characterized by a group of patients 
that have significant heterogeneity in clinical 
manifestations, pathological phenotype, and 

prognosis survival rate [2]. In recent years, studies on 
various tumor immune checkpoints including PD-1/ 
PD-L1 (programmed cell death 1/programmed cell 
death ligand 1) and regulatory mechanisms have been 
increasing immensely. Furthermore, the prognosis of 
several different cancer patients including those with 
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lymphoma has been greatly improved in the era of 
immune checkpoint inhibitors [3–7]. 

PD-L1, also known as B7-H1/CD274, is an 
immune inhibitory receptor expressed on the surface 
of T cells, B cells, and monocytes upon activation. It is 
a member of the B7 family and an important ligand of 
PD-1 (also known as CD279) [8]. The PD-1/PD-L1 
pathway plays an important role in immune evasion 
by tumor cells through T-cell exhaustion. Recently, 
PD-L1 was observed to be overexpressed in multiple 
tumors including lymphoma, lung cancer, malignant 
pleural mesothelioma (MPM), and renal cell 
carcinoma [9-13]. In addition, PD-L1 overexpression is 
associated with poor prognosis [14, 15]. A previous 
report has shown that soluble PD-L1 (sPD-L1) is 
highly expressed in B cell malignant lymphoma 
patients compared with healthy people, especially in 
diffuse large B cell, small lymphocyte, mucosa- 
associated lymphoid tissue, and mantle cell 
lymphomas. However, sPD-L1 level in follicular 
lymphoma was low [16]. Importantly, elevated 
sPD-L1 was associated with poor prognosis [17–18]. 
Moreover, several studies have reported that PD-L1 
expression in tissue positively correlates with plasma 
sPD-L1 levels in nasal natural killer/T-cell lymphoma 
[19] and peripheral T-cell lymphoma patients [20]. 

Three oncogenic pathways have been observed 
in DLBCL including the constitutively activated 
NF-κB, JAK/signal transducer and activator of 
transcription (STAT), and PI3K/AKT/mTOR 
pathways [21-23], which usually promote cell 
proliferation, growth, survival, and angiogenesis, and 
diminish apoptosis. Many factors can drive the 
expression of PD-L1 including STAT3 [24-25]. Reports 
displayed that nucleophosmin-anaplastic lymphoma 
kinase (NPM-ALK) induces PD-L1 expression by 
activating STAT3 [26]. The abnormal activation of the 
phosphates and tensin homolog (PTEN) gene also 
results in the JAK/STAT3 signaling pathway 
activation, further leading to upregulation of PD-L1 
expression. PD-L1 expression further acts to drive 
tumor cell proliferation, survival, invasiveness, and 
metastasis [27]. Patients with STAT3 overexpression 
were found to have significantly poorer progression- 
free survival (PFS) and overall survival (OS) [28-33], 
and some studies showed that STAT3-positive 
patients had an independently inferior clinical 
outcome [34]. 

Although high level of plasma sPD-L1 is 
associated with poor prognosis in DLBCL patients 
[17], there are no reports on the effect of plasma 
sPD-L1 combined with plasma STAT3 on the 
prognosis in DLBCL patients. The present study 
aimed to investigate the relationships between plasma 
sPD-L1 combined with plasma STAT3 levels and 

clinical prognosis in DLBCL patients. These findings 
may provide an insight into convenient prognostic 
biomarkers for and risk stratification in DLBCL 
patients. 

Materials and Methods 
Study participants and sample collection 

Our study included eighty-seven patients with 
de novo DLBCL whose peripheral blood was 
available and received R-CHOP (rituximab, 
cyclophosphamide, doxorubicin, vincristine, and 
prednisone) or R-CHOP-like regimen. Plasma 
samples from the peripheral blood of all patients were 
collected before systematic treatment and frozen at 
−80 °C until further analyses. Meanwhile, 29 matched 
formalin-fixed paraffin-embedded (FFPE) tissue from 
patients before treatment were collected. This study 
was approved by the Clinical Research Ethics Board 
of Tianjin Medical University Cancer Institute and 
Hospital (Tianjin, China). All patients provided 
written informed consent, and this study was 
conducted in accordance with the principles of 
Declaration of Helsinki and Good Clinical Practice 
guidelines. 
Quantification of plasma sPD-L1 and STAT3 

Levels of plasma sPD‐L1 and plasma total 
STAT3 were measured using enzyme linked 
immunosorbent assay (ELISA) kits namely, Human 
PD-L1 ELISA kit (DB7H10, R&D Systems, 
Minneapolis, MN, USA) and Human Signal 
Transducer and Activator of Transcription 3 (STAT3) 
ELISA Kit (ml728930, Mlbio, Shanghai, China) 
according to the manufacturer's instructions. Each 
sample was analyzed in duplicates. The intra-assay 
and inter-assay coefficients of variation were below 
20%. 
Multiplexed immunofluorescence staining for 
PD-L1 expression 

In order to precisely detect the PD-L1 and PAX-5 
(paired box 5) expression, multiplexed immuno-
fluorescence staining was performed in twenty-nine 
matched formalin-fixed paraffin-embedded (FFPE) 
tissues from patients before treatment according to 
the Opal immunostaining protocol, as described in 
our previous study [35]. Each FFPE tumor section 
needed two sequential rounds of staining. The 
primary antibodies used in this study included clone 
E1L3N for PD-L1 (1/ (200×5), Rabbit, Cell Signaling 
Technology, Danvers, MA, USA) and clone sp34 for 
PAX-5 (1/ (400×5), Rabbit, Ventana Roche, Oro 
Valley, AZ, USA). The stained signal was amplified 
using Opal 520 tyramide signal amplification (TSA) 
reagents (PerkinElmer, Waltham, MA, USA) for 
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anti-PAX-5 and Opal 570 for anti-PD-L1. After two 
rounds of staining, the sections were counterstained 
with DAPI (Life Technologies, Carlsbad, CA, USA), 
mounted on Vectashield hardset medium (Life 
Technologies, Carlsbad, CA, USA), and stored in a 
light protection box at 4 °C prior to imaging. 
Multiplex-stained sections were imaged using the 
Mantra System (PerkinElmer) and the color-based 
identification of all markers of interest was facilitated 
by a single image using inform 2.3 image analysis 
software (PerkinElmer). DLBCL tumor cells were 
identified as PAX-5+. The mean value of PD-L1 
positivity across images acquired from 20 fields of 
view was calculated. Phenotyping and quantification 
were carried out by a researcher who was blinded to 
the sample identities and clinical outcomes. 
Statistical analyses 

We used SPSS 25.0 statistical software (IBM SPSS 
Statistics, Chicago, IL, USA) and Graphpad Prism 8.0 
(GraphPad Software, San Diego, CA, USA) to perform 
all statistical analyses. Pearson's chi-squared test was 
used to analyze the correlations between plasma 
sPD-L1 and plasma STAT3 levels. The relationships 
between clinicopathologic parameters and sPD-L1 or 
STAT3 levels were analyzed via chi-square test. The 
association between plasma sPD-L1 and PD-L1 
expression in tumor tissue was assessed by linear 
regression analysis. Progression-free survival (PFS) 
was calculated from the date of diagnosis to that of 
disease progression, relapse, or death from any cause. 
Overall survival (OS) was calculated from the date of 
diagnosis to that of last follow-up or death. PFS and 
OS were estimated using the Kaplan-Meier method 
and log-rank tests were performed. P < 0.05 was 
considered statistically significant. 

Results 
Patient characteristics 

Table 1 summarizes the baseline characteristics 
of eighty-seven patients with DLBCL. The median age 
was fifty-six years (range: 21–83 years). Of the 
eighty-seven patients, forty-one (47.1%) were male, 
forty-two (48.3%) had the advanced disease stage, 
twenty-seven (31%) were middle–high or high risk, 
fifty-six (64.3%) with extra nodal involvement, thirty- 
eight (43.7%) had elevated lactate dehydrogenase 
(LDH) levels, and seventeen (19.5%) had elevated beta 
2 microglobulin (β2-M) levels. According to the 2016 
WHO classification, thirty-nine (44.8%) were 
diagnosed as germinal center B-cell (GCB)-DLBCL 
and forty-eight (55.2%) as non-GCB-DLBCL. Using 
cutoff values of MYC (40%) and BCL2 (50%) positive 
tumor cells, twenty-eight (32.2%) were diagnosed as 

double-expressor lymphoma (DEL), thirty-two 
(36.8%) as non-DEL and twenty-seven (31%) as 
unknown. No double hit lymphoma (DHL) or triple 
hit lymphoma (THL) patients were found. According 
to the 2014 Lugano criteria, fifty (57.5%) attained 
complete response (CR)/partial response (PR) and 
thirty-seven (42.5%) appeared with stable disease 
(SD)/progressed disease (PD). 

Correlation between plasma sPD-L1, STAT3 
level and clinical characteristics 

Using a cut-off value of median sPD-L1 level, 
1.21 ng/ml, we separated the patients into two 
groups, which is similar to the previous study [17]. 
Forty-four patients (50.6%) were categorized as the 
high sPD-L1 level group (≥ 1.21 ng/ml), and the 
remaining forty-three cases (49.4%) as low sPD-L1 
level group (< 1.21 ng/ml). Similarly, we categorized 
forty-four patients as the high STAT3 level group (≥ 
541.87 pg/ml), and the rest as low STAT3 level group 
(< 541.87 pg/ml). Table 1 showing the relationships 
between sPD-L1, STAT3 levels and patient clinical 
characteristics reveals that patients having higher 
sPD-L1 level were always accompanied by the 
advanced stage (P = 0.013), elevated LDH (P = 0.012) 
and β2-M levels (P = 0.001), international prognostic 
index (IPI) score > 2 (P = 0.003), non-GCB subtype (P = 
0.042), B symptom (P = 0.012), DEL (P = 0.021), and 
poor clinical response (P = 0.002). High STAT3 levels 
were related to the advanced stage (P = 0.041) and IPI 
score > 2 (P = 0.044). Furthermore, we also found that 
there were no correlations between plasma sPD-L1 
level and plasma STAT3 level (R = 0.195, P = 0.071). 

Correlation between plasma sPD-L1, STAT3 
level and survival 

Median follow-up duration was sixty (range: 
2-106 months) months. All eighty-seven patients were 
available for the 3-year PFS and OS analysis. We 
found that 3-year PFS and 3-year OS rates were 74.7% 
and 79.3%, respectively. The survival analysis 
revealed that patients with high sPD-L1 level in the 
entire cohort (PFS, P < 0.001, Figure 1A; OS, P < 0.001, 
Figure 1B) as well as in the non-GCB-DLBCL (P = 
0.005, Figure 1C) and GCB-DLBCL subgroups (P = 
0.013, Figure 1D) had inferior survival compared with 
that of patients with low sPD-L1 level. Meanwhile, 
patients with high STAT3 level in the entire cohort 
(PFS, P = 0.046, Figure 2A; OS, P = 0.002, Figure 2B) as 
well as in the non-GCB-DLBCL subgroup (P = 0.013, 
Figure 2C), but not in the GCB-DLBCL subgroup (P = 
0.053, Figure 2D), had inferior survival compared 
with that of patients with low STAT3 level. 
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Figure 1. Correlation between plasma sPD-L1 level and survival. (A) Progression-free survival (PFS) and (B) Overall survival (OS) of patients with DLBCL by plasma sPD-L1 
levels. Survival proportion of patients with (C) non-GCB DLBCL and (D) GCB-DLBCL by plasma sPD-L1 levels. 

 
Figure 2. Correlation between plasma STAT3 level and survival. (A) Progression-free survival (PFS) and (B) Overall survival (OS) of patients with DLBCL by plasma STAT3 
levels. Survival proportion of patients with (C) non-GCB DLBCL and (D) GCB-DLBCL by plasma STAT3 levels. 
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Table 1. Association of plasma sPD-L1 and STAT3 levels with the clinical characteristics of patients with DLBCL 

Clinical Parameters n sPD-L1 level STAT3 level 
High (%) Low (%) χ2 P value High (%) Low (%) χ2 P value 

Total 87 44 (50.6) 43 (49.4)   44 (50.6) 43 (49.4)   
Gender          
Male 41 20 (48.8) 21 (51.2) 0.1 0.752 19 (46.3) 22 (53.7) 0.556 0.456 
Female 46 24 (52.2) 22 (47.8) 25 (54.3) 21 (45.7) 
Age (years)          
≤ 60 59 30 (50.8) 29 (49.2) 0.005 0.941 29 (49.2) 30 (50.8) 0.148 0.700 
> 60 28 14 (50) 14 (50) 15 (53.6) 13 (46.4) 
Subtype          
GCB 39 15 (38.5) 24 (61.5) 4.149 0.042* 22 (56.4) 17 (43.6) 0.963 0.326 
Non-GCB 48 29 (60.4) 19 (39.6) 22 (45.8) 26 (54.2) 
Clinical stage          
I-II 45 17 (37.8) 28 (62.2) 6.107 0.013* 18 (40) 27 (60) 4.170 0.041* 
III-IV 42 27 (64.3) 15 (35.7) 26 (61.9) 16 (38.1) 
IPI grades          
0–2 60 24 (40) 36 (60) 8.649 0.003* 26 (43.3) 34 (56.7) 4.056 0.044* 
3–5 27 20 (74.1) 7 (25.9) 18 (66.7) 9 (33.3) 
LDH level          
Normal 49 19 (38.8) 30 (61.2) 6.248 0.012* 22 (44.9) 27 (55.1) 1.446 0.229 
Elevated 38 25 (65.8) 13 (34.2) 22 (57.9) 16 (42.1) 
β2-M level          
Normal 70 29 (41.4) 41 (58.6) 11.988 0.001* 32 (45.7) 38 (54.3) 3.386 0.066 
Elevated 17 15 (88.2) 2 (11.8) 12 (70.6) 5 (29.4) 
Symptom          
A 72 32 (44.4) 40 (55.6) 6.278 0.012* 35 (48.6) 37 (51.4) 0.644 0.422 
B 15 12 (80) 3 (20) 9 (60) 6 (40) 
Extra nodal involvement         
No 31 12 (38.7) 19 (61.3) 2.712 0.1 17 (54.8) 14 (45.2) 0.350 0.554 
Yes 56 32 (57.1) 24 (42.9) 27 (48.2) 29 (51.8) 
Double-expressor lymphoma         
Yes 28 18 (64.3) 10 (35.7) 7.701 0.021* 15 (53.6) 13 (46.3) 0.293 0.864 
No 32 10 (31.3) 22 (68.7)   15 (46.9) 17 (53.1)   
NA 27 16 (59.3) 11 (40.7)   14 (51.9) 13 (48.1)   
Clinical response          
CR/PR 50 18 (36) 32 (64) 9.991 0.002* 23 (46) 27 (54) 0.984 0.321 
SD/PD 37 26 (70.3) 11 (29.7)   21 (56.8) 16 (43.2)   
sPD-L1; soluble programmed cell death ligand 1; STAT3, signal transducer and activator of transcription 3; DLBCL, diffuse large B cell lymphoma; GCB, germinal center 
B-cell; IPI, international prognostic index; LDH, lactate dehydrogenase; β2-M, beta 2 microglobulin, CR/PR, complete response/partial response; SD/PD, stable 
disease/progressed disease. *P < 0.05. 

 
 
Subgroup analyses were performed according to 

gender, age, clinical stages, LDH level, β2-M level, IPI 
grades, B symptoms, sPD-L1 level, and STAT3 level. 
Table 2 summarizes the univariate and multivariate 
cox analyses. In the univariate analysis, LDH (χ2 = 
5.515; P = 0.019), β2-M (χ2 = 11.232; P = 0.001), IPI 
scores (χ2 = 15.672; P = 0.000), B symptom (χ2 = 8.660; P 
= 0.003), DEL (χ2 = 4.439; P = 0.035), high sPD-L1 level 
(χ2 = 13.708; P = 0.000), high STAT3 level (χ2 = 9.780; P 
= 0.002) were associated with poor prognosis in 
patients with DLBCL. Multivariate cox regression 
models were further performed to determine the 
prognostic value of sPD-L1 and STAT3 level. We 
found that IPI score [HR (95% CI) = 3.121 (1.124–
8.669), P = 0.029], high sPD-L1 level [HR (95% CI) = 
6.284 (1.390–28.397), P = 0.017], and high STAT3 level 
[HR (95% CI) = 4.158 (1.182–14.627), P = 0.026] were 
the independent prognostic factors negatively 
affecting survival. 

Table 2. Univariate and multivariate analysis of prognostic factors 
in patients with DLBCL 

Clinical Parameters Univariate 
analysis 

Multivariate analysis 

χ2 P value HR (95% CI) P 
value 

Gender (Male v Female) 1.922 0.166   
Age, years (≤ 60 v > 60) 0.550 0.458   
Clinical stage (I-II v III-IV) 3.483 0.062   
LDH level (Normal v Elevated) 5.515 0.019*   
β2-M level (Normal v Elevated) 11.232 0.001*   
IPI grades (0-2 v 3-5) 15.672 0.000** 3.121 (1.124–8.669) 0.029* 
Extra nodal involvement (No v Yes) 0.027 0.869   
Symptom (A v B) 8.660 0.003*   
Subtype (GCB v non-GCB) 0.003 0.959   
DEL (Yes v No) 4.439 0.035*   
sPD-L1 level (Low v High) 13.708 0.000** 6.284 (1.390-28.397) 0.017* 
STAT3 level (Low v High) 9.780 0.002* 4.158 (1.182-14.627) 0.026* 

CI, confidence interval; HR, hazard ratio; sPD-L1; soluble programmed cell death 
ligand 1; STAT3, signal transducer and activator of transcription 3; DLBCL, diffuse 
large B cell lymphoma; LDH, lactate dehydrogenase; β2-M, beta 2 microglobulin; 
IPI, international prognostic index; DEL, double-expressor lymphoma. *P < 0.05, 
**P < 0.001. 
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Figure 3. The influence of plasma sPD-L1 and STAT3 levels on DLBCL patient 
prognosis. 

 

The influence of plasma sPD-L1 combined with 
STAT3 levels on DLBCL patient prognosis 

Among all patients, twenty-five displayed high 
sPD-L1 and high STAT3 levels (group 1), nineteen 
showed high sPD-L1 and low STAT3 levels (group 2), 
nineteen exhibited low sPD-L1 and high STAT3 levels 
(group 3), and twenty-four showed low sPD-L1 and 
low STAT3 levels (group 4). We performed survival 
analyses to compare these four groups according to 
their combination of sPD-L1 and STAT3 levels. 
Kaplan-Meier survival curves showed that group 1 
patients had the worst OS compared with other 
groups (χ2 = 26.289, P < 0.001; Figure 3). Moreover, 
subgroup analysis was performed. Comparing groups 
3 and 4, we found that in patients with low sPD-L1 
level, the survival had no significant difference with 
either high or low STAT3 level (P = 0.107). However, 
on comparing groups 1 and 2, we found that in 
patients with high sPD-L1 level, those with high 
STAT3 level had poorer survival rates than patients 
with low STAT3 level (P = 0.013). These findings 
suggested that if high STAT3 level led to the 
upregulation of sPD-L1 level, patients had the worst 
prognosis. If high STAT3 level did not lead to the 
upregulation of sPD-L1 level, there was no significant 
difference in patient survival (P = 0.107). According to 
present reports, overexpression of STAT3 may 
upregulate the expression of PD-L1 and relate to poor 
overall survival [26, 27]. Our data also revealed that 
simultaneously high levels of plasma sPD-L1 and 
STAT3 were associated with poor prognosis in 
DLBCL patients. 

Association between plasma sPD-L1 and 
PD-L1 expression in tumor tissue 

In order to determine the correlation between 
plasma sPD-L1 level and PD-L1 expression in tumor 
tissues, we conducted a correlation analysis. Twenty- 
nine matched FFPE specimens from all patients were 

available prior to systemic therapy. Three-color 
multispectral and separated individual spectral 
images within the same FFPE tumor section are 
shown in Figure 4. The linear regression analysis 
showed that plasma sPD-L1 levels positively 
correlated with tissue PD-L1 expression (R2 = 0.3787, 
P = 0.0004, Figure 5). 

 

 
Figure 4. Three-color multispectral and separated individual spectral images of 
multiplexed immunofluorescence staining with DAPI (blue), PAX-5 (green), and 
PD-L1 (red). 200× magnification. 

 
Figure 5. Association between plasma sPD-L1 and PD-L1 expression in tumor 
tissue. 

 

Discussion 
A series of studies have recently reported that 

elevated sPD-L1 or STAT3 is associated with a poorer 
prognosis [17–18, 28–32, 34]. Furthermore, it has been 
reported that multiple oncogenic pathways lead to 
expression of PD-L1 by upregulating STAT3 
expression [25–26]. However, the effect of plasma 
sPD-L1 combined with STAT3 on the prognosis in 
DLBCL patients remains unknown. 

In our study, we showed that high sPD-L1 levels 
[HR (95% CI) = 6.284 (1.390–28.397), P = 0.017)] and 
high STAT3 levels [(HR (95% CI) = 4.158 
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(1.182-14.627), P = 0.026)] were the independent 
prognostic factors negatively affecting survival. We 
also found that the PFS and OS for high sPD-L1 level 
group was poorer than that for low sPD-L1 level 
group in all patients as well as in the non-GCB and 
GCB-DLBCL subgroups. As demonstrated previously 
[29], PFS and OS for high STAT3 level group was 
poorer than that for low STAT3 level group in all 
patients as well as in the non-GCB DLBCL, but not in 
the GCB-DLBCL subgroups. In addition, patients 
with advanced stage, IPI grades > 2, non-GCB 
subtype, elevated LDH and β2-M levels had higher 
sPD-L1 level, which also suggests that sPD-L1 levels 
have a potential of predicting DLBCL progression. 
Elevated STAT3 level was related to the advanced 
stage (P = 0.041) and IPI score (P = 0.044). These 
findings were consistent with previous reports [17-18, 
29]. It has been widely confirmed that DEL exhibits 
poor prognosis. Therefore, we investigated the 
correlation between DEL and the level of plasma 
sPD-L1 and/or STAT3 and found that patients with 
DEL had higher sPD-L1 levels, but no difference was 
observed for plasma STAT3 levels. In addition, we did 
not observe a relationship between plasma sPD-L1 
and STAT3 in this study. The reason may be that the 
sPD-L1 levels were regulated by not only STAT3, but 
also many other different pathways. Importantly, we 
found that patients with DLBCL having high levels of 
sPD-L1 and STAT3 had the worst OS (P < 0.001) 
compared with all other patients. Interestingly, we 
also found that there was no significant difference in 
OS in patients with DLBCL having low sPD-L1 levels 
and high or low STAT3 levels (P = 0.107). However, 
the patients with high sPD-L1 and STAT3 levels had 
poorer OS compared with those having high sPD-L1 
levels and low STAT3 levels (P = 0.013). These 
findings also suggest that we can stratify DLBCL 
patients according to plasma sPD-L1 and STAT3 
levels into different risk groups. 

The correlation between PD-L1 expression in the 
tumor tissue and plasma sPD-L1 is controversial [17, 
19-20]. In order to investigate the association between 
sPD-L1 level and tissue PD-L1 expression in DLBCL, 
the expression of tissue PD-L1 in few matched 
patients was measured. We found that plasma sPD-L1 
levels positively correlated with tissue PD-L1 
expression (R2 = 0.3787, P = 0.0004, Figure 5). 
However, it has been reported that there is no 
correlation between sPD-L1 level and PD-L1 
expression in tumor tissue of patients with DLBCL 
[17]. In addition to the heterogeneity between tumors, 
another possibility for these controversial 
observations may also be attributed to different 
sources of PD-L1 antibodies. Therefore, these findings 
suggest that plasma sPD-L1 rather than tissue PD-L1 

levels have a potential to predict prognosis for some 
subtypes of tumors. However, the small sample size 
of this study may influence the reliability of the 
conclusions; thus, a larger cohort of DLBCL patients is 
needed for further validation. 

Conclusions 
In summary, the levels of plasma sPD-L1 and 

plasma STAT3 were independent prognostic factors 
negatively affecting survival, and high levels of both 
showed a significantly worse survival rate compared 
with that by any one high or low level of both. In the 
era of personalized diagnosis and treatment, 
combined measurement of the levels of plasma 
sPD-L1 and STAT3 may be a promising prognostic 
strategy for DLBCL patients. 
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