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Significance statement 

This study is the first to simultaneously characterize the soluble immune checkpoint 

proteins, soluble programmed cell death protein 1 (sPD-1) and its ligands (sPD-L1/sPD-

L2), in a variety of lymphomas. The central findings of our work include elevated levels 

of sPD-1/sPD-L2 in patients as well as different expression patterns according to 

lymphoma subtype. In addition, we found a relation between higher sPD-1 and adverse 

prognostic factors in diffuse large B-cell lymphoma. The study contributes to the ongoing 

effort to establish the potential role of these soluble proteins as predictive biomarkers for 

clinical behavior and for response to immunotherapy with checkpoint inhibitors. 
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Abstract 
Background: The programmed cell death protein 1 (PD-1) and its ligand 1 and 2 (PD-

L1/PD-L2) regulates the immune system and the checkpoint pathway can be exploited by 

malignant cells to evade anti-tumor immune response. Soluble forms (sPD-1/sPD-

L1/sPD-L2) exist in the peripheral blood, but their biological and clinical significance is 

unclear. 

 
Method: Time-Resolved Immunofluorometric Assay (TRIFMA) and Enzyme-Linked 

Immunosorbent Assay (ELISA) were used to measure sPD-1, sPD-L1 and sPD-L2 levels 

in serum from 131 lymphoma patients and 22 healthy individuals. 

 
Results: Patients had higher sPD-1 and sPD-L2 levels than healthy individuals. In 

Diffuse Large B-cell Lymphoma, patients with high International Prognostic Index score 

had higher sPD-1 levels and sPD-L2 levels correlated with subtype according to cell of 

origin. Compared to other lymphoma types, follicular lymphoma displayed higher sPD-

1 and lower sPD-L1 levels along with lower ligand/receptor ratios. 

 
Conclusion: This is the first study to simultaneously characterize pre-therapeutic sPD-1, 

sPD-L1 and sPD-L2 in a variety of lymphoma subtypes. The relation between higher 

sPD-1 levels and adverse prognostic factors as suggests a possible biological role and 

potential clinical usefulness of sPD-1. Moreover, the reverse expression pattern in 

follicular lymphoma and T-cell lymphoma/leukemia may reflect biological information 

relevant for immunotherapy targeting the PD-1-pathway. 

 
Keywords 
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- Serum  



 3	

Introduction 

Lymphoma originates from mature and immature lymphocytes of B-, T- and NK-

cell origin and is subdivided into a variety of different histopathological entities described 

in the 2017 WHO-classification of Tumours from the Hematopoietic and Lymphoid 

Tissues (1). The prognosis depends on several factors, related partly to lymphoma biology 

and partly to host characteristics. 

Malignant cells are characterized by acquired capabilities, hallmarks of cancer, that 

constitute a survival benefit for the tumor. An emerging hallmark is the ability to evade 

immune-mediated destruction (2). Mitigation of the antitumoral immune response can be 

achieved through expression, by the malignant cells, of immune dampening proteins, so 

called checkpoint proteins. These endogenous checkpoint proteins are, under normal 

physiological conditions, crucial for maintaining self-tolerance and prevent 

autoimmunity. However, when expressed on malignant cells, these proteins dampen the 

effector function of tumor infiltrating lymphocytes, thereby conferring a survival benefit 

by leading to immune escape and tumor promotion. The focus in this study is the 

checkpoint protein programmed death 1 protein (PD-1) and its ligands (PD-L1 and PD-

L2). Interaction between PD-1 and PD-L1/PD-L2 activates intracellular pathways in the 

PD-1 expressing T-cells that result in reversible dampening of proliferation and effector 

functions (3–6).  

PD-1 is expressed on a variety of immune cells and tumor infiltrating lymphocytes 

(3). PD-L1 is expressed on hematopoietic and non-hematopoietic cells in a variety of 

tissues (3,6). In lymphoma, PD-L1 expression has been demonstrated on the malignant 

cells of entities such as Hodgkin lymphoma (HL) and diffuse large B-cell lymphoma 

(DLBCL)(7,8). In contrast, PD-L1 expression in chronic lymphocytic leukemia (CLL) 

and follicular lymphoma (FL) has been reported as low or absent (9,10). PD-L2 

expression is less abundant than PD-L1 expression (3). While the clinical relevance of 

PD-L1 has been widely investigated, PD-L2 has received less attention in cancer research 

(11). Nevertheless, PD-L2 expression has been demonstrated both on the malignant 

and/or non-malignant cells of the tumor microenvironment in lymphoid malignancies, 

including HL and DLBCL(6,12–14). The expression of PD-1/PD-L1 and/or PD-L2 on 

tumor cells and the tumor microenvironment has proven prognostic value in a range of 
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lymphomas, including HL, FL and DLBCL (7,8,13,15,16). This emphasizes the relevance 

for further research on the PD-1-pathway in hematological malignancies. 

Immunotherapy with checkpoint inhibitors (CPI) targets immune checkpoints and 

enhances anti-tumor immunity by blocking receptor-ligand interaction and thereby 

preventing the subsequent inhibitory effect on immune cells (17). CPI have shown 

impressive responses in relapsed HL and promising results in other B- and T-cell 

neoplasms (5,6,18). Clinical trials with CPI in other malignancies (e.g. melanoma, non-

small-cell lung  cancer and renal cell carcinoma) have led to the approval of CPI in the 

treatment algorithm of several malignant diseases (17,19).  

PD-1/PD-L1/PD-L2 exist in the peripheral blood in soluble forms (20,21). Soluble 

PD-1 (sPD-1) originates from an alternative splice variant of the PD-1 gene, whereas 

soluble PD-L1 (sPD-L1) and soluble PD-L2 (sPD-L2) are assumed to originate from 

proteolytic cleavage of membrane PD-L1/PD-L2 (22–25). In DLBCL, high pre-

therapeutic sPD-L1 levels have been associated with poorer overall survival and a 

reduction of those levels was observed in patients that achieved complete remission 

(26,27).  This imply that sPD-L1 is a valuable biomarker both at diagnosis, i.e. prior to 

therapy (quantitative level), but also during the course of treatment (magnitude of 

decrease). The prognostic value of sPD-L1 is also reported in natural killer/T cell 

lymphoma as well as peripheral T-cell lymphoma (28–30). In HL, sPD-1 and sPD-L1 

levels have been demonstrated as potential biomarkers for risk stratification and possible 

therapeutic strategies (31). In Waldenstrom macroglobulinemia, elevated levels of sPD-

L1 and sPD-L2 were demonstrated and the sPD-1 ligands were able to regulate T-cell 

function (32). However, more research on these soluble proteins is necessary to assess 

their role as prognostic markers and potentially predictive tools for CPI-based treatment 

strategies. 

In this study, we characterize sPD-1, sPD-L1 and sPD-L2 in lymphoma and correlate the 

measured values with clinical parameters.  
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Method 

Study population 

Pre-therapeutic serum samples from 131 patients diagnosed with lymphoma from 

June 2014 to January 2015 at Aarhus University Hospital were analyzed. Included in this 

is also three patients with T-cell leukemia. Blood samples were obtained at the time of 

diagnosis and serum was stored at -80°C. The total patient cohort (n=131) covered 25 

different lymphoma entities. However, the majority of patients (n=101, 77%) belonged 

to four entities: CLL/small lymphocytic lymphoma (SLL)(n=41), DLBCL (n=33), FL 

(n=15) and HL (n=12). The DLBCL entity includes DLBCL NOS (n=29), T-

cell/histiocyte-rich large B-cell lymphoma (n=1), primary DLBCL of the CNS (n=1), 

primary cutaneous DLBCL (leg type)(n=1) and anaplastic DLBCL (ALK-positive)(n=1). 

Clinical information was obtained from medical records. Serum samples from 22 

healthy blood donors (men n=12, women n=10) were used for comparison. Due to 

insufficient amount of serum, one of the healthy individuals was substituted with an age 

and gender matched sample in the sPD-L2 assay.  

The study was performed in accordance with the principles of the Helsinki 

declaration and approved by the Committee of Biomedical Research Ethics for Central 

Region Denmark (record no. nr. 1-10-72-129-16) and the Danish Data Protection Agency 

(record no. 1-16-02-317-16 and record no. 1-16-02-347-13). 

 
Soluble PD-1 measurement 

Soluble PD-1 was measured using an in-house Time-Resolved Immunofluorometric 

Assay (TRIFMA) based on commercial antibodies (Bio- Techne, #DY1086, R&D 

Systems, Abingdon, UK)(33). Microtiter wells were coated with anti-human PD-1 

antibodies (1 µg/ml) in phosphate-buffered saline (PBS) (pH 7.4) and residual binding 

sites were blocked for 1 hour with PBS, 1% Tween20 (Tw). Recombinant PD-1 in the 

range from 39.0 to 2500 pg/ml was used as a standard. Serum samples were diluted 1:4 

in assay buffer (PBS with 5% skim milk, 1% bovine serum albumin, 2% normal goat 

serum and 0.05% Tw). Bound PD-1 was determined by incubation with biotin-labelled 

anti-human PD-1 antibody (200 ng/ml) in assay buffer followed by addition of 10 ng 

Eu3+-labelled streptavidin (Perkin Elmer Life Sciences, Turku, Finland). Bound 

europium was detected by the addition of 200 µl of enhancement solution and reading 
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the time-resolved fluorescence on a DELFIA fluorometer (Victor, Perkin Elmer, 

Massachusetts, USA). All samples were analysed in duplicates. The detection limit was 

40 pg/ml, as previously reported and samples below the cut-off were assigned this value 

(34). The intra-assay variation was 5.2%. A serum sample and a spiked serum sample 

were used as internal controls, with an inter-assay variation of 21% and 9%, 

respectively. The TRIFMA were validated for freeze/thaw interference and recovery. 

Addition of PD-L1 or human serum albumin did not influence results.  
 

Soluble PD-L1 measurement 

Soluble PD-L1 was measured using an enzyme-linked immunosorbent assay 

(PDCD1LG1, Cloud-Clone Corp., TX, USA) according to manufacturer’s instructions. 

Detection range was 0.156-10 ng/ml and minimum detectable dose was 0.056 ng/ml and 

samples below the cut-off were assigned this value. All samples were diluted 1:3 and 

analysed in duplicates. A serum sample from a healthy individual and a spiked serum 

sample were used as internal controls.  

 

Soluble PD-L2 measurement 

Soluble PD-L2 was measured using an in-house TRIFMA based on commercial 

antibodies (Bio- Techne, #DY1224, R&D Systems, Abingdon, UK)(33). Microtiter 

wells were coated with anti-human PD-L2 antibodies (2 µg/mL) in PBS (pH 7.4) and 

residual binding sites were blocked for 1 hour with PBS, 1% Tw. Recombinant PD-L2 

in the range from 46.9 to 3000 pg/mL was used as standard. Serum samples were 

diluted 1:12 in assay buffer (PBS, 25 µM EDTA, 0.1 % human serum albumin and 1 % 

Tw). Bound PD-L2 was determined by incubation with biotin-labelled anti-human PD-

L2 antibody (1 µg/mL) in assay buffer followed by addition of 10 ng Eu3+-labelled 

streptavidin (Perkin Elmer Life Sciences, Turku, Finland). Bound europium was 

detected by addition of 200 µl of enhancement solution and reading the time-resolved 

fluorescence on a DELFIA fluorometer (Victor, Perkin Elmer, Massachusetts, USA). 

All samples were analyzed in duplicates. The intra-assay variation was 3.4% and inter-

assay variation was 4.2%. The TRIFMA was validated for freeze/thaw interference and 

recovery.  
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Statistical analysis 

Levels of sPD-1, sPD-L1 and sPD-L2 as well as the ratios were compared between 

patient subgroups and healthy individuals using a non-parametric test (Mann-Whitney). 

Correlation analysis was performed using a linear regression model. P-values below 

0.05 were considered statistically significant. Analysis was performed using Stata/IC 

15.1 (StataCorp, TX, USA) and Prism 8 (GraphPad Software).  

 
Results 

Patient demographics 

In total, 131 patients (83 men and 48 women) were included. B-cell lymphoma 

constituted 84% (n=110), T-cell lymphoma/leukemia 6.9% (n=9) and HL 9.1% (n=12). 

Of the 131 patients, 75 were classified as indolent lymphomas and 44 classified as 

aggressive lymphomas (Table 1). HL were not included in either of these groups.  

In healthy individuals, males had higher sPD-1 levels than females (mean 250.98 

vs 121.32, p=0.003), but not in the patient group (p=0.061). Soluble PD-L1 and sPD-L2 

levels did not differ between genders.  

Healthy individuals >50 years (n=14) had higher sPD-1 levels and lower sPD-L1 

levels as compared with individuals <50 years (n=8)(p=0.034 and p=0.025, respectively). 

When dividing patients into younger and older than 50, 60 or 66 (median age) years old, 

there was no difference in sPD-1 levels, sPD-L1 levels or sPD-L2 levels. When analyzing 

age in patients as a continuous variable, there was no correlation with sPD-1, sPD-L1 or 

sPD-L2 either (data not shown).  

Patients with pre-existing non-hematological comorbidities did not have 

significantly different sPD-1, sPD-L1 or sPD-L2 levels compared with patients without 

concomitant disorders. Interestingly, when analyzed according to diagnostic subgroup, 

DLBCL patients with comorbidities had significantly lower sPD-L1 levels than DLBCL 

patients without comorbidities (p=0.030), Supplementary table S1. 

 

Soluble PD-1, soluble PD-L1 and soluble PD-L2 levels in lymphoma 

Overall, patients had higher sPD-1 levels (mean: 506.0 pg/ml 95%CI 402.3-636.4) 

than healthy individuals (mean: 180.4 pg/ml 95%CI 139.7-232.9)(p<0.001), Table 2, 

Supplementary Table S2, Figure 1. Soluble PD-1 levels retained its significantly higher 
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level in patients when analysed according to gender (p=0.001 and p=0.010) for female 

and men respectively. When analyzed according to lymphoma subtype, the sPD-1 levels 

in patients with DLBCL, CLL/SLL and FL were, despite of their limited cohort size, 

significantly higher compared to healthy individuals (p=0.009, p=0.001 and p<0.001), 

Figure 1. Soluble PD-1 in these lymphoma subtypes showed significantly higher levels 

in females, while for males, only FL had significantly higher sPD-1 levels 

(Supplementary Table S3). FL exhibited the highest median values compared to DLBCL, 

CLL/SLL and HL. Interestingly, T-cell lymphoma/leukemia also had higher sPD-1 levels 

compared to healthy individuals (p=0.001), Figure 1. When analyzing the data based on 

age below or above 50 years, higher sPD-1 levels retained its significance in the two age 

groups. In patients <50 years, we also demonstrated higher sPD-1 levels in DLBCL, 

CLL/SLL, FL and T-cell lymphoma/leukemia compared to healthy individuals, while this 

was only found for the latter two diagnostic subgroups in patients >50 years. 

In general, sPD-L1 levels did not differ significantly in patients compared to 

healthy individuals, Table 2, Supplementary Table S2 and Figure 2. However, when 

analyzed according to each lymphoma subtype, patients with FL had significantly lower 

sPD-L1 levels than healthy individuals (p=0.002), DLBCL (p<0.001) and CLL/SLL 

(p<0.001), Figure 2 and Table 3.  

Soluble PD-L2 levels were significantly higher in patients (mean 13.2 ng/ml 95% 

CI 12.2-14.3) than healthy individuals (mean 10.5 ng/ml 95%CI 8.7-12.6)(p=0.029). 
Compared to healthy individuals, HL and CLL did not have different sPD-L2 levels, 

Table 2 and Supplementary Figure S1. DLBCL and FL showed a trend towards higher 

sPD-L2 levels, however it did not reach statistical significance (p=0.057 and p=0.073, 

respectively), Supplementary Figure S1.  

 

Ratio between the ligands and the receptor 

To investigate the relationship between ligands and receptor we calculated the ratio 

between each soluble ligand and sPD-1. The mean sPD-L1/sPD-1 ratio for all patients 

was 2.94 (95% CI 2.22-3.89), indicating that in general sPD-L1 levels were higher than 

sPD-1 levels. However, the opposite pattern, higher sPD-1 than sPD-L1 levels, was seen 

in patients with T-cell lymphoma/leukemia and in the majority of patients with FL, Figure 

3. Overall, patients with FL had significantly lower sPD-L1/sPD-1 ratio compared with 
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DLBCL (p=0.001), CLL/SLL (p<0.001), HL (p=0.002) and healthy individuals 

(p<0.001), Table 3. When analysed according to gender, the ratio in FL remained 

significantly lower compared to DLBCL (p=0.011 and p=0.022), CLL/SLL (p=0.004 and 

p<0.001) and healthy individuals (p=0.007 and p<0.001) for female and male patients 

respectively. When analysed according to age, the reverse expression pattern in FL 

remained significant in patients >50 years (not investigated in patients <50 years due to 

few cases). 

In general, sPD-L2 levels were far higher than sPD-1 levels, illustrated by the high 

ratio in patients (mean 25.6, 95% CI 20.6-31.7) and healthy individuals (mean 62.4, 

95%CI 47.5-81.9). The ratio was significantly lower in patients compared to healthy 

individuals (p<0.001) and when analyzed according to lymphoma subtype, patients with 

DLBCL (p=0.017), CLL/SLL (p=0.003) and FL (p<0.001) still had significantly lower 

sPD-L2/sPD-1 ratio than healthy individuals, Supplementary Figure S2. The ratio 

remained significantly lower in FL patients compared to healthy individuals in females 

(p=0.011) and males (p=0.001) when analysed separately. Of note is the lower ratio in 

FL and T-cell lymphoma/leukemia compared to other lymphoma subtypes, 

Supplementary Figure S2. Supplementary Figure S3 shows levels of each soluble ligand 

and the corresponding sPD-1 value for all patients and selected lymphoma subtypes.  
 

Correlation with prognostic markers and cell of origin in DLBCL 

We then performed a separate analysis of patients with DLBCL in order to assess 

whether sPD-1, sPD-L1 and sPD-L2 levels related to prognostic markers in this 

lymphoma type. In DLBCL, the International Prognostic Index (IPI) is used for risk 

stratification and we divided patients according to the IPI-score in two groups: low-

intermediate score (IPI-score 0-2) or intermediate-high score (IPI-score 3-5). Patients 

with intermediate-high IPI-score had significantly higher sPD-1 levels (mean 750.5 

pg/ml, 95% CI: 357.7-1574.3) than patients with intermediate-low IPI-score (mean 250.7, 

95% CI: 132.2-475.6)(p=0.031). In contrast, there were no difference in sPD-L1 levels, 

sPD-L2 levels or the sPD-L1/sPD-1 ratio in the two groups. Interestingly, patients in the 

intermediate-high IPI-group had lower sPD-L2/sPD-1 ratio than patients in the low-

intermediate IPI-group (p=0.023).  
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To investigate the relation between the soluble proteins and prognostic markers 

further, we performed an analysis of each parameter included in the IPI-score. Patients 

with stage 3-4 had significantly higher sPD-1 levels than stage 0-2 (p=0.039), as well as 

patients with ≥2 extranodal sites of disease had significantly higher sPD-1 levels than 

patients with 0-1 extranodal sites (p=0.012). In addition, DLBCL patients with elevated 

LDH had much higher sPD-1 levels (mean 1293.3, 95% CI: 623.2-2683.96) than patients 

with normal levels of LDH (mean 229.5, 95% CI: 133.5-394.6)(p=0.001). There was no 

difference in sPD-1 levels when comparing age below or above sixty as well as 

performance score 0-1 or >1.  In contrast to sPD-1, no difference in sPD-L1 levels or 

sPD-L2 levels was observed when investigating parameters included in the IPI-score. 

DLBCL patients were analyzed according to cell of origin, i.e. whether the tumor 

cells were of Germinal Center B-cell like (GCB, n=16) or non-GCB (n=16) origin 

(assessed by the immunohistochemistry-based Hans algorithm)(35). Primary DLBCL of 

the CNS was not included in this analysis. Non-GCB cases (mean 14.8 ng/ml 95% CI 

12.1-18.0) had higher sPD-L2 levels than GCB cases (mean 11.7 ng/ml 95%CI 9.96-

13.8)(p=0.018). In contrast, there was no significant difference in sPD-1 levels and sPD-

L1 levels in DLBCL patients based on cell of origin.  

 

CLL/SLL 

In CLL/SLL, risk can be assessed by Binet stage, which subdivides patients into 

three categories: A, B and C, according to lymphadenopathy at medical examination, 

hemoglobin and platelets. Most patients had the lowest stage, Binet A, while two patients 

had stage B. The latter patients had higher sPD-1 levels (980.9 pg/ml and 513.3 pg/ml) 

than the mean of remaining patients (mean 322.9 pg/ml 95% CI 240.4-433.7). Two Binet 

stage A patients experienced a histological transformation into DLBCL (Richter 

transformation). They displayed, in samples collected prior to the transformation event 

(239 days and 377 days, respectively) higher sPD-L1 (3957.6 pg/ml and 8342.4 pg/ml) 

than mean of non-transformed CLL/SLL patients (mean 1624.8 pg/ml 95% CI 1280.3-

2061.9).  

 

Correlation with leucocytes and lymphocytes 
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Finally, we investigated the correlation between sPD-1/sPD-L1/sPD-L2 and 

leucocyte/lymphocyte count in peripheral blood samples. In all patients, both sPD-1 

levels and sPD-L2 levels showed a negative correlation with leucocytes (p<0.001; 

p=0.028) and lymphocytes (p=0.002; p=0.005). In contrast, sPD-L1 levels and 

leucocytes had a positive correlation in all patients (p<0.001) as well as in DLBCL 

patients (p<0.007). In DLBCL, sPD-1 levels correlated negative with lymphocytes 

(p=0.049), while there was no correlation with lymphocyte count in other diagnostic 

subgroups. 

 
Discussion 

To the best of our knowledge, this is the first study reporting a combined assessment 

of sPD-1, sPD-L1 and sPD-L2 levels in patients with a variety of lymphoma subtypes. 

Combined, patients had significantly higher sPD-1 levels than healthy individuals and 

this was evident in both females and males. Higher PD-1 levels were also seen in a 

number of lymphoma subtypes in all patients and in the female group, but not in males 

(except for FL). This may be due to limited number of patients when the cohort is 

analyzed grouped both for the lymphoma subtype and according to gender or may reflect 

biological differences related to gender in expression of the proteins. In addition, we 

found that sPD-1 levels vary across lymphoma subtypes raising the question, whether 

these differences could reflect entity-specific biological features and mechanisms of 

disease evolution. 

Levels of sPD-1 were higher in DLBCL patients with high IPI-score indicating that 

elevated sPD-1 levels may be more frequent in DLBCL patient with an adverse 

prognostic profile. Likewise, we found that two CLL/SLL patients with higher Binet 

stage seemed to have higher sPD-1 levels than low-stage counterparts, however, this 

needs to be investigated further on a larger cohort. In line with this observation, although 

in a different disease setting, Cheng et al. found, a prognostic impact of sPD-1 levels in 

hepatocellular carcinoma (HCC) (36). In that study, high sPD-1 levels were associated 

with a higher risk of developing HCC in patients chronically infected with Hepatitis B 

virus. In addition, high sPD-1 combined with high viral load resulted in a 6.29-fold 

increased risk of HCC. In contrast, analyzing patients with non-small cell lung cancer 
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during anti-neoplastic treatment, Sorensen et al. found that an increase in sPD-1 was 

associated with prolonged progression free and overall survival (37).  

The precise release mechanism and biological function of sPD-1 are still unclear. It 

is hypothesized that sPD-1 interferes with cellular PD-1/PD-L1 interaction and thereby 

restores T-cell effector function by counteracting inhibitory signals (38). The hypothesis 

of sPD-1 restoring immune cell effector function may apply to certain diseases and not 

others. In extranodal NK/T-cell lymphoma, a recent study did not find any association 

between pre-treatment sPD-1 levels (or sPD-L1/sPD-L2 levels) and treatment response 

to avelumab (33). The lack of more translational clinical data related to sPD-1 

measurements in malignant lymphoproliferative disease makes our observation novel and 

warrants further analyses in independent cohorts in order to validate these patterns and 

try to clarify background biological mechanisms. 

Soluble PD-L1 levels were similar in patients and healthy individuals, which 

contrasts with a previous study that reported elevated sPD-L1 levels in patients with 

DLBCL (27). In that study, pre-therapeutic samples from 288 DLBCL patients were 

analyzed. The mean sPD-L1 concentration was 1840 pg/ml, similar to the mean 

concentration of 1660 pg/ml found in our study. However, in healthy individuals, we 

found mean sPD-L1 levels twice as high as those reported by Rossille et al. (1486 pg/ml 

and 700 pg/ml, respectively). Both studies used the same assay for sPD-L1 measurement, 

but the sample material was different, i.e. serum and plasma, respectively. In our study, 

we used serum to ensure the use of the same biomaterial for the sPD-1, sPD-L1 and sPD-

L2 measurements. The difference in sample material may account for at least some of the 

observed differences between the two studies.  

Significantly increased levels of sPD-L1 have also been demonstrated in patients 

with non-small cell lung cancer (NSCLC), multiple myeloma and clear cell renal 

carcinoma (39–41). In myeloma, sPD-L1 is a valuable biomarker for treatment response 

and progressions-free survival. In renal cell carcinoma, higher sPD-L1 levels correlate 

with larger tumor burden, necrosis, advanced stage and grade. The lack of a prognostic 

impact of sPD-L1 in our study may be due to the higher biological heterogeneity among 

lymphoma entities that complicate a comparison across malignancies. 

Soluble PD-L2 levels were significantly higher in patients compared to healthy 

individuals. In cancer research, both in hematological and non-hematological 
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malignancies, PD-L2 and its soluble form has received less attention as compared to PD-

1/PD-L1 and their soluble forms. In 52 patients diagnosed with Waldenström 

macroglobulinemia, Jalali et al. found increased levels of sPD-L2 in both peripheral 

serum and bone marrow plasma with concentrations similar to those found in our study 

(32). Significantly increased levels of sPD-L2 have also been demonstrated in patients 

with NSCLC. In that study, Costantini et al. analyzed pre-therapeutic samples from 43 

NSCLC patients. The median concentration of sPD-L2 was 16.4 ng/ml, similar to the 

median concentration of 12.7 ng/ml found in our study. However, in this study, there was 

no prognostic impact of sPD-L2 concentration on progression-free or overall survival 

(42). 

An important and interesting finding from the present study was the distinct pattern 

of sPD-1/sPD-L1 expression seen in FL patients, where sPD-1 levels were much higher 

than in all other major entities resulting in the lower sPD-L1/sPD-1 ratios among major 

subtypes. In addition, FL had significantly lower sPD-L2/sPD-1 ratio than other major 

entities. In FL, membrane expression of PD-1 is seen on both malignant cells and 

surrounding T-cells, whereas PD-L1 expression is reported as low or negative, suggesting 

that low serum levels detected in our samples could reflect a low level of cellular 

expression (43). This hypothesis is supported by the observation that sPD-L1 levels 

correlates with cellular expression in natural killer/T-cell lymphoma and peripheral T-

cell lymphoma (28,30). However, the same was not observed in DLBCL, where Rossille 

et al. did not find a correlation between cellular and soluble PD-L1 (27). This may reflect 

entity specific features in terms of different expression patterns, cleavage mechanisms 

and subcellular processing of the cellular and soluble checkpoint proteins. Of note is that, 

so far, most studies have not considered PD-L2/sPD-L2. However, in the present study, 

we characterize all three soluble proteins simultaneously. In FL, PD-L2 expression has 

been evaluated with conflicting results. Some report low PD-L2 expression on tumor 

cells, whereas others report that PD-L2 expression is highly upregulated in FL (43,44). 

This may indicate a heterogeneous expression pattern in this disease, among FL patients 

or may even reflect inter/intra-follicular differences within the FL tumors, which 

potentially explain the observed distinct expression pattern of soluble checkpoint proteins 

in the present study. The different expression of PD-1, PD-L1 and/or PD-L2 and their 

soluble forms may explain different responses to CPI (objective response rate in range 
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40-70%) observed in FL (45,46). In addition to FL, we observed the same distinct pattern 

of sPD-1 and sPD-L1/sPD-L2 in T-cell lymphoma/leukemia, however, the low number 

of cases did not allow for further statistical analysis. 

Finally, the investigation of immune checkpoint proteins may be challenged by 

possible dynamic expression at tissue/cellular and circulatory level. This may partly 

explain some of the differences between studies.  

 

Conclusion 
The present study is the first to simultaneously characterize the soluble immune 

checkpoint proteins sPD-1, sPD-L1 and sPD-L2 in a variety of lymphoma entities. In 

general, patients had significantly higher sPD-1 and sPD-L2 levels than healthy 

individuals. In DLBCL, we found that sPD-1 levels are elevated and related to adverse 

prognostic factors. In addition, sPD-L2 levels correlated to cell of origin in this lymphoma 

subtype. In contrast, sPD-L1 levels were similar in patients and healthy individuals and 

did not relate to adverse prognostic factor in DLBCL. A remarkable novel observation 

was the reverse expression pattern of sPD-1 (higher) and sPD-L1 (lower) in patients with 

follicular lymphoma and T-cell lymphoma/leukemia. Whether and, if so, how this may 

correlate with clinical behavior and eventually survival remains to be clarified. The 

present characterization of the soluble checkpoint proteins in a range of lymphomas 

contributes to the ongoing effort to establish the potential role of sPD-1 and its soluble 

ligands as predictive biomarkers for clinical behavior in general and for response to CPI-

based treatment in particular. 
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Figure titles and legends 
 
FIGURE 1: Soluble PD-1 levels (pg/ml) according to lymphoma type.  

Figure legend: Horizontal line within each group represents median. Solid line represents limit of 

detection (40 pg/ml). Dashed line represents comparison between each lymphoma group and 

healthy controls. Abbreviations: DLBCL: Diffuse large B-cell lymphoma; CLL/SLL: Chronic 

lymphocytic leukemia/small lymphocytic lymphoma; FL: Follicular lymphoma; HL: Hodgkin 

lymphoma 

 
 
 
 
FIGURE 2: Soluble PD-L1 levels (pg/ml) according to lymphoma type.  

Figure legend: Horizontal line within each group represents median. Solid line represents limit of 

detection (56 pg/ml). Dashed line represents comparison between each lymphoma group and 

healthy controls Abbreviations: DLBCL: Diffuse large B-cell lymphoma; CLL/SLL: Chronic 

lymphocytic leukemia/small lymphocytic lymphoma; FL: Follicular lymphoma; HL: Hodgkin 

lymphoma 

 
 
 
FIGURE 3: Calculated sPD-L1/sPD-1 ratio according to lymphoma type.  

Figure legend: Horizontal line within each group represents median. Solid line represents a ratio of 

1. Dashed line represents comparison between each lymphoma group and healthy controls. 

Abbreviations: DLBCL: Diffuse large B-cell lymphoma; CLL/SLL: Chronic lymphocytic 

leukemia/Small lymphocytic lymphoma; FL: Follicular lymphoma; HL: Hodgkin lymphoma 
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Table 1: Baseline characteristics of the study population  

Characteristics All patients  
(n=131 †) 

No.                           % 

Indolent lymphomas  
(n=75) 

No.                           % 

Aggressive lymphomas 
(n=44) 

No.                           % 
Gender 
§ Male 

Age 
§ < 30 
§ ≥ 30-45 
§ ≥ 45-60 
§ ≥ 60 

 
83 
 
7 
8 
21 
95 

 
63.4 

 
5.4 
6.1 
16.0 
72.5 

 
50 
 
- 
3 
12 
60 

 
66.7 

 
- 

4.0 
16.0 
80.0 

 
27 
 
3 
1 
6 
34 

 
61.4 

 
6.8 
2.3 
13.6 
77.3 

Comorbidities 
§ Yes 
§ No 
§ Unknown 

 
76 
50 
5 

 
58.0 
38.2 
3.8 

 
50 
23 
2 

 
66.67 
30.67 
2.67 

 
23 
18 
3 

 
52.3 
40.9 
6.8 

Lymphoma type 
§ B-cell 
§ T-cell 
§ Hodgkin 

 
110 
9 
12 

 
84.0 
6.9 
9.1 

 
74 
1 
- 

 
98.7 
1.3 
- 

 
36 
8 
- 

 
81.8 
18.2 

- 
Ann Arbor 
§ I-II  
§ III-IV 
§ Unknown 
§ NA (CLL/SLL) 

 
28 
60 
2 
41 

 
21.4 
45.8 
1.5 
31.3 

 
10 
24 
- 

41 

 
13.3 
32.0 

- 
54.7 

 
11 
31 
2 
- 

 
25.0 
70.5 
4.5 
- 

ECOG 
§ 0 
§ 1-2 
§ 3-4 
§ Unknown 

 
80 
41 
8 
2 

 
61.1 
31.3 
6.1 
1.5 

 
59 
14 
1 
1 

 
78.7 
18.7 
1.3 
1.3 

 
13 
24 
6 
1 

 
29.5 
54.5 
13.6 
2.3 

p-LDH 
§ Elevated 
§ Not elevated 
§ Unknown 

 
42 
87 
2 

 
32.1 
66.4 
1.5 

 
17 
57 
1 

 
22.7 
76.0 
1.3 

 
20 
23 
1 

 
45.5 
52.3 
2.3 

B-symptoms 
§ Yes 
§ No 
§ Unknown 

 
52 
77 
2 

 
39.7 
58.8 
1.5 

 
19 
56 
- 

 
25.3 
74.7 

 
24 
18 
2 

 
54.5 
40.9 
4.5 

BM involvement 
§ Yes 
§ No 
§ Unknown 

 
62 
66 
3 

 
47.3 
50.4 
2.3 

 
55 
19 
1 

 
73.33 
25.33 
1.33 

 
6 
37 
1 

 
13.6 
84.1 
2.3 

Extranodal sites 
§ <2 
§ ≥2 
§ Unknown 

 
96 
29 
6 

 
73.3 
22.1 
4.6 

 
67 
4 
4 

 
89.33 
5.33 
5.33 

 
18 
24 
2 

 
40.9 
54.5 
4.5 

Bulky disease 
§ Yes 
§ No 
§ Unknown 

 
17 
107 
7 

 
13.0 
81.7 
5.3 

 
5 
67 
3 

 
6.7 
89.3 
4.0 

 
9 
31 
4 

 
20.5 
70.5 

9 
Survival 
§ Alive 
§ Dead 
§ Unknown 

 
103 
25 
3 

 
78.6 
19.1 
2.3 

 
61 
13 
1 

 
81.33 
17.33 
1.33 

 
30 
12 
2 

 
68.2 
27.3 
4.5 

Abbreviations: CLL: Chronic lymphocytic leukemia, SLL: Small lymphocytic lymphoma, ECOG: Eastern Cooperative Oncology 
Group Performance status, LDH: Lactate dehydrogenase, BM: Bone marrow, NA: Not applicable 
† Includes also 12 patients with Hodgkin lymphoma (not included in either indolent or aggressive lymphomas) 
Indolent lymphßomas include: Follicular lymphoma, mantle cell lymphoma, chronic lymphocytic leukemia/small lymphocytic 
lymphoma, Waldenström macroglobulinemia, lymphoplasmacytic lymphoma, splenic marginal zone lymphoma, extranodal 
marginal zone lymphoma, leukemic low grade B-cell lymphoma, low grade B-cell lymphoma (NOS) and T-cell large granular 
lymphocytic leukemia. 
Aggressive lymphomas include: DLBCL (NOS), T-cell/histiocyte-rich large B-cell lymphoma, primary DLBCL of the CNS, 
primary cutaneous DLBCL (leg type), anaplastic DLBCL (ALK positive), plasmablastic lymphoma, Burkitts lymphoma, 
peripheral T-cell lymphoma (NOS), angioimmunoblastic T-cell lymphoma, anaplastic large cell lymphoma (ALK negative), acute 
T-lymphoblastic leukemia, T-cell prolymphocytic leukemia and one patient with either DLBCL or primary mediastinal B-cell 
lymphoma. 



Table 2: Soluble PD-1 (pg/ml), soluble PD-L1 (pg/ml) and soluble PD-L2 (pg/ml) in selected 
lymphomas.  

 
 
 
 
 

 Diagnosis n  Median (range) Mean (95% CI) 

sP
D

-1
 

CLL/SLL 41 334.0 (40.0-2084.9) 335.6 (252.1-446.6) 
DLBCL 31 356.0 (40.0-10585.0) 473.9 (281.7-797.0) 
FL 14 897.6 (355.3-6779.4) 1218.5 (662.2-2241.9) 
HL 12 277.7 (65.6-1212.6) 278.6 (154-0-504.0) 
Healthy individuals 22 165.7 (73.8-514.1) 180.4 (139.7-232.9) 

sP
D

- L
1 

CLL/SLL 41 1361.5 (559.6-8342.4) 1728.0 (1354.3-2204.8) 
DLBCL 33 1876.2 (312.2-4775.1) 1659.6 (1315.5-2093.7) 
FL 15 585.8 (180.2-2123.0) 696.2 (479.8-1010.1) 
HL 11 1478.7 (164.5-4589.9) 1230.7 (654.0-2315.8) 
Healthy individuals 20 1329.2 (713.76-4478.7) 1485.8 (1193.7-1849.3) 

sP
D

- L
2 

CLL/SLL 41 11832 (5553-27945) 12003 (10525-13689) 
DLBCL 33 12559 (6792-29847) 13000 (11453-14755) 
FL 15 13539 (7036-28890) 13779 (10979-17293) 
HL 11† 10596 (6897-72000) 12573 (8091-19513) 
Healthy individuals 21 10632 (5837-28880) 10707 (8849-12956) 

†Includes one patient with sPD-L2 above standard quantification range (given the value 72000 pg/ml, 2 x upper standard). 



Table 3: Follicular lymphoma compared to other groups 
 

Group n Mann-Whitney 
sPD-1 
DLBCL 31 p=0.019 
CLL/SLL 41 p=0.001 
HL 12 p=0.004 
Healthy individuals 22 p<0.001 
sPD-L1 
DLBCL 33 p<0.001 
CLL/SLL 41 p<0.001 
HL 11 p=0.073 
Healthy individuals 20 p=0.002 
sPD-L2 
DLBCL 33 p=0.526 
CLL/SLL 41 p=0.296 
HL 11 p=0.243 
Healthy individuals 21 p=0.099 
sPD-L1/sPD-1 ratio 
DLBCL 31 p=0.001 
CLL/SLL 41 p<0.001 
HL 11 p=0.002 
Healthy individuals 20 p<0.001 
sPD-L2/sPD-1 ratio 
DLBCL 31 p=0.029 
CLL/SLL 41 p=0.001 
HL 11 p=0.003 
Healthy individuals 21 p<0.001 
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Supplementary Table S1: Comparison of soluble PD-1, soluble PD-L1 and soluble PD-L2 levels 
according to comorbidity status 
 

 Comorbidity No comorbidity p-value ‡ 

No. % No. % sPD-1 sPD-L1 sPD-L2 

All patients (n=131†) 76 58.0 50 38.2 p=0.930 p=0.609 p=0.361 

Indolent lymphomas (n=75) 50 66.7 23 30.7 p=0.480 p=0.398 p=0.334 

Aggressive lymphomas (n=44) 23 52.3 18 40.9 p=0.713 p=0.015 p=0.415 

CLL/SLL (n=41) 30 73.2 9 22.0 p=0.414 p=0.714 p=0.162 

DLBCL (n=33) 19 57.6 13 39.4 p=0.966 p=0.030 p=0.307 

FL (n=15) 9 60.0 6 40.0 p=0.897 p=0.637 p=0.059 

HL (n=12) 3 25.0 9 75.0 p=0.782 p=0.540 p=0.838 

† Five patients have unknown comorbidity-status/missing data. Two of these patients have indolent lymphoma and 
three have aggressive lymphoma.  
‡ p-value represents comparison of sPD-1, sPD-L1 and sPD-L2 levels between patients with or without comorbidity 
in the respective group. 

 
  



Supplementary table S2: Soluble PD-1 (pg/ml), soluble PD-L1 (pg/ml) and soluble PD-L2 (pg/ml) 
in a variety of more uncommon lymphoma types.  
 

B-cell lymphoma sPD-1 sPD-L1 
 

sPD-L2 
Extranodal marginal zone lymphoma  
Case 1 40 2293.1 25815 
Case 2 166.6 115.1 12407 
Case 3 398.4 914.5 29388 
Case 4 2022.5 18404.5 13172 
Case 5 377.98 393 8934 
Mantle cell lymphoma  
Case 1 40 649.3 11321 
Case 2 5043.7 2216.7 19701 
Case 3 1151.9 1780.6 21931 
Case 4 3615.7 7604.1 23479 
Waldenström macroglobulinemia  
Case 1 2629 NA 13976 
Case 2 258.7 NA 10049 
Splenic marginal zone lymphoma  
Case 1 602.6 NA 12965 
Case 2 7755.4 NA 19959 
Plasmablastic lymphoma  
Case 1 482.4 672.7 15018 
Burkitts lymphoma  
Case 1 503 4473 6380 
Lymphoplasmacytic lymphoma  
Case 1 8016.7 NA 41759 
Low grade B-cell lymphoma, NOS  
Case 1 2149.8 NA 6391 
Case 2 1040.3 NA 7950 
Case 3 733.6 NA 14747 
Case 4 72.2 NA 17059 
T-cell lymphoma/leukemia sPD-1 sPD-L1 sPD-L2 
Peripheral T-cell lymphoma, NOS  
Case 1 505.2 NA 7774 
Case 2 9472.6 1973.5 32148 
Case 3 1193.6 230.4 9170 
Anaplastic large cell ALK-negative  
Case 1 436.8 NA 10710 
Case 2 809.8 695.9 42037 
Angioimmunoblastic T-cell lymphoma  
Case 1 4687 1345.7 17357 
Acute T lymphoblastic leukemia  
Case 1 7134.4 4030 20708 
T-cell large granular lymphocytic leukemia  
Case 1 40 NA NA 
T-cell prolymphocytic leukemia  
Case 1 667.2 NA NA 
NA: Not analyzed  



Supplementary table S3: Soluble PD-1 (pg/ml), soluble PD-L1 (pg/ml) and soluble PD-L2 
(pg/ml) in selected lymphomas and healthy individuals according to gender  
 

 
	
 
  

 
Diagnosis 

Females Males 
n Mean (95%CI) p-value†	 n Mean (95%CI) p-value† 

sP
D

-1
 

CLL/SLL 14 373.4 (224-8-620-3) p=0.001 27 317.5 (219.7-458-8) p=0.212 

DLBCL 12 244.9 (126.3-474.7) p=0.035 19 718.9 (351.1-1472.4) P=0.057 

FL 4 844.1 (311.4-2288.0) p=0.005 10 1411.2 (606.1-3286.0) p<0.001 
HL 6 179.4 (64.5-498.9) p=0.745 6 432.4 (205.5-909.8) p=0.134 

Healthy individuals 10 121.3 (99.2-148.4) - 12 251.0 (176.4-357.1) - 

sP
D

- L
1 

CLL/SLL 14 1797.2 (1238.1-2608.9) p=0.339 27 1693.8 (1214.0-2361.6) p=0.952 

DLBCL 13 1619.1 (1013.3-2587.2) p=0.426 20 1686.4 (1282.3-2218.0) p=0.533 

FL 5 810.1 (343.1-1912.5) p=0.188 10 645.4 (395.1-1054.4) p=0.006 
HL 6 1971.1 (957.2-4059.0) p=0.197 5 699.3 (216.8-2255.5) p=0.171 

Healthy individuals 8 1320.0 (991.2-1757.7) - 12 1607.8 (1144.5-2258.4) - 

sP
D

-L
2 

CLL/SLL 14 12837 (9801-16814) p=0.160 27 11592 (9926-13538) p=0.987 

DLBCL 13 11227 (9645-13068) p=0.321 20 14300 (11924-17148) p=0.248 

FL 5 12391 (7551-20333) p=0.221 10 14530 (10712-19709) p=0.260 

HL 6‡ 13339 (5522-32223) p=0.515 5 11712 (6895-19896) p=0.777 

Healthy individuals 10 10022 (7218-13916) - 11 11371 (8745-14786) - 
† p-value represents comparison with healthy individuals of the same gender 
‡	Includes one patient with sPD-L2 above standard quantification range (given the value 72000 pg/ml, 2 x upper 
standard)	



Supplementary Figure S1: Soluble PD-L2 levels (ng/ml) according to lymphoma type.  

 

Figure legend: Horizontal line within each group represents median. Dashed line represents 

comparison between each lymphoma group and healthy controls. Limit of detection was 0.047 

ng/ml. Abbreviations: DLBCL: Diffuse large B-cell lymphoma; CLL/SLL: Chronic lymphocytic 

leukemia/small lymphocytic lymphoma; FL: Follicular lymphoma; HL: Hodgkin lymphoma 
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Supplementary Figure S2: Calculated sPD-L2/sPD-1 ratio according to lymphoma type. 

 

Figure legend: Horizontal line within each group represents median. Dashed line represents 

comparison between each lymphoma group and healthy controls. Abbreviations: DLBCL: Diffuse 

large B-cell lymphoma; CLL/SLL: Chronic lymphocytic leukemia/Small lymphocytic lymphoma; 

FL: Follicular lymphoma; HL: Hodgkin lymphoma 
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Supplementary Figure S3: Soluble levels of each ligand and the corresponding value of soluble 

PD-1 for all patients and selected lymphoma subtypes. 

	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	


	mortensen.pdf
	soluble_pd1_pdl1_pdl2_in_lymphoid_malignancies_vers2_samletpdf-ls2yx05z56oh041904y39qk8aytesuq5.pdf

