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ABSTRACT 

Diffuse large B-cell lymphoma (DLBCL) is the most common lymphoma in adults. Despite 
the curative aim of the treatment, about 30% of the patients have a primary refractory 
disease (ie,  lymphoma does not respond to the first-line treatment or progresses within 
six months after it) or experience a relapse, and unfortunately usually succumb to the 
lymphoma. The primary treatment is generally immunochemotherapy combining 
antibody and chemotherapy regimens, with the most-used treatment being a 
combination of a CD20 antibody, rituximab, with cyclophosphamide, doxorubicin, 
vincristine, and prednisone. Today, the most frequently used tool in everyday practice 
to evaluate the risk of progression and death is the International Prognostic Index, which 
considers clinical factors including age, stage, Eastern Cooperative Oncology Group 
performance status, plasma lactate dehydrogenase level, and the number of extranodal 
sites (lymphoma lesions outside the lymphatic system—for example, liver or bone 
lesions). This risk score does not acknowledge biological risk factors such as factors in 
the blood circulation (from here on called circulating factors). New prognostic tools are 
needed that would also assist by targeting more intensive treatment for high-risk 
patients.  

The aim of this study was to evaluate circulating factors in patients with high-risk 
DLBCL and their association with survival. The study was based on a prospective cohort 
of 139 young patients with high-risk DLBCL treated with dose-dense 
chemoimmunotherapy and systemic central nervous system prophylaxis in a Nordic 
NLG-LBC-05 trial.  

We collected from the patient records peripheral blood absolute lymphocyte count 
(ALC) and absolute monocyte count (AMC) evaluated prior to treatment and calculated 
the lymphocyte-to-monocyte ratio (LMR) by dividing the ALC with the AMC. We 
determined soluble CD163 (sCD163), soluble programmed cell death 1 (sPD-1), and 
soluble programmed death ligand 1 (sPD-L1) levels in the serum of the patients at 
different time points during the treatment. We used enzyme-linked immunosorbent 
assay (ELISA) to determine sCD163 and sPD-L1 levels, and an in-house (Aarhus University 
Hospital) time-resolved immunofluorometric assay (TRIFMA) to determine sPD-1 levels. 
The results were compared with clinical patient characteristics, immunohistochemically 
defined protein levels, and gene expression levels from the tumor tissue of the 
respective patients.  

In patients with DLBCL, low LMR has been shown to be an adverse prognostic factor 
in heterogeneous patient cohorts. We confirmed this finding in our cohort of young high-
risk patients. Furthermore, we observed that ALC did not correlate with the proportion 
of tumor-infiltrating lymphocytes (TILs) and AMC did not correlate with the proportion 
of tumor-associated macrophages (TAMs). These results suggest that LMR does not, at 
least directly, reflect the lymphocyte or monocyte count in the tumor 
microenvironment. 

We observed that high pretreatment sCD163 levels predict poor outcome. In 
addition to the trial cohort, this was also observed in a Swedish heterogeneous 
population-based lymphoma cohort. Furthermore, the sCD163 levels declined 
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significantly during therapy in both cohorts, suggesting that sCD163 could be used as a 
disease response biomarker. When the sCD163 levels prior to treatment and after three 
courses of therapy in the trial cohort were compared to healthy controls, the levels were 
found to be significantly higher in the patients at both time points. This indicates that 
the sCD163 levels were elevated in response to lymphoma. The pretreatment sCD163 
levels correlated with the proportion of CD163+ TAMs and the CD163 gene expression 
levels in the trial cohort, indicating that sCD163 is shed, at least partly, from the surface 
of the TAMs. 

We also observed that sPD-1 and sPD-L1 levels declined significantly during therapy, 
indicating that they could be used as disease response biomarkers similarly to sCD163. 
The pretreatment sPD-1 levels correlated with tumor tissue PDCD1 (the gene encoding 
PD-1) gene expression levels and the proportion of PD-1+ TILs, suggesting that the TILs 
are likely the main source of sPD-1. On the contrary, sPD-L1 levels did not correlate with 
the tumor tissue CD274 (the gene encoding PD-L1) gene expression levels nor the PD-
L1+ tumor tissue cells, indicating that the lymphoma or tumor microenvironment is likely 
not the source of sPD-L1. Pretreatment sPD-L1 levels did not associate with survival. 
However, high pretreatment sPD-1 levels were associated with unfavorable survival. 

We showed LMR, sCD163, and sPD-1 to have prognostic impact on survival in young 
high-risk patients with DLBCL. Still, future research is needed to further study the role of 
sCD163 and sPD-1 in DLBCL, and moreover to study sCD163 and sPD-1 as possible tools 
in treatment selection.  
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TIIVISTELMÄ 

Diffuusi suurisoluinen B-solulymfooma (DLBCL) on aikuisten yleisin lymfooma. 
Huolimatta hoidon parantavasta tavoitteesta, noin kolmanneksella potilaista tauti on 
primaaristi hoitoresistentti (tarkoittaa sitä, että lymfooma ei reagoi ensilinjan hoidolle 
tai etenee kuuden kuukauden sisällä siitä) tai uusiutuu myöhemmin, jolloin potilas 
yleensä lopulta menehtyy. Ensilinjan hoito on yleensä immunokemoterapia, jossa 
yhdistetään vasta-aine sekä solunsalpaajahoito. Yleisimpänä yhdistelmänä käytetään 
CD20-vasta-aine rituksimabin sekä syklofosfamidin, doksorubisiinin, vinkristiinin ja 
prednisonin yhdistelmää. Edelleen yleisin uusiutumisen ja kuoleman riskiä arvioiva 
työkalu käytännön työssä on International Prognostic Index, joka huomioi kliinisiä 
tekijöitä sisältäen potilaan iän, taudin levinneisyysasteen, Eastern Cooperative Oncology 
Group-suorituskykyluokan, plasman laktaattidehydrogenaasitason, sekä 
ekstranodaalipesäkkeiden (lymfoomapesäkkeet imujärjestelmän ulkopuolella 
esimerkiksi maksassa tai luustossa) määrän. Tämä työkalu ei kuitenkaan huomioi 
biologisia verenkierrossa olevia riskitekijöitä. Onkin tarve uusille lymfooman 
uusiutumisriskiä arvioiville työkaluille, joiden avulla voitaisiin kohdentaa tehokkaampaa 
hoitoa korkean riskin potilaille. 

Tämän tutkimuksen tavoitteena oli määrittää verenkierrossa olevia tekijöitä 
DLBCL:aa sairastavilla korkean riskin potilailla ja näiden tekijöiden ennustevaikutusta. 
Tutkimus pohjautuu prospektiiviseen 139 nuoren korkean riskin DLBCL-potilaan 
kohorttiin. Potilaat hoidettiin Pohjoismaisessa NLG-LBC-05 tutkimuksessa tiheään 
annostellulla immunokemoterapialla sekä keskushermostoprofylaksialla. 

Keräsimme potilastiedostoista hoitoa edeltävän veren absoluuttisen 
lymfosyyttimäärän (ALC) ja absoluuttisen monosyyttimäärän (AMC) ja laskimme 
lymfosyytti-monosyytti-suhteen (LMR) jakamalla ALC:n AMC:lla. Määritimme potilaiden 
seeruminäytteistä hoidon eri vaiheissa liukoisen CD163:n, liukoisen programmed cell 
death 1:n (PD-1) ja liukoisen programmed death ligand 1:n (PD-L1) tasot. Liukoisen 
CD163:n ja PD-L1:n tasojen määrittämisessä käytimme entsyymiavusteista 
immunomääritysmenetelmää (ELISA) ja liukoisen PD-1:n tasojen määrittämisessä 
omassa laboratoriossa (Aarhusin Ylipistollinen sairaala) kehitettyä aikaerotteista 
immunofluorometristä määritystä (TRIFMA). Tuloksia verrattiin potilaiden kliinisiin 
tietoihin, sekä kasvainkudoksen geeniekspressiotasoihin ja immunohistokemiallisesti 
määritettyihin proteiinitasoihin. 

Aiemmin heterogeenisissä DLBCL-potilaskohorteissa on osoitettu matalan LMR:n 
yhdistyvän huonoon ennusteeseen. Vahvistimme tämän löydöksen nuorilla korkean 
riskin DLBCL-potilailla. Lisäksi havaitsimme, että ALC ei korreloi kasvaimen 
lymfosyyttimäärään eikä AMC kasvaimen makrofagimäärään. Näiden löydösten 
perusteella vaikuttaa siltä, että LMR ei ainakaan suoraan heijasta kasvaimen 
mikroympäristön lymfosyytti- ja monosyyttimäärää. 

Havaitsimme korkean hoitoa edeltävän liukoisen CD163-tason ennustavan huonoa 
selviytymistä sekä NLG-LBC-05-kohortissa että ruotsalaisessa heterogeenisessä 
väestöpohjaisessa DLBCL-kohortissa. Hoidon myötä liukoisen CD163:n tasot laskivat 
merkittävästi molemmissa kohorteissa, minkä perusteella liukoista CD163:a voisi käyttää 
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biomerkkiaineena lymfooman hoitovastetta arvioitaessa. NLG-LBC-05 kohortissa 
liukoisen CD163:n tasot olivat sekä hoitoa edeltävästi että kolmen hoitokuurin jälkeen 
merkittävästi korkeammat kuin terveillä kontrolleilla osoittaen, että liukoisen CD163:n 
tasot nousevat lymfooman seurauksena. Hoitoa edeltävät liukoisen CD163:n tasot 
korreloivat sekä kasvainkudoksen CD163-positiivisten makrofagien määriin, että 
CD163:n geeniekspressiotasoihin. Tämä löydös viittaa siihen, että liukoinen CD163 on 
peräisin, ainakin osittain, sen irtoamisesta kasvainkudoksen makrofagien pinnalta. 

Havaitsimme myös liukoisen PD-1:n ja PD-L1:n tasojen laskevan merkittävästi hoidon 
myötä viitaten siihen, että niitä voisi käyttää biomerkkiaineina lymfooman hoitovastetta 
arvioitaessa. Hoitoa edeltävät liukoisen PD-1:n tasot korreloivat kasvainkudoksen PD-1-
proteiinia koodaavan PDCD1:n geeniekspressiotasoihin ja kasvainkudoksen PD-1-
positiivisten lymfosyyttien määriin. Kasvainkudoksen lymfosyytit ovatkin 
todennäköisesti pääasiallinen liukoisen PD-1:n lähde. Sen sijaan liukoisen PD-L1:n tasot 
eivät korreloineet kasvainkudoksen PD-L1-proteiinia koodaavan CD274:n 
geeniekspressiotasojen tai kasvainkudoksen PD-L1-positiivisten solujen määrän kanssa 
viitaten siihen, ettei lymfooma tai sen mikroympäristö ole todennäköisesti liukoisen PD-
L1:n lähde. Hoitoa edeltävät liukoisen PD-L1:n tasot eivät olleet ennusteellisia. Kuitenkin 
hoitoa edeltävät korkeat liukoisen PD-1:n tasot liittyivät potilaiden huonoon 
ennusteeseen. 

Osoitimme, että LMR, liukoinen CD163 ja liukoinen PD-1 vaikuttavat ennusteeseen 
nuorilla korkean riskin DLBCL-potilailla. Silti jatkossa tarvitaan lisää tutkimusta liukoisen 
CD163:n ja PD-1:en roolista DLBCL:ssa sekä niiden mahdollisesta hyödyntämisestä 
hoidon valinnassa.  
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1 INTRODUCTION 

Cancer is a disease in which cells grow uncontrollably and can spread to different parts 
of the human body. Lymphomas are cancers of the lymphatic system that evolve from 
the lymphocytes. Because lymphatic tissue is found almost everywhere in the body, 
lymphomas can appear almost anywhere; however, they typically develop in lymph 
nodes or lymphatic organs such as the spleen or tonsils. In addition to lymphatic organs, 
lymphomas can arise in other extranodal sites, such as the gastrointestinal tract, testis, 
or brain. Lymphomas can spread from the primary site to different parts of the body.  

There are over 80 different lymphoma entities, ranging from indolent to highly 
aggressive types. Historically, lymphomas have been divided into two main types: 
Hodgkin lymphomas (HLs) and non-Hodgkin lymphomas (NHLs). Hodgkin lymphoma was 
named after Thomas Hodgkin, who in 1832 first described this disease (1). All other 
lymphomas were later classified as NHLs and are thus a heterogeneous group of 
lymphoid malignancies. Today, mature lymphoid neoplasms are divided into five 
different categories: mature B-cell neoplasms, mature T- and NK-cell neoplasms, 
Hodgkin lymphomas, immunodeficiency-associated lymphoproliferative disorders, and 
histiocytic and dendritic cell neoplasms (2). Diffuse large B-cell lymphoma (DLBCL) 
belongs to the first category. 

DLBCL [previously in the Rappaport classification called diffuse histiocytic lymphoma 
(3)] is the most common lymphoma in adults, comprising about 30%-40% of all NHLs 
worldwide (4). DLBCL is an aggressive lymphoma, and today less than 70% of the patients 
are cured with frontline immunochemotherapy, combining an antibody with 
chemotherapy (5,6).  

Currently, treatment is chosen based on clinical risk factors, usually on the 
International Prognostic Index (IPI) classification (7) including  five risk factors (age > 60 
years, stage > II, Eastern Cooperative Oncology Group (ECOG) performance status > 1, 
lactate dehydrogenase (LDH) level > upper limit of normal (ULN), and > 1 extranodal 
site). Survival rates within the different IPI risk groups vary substantially, indicating that 
the IPI classification does not capture the biological features of the lymphoma. The aim 
is to give more intensive treatment for patients with poor outcome to improve their 
survival. In addition, patients with good prognosis would benefit from less intensive 
treatment with fewer adverse effects in both the short and long term. In recent decades, 
the knowledge about the biological heterogeneity of this disease has steadily increased. 
DLBCL not otherwise specified (NOS) has been classified with gene expression profiling 
(GEP) into two molecular subtypes according to cell of origin: germinal center B-cell like 
(GCB) and activated B-cell like (ABC) (8). About 10%-15% of the cases remain unclassified 
by GEP. The ABC subtype is usually considered to have inferior prognosis compared to 
the GCB subtype, although the data are not completely consistent (9). Double-hit 
lymphomas (having both BCL2/BCL6 and MYC translocations), double-expressor 
lymphomas (overexpressing Bcl-2 and Myc proteins), and TP53 mutated lymphomas also 
have poor outcome (10–14). Although the results are intriguing, many of these 
biomarkers are challenging to implement in everyday use; thus, there is a need for easily 
implementable and commonly accessible prognostic tools in routine clinical practice. 
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In this thesis, we explored the prognostic impact of white blood cells and soluble 
proteins in blood circulation of patients with DLBCL. The aim was to identify novel 
prognostic tools that can be measured from a blood sample. We studied four different 
factors: the lymphocyte-to-monocyte-ratio [LMR, calculated by dividing the absolute 
lymphocyte count (ALC) with the absolute monocyte count (AMC)], soluble CD163 
(sCD163), soluble programmed cell death 1 (PD-1), and soluble programmed death 
ligand 1 (PD-L1) in young patients with high-risk DLBCL. 
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2 REVIEW OF THE LITERATURE

2.1 Normal B-cell development and lymphoma 
pathogenesis

DLBCL is morphologically defined as a neoplasm of diffuse proliferation of large B cells 
(4). There are two main types of lymphocytes: B (bursal or bone-marrow derived) cells 
and T (thymus-derived) cells, both essential parts of the immune system defending us 
from pathogens such as bacteria and viruses. T cells are discussed in more detail in 
chapter . B cells are specialized in the adaptive humoral immune system and 
produce antibodies directed against pathogens. Each mature B-cell clone secretes only 
one type of antibody directed against a specific antigen. 

Blood cells are generated from hematopoietic stem cells (HSCs) and categorized into 
lymphoid and myeloid lineage (15). B cells belong to the lymphoid lineage cells with T 
and natural killer (NK) cells. In general, B cells mature through a stepwise process into 
memory B cells and antibody (Ab)-producing plasma cells, both essential for normal 
immune responses (16). The complex process is regulated by several different 
mechanisms, including antigens, cytokines, and transcription factors (16). Lymphoid 
lineage cells arise from common lymphoid progenitors (CLPs), differentiated from 
multipotent progenitor cells (15). In 1-2 weeks, hematopoietic stem cells develop to 
mature B cells. While developing in the bone marrow, B-cell precursors undergo 
functional rearrangement of the immunoglobulin (Ig) loci, an error-prone process. If the 
cells fail to make this, they undergo apoptosis (17).

Immature B cells leave the primary lymphoid tissue of the bone marrow and migrate 
to the secondary lymphoid tissue, including spleen and lymph nodes, to undergo further 
differentiation. In lymph nodes and spleen, B cells form germinal centers (GCs) where 
high-affinity antibodies producing B cells are generated and selected (18). The GC is 
comprised of a dark zone and a light zone, and B cells cycle between these zones during 
their maturation. In the dark zone, B cells divide and undergo somatic hypermutation 
(SHM), a process remodeling immunoglobulin genes. In the light zone, B cells undergo 
class-switch recombination, which is also an immunoglobulin gene remodeling process. 
B cells interact with exogenous antigens bound to follicular dendritic cells or T helper 
cells, eventually differentiating into plasma cells or memory B cells or undergoing
apoptosis (Figure 1) (19). The purpose of the GCs is to create and maintain an effective 
immunological response against a wide variety of pathogens. However, the risk in this 
complex process is malignant transformation of B cells. Indeed, the GC B cells represent 
the corresponding normal cells of many mature B-cell lymphomas, including DLBCL 
(Figure 1). 

As mentioned above, there are two differentiated B-cell types: plasma cells and 
memory B cells.  Plasma cells produce antibodies. Memory B cells usually need T-cell 
help to function properly. They endocytose the antigen, degrade it, and then present the 
peptide pieces to T cells through major histocompatibility complex (MHC) II molecule on 
the B-cell membrane. This leads to the binding of the T-cell receptor (TCR) to the MHC-
II and activation of the memory B cell leading to differentiation into plasmablasts or 
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plasma cells or through a GC reaction to generation of plasma cells and more memory B 
cells. 

There are also IgM secreting short-lived plasma cells that do not have somatically 
mutated Ig genes. These cells do not enter the GC and live only a short time. Still, they 
ensure the rapid initial response to an antigen through antibody production.

Figure 1. Germinal center and DLBCL development. A simplified version of B-cell maturation in 
the germinal center and development of DLBCL. GCB DLBCL cells share significant characteristics 
with the light zone B cells, whereas ABC DLBCL cells are thought to develop from plasmablasts.  
FDC, follicular dendritic cell; GCB, germinal center B-cell like; ABC, activated B-cell like.

2.2 Diagnosing LBCLs

2.2.1 Etiology, diagnostics, and staging 
DLBCL belongs in the World Health Organization (WHO) classification under mature B-
cell lymphomas (2). Mature B-cell lymphomas are divided into aggressive large B-cell 
lymphomas and usually indolent small B-cell lymphomas. The most common indolent B-
cell lymphoma is follicular lymphoma (FL). Still, the aggressiveness of FL varies between 
different grades, from the low grade (grades 1-2) to the high grades, 3A and 3B, defined 
by the number of centroblasts in the tumor tissue. The low-grade FL is the most indolent, 
whereas grade 3B FL is biologically and clinically related to aggressive lymphomas and 
treated as such. The most common aggressive B-cell lymphoma is DLBCL not otherwise 
specified (NOS). Other aggressive large B-cell lymphomas (LBCLs) are rare, including
primary mediastinal B-cell lymphoma (PMBCL), T cell/histiocyte-rich large B-cell 
lymphoma (THRLBCL), high-grade B-cell lymphoma, and intravascular large B-cell 
lymphoma. In this work we have studied the above-mentioned aggressive large B-cell 
lymphomas, mostly DLBCL NOS.



Review of the literature 

20 
 

DLBCL incidence increases with age, the median age at diagnosis being 70 years 
(20,21). The crude age-standardized incidence in Europe in 2000-2002 was 
3.8/100,000/year (21). In 2019 the crude age-standardized incidence in Finland was 
12.21/100,000/year, meaning over 700 new cases per year, of which 52% were men 
(https://cancerregistry.fi/). Some risk factors for DLBCL have been identified, including 
family history of lymphoma, B-cell-activating autoimmune disease, hepatitis C virus 
(HCV) seropositivity, and high body mass index (22). Still, in most of the cases the cause 
of lymphoma is unknown.  

Typical lymphoma symptoms include painless swelling of one or more lymph nodes, 
fatigue, and B-symptoms (unexplained fever, night sweats, and more than 10% 
unintentional weight loss over 6 months).  

The most important procedure in diagnostics when lymphoma is suspected is to take 
a biopsy to confirm histopathological diagnosis, which mainly guides the treatment 
selection. According to the WHO classification, a hematopathologist should make the 
DLBCL diagnosis (5). The optimal procedure is a surgical excision biopsy, preferably a 
whole lymph node, whereas a fine needle biopsy is inadequate to diagnose DLBCL (23). 
A core needle biopsy or endoscopic biopsy is allowed if a surgical biopsy is not possible 
considering the lymphoma location or the risks of the biopsy. Preferably, the biopsy 
should be sent unfixed to the laboratory, where at least one paraffin block 
representative of the tumor should be prepared (5,24). According to Finnish treatment 
guidelines, the LBCL tissue diagnostics include at minimum interpreting of morphology 
as well as immunophenotype by immunohistochemistry (IHC) of the tumor biopsy (23). 
Figure 2 shows an example of hematoxylin eosin staining of a DLBCL sample. In addition 
to interpreting morphology and immunophenotype in case of DLBCL, determination of 
cell of origin (COO) by gene expression profiling or IHC is recommended. Assessment of 
MYC proto-oncogene (MYC) and, if positive, evaluation of B-cell lymphoma 2 gene (BCL2) 
rearrangement is recommended. Flow cytometry is recommended, if accessible, 
acknowledging its limited clinical availability. The recommendation of diagnostic 
markers is represented in Table 1. 
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Figure 2. An example of hematoxylin eosin staining of a DLBCL sample. Figure provided by the 
courtesy of Leo Meriranta. 

 

 
Table 1. Recommendation of immunophenotyping markers for lymphoma diagnostics. 

Essential Markers 
Immunohistochemistry (IHC) panel 
 

CD20, CD3, CD5, CD10, CD45, Bcl-2, Bcl-6, Ki-67, 
IRF4/MUM1, Myc 

With or without  
Cell surface markers by flow 
cytometry 

Kappa/lambda, CD45, CD3, CD5, CD19, CD10, 
CD20 

Fluorescence in situ hybridization 
(FISH) 

BCL2, BCL6 rearrangements, if MYC-positive 

Additional  
IHC cyclin D1, kappa/lambda, CD30, ALK 
In situ hybridization (ISH) Epstein-Barr virus 

 
 
A clinician should perform a physical examination of the patient and assess the 

patient’s ECOG performance status scoring (Table 2) and possible B-symptoms. Blood 
tests including complete blood counts, plasma LDH, uric acid, kidney and liver values, 
and screening tests for HIV and hepatitis B and C virus are necessary.  

Staging is performed using 18F-fluorodeoxyglucose positron emission tomography 
with computed tomography (FDG-PET-CT) (5). Today, bone marrow biopsy is not 
required if the patient has undergone FDG-PET-CT staging (25). In supplementary 
staging, for example, in cases with bone lesions, magnetic resonance imaging (MRI) may 
provide additional value. If risk for central nervous system (CNS) disease is high, 
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diagnostic lumbar puncture is recommended, and if CNS involvement is suspected, MRI 
is recommended. 

Staging should be implemented according to the Ann Arbor classification (26), 
developed originally for Hodgkin lymphoma staging, in which stages III and IV are 
regarded as advanced (Table 2). For example, if the patient has stage II disease with B-
symptoms and extranodal disease, the stage is IIAE. In addition, IPI score (Table 3) should 
be estimated. In clinical practice, the IPI risk group can be evaluated with an online 
calculator such as https://www.mdcalc.com/international-prognostic-index-diffuse-
large-b-cell-lymphoma-ipi-r-ipi. Some other risk-factor classifications in addition to IPI, 
such as age-adjusted IPI (aaIPI) (Table 3) for patients aged 60 or younger, National 
Comprehensive Cancer Network-IPI (NCCN-IPI), and revised-IPI (R-IPI), have also been 
recommended (7,27,28). Other factors that may affect prognosis or treatment 
stratification including the maximum bulk of the disease should be evaluated. If 
anthracyclines are planned to be given, cardiac function should be evaluated before 
treatment initiation. 

 
 

Table 2. Ann Arbor staging classification 
Stage Characteristics 

I Involvement of a single lymphatic region (I) or localized involvement of 
single extralymphatic organ or site (IE) 

II Involvement of two or more lymphatic regions on the same side of the 
diaphragm (II) or localized involvement of a single extralymphatic organ or 
site and of one or more lymphatic regions on the same side of the 
diaphragm (IIE) 

III Involvement of lymphatic regions on both sides of the diaphragm 
IV Diffuse or disseminated involvement of one or more extralymphatic organs 

with or without lymphatic involvement 
For all stages 
       A: Asymptomatic 
       B: Presence of B-symptoms (fever >38 ⁰C, night sweats, and weight loss) 
 
       S: Lymphoma is present in the spleen 
       X: Bulky nodal mass 
 
For Stages I to III 
       E: Involvement of a single extranodal site contiguous or proximal to known nodal 
     site 
Adjusted from Carbone et al, 1971 (26) 
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Table 3. International Prognostic Index (IPI) and age-adjusted IPI (aaIPI). 
 Risk factors1 Risk category (points) Estimated 3-year 

overall survival 
per risk category, 

% (95% CI) 
International 

prognostic 
index (IPI) 

Age > 60 years Low (0-1) 91 (89-94) 
Serum LDH2 > ULN Low intermediate (2) 81 (73-86) 
Stage III-IV High intermediate (3) 65 (58-73) 
ECOG PS 2-4 High (4-5) 59 (49-69) 
Extranodal sites > 1   

Age-adjusted 
IPI (aaIPI) 

Serum LDH > ULN Low (0) 98 (96-100) 
Stage III-IV Low intermediate (1) 92 (87-95) 
ECOG PS 2-4 High intermediate 

(2)/High (3) 
75 (66-82) 

1One point from each. 2LDH, lactate dehydrogenase; ULN, upper limit of normal; 
ECOG PS, Eastern Cooperative Oncology Group Performance status score; CI, 
confidence interval. Adjusted from Tilly et al, 2015 (5) 

2.2.2 Lymphoma classification 
Lymphomas are a group of heterogeneous diseases and there are over 80 different 
lymphoma entities (29). Historically, there have been different ways to classify 
lymphomas and only some of the classification systems are discussed here. The 
Rappaport classification, initially published in 1956, aimed to categorize lymphomas 
based mainly on the nodular or diffuse pattern of the disease (30). In the 1960s and 
1970s, the understanding of the immune system and its neoplasms advanced 
substantially, and lymphomas were recognized to be neoplasms of the immune system 
(31). The Kiel classification, published in 1974, categorized lymphomas according to a 
theoretical pattern of lymphocyte differentiation. The Working Formulation for the NHLs 
classified lymphomas according to clinical outcome, which served clinicians better as a 
guide to therapy than it served pathologists as a tool for separating different entities. 

In 1991 Isaacson and Stein formed an international group of pathologists, the 
International Lymphoma Study Group, who worked to reach a consensus on a list of 
lymphoid neoplasms forming the basis of a new classification, the Revised European-
American Classification of Lymphoid Neoplasms (REAL classification), published in 1994 
(32). The aim was to identify “real” lymphoma entities based on morphology, 
immunophenotype, and genetic and clinical characteristics. 

The WHO classification of hematopoietic and lymphoid neoplasms by the 
International Agency for Research on Cancer was first published in 2001. The aim was 
the same as in the REAL classification: to identify distinct clinicopathological entities. The 
latest revised version of the fourth edition was published in 2016, focusing on the 
pathology and genetics of the diseases (2). It is today the global classification system 
prepared in consensus by experts throughout the world. In the WHO classification, 
DLBCL belongs to the group of mature B-cell neoplasms and further to aggressive B-cell 
lymphomas (Table 4). The main category is DLBCL NOS containing two subgroups, 
germinal center B-cell type (GCB) and activated B-cell type (ABC). 
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Table 4. Aggressive mature B-cell neoplasms according to WHO Classification of 
hematopoietic and lymphoid neoplasms, revised 4th version.  

Diffuse large B-cell lymphoma (DLBCL), NOS 
     Germinal center B-cell type 
     Activated B-cell type 
T-cell/histiocyte-rich large B-cell lymphoma 
Primary DLBCL of the central nervous system (CNS) 
Primary cutaneous DLBCL, leg type 
EBV+ DLBCL, NOS 
EBV+ mucocutaneous ulcer 
DLBCL associated with chronic inflammation 
Lymphomatoid granulomatosis 
Primary mediastinal (thymic) large B-cell lymphoma 
Intravascular large B-cell lymphoma 
ALK+ large B-cell lymphoma 
Plasmablastic lymphoma 
Primary effusion lymphoma 
HHV8+ DLBCL, NOS 
Burkitt lymphoma 
Burkitt-like lymphoma with 11q aberration 
High-grade B-cell lymphoma, with MYC and BCL2 and/or BCL6 rearrangements 
High-grade B-cell lymphoma, NOS 

B-cell lymphoma, unclassifiable, with features intermediate between DLBCL and 
classical Hodgkin lymphoma 
DLBCL, diffuse large B-cell lymphoma; NOS, not otherwise specified; EBV, Epstein-
Barr virus; ALK, anaplastic lymphoma kinase; HHV8, human herpes virus 8. 
Provisional entities are listed in italics. Adjusted from Swerdlow et al, 2017 (2) 

2.2.3 DLBCL NOS subtypes 
According to the latest WHO classification, a pathologist should identify DLBCL NOS by 
COO (2). Identification can be made either by gene expression profiling (GEP) as GCB vs 
ABC (8) or with an IHC-based algorithm—for example, the Hans algorithm (Figure 3), as 
GCB vs non-GCB (33). By GEP, about 10%-15 % of the cases remain unclassified, but the 
IHC algorithms do not identify these unclassified cases. The GCB arises from GC light 
zone B cells and ABC from a later stage of GC differentiation stages of the B-cell 
development from the plasmablastic cells (19). Thus, they have different biological and 
genetic features discussed in more detail in sections 2.4.3 and 2.4.4. 
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Figure 3. The Hans algorithm. Immunohistochemical determination of germinal center B-cell 
type (GCB) vs non-GCB subtypes according to the Hans algorithm (33).

2.3 DLBCL treatment

2.3.1 Immunochemotherapy
Since the 1970s, the standard treatment for patients with DLBCL was combination 
chemotherapy with cyclophosphamide, doxorubicin, vincristine, and prednisone 
(CHOP). In 2002, Coiffier et al reported the first phase III trial with 202 patients 
comparing rituximab (R) with CHOP (R-CHOP) to CHOP alone in elderly patients with 
DLBCL (34–37). R-CHOP showed a significantly improved response rate [complete 
response (CR) 63% vs 76%, respectively, p=0.005] and superior survival [2-year overall 
survival (OS) 57% vs 70%, p=0.007] adding no clinically significant toxicity. In 2006, the 
phase III MInT trial demonstrated in 824 patients that young (18-60 years old) patients 
with good prognosis also benefit from the addition of rituximab to CHOP (3-year OS 93% 
vs 84%, p=0.0001) (36). Today, the standard treatment of patients with DLBCL is R-CHOP. 
The most common treatment-related side effects are leukocytopenia, infections, cardiac 
events, rituximab infusion-related events, and neurotoxicity.

Rituximab, the first monoclonal antibody (mAb) implemented in oncology, is a 
chimeric anti-CD20 antibody. CD20 is a transmembrane protein expressed on developing 
B cells and many B-cell malignancies, including DLBCL. Despite it’s the most widely used 
mAb, the in vivo action mechanisms of rituximab remain mostly unknown (38). CD20 is 
believed to be involved in calcium influx of the B cells, but the actual mechanism behind 
the function remains unclear (39). Rituximab eliminates CD20+ cells in at least four ways: 
antibody-dependent cellular cytotoxicity, antibody-dependent cellular phagocytosis, 
complement-dependent cytotoxicity, and direct cell killing (40). 

Ofatumumab, unlike rituximab, is a fully humanized anti-CD20 mAb. However, it has 
not been shown to be superior to rituximab in relapsed or refractory (R/R) DLBCL (41). 
Obinutuzumab, another humanized anti-CD20 mAb, has not demonstrated advantage 
over rituximab in either of two randomized phase III trials combining antibody with 
chemotherapy in patients with primary DLBCL (42,43).  

Usually, the treatment of de novo DLBCL is implemented with a curative intent unless 
the patient is too frail to tolerate the intensive treatment. The treatment decision should 



Review of the literature 

26 
 

be based on age, IPI, and the probability of the patient to tolerate treatment (5). 
Whenever possible, treatment in a clinical trial is recommended. For patients with high 
tumor burden, so-called prephase treatment with a corticosteroid up to several days and 
sometimes with a 1 mg dose of vincristine is recommended to avoid tumor lysis 
syndrome, to improve general condition of the patient, and to diminish the risk of febrile 
neutropenia (44).  

There is no clear international consensus about DLBCL treatment in different risk 
groups of patients. The treatment is selected based on the patient’s age and IPI-defined 
risk group. In Finland, the treatment decisions are based on Finnish Lymphoma Group 
guidelines. In general, the treatment of choice is six cycles of R-CHOP administered every 
21 days. Also, more intensive treatment with biweekly administered R-CHOEP 
(rituximab, cyclophosphamide, vincristine, etoposide, and prednisone) or R-ABCVP is 
used in young high-risk patients (45,46). In elderly patients, reduced-intensity treatment 
such as R-miniCHOP has been shown to be effective and safe (47). Table 5 shows a 
simplified summary of the recommended treatments in Finland (23). The response 
during therapy can be evaluated with computed tomography (CT). Today, the response 
evaluation after treatment is best performed with FDG-PET-CT. 

 
 

 Table 5. First-line treatment recommendations of DLBCL in Finland. 

Young 
Low risk (IPI 0-1) < 60-65 years High risk (IPI 2-5) < 65 years 

R-CHOP21 x4 +R x2 [aaIPI 0 without a 
bulk (>7.5 cm)] 
or 
R-CHOP21 x6 (others than mentioned 
above) 

R-CHOEP14 x6 with CNS-prophylaxis 
 

Elderly 
> 60-65 years >80 years without 

cardiac dysfunction 
Unfit or frail or >60 years 
with cardiac dysfunction 

R-CHOP21 × 6 
or 
If stage I-II and problems 
with treatment tolerance, 
R-CHOP21 x3 +RT 

R-miniCHOP21 × 6 Doxorubicin substitution 
with gemcitabine, 
etoposide or liposomal 
doxorubicin or others: R-
C(X)OP21 × 6 
or 
palliative care 

IPI, International Prognostic Index; R, rituximab; CHOP, cyclophosphamide, 
doxorubicin, vincristine, prednisone; aaIPI, age-adjusted IPI; CHOEP, 
cyclophosphamide, doxorubicin, vincristine, etoposide, prednisolone; CNS, central 
nervous system; RT, radiotherapy; R-C(X)OP, R-CHOP with substitution of 
doxorubicin. 
Adjusted from Finnish Lymphoma Group Aggressive B-cell lymphoma treatment 
recommendation and Tilly et al, 2015 (5) 
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2.3.2 Central nervous system prophylaxis 
DLBCL relapses in the central nervous system (CNS) in about 3% to 5% of the patients 
(25). These patients have a disastrous and often fatal outcome, with a median survival 
under 4 months in a study of patients treated with R-CHOP (48).  CNS progression often 
occurs early in the disease course, suggesting CNS involvement already at the time of 
diagnosis (49). Still, in a large retrospective study with 1,384 patients, there was no 
difference in CNS relapse rates between patients receiving high-dose methotrexate (HD-
Mtx) CNS prophylaxis during or after R-CHOP/R-CHOP-like therapy (50).  

There is no consensus about the CNS prophylaxis in DLBCL—who should receive it, 
what is the optimal treatment, and when should it be administered. The risk of CNS 
relapse can be estimated with the CNS-IPI risk model, in which risk factors are renal 
and/or adrenal gland involvement, age > 60 years, elevated LDH, ECOG performance 
status > 1, stage III/IV disease, and > 1 extranodal involvement (48).  Testicular 
involvement, ABC/unclassified COO subtype, and double expression of Bcl-2 and Myc 
may also be risk factors for CNS relapse (51–53). However, in the above-mentioned 
retrospective study with 1,384 patients, the only independent risk factors for CNS 
relapse were increasing age and renal/adrenal involvement (50).  Intravenous HD-Mtx 
has shown to be effective as CNS prophylaxis (54), while the role of intrathecal (i.t.) 
treatments remains unclear,  though there is no evidence about the benefit of i.t. 
prophylaxis (55–57). Intravenous high-dose cytarabine (HD-AraC) combined with HD-
Mtx has also been used in some studies with promising results (49,54).  

 

2.3.3 Radiotherapy 
The role of radiotherapy (RT) in the first-line treatment of DLBCL has decreased over 
time. The risks for late effects including secondary malignancies and cardiac disease have 
raised concerns, and thus the volume of radiotherapy fields has been diminished to 
reduce the dose in critical normal tissues. In addition, the progressive effect of systemic 
treatments has reduced the need for RT. Still, there is a need for RT in DLBCL treatment, 
especially in limited-stage disease. 

The value of consolidation RT after immunochemotherapy has not been proven, and 
its role in this setting is unclear. Based on the results of the MInT study, in low-risk 
patients (aaIPI 0-1) with bulky disease, radiotherapy to the sites of previous bulky 
disease is recommended after 6 cycles of R-CHOP21 (5,24,37). It can also be considered 
in patients with a PET-positive residual tumor (23,25). RT is also conceivable in localized 
cases when systemic therapy is not feasible and in palliative setting to relieve symptoms. 

2.3.4 Treatment of relapsed or refractory disease 
Unfortunately, 10% to 15% of patients treated with R-CHOP have a primary refractory 
disease (meaning that lymphoma does not respond adequately to the first-line 
treatment or relapses within 6 months after it), and about 20% of the patients 
experience later relapse, typically during the 2 years following the diagnosis (58–60). 
These patients have a dismal prognosis, especially if the relapse occurs within 12 months 
after the diagnosis (61). If the lymphoma relapses after 2 years, the survival may be more 
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favorable and the biology different compared to early relapsing cases (62,63). If 
lymphoma progression is suspected, a biopsy verification is highly recommended, but in 
this case a core needle biopsy is adequate. 

If the patient is considered eligible for high-dose chemotherapy (HDCT), the 
recommendation is to use platinum-based chemotherapy as a salvage treatment 
followed by autologous stem cell transplantation (ASCT) (61,64,65). However, based on 
age and comorbidities, less than half of the patients are transplant-eligible (66). For the 
transplant-ineligible patients, immunochemotherapy is recommended, the aim of the 
treatment in this setting being usually palliative. Further, half of the patients having 
salvage treatment are not eligible for transplant due to inadequate response, and 
additionally half of the patients will relapse after ASCT, leading to 3-year progression-
free survival (PFS) around 30% in patients treated with salvage chemotherapy (65).  

Developing B cells express CD19. In contrast, hematopoietic stem cells and plasma 
cells lack CD19 expression (67). Thus, CD19 is a good therapeutic target on B-cell 
malignancies. A novel treatment in DLBCL is chimeric antigen receptor (CAR) T-cell 
therapy targeting CD19. In a simplified treatment schema, a patient’s own T cells are 
collected and transduced with a CAR fusion protein coding viral vector to express tumor 
antigen–specific T-cell receptors (TCRs) and activate T cells (68). Lastly, the genetically 
engineered T cells are infused back into the patient. The aim of the treatment is to 
activate the patient’s own immune system to fight against the lymphoma.  

The efficacy of CAR-T treatment in patients with multiply relapsed LBCL has been 
demonstrated in single-arm studies. In the phase 1-2  ZUMA-1 trial, 108 patients with 
R/R LBCL with ECOG performance status of 0-1  were treated with a CAR-T cell therapy 
axicabtagene ciloleucel (axi-cel) (69). Of the patients, 58% achieved CR and 25% partial 
response (PR), and the median duration of the response (DOR) was 11.1 months. In the 
phase 2 JULIET trial, 115 patients with R/R LBCL and ECOG performance status of 0-1 
were treated with CAR-T cell therapy tisagenlecleucel (tisa-cel), with 45% achieving CR 
and 16% PR (70). The median DOR was not evaluable, as the estimated proportion of 
patients remaining in response at 3 years after response onset was 60.4%. Furthermore, 
in the TRANSCEND NHL 001 study, lisocabtagene maraleucel (liso-cel) showed promising 
effect with 53% CR and 20% PR in these R/R patients with LBCL with usually dismal 
prognosis (71). At median follow-up, the DOR was 12.0 months. The typical side effects 
in these CAR-T cell therapies are cytopenias, fatigue, pyrexia, cytokine-release syndrome 
(CRS), and nausea. The treatment may also cause neurological side effects and rarely 
(but in the worst case) be fatal.  

CAR-T cell therapy has also been studied in phase III trials as a second-line treatment 
option in high-risk transplant-eligible patients with LBCL. The patients have had 
refractory or relapsed lymphoma within a year from completion of first-line therapy, and 
the CAR-T therapy has been compared to the standard therapy of HDCT + ASCT. In the 
ZUMA-7 trial, axi-cel showed superiority compared to standard therapy. Median event-
free survival (EFS) was 8.3 months vs 2.0 months (p<0.001) and response rate 83% vs 
50% (p<0.001) in the axi-cel group compared to standard therapy, respectively (72). 
Furthermore, in the TRANSFORM-study liso-cel showed superiority compared to 
standard therapy as median EFS reached 10.1 vs 2.3 months (p<0.0001) and CR rate was 
66% vs 39% (p<0.0001) in the liso-cel group compared to standard therapy group (73). 
However, in the Belinda trial, the tisa-cel group had similar response and survival 
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compared to the standard care group (74). The data from these trials have not been 
mature enough to estimate OS. After a longer follow-up (and data about survival), we 
will see whether and to what extent the use of CAR-T cell therapies will replace HDCT + 
ASCT treatment in high-risk patients in a second-line setting (75).  

At the time of writing this, in May 2022, the European Medicines Agency (EMA) has 
approved the use of axi-cel, tisa-cel, and liso-cel after two or more lines of systemic 
therapy in patients with DLBCL/LBCL. Although a promising and effective treatment in 
this desperate situation with no other effective treatment choice, the costs of these 
second-generation CAR T-cell therapies are extremely high, restricting their use. 
Although the CAR-T treatments cure about 40% of patients, over half of the patients 
relapse or have a progressive disease after the  therapy, and there is no good choice of 
treatment for these patients (67). 

Antibody-drug conjugates (ADCs) consist of a mAb linked to a cytotoxic drug, 
enabling a targeted delivery of the drug while aiming to maximize efficacy and minimize 
toxicity. Polatuzumab vedotin is an ADC consisting of an anti-CD79b mAb and a 
microtubule inhibitor, monomethyl auristatin E (MMAE). A phase II study by Sehn et al 
compared polatuzumab vedotin combined with bendamustine and rituximab (BR) (pola-
BR) with BR alone in R/R DLBCL, reaching a median PFS of 9.5 versus 3.7 months and a 
median OS of 12.4 versus 4.7 months in favor of pola-BR, but DOR did not reach 
statistical significance (76). Polatuzumab vedotin has also been studied in a phase III trial 
with primary DLBCL (77). In the trial a modified R-CHOP treatment, in which vincristine 
was replaced with polatuzumab vedotin (pola-R-CHP), was compared to standard R-
CHOP. Two-year PFS was significantly better in the pola-R-CHP group compared to the 
R-CHOP group (76.7% vs 70.2%, respectively; p=0.002), but OS did not differ significantly 
between the groups. EMA has approved polatuzumab vedotin for the treatment of 
patients with R/R DLBCL who are not candidates for haematopoietic stem cell transplant.  

2.3.5 Novel therapies 
The patients with R/R DLBCL who are either transplant-ineligible or experience relapse 
after ASCT or CAR T-cell therapy represent an unmet need for novel treatments. Today, 
there are several novel treatments being studied in clinical trials, and only some of them 
are going to be discussed here, either due to promising results or the treatment’s 
relevance considering the topics of this thesis 

The programmed cell death 1 (PD-1) pathway is one of the main pathways of cancer 
cells to avoid T-cell immune surveillance. The checkpoint inhibitors (CPIs) are developed 
to inhibit this action mechanism and have revolutionized melanoma treatment, showing 
their effectiveness in certain lymphomas, including classical Hodgkin lymphoma (cHL) 
and PMBCL (78–80). However, Ansell et al reported a PD-1 inhibitor, nivolumab, having 
a low response rate in patients with R/R DLBCL (81). Still, the three patients achieving 
CR had durable responses, implying that there are also patients with DLBCL who benefit 
from the treatment, but the challenge is to recognize them. Studies combining CPIs with 
other treatments are ongoing. 

Magrolimab is a macrophage immune checkpoint inhibitor blocking CD47 that 
induces tumor-cell phagocytosis. It synergizes with rituximab by enhancing macrophage-
mediated antibody-dependent cellular phagocytosis and has in a phase Ib study shown 
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to be effective when combined with rituximab, reaching up to a 40% overall response 
rate (ORR) and 33% CR rate in patients with previously treated DLBCL (82).  

Bispecific antibodies can simultaneously bind two different antigens—for example, 
CD20 on tumor cells and CD3 on T cells. The aim is to activate effector T cells. 
Blinatumomab binding to CD3 and CD19 (hence, the same as CAR-T treatment target) 
was the first bispecific antibody reported to be used in lymphoma (83). It was studied in 
a phase II trial in patients with R/R DLBCL, achieving a 43% ORR and 19% CR rate (84). 
Several bispecific antibodies targeting CD3 on T cells and CD20 on lymphoma cells are 
currently under evaluation in phase I-III clinical trials. Mosunetuzumab showed 
promising results in a phase I dose-escalation study in R/R patients with aggressive or 
indolent NHLs (85). Among 129 efficacy-evaluable patients with aggressive NHL (mainly 
DLBCL), across all dose levels ORR and CR rates were 35% and 19%, respectively. The 
median DOR for all responders was 7.6 months and for patients with CR 22.8 months. 
Median PFS across all dose levels for aggressive NHL was 1.4 months. Mosunetuzumab 
is also being studied in combination with other drugs. Glofitamab showed promising 
efficacy and manageable toxicity in a phase I trial with heavily pretreated R/R B-cell 
lymphomas reaching an ORR of 54% and a CR rate of 37% among all doses (86). Of the 
CR patients, 84% had ongoing response with a maximum of 27 months’ follow-up. Also, 
epcoritamab has been studied in a phase I/II trial with R/R B-cell lymphoma reaching a 
68% ORR and a 45% CR rate at 12-60 mg doses in patients with DLBCL (87). The most 
common adverse event was pyrexia, and CRS was observed in all dose groups. Still, all 
CRS events were grade 1-2 and manageable. So far, bispecific antibodies being used in 
clinical trials are showing promising efficacy. EMA indication is expected to be admitted 
soon. 

Anti-CD19 mAb tafasitamab has been studied in combination with lenalidomide in 
patients with R/R DLBCL who are ineligible for HDCT and ASCT. In the phase II L-MIND 
study, the combination showed efficacy with a 58% ORR, 40% CR rate (88–90). Median 
DOR was 44 months, median OS 34 months, and median PFS 12 months. Toxicity was 
manageable, with the most common grade 3 or worse adverse events being 
neutropenia, thrombocytopenia, and febrile neutropenia. 

Loncastuximab tesirine is a CD19-directed antibody–drug conjugate that has been 
studied in the phase II trial LOTIS-2 in R/R DLBCL, showing an ORR of 48%, a CR rate of 
24%, and median DOR of 10 months (91). The most common grade 3 or worse adverse 
events were neutropenia, thrombocytopenia and increased gamma-glutamyltransferase 
levels. 

 

2.4 Biology of DLBCL 

2.4.1 Cell of origin (COO) 
As described earlier in chapter 2.2.3, there are two main DLBCL subtypes, GCB and 
ABC/non-GCB, arising from different stages of B-cell development, while 10%-15% of the 
cases remain unclassified by GEP. In 2000, Alizadeh et al first reported these two 
subtypes identified by GEP from fresh frozen tissue and termed them as GCB and ABC 
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(8). GCB expressed genes characteristic of GC B cells, notably MME (gene coding CD10) 
and B-cell lymphoma 6 gene (BCL6), while ABC expressed genes normally induced during 
in vitro activation of peripheral blood B cells, including Interferon regulatory factor 4 
(IRF4) and B-cell lymphoma 2 gene (BCL2). 

Subtype can also be determined by IHC patterns, as described earlier in chapter 2.2.3. 
Contrary to the gene expression-based algorithms, the nomenclature in the IHC-based 
algorithms includes GCB and non-GCB rather than ABC. The Hans algorithm, reported 
first and developed in the pre-rituximab era, uses CD10, BCL6, and MUM1 to distinguish 
between the subtypes (Figure 3) (33). Although the Hans algorithm is still the most 
widely used, other algorithms have also been developed (92–95); the Nyman, Choi, and 
Tally algorithms have been studied in rituximab-treated patients. While GEP is still not a 
routine test, the 2016 revision of the WHO classification of haematopoietic and 
lymphoid tumors accepts classification of COO by IHC, acknowledging that the IHC 
algorithms fail to recognize the cases unclassified by GEP (96). 

Reflecting the difference in the development of ABC and GCB, the subtypes also 
differ biologically and genetically. ABC-DLBCL has frequent activating mutations in the 
NFκB and B-cell receptor pathways while GCB-DLBCL expresses genes generally detected 
in GC B cells (including BCL6 and EZH2) and is biologically related to follicular lymphoma. 
Still, the subtypes themselves are genetically heterogeneous.  

Acknowledging the different biology of the subtypes, targeted treatments may be 
preferentially active in one subtype. Lenalidomide, bortezomib, and ibrutinib have been 
studied in combination with R-CHOP, especially in ABC-DLBCL, adding no significant 
benefit (97–99). Still, in the L-MIND study combining tafasitamab and lenalidomide and 
described in section 2.3.5, the patients with non-GCB DLBCL seemed to have better 
responses compared to patients with GCB DLBCL (88) Today, the subtype does not play 
a role in treatment selection, but studies including combination treatments according to 
subtype are ongoing, and the results will show whether the COO plays a role in 
treatment selection in the future. 

2.4.2 Genomic landscape 
DLBCL is a highly heterogeneous disease with versatile genetic alterations and gene 
expression profiles that may manifest as different clinical behavior and treatment 
response. Some genetic alterations are specific for B-cell lymphomas while some can be 
observed also in other cancers, and many of them support lymphomagenesis. Genomic 
alterations are versatile, such as amplifications, deletions, translocations, and point 
mutations. In translocation, a piece of a chromosome breaks off and attaches to another 
chromosome. Typically, in B-cell lymphomas the gene promoter attaches near to the 
lymphoma gene, leading to its aberrant expression. DLBCL harbors about 150 driver 
gene mutations (100). Only some of the most well-known mutations, mutated pathways, 
or genetic alterations are discussed here. Some known mutated genes, such as CD79A 
and CD79B, CARD11, and BCL10 are related to BCR signaling pathways (101). In addition, 
Toll-like receptor signaling pathway, NF-κB pathway, and PI3K-AKT-mTOR pathway 
belong to the BCR signaling related pathways and involve some known mutated genes 
promoting lymphomagenesis (101).  
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Mutated TP53 lacking its tumor-suppressor function is observed in approximately 
20% of DLBCLs, being one of the most commonly mutated genes, and is associated with 
unfavorable survival (100,101). MYC is an oncogene regulating many cellular functions 
including DNA replication and cell proliferation. In DLBCL, MYC translocations exist in 
5%-14%, gains in 19%-38%, amplifications in 2%, and  mutations in 32% of cases (102). 
The translocation leads to elevated MYC expression levels and is observed in both GCB 
and ABC subtypes. BCL-2 oncogene promotes lymphomagenesis by enabling apoptosis 
evading. BCL-2 translocation leading to constitutive BCL-2 expression is observed in 
approximately 40% of GCB DLBCLs (101). Also, BCL-2 gains and amplifications cause BCL-
2 overexpression but occur almost exclusively in ABC DLBCLs. In addition, BCL-2 
mutations have been observed, but only some of them cause functional changes. BCL-6  
is essential for formation of GCs, where it regulates negatively different pathways, 
including the cell cycle and DNA damage repair pathways (103). Therefore, it is the main 
regulator of germinal center reaction and thus has an extremely important role in B-cell 
differentiation and DLBCL pathogenesis. BCL-6 can have chromosomal translocations 
preventing BCL-6 downregulation and leading to constitutive BCL6 expression and can 
also have point mutations with sometimes functional consequences (103). Altogether, 
35% of DLBCLs harbor a functional BCL-6 genetic alteration (103). MYC, BCL2, and BCL6 
genes are important in LBCLs and are discussed in more detail in section 2.5.1.2. 

Furthermore, alterations in epigenetic regulation support lymphomagenesis. Histone 
methyltransferase– or acetyltransferase–encoding genes (such as EZH2, KMT2D, 
CREBBP, and EP300) are frequently mutated, affecting many crucial functions including 
cell cycle regulation, plasma cell differentiation, expression of tumor suppressor genes, 
and immune escape (101). Some CREBBP/EP300 mutations, as well as some other 
mutations, indirectly deregulate BCL-6 expression being thus lymphoproliferative (103). 

Immune evasion is one of the most important lymphoma-supporting mechanisms. In 
DLBCL, commonly observed mutations affecting the function of the MHCs impair T-cell-
mediated antitumor immunity thus enabling lymphoma development (101,103). In 
addition, PD-L1 and PD-L2 genetic alterations have been observed in a small subset of 
DLBCL (103). PD-L1 alterations, leading to PD-L1 overexpression and T-cell exhaustion 
(101). These patients might benefit from treatment with CPIs.  

In addition to the COO-based classification, other gene expression-based subtype 
classifications have also been studied, and some of them are discussed in this section. 
TME-driven gene expression-based subtypes will be described further in chapter 2.5.1.4 
Recently, researchers have described subtype classifications providing a genetic 
description reflecting tumor pathogenesis. In 2018, Chapuy and colleagues published a 
study in which they defined five different DLBCL subsets according to a comprehensive 
genetic analysis (104). There were two clusters with mostly ABC subtype and two with 
mostly GCB subtype, while one cluster included both subtypes. In the same year, Schmitz 
et al defined four genetic subtypes with different genotypic, epigenetic, and clinical 
characteristics (105). In 2020, Wright et al defined seven genetic DLBCL subtypes with 
distinct oncogenic pathways, gene expression phenotypes, TME composition, outcome, 
and potential therapeutic targets (106). As a summary, compared to the COO 
classification, these new classifications may better determine distinct biological entities 
with different outcome, possibly enabling individualized treatment decisions. At 
present, these classifications do not have a role in clinical practice.  
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In summary, many genetic alterations have been identified, but not all of them affect 
the patients’ prognosis and today these alterations do not guide the treatment. In the 
future, some of them might become a treatment target.

2.4.3 Tumor microenvironment (TME)
The understanding of the major role of the cells and other components surrounding the 
malignant cells, tumor microenvironment (TME), in cancer pathogenesis has improved 
considerably in recent years although much is still unknown. The role of TME is based on 
the crosstalk between the cancer cells and the cells and other components of the TME 
(107). TME influences therapy response and outcome by assisting malignant cells to 
proliferate, resist cell death, induce angiogenesis, invade, metastasize, and evade 
growth suppressors and immune defense, among other actions (107).

Lymphoma TME is complex and contains stromal cells, blood and lymphatic vessels, 
extracellular matrix (ECM), and immune cells, such as T cells, macrophages, and NK cells 
(108). TME can be lymphoma-supportive or -unsupportive. The composition and spatial 
architecture of TME and the interplay between lymphoma cells and TMEs components 
may influence therapy response and patient’s survival (109).

Tumor-associated macrophages (TAMs)
Russian zoologist and Nobel Prize–winner Ilya Metchnikoff published a key paper about 
macrophages in 1883 (110). The name macrophage comes from the Greek words makro
meaning large and phagein meaning eat, that is, “large eaters”. Macrophages are a 
heterogeneous group of leukocytes engulfing (ie, phagocytosing) and destructing 
particles, including cellular debris, foreign substances, and pathogens. They exist in all 
tissues and are an essential part of the innate immune system responding to 
pathogens—for example, by stimulating lymphocytes through antigen presenting to T 
cells and by activating other inflammatory cells by releasing cytokines (111). They also 
participate in tissue development, homeostasis, and tissue repair (112). Different tissues 
have different kind of macrophages, including Kupffer cells of the liver, alveolar and 
interstitial macrophages in the lungs, microglia of the brain, and tumor-associated 
macrophages (TAMs) in the TME. 

In recent years, scientists have discovered that the majority of healthy tissue 
macrophages are already developing during embryonal development (112). These 
mature differentiated macrophages are capable of self-renewal like stem cells (113). 
Tissue macrophages can also develop to a lesser extent from tissue-infiltrating 
monocytes developed from circulating peripheral-blood mononuclear cells. They 
originate from a common myeloid progenitor in the bone marrow, which is also the 
precursor of many other cells, including neutrophils, dendritic cells, and mast cells (111). 
These monocyte-derived macrophages usually have limited life spans.

In a broad categorization, macrophages can be divided into two groups: classically 
activated (M1) and alternatively activated (M2) subtypes (114). The real polarization 
state of macrophages is more complex, with the M1 and M2 macrophages representing 
the extreme opposite ends and many distinctive states of macrophages existing between 
them (115,116). The polarization state is not fixed; macrophages have plasticity and can 
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change the state according to intrinsic and extrinsic signals (117). Three main things 
control the polarization: 1. epigenetic and cell survival pathways defining the duration
of macrophage development and viability, 2. the tissue microenvironment, and 3. 
extrinsic factors such as cytokines and microbial products (117). In healthy tissues, 
extrinsic inflammatory stimuli induce the macrophage to change to M1 activation state,
having antimicrobial, antiangiogenic, and tumoricidal properties (118). In contrast, 
cytokine stimulation leads to the M2 activation state, having anti-inflammatory, 
immune-suppressive, proangiogenic, and protumoral properties (118,119). 

TAMs are cells derived from circulating monocytes or tissue-resident macrophages 
and located in the TME (119). Macrophages are usually abundant in the cancer TME. M1 
macrophages activate the immune system and inhibit tumor progression (115,120). M1 
macrophages can phagocytose and kill cancer cells and by proinflammatory signals 
activate lymphocytes to kill cancer cells. Mostly, the transmitters in the TME and hypoxia 
inhibit the antitumoral functions of the macrophages and guide them to differentiate 
into protumoral M2 macrophages. M2 TAMs promote cancer growth in many ways, 
including production of vascular endothelial growth factor and other angiogenesis-
promoting factors. They also promote cancer cell intravasation to vessels and express 
PD-1 and other immune checkpoint molecules inhibiting lymphocyte function (121,122). 
Furthermore, M2 macrophages produce many immune defense-inhibiting transmitters. 
In DLBCL, the TAMs are able to remodel the ECM, promote angiogenesis, promote 
lymphoma cells, and suppress the immune defense (123).

CD68 is a pan macrophage marker, and M1 TAMs express markers such as HLA-DR, 
iNOS, and pSTAT1, while M2 TAMs express CD204, CD206, and CD163 among others 
(115). The listed M1 and M2 markers are not unique for these cells. Although CD163 is 
not a reliable M2 marker used as a single marker (124), CD163 has been considered as 
an M2 macrophage marker, and the amount of TAMs and especially CD163+ TAMs have 
shown to have negative impact on cancer outcome (125). Reflecting the different 
subtypes and versatile functions of the TAMS, HLA-DR+ TAMs (M1 TAMs) have been 
associated with favorable outcome in some malignancies (126). Therefore, the M1/M2 
ratio is considered better than the total TAM amount in cancer prognostication (115). 
Due to the essential role of TAMs in cancer, they are an exciting treatment target and 
TAM-targeting treatments are being studied in different cancers (127). 

Tumor-infiltrating lymphocytes (TILs)
One of the main cell populations in the TME is tumor-infiltrating lymphocytes (TILs). In 
B-cell lymphomas, T cells (T lymphocytes) are abundant and can comprise up to 50% of 
the TME cells (128). As described above in section 2.1, lymphocytes develop from CLPs 
that arise from the bone marrow. Unlike B lymphocytes, T lymphocytes develop in the 
thymus, where CLPs undergo TCR rearrangement to generate CD4+CD8+ thymocytes. 
These cells undergo selection, resulting in CD4+ or CD8+ thymocytes emerging 
eventually into the peripheral tissues as naïve T cells (129). T-cell development in the 
thymus is complex, and the exact mechanisms remain unclear in humans (130). T cells 
exist everywhere in the human body, most of them locating in the lymphoid tissues. 

After development in the thymus, T cells enter the peripheral tissues, where they 
mature into several distinct subtypes having diverse functions, including naïve T cells 
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(capable of responding to novel antigens), memory T cells, T helper (Th) cells (essential 
in immune responses), regulatory T cells (Tregs) (suppressing the immune response), 
and killer T cells (cytotoxic against many different targets). Naïve T cells are activated 
into CD4+ T cells (Th cells) and CD8+ T cells (killer T cells) in the secondary lymphoid 
organs by dendritic cells (DCs) that present pathogen-derived peptides on MHC-
molecules (131). Th cells indirectly kill foreign cells, assist other lymphocytes, and 
activate killer T cells and macrophages. Killer T cells destroy virus-infected or cancer cells 
with perforin and cytotoxins.

Although high numbers of T cells in the TME could indicate antitumor function, T cells 
can be dysfunctional because of chronic infections or cancer that make the cells 
susceptible to constant inflammation and/or antigen exposure. Dysfunctional T cells are 
referred to as exhausted, reflecting their suppressed differentiation, proliferation, and 
effector functions (132).  All these contribute to ineffective defense against cancer. TME 
can induce T-cell exhaustion (133). Exhausted T cells typically have higher and persistent 
expression of inhibitory/checkpoint receptors including PD-1, T-cell immunoglobulin and 
mucin-domain containing 3 (TIM3), cytotoxic T lymphocyte antigen 4 (CTLA-4), and 
lymphocyte-activation gene 3 (LAG-3) (132). The exhausted state can be reversed with,
for example, CPI treatment. 

Lymphomas can be broadly divided into T-cell inflamed and T-cell noninflamed types, 
the inflamed type having vigorous immune cell infiltration and upregulation of genes 
expressed in activated T cells and interferon-γ signaling (134). T-cell noninflamed type is 
characterized by a lack of immune cells, and those lymphomas do not typically respond 
to CPI treatment. 

2.5 Prognostic factors

The prognostic factors in DLBCL can be roughly divided into tumor-derived and host-
derived factors. This division does not consider the complex interplay between the 
lymphoma and the host. The tumor-derived prognostic factors originate from the tumor 
tissue, and the host-derived factors are characteristics of the lymphoma patient. The 
host-derived prognostic factors can further be divided into different categories, such as 
clinical characteristics of the patient including age, gender, and performance status and 
biological prognostic factors of the patient such as factors in the circulation of the 
patient. This thesis work has focused on the prognostic factors in the circulation of 
patients with DLBCL.

2.5.1 Tumor-derived prognostic factors

Subtypes
Alizadeh et al and many others have shown the ABC subtype to associate with inferior 
survival compared to the GCB subtype evaluated by gene expression profiling (8,135–
137). Although in some studies researchers have observed no difference in survival 
between the ABC and GCB subtypes if the patients received rituximab (138,139), 
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altogether the data indicate that GCB subtype has superior prognosis (9). In 
immunochemotherapy-treated patients, the prognostic impact of COO evaluated by IHC 
has been conflicting (9,54).

In the subtype classification of Chapuy et al, two clusters had inferior outcome 
compared to the three other clusters combined (104). The first cluster included ABC 
subtype associating with extranodal disease while the second cluster included GCB 
subtypes with BCL-2 structural variants. Also, Schmitz et al showed their subtypes to 
differ significantly according to OS and PFS, with the two subtypes having much more 
favorable outcomes compared to the two other subtypes (105). Also, the seven subtypes 
defined by Wright et al had different outcomes, with 5-year OS ranging from 27% to 84% 
(106).

Myc, Bcl-2, and Bcl-6 
Clinically significant recurrent genetic rearrangements appear in DLBCL, the most 
common ones being the MYC, BCL-2, and BCL-6 translocations described in section 2.4.3.
MYC rearrangement occurs in 12% of cases and with a rearrangement of BCL2, BCL-6, or 
both in 4 to 8% of cases (25). They previously belonged under the DLBCL category. 
However, today, these lymphomas are classified as a separate entity: ‘High-grade B-cell 
lymphoma, with MYC and BCL2 and/or BCL6 rearrangements’ (Table 3) (2). In general 
practice, these lymphomas are termed according to the number of rearrangements as 
double-hit and triple-hit lymphomas, and they mostly have GCB phenotype. These 
lymphomas have inferior survival compared to DLBCL, but only if the MYC gene is 
rearranged to an immunoglobulin gene partner (140–142). However, the translocation 
partner is not routinely assessed today. 

The overexpression of Myc and Bcl-2 proteins as measured by 
immunohistochemistry is much more common than the gene rearrangements—the Myc 
being overexpressed in approximately 45% of cases, Bcl-2 in approximately 65% of cases, 
and both (termed double-expressor lymphoma) in approximately 30% of the cases (25). 
The double-expressor lymphomas have often ABC phenotype and have worse outcome 
compared to cases with no or single overexpression of Myc or Bcl-2 (10). Still, the 
double-expressor lymphoma is not classified as a separate biological entity.  

R-CHOP may not be effective enough, at least for all double-/triple-hit and double-
expressor lymphomas (10,101). Intensified therapy with rituximab, etoposide, 
prednisone, vincristine, cyclophosphamide, and doxorubicin (R-EPOCH) is frequently 
used (141). In the Nordic phase II trial NLG-LBC-05 with 139 patients treated with 
biweekly R-CHOEP and early systemic CNS prophylaxis, nine patients with double-hit 
lymphomas had similar prognosis compared to other cases, probably due to the 
intensive treatment (54). Nevertheless, because of the relatively low incidence of these 
lymphomas, there is a lack of prospective randomized data and no clear consensus about 
the treatment recommendations for these patients. Still, some retrospective data exist,
and comparable to DLBCL, the treatment is suggested to be chosen based on stage and 
IPI characteristics (143).
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Circulating tumor DNA (ctDNA)
Circulating tumor DNA (ctDNA), consisting of DNA fragments originating from tumor 
cells and released into the bloodstream, is an emerging prognostic and predictive 
biomarker across oncology. The tumor cells release ctDNA into the bloodstream due to 
necrosis, apoptosis, or proliferation. Circulating tumor DNA can be detected from the 
circulation based on variant calling (mutations) with liquid biopsy, which is a simple 
blood sample and thus a minimally invasive (often referred also as noninvasive) 
procedure. In addition to ctDNA, liquid biopsy also captures cell-free DNA (cfDNA) 
derived from the host cells. The invasive biopsies (a core needle or a surgical biopsy from 
the tumor) used in genomic profiling are criticized for being limited by sampling error 
and being incapable to capture spatial tumor heterogeneity or treatment-caused clonal 
evolution (144); ctDNA measurement overcomes these fundamental limitations. 

In DLBCL, the baseline (ie, pretreatment) ctDNA level is a surrogate of disease 
burden. The baseline ctDNA amount correlates with IPI score, LDH level, and tumor 
burden.  The patients with early-stage DLBCL have significantly lower baseline ctDNA 
level than the patients with advanced-stage disease (11,145). Baseline level also 
correlates with total metabolic tumor volume measured by FDG-PET (11,146) and 
translates to outcome independent of other risk factors. Baseline ctDNA levels associate 
with survival after first-line and salvage therapies (11,147); ctDNA may also serve as a 
tool to predict treatment failure and lymphoma progression (11,145,148,149). 
Furthermore, ctDNA might serve as a tool to confirm refractory lymphoma in case of 
residual PET positivity after therapy (11).

Circulating tumor DNA is a very promising and versatile tool in lymphoma. It is hoped 
that ctDNA will be able to detect minimal residual disease (MRD), thus potentially 
enabling relapse diagnosis earlier than with imaging scans and leading to earlier salvage 
treatment initiation and possibly better survival. Despite promising results of ctDNA as 
a tool in many different situations in DLBCL, we need prospective data to implement it 
in everyday clinical use outside trials.

TME
The prognostic role of TAMs in DLBCL is still uncertain. Some studies have shown no 

association of CD68+ macrophages with survival (150,151),  whereas others have shown 
that CD68+ TAMs correlate with favorable outcome in immunochemotherapy-treated 
patients (152,153), and still others the opposite (154). Nevertheless, a high proportion
of M2 TAMs (CD163+/CD68+) seems to associate with adverse outcome (155–157). The 
composition of the TILs may influence tumor immunity in both positive and negative 
ways. High CD4+ T-cell count has been shown to correlate with favorable outcome in 
patients with DLBCL (158–160). 

In 2008 Lenz et al discovered in a cohort of 414 DLBCL patient samples two gene 
expression signatures reflecting the TME and termed them stromal-1 and stromal-2 
(135). The stromal-1 signature showed a monocyte-rich host reaction to the lymphoma 
having abundant extracellular matrix deposition and histiocytic infiltration, while the 
stromal-2 signature was characterized by an increased tumor blood-vessel consistency. 
The stromal-1 signature associated with favorable survival and the stromal-2 signature 
associated with unfavorable survival.



Review of the literature 

38 
 

Kotlov et al performed a transcriptomic analysis of TME from 4,655 DLBCL samples 
and discovered four major TME categories (named germinal center-like, mesenchymal, 
inflammatory, and depleted) that associated with distinct biological characteristics and 
clinical behavior (161). They showed that in 105 R-CHOP-treated patients, the cases with 
depleted TME (characterized by an overall lower presence of TME-derived functional 
gene expression signatures) were most likely nonresponders (did not achieve CR) and 
experienced progression. They also validated this finding in an independent cohort of 
1,349 DLBCL patients. In two other cohorts, the patients with depleted or inflammatory 
TME had the worst outcome while the patients with GC-like or mesenchymal TME had 
the most favorable outcome. Furthermore, the researchers showed that individual TME 
subtypes associated differently with OS in the ABC- and GCB-DLBCLs, suggesting that the 
biological impact of the TME might vary depending on the lymphoma subtype.  

Autio et al have also discovered four different TME signatures in DLBCL samples 
evaluated by GEP and correlation matrix analysis: TME immune cell signature, B-cell 
signature, and two ECM signatures (162). Though the signatures did not correlate with 
survival, a high proportion of immune checkpoint–positive T cells in the TME translated 
into poor outcome. In a subsequent study, Autio et al identified both T-cell inflamed and 
noninflamed DLBCL subgroups (163). These groups did not as such correlate with 
survival. Still, when the groups were further separated according to their macrophage 
proportion, the patients in the T-cell high/macrophage low group had better survival 
compared to the T-cell high/macrophage high group (5-year OS 92.3% vs 74.4%, 
p=0.038). Furthermore, a high proportion of CD163- macrophages expressing PD-L1 and 
TIM3 in the T-cell inflamed group translated to poor survival. This was not seen in the T-
cell noninflamed (T cell low) group, suggesting that the impact was dependent on T-cell 
proportion. Additionally, PD-1 and PD-L1 were enriched on macrophages interacting 
with T cells. Altogether, the data showed that the interplay between T cells and 
macrophages in the TME is more important than the proportions of different cell types 
as such. The interaction between macrophages and T cells seemed to be immune 
checkpoint related.  

Steen et al used a large-scale profiling with EcoTyper to characterize clinically 
significant cell states and cellular ecosystems in DLBCL (164). They identified five cell 
states of malignant B cells varying in differentiation status and having different 
outcomes. In addition, they identified 12 other cell states in the TME. Different cellular 
communities in ABC and GCB subtypes had significantly different outcomes. 
Furthermore, they observed CD8 T-cell state to predict response to bortezomib. 

TME is heterogenous and complex and has impact on outcome on many ways. It is 
also an important treatment target. The challenge is to gain further knowledge about 
TME and find out how could we impact TME to support the immune defense fight against 
lymphoma and thus hopefully improve patients’ survival. 
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2.5.2 Host-derived prognostic factors

Clinical prognostic factors
Earlier, the main prognostic tool to assess patients’ outcome was the Ann Arbor staging 
by the anatomic distribution of the disease described in Table 3. Today, the evaluation 
of risk of progression and death is mostly based on clinical factors, although the 
knowledge of biological and genetic risk factors constantly increases. IPI considers as risk 
factors age > 60 years, stage > II, ECOG performance status > 1, elevated LDH level, and 
> 1 extranodal site. IPI and its modified version, the aaIPI, were developed before the
rituximab era, and they categorize patients into different groups according to survival 
(Table 4) (7). They aim to predict outcomes using clinical parameters that act as 
surrogate markers of tumor biology or the ability of the patient to tolerate therapy (165). 
NCCN-IPI (27) and R-IPI (28) were established during the rituximab era, but they are 
based on the same clinical parameters as IPI and have not replaced the use of IPI, which 
is still the most commonly used index to evaluate the prognosis of patients with DLBCL 
(25).

Lymphocyte-to-monocyte-ratio (LMR)
Lymphocytes are divided into two main categories, B and T lymphocytes, and they 
belong to leukocytes, being an essential part of the immune system as discussed earlier 
in sections 2.1 and 2.4.3.2. Monocytes are also peripheral blood leukocytes and are 
called macrophages once they enter the tissues as described earlier in section 2.4.3.1. 
Macrophages are incapable of reentering the bloodstream, and they are a necessary 
part of the immune defense. 

Peripheral blood lymphocyte count reflects the host immune status. CD4+ T helpers 
and CD8+ cytotoxic T cells are important for immune defense, and some studies have 
shown a low number of T helper cells to associate with poor survival in patients with 
DLBCL (166). On the contrary, Tregs are immune suppressive and have been shown to 
have a negative impact on survival (167). Researchers have observed significantly lower 
absolute numbers of T cells and T helper cells and in some studies also cytotoxic T cells 
and NK cells in patients with DLBCL compared to controls (168,169), whereas the 
proportion of Tregs has been inconsistent (168,169).

It is unclear what peripheral blood monocyte count reflects in patients with 
lymphoma. Some hypothesize it to reflect the TAM amount in the TME. In addition, 
lymphoma may induce expansion of lymphoma-supportive monocytes in the blood 
circulation. Lin et al observed monocytes having significantly decreased Th1 recall 
response and proliferation in patients with B-cell NHL (170). The monocytes also had
impaired responses to stimuli. In addition, the researchers observed a specific immune-
suppressive monocyte subset withs loss of HLA expression in patients with lymphoma. 
The increased ratio of these monocytes associated with advanced stage, and DLBCL had 
the highest ratio of this immune-suppressive monocyte subset compared to other B-cell 
NHLs.
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Peripheral blood low absolute lymphocyte count (ALC) and high absolute monocyte 
count (AMC) have been shown to correlate with poor survival in immunochemotherapy-
treated DLBCL patients (171–176). 

Lymphocyte-to-monocyte-ratio (LMR) is counted by simply dividing ALC by AMC. Low 
LMR at diagnosis has been associated with poor outcome in many retrospective studies 
(176–187). Porrata et al studied LMR at each of the six R-CHOP cycles and observed that 
LMR <1.1 at each cycle associated with poor OS and PFS (188). They also observed that 
if LMR was ≥1.1 at any cycle, patients experienced superior survival compared to 
patients with LMR <1.1 at all cycles. Low LMR has been associated with features of 
aggressive DLBCL, especially advanced clinical stage, elevated LDH, and high IPI score, 
and in some studies also B-symptoms (177,181,183–185). In one study, low LMR was 
also associated with male gender (183).

Only some of the studies examining LMR association with survival in DLBCL have 
examined the mechanism behind the survival association. Still, many consider LMR to 
act as a surrogate marker of host immunity (ALC) and TME (AMC). The role of 
lymphocytes as an important part of the immune system is unquestionable, but the role 
of AMC as a surrogate marker of TME is not as evident. Matsuki et al observed no 
association between LMR and CD163+ cells in the tumor tissue, speculating that it might 
reflect the multiple origins of TAMs—perhaps the TAMs are developed from the tissue-
resident macrophages of prenatal origin rather than from the peripheral blood 
monocytes (187). 

To summarize, the prognostic role of LMR in patients with DLBCL is evident, but the 
fundamental mechanism behind LMRs’ impact on survival remains unresolved.

Soluble CD163
Macrophages and monocytes almost exclusively express CD163 protein on their cell 
membranes  (189). CD163 is membrane protein acting as a scavenger receptor (190); it 
protects tissues from free hemoglobin–caused oxidative damage by participating in 
endocytosis of haptoglobin–hemoglobin complexes formed upon intravascular 
hemolysis (191). It also functions as an erythroblast adhesion receptor and a bacteria 
receptor and interacts with TWEAK (TNF-like weak inducer of apoptosis). CD163 may 
have other not well-recognized functions as well. In the TME, CD163 is a marker of a 
subtype of TAMs, and CD163 tumor-tissue expression associates with poor survival in 
many cancers (154,192,193). Cancer therapy targeting CD163+ TAMs promotes 
antitumor immunity in animal cancer models (194).

CD163 belongs to a scavenger receptor cysteine-rich (SRCR) family consisting of nine 
extracellular SRCR protein domains linked to a transmembrane segment and a 
cytoplasmic tail (190). ADAM17 and neutrophil elastase cleave the ectodomain of CD163 
from the cell membrane through proteolytic cleavage, resulting in production of soluble 
CD163 (sCD163) (Figure 4A) (195,196), which is measurable in serum and other tissue 
fluids (197,198). The cleavage results in decreasing the surface expression of CD163. In 
addition, 10% of circulating sCD163 in healthy individuals consists of membrane-bound 
extracellular vesicle–associated sCD163 (199). Several factors induce CD163 shedding, 
including Toll-like receptor (TLR) activation by lipopolysaccharide (LPS) or phorbol 12-
myristate 13-acetate (PMA), Fcγ receptor crosslinking, oxidative stress, and thrombin 
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(189). In contrast, TIMP-3 (tissue inhibitor of metalloproteinase 3) inhibits the shedding 
(200). Although sCD163 is shed into the bloodstream even without inflammatory stimuli 
and healthy individuals have relatively high levels of sCD163 (197), proinflammatory 
stimuli can lead to the activation of ADAM17, resulting in increased sCD163 cleavage 
(201). Acutely elevated sCD163 levels remain elevated for 1-2 days (195). Many factors, 
such as glucocorticoids combined with an inflammatory stimulus (189) and the 
upregulated CD163-membrane expression (202), may influence sCD163 levels. Davis et 
al observed that sCD163 levels correlate inversely with CD163 monocyte expression, but
they observed no correlation between sCD163 levels and AMC (202). In nonmalignant 
conditions, sCD163 has been identified as a marker of activated macrophages, which 
may inhibit lymphocyte proliferation and activation (203,204), probably through binding 
with nonmuscle myosin heavy chain (205,206). However, its precise function has 
remained unclear. Soluble CD163 is stable in plasma (207), and its level increases 
significantly with age (189). Levels of sCD163 are elevated and have prognostic impact 
in different diseases, including hemophagocytic lymphohistiocytosis, bacteremia, and 
acute liver failure (208–210).

The role of sCD163 in malignant diseases remains poorly understood. Elevated 
sCD163 levels were detected in several malignancies, including liver and gastric cancer, 
chronic lymphocytic leukemia (CLL), and multiple myeloma (MM), in which high levels 
correlated with poor survival (211–214). Similar findings were discovered in cHL, where 
in some studies CD163+ macrophages associated with poor survival (215), and elevated 
serum sCD163 at diagnosis declined in response to treatment (216).

Figure 4. Production of sCD163, sPD-1, and sPD-L1. A. Soluble CD163 is formed through 
proteolytic cleavage of the membrane-bound CD163. In addition, extracellular vesicle–
associated sCD163 has been observed. B. sPD-1 is a product of a PD-1 splice variant, PD-1 △ex3 
lacking exon 3, the transmembrane domain of PD-1. Also, three other alternatively spliced PD-1 
isoforms, PD-1 △ex2, PD-1 △ex2,3, and PD-1 △ex2,3,4 have been found. C. In addition to 
forming through a splice variant, sPD-L1 has been shown to be produced mainly through 
exonization of an endogenous retroelement L2A in the CD274 gene. Also, like sCD163 sPD-L1
cleaved from the membrane-bound PD-L1 has been found.
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Soluble PD-1 and PD-L1
As described earlier in chapter 2.4.3.2, T cells are an essential part of the human immune 
defense. The T-cell response against pathogens and cancer cells is initiated via antigen 
recognition by TCR and is controlled by many co-stimulatory and inhibitory pathways 
(133). Inhibitory pathways, called immune checkpoints, are crucial for preventing 
autoimmune reactions because uncontrolled T cells may attack normal cells. However, 
immune checkpoints allow cancer to evade immune destruction. The programmed cell 
death 1 (PD-1; also called CD279)/programmed death ligand 1 (PD-L1; CD274) pathway 
is one of the main immune checkpoints in cancer and is an important therapeutic target 
in many cancer types (217). PD-1, expressed especially on activated T cells and being one 
of the markers of exhausted T cells, binds to its ligands PD-L1 and programmed death 
ligand 2 (PD-L2; CD273) (218), leading to inhibition of active immune cells, such as T cells, 
and thus protumoral immune response (Figure 5A) (219–221). PD-1 binding to its ligands 
results mainly in the suppression of two main intracellular signaling pathways, 
PI3K/Akt/mTOR and RAS-MEK-ERK, and thereby leads to decreased T-cell division, 
proliferation, differentiation, growth, and survival (222). In TME, PD-L1 is considered the 
main inhibitory PD-1 ligand (223).  

PD-1 expression on T cells is induced by different mechanisms including T-cell 
activation and cytokines (222). PD-L1 is expressed in many cells such as cancer cells, 
tumor-infiltrating immune cells, and circulatory cells (220), and the level increases with 
age (224). In cancer, PD-L1 expression is regulated by many different factors such as PD-
L1 expression elevating 9p24.1 gene amplification (PD-L1 encoding gene CD274 is 
located on chromosome 9p24.1) in classical HL, PMBCL, primary testicular lymphoma, 
primary CNS lymphoma (225) and other genomic alterations. PD-L1 level is also 
regulated at epigenetic, transcriptional, and post-transcriptional levels, and by post-
translational modification (226). TME regulators include microRNAs, intracellular 
oncoproteins and cytokines either up- or downregulating PD-L1 (222). In addition, 
exosomal PD-L1 has been observed, and it has been shown to be tumor supportive (226).  

The importance of PD-1 and PD-L1 expression level in DLBCL is uncertain, because, 
depending on the method used, cutoff levels, and assessed cells (lymphoma or TME 
cells), some studies have shown high PD-L1 expression or high quantities of PD-1+ TILs 
to associate with poor survival, while other studies have shown favorable or no 
correlation with outcome (162,221,227–232). 

Generally, soluble proteins are formed either through proteolytic cleavage of the 
membrane-bound form or by translation of alternatively spliced mRNA. The PDCD1 gene 
consists of five exons, and the isoform PD-1△ex3 lacking exon 3 (the transmembrane 
domain) is the source of soluble PD-1 (sPD-1) (Figure 4B) (233). Researchers have found 
one to four CD274 splice variants secreted as soluble PD-L1  in cancer (sPD-L1) (234,235).
In addition, Ng et al found sPD-L1 to be generated by endogenous retroelement 
exonization in the CD274 gene, leading to formation of CD274-L2A that lacks the 
transmembrane domain (236). The CD274-L2A was the major source of sPD-L1 in their 
study (Figure 4C). As a third mechanism, sPD-L1 has shown to be produced by cleavage 
of the ectodomain of membrane-bound PD-L1 (mPD-L1) (224).  Although the production 
mechanism of sPD-1 has been shown, the cellular source remains largely unknown. 
Macrophages have been shown to be able to produce sPD-1 in vitro (237). Mature 
dendritic cells and tumor cells, including some lymphoma cells, have been shown to 
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produce sPD-L1 (238,239). Soluble PD-1 is capable of binding to mPD-L1/L2, and it has 
been shown to be capable of acting against cancer cells in mouse models (240–242). The 
biological activity of sPD-L1 is unclear. Soluble PD-L1 has been shown to bind to PD-1, 
disturb PD-L1 blockade, and in some studies, act as a negative regulator of T cells in vitro, 
while in some studies, it has lacked measurable T-cell inhibitory activity 
(224,235,236,243). In addition, tumor-derived sPD-L1 has been shown to induce 
apoptosis of T cells (238). On the contrary, sPD-L1 has been shown to act as a PD-1 
antagonist by reversing PD-1 mediated T-cell suppression (236). As a summary, the 
assumption is that sPD-1 binding with PD-L1/L2 prevents membrane-bound PD-1 (mPD-
1) from interacting with the ligands. In cancer patients, this leads to releasing of the 
mPD-1 “brake effect” thereby assisting the immune system to identify and destroy the 
cancer cells (Figure 5B). The role of sPD-L1 remains unresolved, while it has been shown 
to both to be immunosuppressive and immune-response enhancing (Figure 5B). 
Furthermore, considering the complex regulatory pathways and existence of both sPD-
1 and sPD-L1, the eventual effect of these soluble factors may depend on their ratio and 
other possibly interfering factors. 

Although sPD-1 and sPD-L1 can be measured from body fluids, such as serum 
(224,238), their exact cellular origin, function, and role in cancer are unclear. In 
melanoma, which is one of the most immunogenic tumors, low sPD-1 levels have been 
shown to correlate with brisk TILs and high levels with absence of TILs (244). 
Pretherapeutically elevated sPD-1 and sPD-L1 levels were associated with poor survival 
in pancreatic cancer and hepatocellular carcinoma patients (245,246). Still, 
pretreatment sPD-1 or sPD-L1 levels did not associate with survival in another study of 
pancreatic carcinoma patients, nor did sPD-1 levels in esophageal cancer patients 
(247,248). In a small study of 22 patients with different solid cancers who were treated 
with anti-PD-1-antibodies, the increase rate of sPD-1 level during therapy correlated 
with cancer progression (249). On the other hand, elevated sPD-L1 levels have also been 
associated with unfavorable outcome in other solid tumors, such as renal cancer, as well 
as in hematological malignancies including CNS lymphoma and NK/T cell lymphoma 
(238,250,251). In a study by Mortensen et al including 33 patients with DLBCL, sPD-L1 
levels were similar in patients and controls (252). As in many other cancers, in DLBCL an 
elevated sPD-L1 level has been associated with poor survival in studies with patients 
from different risk groups, mostly treated with an R-CHOP or R-CHOP-like regimen 
(232,253,254). Nevertheless, in one of the studies, sPD-L1 level did not associate with 
survival in high-risk patients treated with high-dose chemotherapy and ASCT (253). On 
the contrary to sPD-L1 levels, Mortensen et al observed elevated pretreatment sPD-1 
levels compared with healthy controls and the elevated levels correlated with higher IPI 
score (252). The prognostic role of sPD-1 has not been studied in patients with DLBCL 
before, and the prognostic role of sPD-L1 needs to be confirmed in a high-risk 
population. 
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Figure 5. Simplified PD-1 pathway and known/suspected functions of sPD-1 and sPD-L1. A. The 
aim of T cells is to detect and destroy tumor cells. The binding of PD-1 on T-cell surface to its 
ligands PD-L1/2 on tumor cells leads to T-cell inhibition and protumoral immune response. B. 
Binding sPD-1 to PD-L1/2 inhibits PD-1 binding to PD-L1/2 leading to T-cell activation. On the 
contrary, the function of sPD-L1 is uncertain, as sPD-L1 binding to PD-1 has been shown to cause
T-cell apoptosis, but also to reverse PD-1 mediated T-cell suppression.
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3 AIMS OF THE STUDY 

The aim of this study was to identify novel circulating prognostic markers of young 
patients with high-risk DLBCL. The purpose was to find easily measurable prognostic 
tools for the patient stratification of this patient group with unmet clinical need. 

 
The specific aims of the study were: 
 

1. To confirm the prognostic significance of LMR in a prospective cohort of 
young patients with high-risk DLBCL (I) 

2. To evaluate the prognostic significance of sCD163 in a high-risk and a 
population-based DLBCL cohort (II) 

3. To evaluate the prognostic significance of sPD-1 and sPD-L1 in a young, high-
risk patient population (III) 
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4 MATERIAL AND METHODS 

4.1 Patients 

All studies in this thesis included patients treated between 2011 and 2014 in the Nordic 
collaboration trial NLG-LBC-05, also titled CHemoImmunotherapy With Early CNS 
Prophylaxis (CHIC) (54). The NLG-LBC-05 study was a phase II trial consisting of 139 
evaluable patients 18 to 64 years old with DLBCL or FL grade 3B and having an aaIPI score 
of 2 to 3 or site-specific risk factors for CNS progression. The patients were treated with 
biweekly R-CHOEP and early systemic CNS prophylaxis (HD-Mtx and HD-AraC). Of the 
patients, 40% were treated in Finland (n=55), 33% in Norway (n=46), 24% in Denmark 
(n=33), and 4% in Sweden (n=5). 

In Study II, five healthy volunteers formed a control group, and a population-based 
cohort with primary DLBCL from the Swedish biobank U-CAN (255) formed an 
independent validation and extension group.  

4.2 LMR determination 

We obtained the ALC and AMC from routine automated complete blood count 
determination from peripheral blood samples collected prior to treatment initiation. We 
retrospectively collected the ALC and AMC values from patient files. We calculated LMR 
by dividing ALC by AMC. 

4.3 ELISA measuring sCD163 and sPD-L1 

In the NLG-LBC-05 study, in the control group, and in the Swedish biobank study, 
peripheral venous blood samples were collected in sterile test tubes centrifuged at 2,000 
× g for 10 min and then stored at −70 °C. We measured sCD163 levels in the trial cohort 
and in the control group from serum samples using a commercially available Quantikine 
enzyme-linked immunosorbent assay (ELISA) kit (R&D Systems, Minneapolis, USA) 
according to manufacturer instructions at the University of Helsinki, Finland. We 
measured sCD163 levels in the population-based cohort also with an ELISA assay as 
previously described (207,213) at Aarhus University Hospital, Denmark. The two 
methods have previously been compared showing a strong correlation (r2=0.97) but a 
significant systematic bias due to different calibration levels (189).  

We measured soluble PD-L1 from serum samples using a commercially available 
ELISA kit (PDCD1LG1, Cloud-Clone Corp., Houston, TX, USA) according to the 
manufacturer’s instructions at Aarhus University Hospital, Denmark. The detection 
range was 0.156 to 10 ng/ml. The minimum detectable dose was 0.056 ng/ml, and we 
assigned this value to samples below this cutoff. We diluted all samples 1:3 in 
phosphate-buffered saline (PBS) and analyzed the samples in duplicate. As internal 
controls, we used a normal serum sample and a spike serum sample. We did the 
measurements at Aarhus University Hospital, Denmark. 



 

47 

4.4 TRIFMA measuring sPD-1 

We measured sPD-1 levels from the serum samples using a commercial antibody-based 
in-house time-resolved immunofluorometric assay (TRIFMA) at Aarhus University 
Hospital, Denmark. In 96-well plates, we coated the wells with antihuman PD-1 antibody 
(1 μg/ml) in phosphate-buffered saline (PBS) (pH 7.4), and we blocked for 1 h residual 
binding sites with PBS, 1% Tween20 (Tw). As a standard, we used recombinant PD-1 
ranging from 39 to 2,500 pg/ml (Bio-Techne #DY1086, R&D Systems, Abingdon, UK). We 
diluted the samples in the assay buffer (PBS with 5% skim milk, 1% bovine serum 
albumin, 2% normal goat serum, and 0.05% Tw) 4-fold. We defined bound PD-1 by 
incubation in the assay buffer with biotin labeled antihuman PD-1 antibody (200 ng/ml), 
followed by the addition of 10 ng europium labeled streptavidin (Perkin Elmer Life 
Sciences, Turku, Finland). We detected bound europium by adding 200 μl of 
enhancement solution (Perkin Elmer Life Sciences, Turku, Finland) and reading the time-
resolved fluorescence on a DELFIA fluorometer (Victor, Perkin Elmer, MA, USA). We 
analyzed all samples in duplicate. As previously reported, the detection limit was 40 
pg/ml, and we assigned samples below this cutoff this value (256). We used only buffer-
receiving wells as negative controls. The intra-assay variations (%CV) were 5.2%. As 
internal controls, we used a normal serum sample and a spiked serum sample, with 
inter-assay CV of 21% and 9%, respectively. We did not observe freeze/thaw 
interference, and the addition of human serum albumin or PD-L1 did not affect the 
results. 

4.5 Gene expression and multiplex IHC in the tumor tissue  

We measured CD3, CD68, CD163, PDCD1, and CD274 mRNA levels from tumor samples 
using digital gene expression analysis with NanoString nCounter (Nanostring 
Technologies, Seattle, WA, USA) at the University of Helsinki as described previously 
(162). We analyzed proportions of CD3-, CD4-, CD8-, CD68-, CD163-, PD-1-, and PD-L1-
positive cells in tumor tissues by multiplex IHC at the University of Helsinki as described 
previously (162,163). 

4.6 Statistical methods 

The authors performed statistical analyses with IBM SPSS Statistics v.25.0 (IBM, Armonk, 
NY, USA) and R 4.0.2 at the University of Helsinki. The statistical analyses considering the 
population-based cohort in Study II were done independently at Uppsala University, 
Sweden, with STATA/IC 12.1 (StataCorp LP, Texas, USA). We used the Wilcoxon signed 
ranks test to evaluate the significance of difference in the sCD163, sPD-1, and sPD-L1 
levels between time points. We used the Mann-Whitney U test to evaluate the 
difference in LMR and sCD163, sPD-1, and sPD-L1 levels between groups. We evaluated 
correlations with Spearman rank analysis. We used the chi-square test and the Fisher–
Freeman–Halton test to evaluate the differences in the frequency of the prognostic 
factors in the patient groups. We used a maximally selected rank statistics test with the 
R “maxstat” package (257) to categorize patients into low- and high-LMR groups. We 
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performed receiver operating characteristics (ROC) curve analysis and evaluation of area 
under the curve (AUC) to determine the optimal cutoff point for the pretreatment sPD-
1 level. In the maximally selected rank statistics test and ROC curve analysis, we 
categorized survival outcomes into relapse or death versus no relapse or death. We 
estimated the prognostic impact by Cox univariate and multivariate regression analysis 
[confidence interval (CI) 95%] using categorized or continuous variables. We estimated 
the difference in survival between the patient groups using the Kaplan-Meier method 
and calculated the degree of survival significance using log-rank test. We defined OS as 
the time from the date of trial entry until the last follow-up or death from any cause, 
and PFS as the time from the date of trial entry until relapse or death. We reported both 
OS and PFS in months. We considered p-values ≤0.05 statistically significant and all 
statistical tests were two-tailed. 

4.7 Ethical considerations 

NLG-LBC-05 trial was registered at www.clinicaltrials.gov, number NCT01325194. All 
patients gave written informed consent to the study. The Institutional Review Boards, 
National Medical Agencies, and Ethics Committees in Finland, Norway, Denmark, and 
Sweden approved the protocol and sampling.  

All patients in the population-based cohort of Study II gave written informed biobank 
consent. The Regional Board of the Ethical Committee in Uppsala, Sweden, approved the 
study (Dnr 2014/233). 
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5 RESULTS 

5.1 Patient characteristics 

In the NLG-LBC-05 study, in addition to DLBCL and FL grade 3B, some other variants and 
subgroups were also allowed. The diagnostics was based on the WHO 2008 Lymphoma 
Classification (258). Most of the patients had DLBCL NOS (n=113, 81%), eight (6%) 
patients PMBCL, five (4%) grade 3B FL, five (4%) THRLBCL, and one (1%) intravascular 
large B-cell lymphoma. The median age was 56 years (20-64 years). During a median 
follow-up time of 60 months, 23 patients (17%) had died (16 due to lymphoma) and 23 
relapsed, translating to an 83% five-year median OS rate and 81% five-year median PFS 
rate. Of different biological subgroups, only double protein expressors of Bcl-2 and Myc 
had inferior outcome compared to others. Still, as mentioned earlier in section 2.5.1.2, 
double-hit lymphomas are usually associated with dismal prognosis but in this study had 
comparable outcome to others, presumably due to the intensive treatment protocol. 
Additionally, non-GCBs had comparable outcome to GCBs. There were no major 
differences in the baseline characteristics and outcome between the overall patient 
cohort originally included in the NLG-LBC-05 trial (n=139) and the subcohorts analyzed 
in the correlative studies represented in this thesis, implying that patients included in 
the correlative studies are representative of the entire clinical trial cohort (Table 6). 

In Study II, we also evaluated an independent population-based cohort of 125 
patients from the Swedish U-CAN biobank of primary DLBCL patients collected between 
2010 and 2016 (Table 6) (255). Since 2010, all patients with DLBCL referred to the 
corresponding hospitals have been offered the opportunity to participate in the biobank 
sampling and patient data collection. The patients had available pretreatment serum 
samples and clinical data. The median age was 67 years (26-87 years), and 69 patients 
(55%) were older than 65 years. Most patients were male (n=70, 56%), had a good ECOG 
performance score of 0-1 (n=112, 90%), advanced stage disease (n=68, 54%), a low aaIPI 
score of 0-1 (n=72, 58%), and elevated LDH (n=73, 59%). One hundred and eighteen 
(94%) of the patients had DLBCL, three (2%) PMBCL, one (1%) THRLBCL, one (1%) grade 
3 FL, one (1%) anaplastic large B-cell lymphoma, and one (1%) Burkitt-like lymphoma. Of 
the DLBCL NOS cases, 50 were GCB and 37 non-GCB types. Most of the patients (71%) 
were treated with R-CHOP, 15% with R-CHOEP, and 16% of the patients received CNS 
prophylaxis.  
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Table 6. Baseline characteristics of NLG-LBC-05 trial, trial cohorts in studies I-III, and the 
population-based cohort in study II. 
 

NLG-LBC-05 Study I Study II, 
trial 

cohort 

Study II, 
population

-based 
cohort 

Study III 

Total 139 112 (100) 119 (100) 125 (100) 121 (100) 
Median age 56 (20-64) 56 (22-64) 56 (21-64) 67 (26-87) 56 (21-64) 
Age      
   <60 years 92 (66) 77 (69) 78 (65) 36 (29) 82 (68) 
   60-65 years 47 (34) 35 (31) 41 (35) 20 (16) 39 (32) 
   > 65 years 0 0 0 69 (55) 0 
Gender      
   Male 88 (63) 72 (64) 74 (62) 70 (56) 75 (62) 
   Female 51 (37) 40 (36) 45 (38) 55 (44) 46 (38) 
ECOG PS1      
   0-1 96 (69) 77 (69) 83 (70) 112 (90) 86 (71) 
   2-3 43 (31) 35 (31) 36 (30) 10 (8) 35 (29) 
   Missing 0 0 0 3 (2) 0 
Stage      
   1-2 11 (8) 8 (7) 7 (6) 57 (46) 8 (7) 
   3-4 128 (92) 104 (93) 112 (94) 68 (54) 113 (93) 
aaIPI score      
   0-1 10 (7) 8 (7) 9 (7) 72 (58) 7 (8) 
   2 83 (60) 67 (60) 71 (60) 28 (22) 74 (61) 
   3 46 (33) 37 (33) 39 (33) 7 (6) 37 (31) 
   Missing 0 0 0 18 (14) 0 
LDH      
   ≤ ULN 12 (9) 10 (9) 10 (8) 73 (59) 11 (9) 
   > ULN 127 (91) 102 (91) 109 (92) 49 (39) 110 (91) 
   Missing 0 0 0 3 (2) 0 
Entity      
   DLBCL NOS      
       GCB 56 (40)  48 (43) 48 (40) 50 (40) 53 (44) 
       non-GCB 47 (34) 39 (35) 37 (31) 37 (30) 36 (30) 
       ND 10 (7) 7 (6) 16 (14) 31 (25) 16 (13) 
   Other 26 (19) 18 (16) 18 (15) 7 (5) 16 (13) 

Baseline characteristics of patients in the NLG-LBC-05 study and patients in the studies I-III. 1ECOG 
PS, Eastern Cooperative Oncology Group performance status; aaIPI, age-adjusted International 
Prognostic Index; LDH, lactate dehydrogenase; ULN, upper limit of normal; CR, complete response; 
PR, partial response; PD, progressive disease; NA, not available; NOS, not otherwise specified; GCB, 
germinal center B-cell like; non-GCB, non-germinal center B-cell like; ND, not determined.  
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5.2 LMR in high-risk patients with DLBCL (Study I) 

In Study I we wanted to explore the prognostic significance of LMR in young patients 
with high-risk DLBCL. Study I included 112 patients from the NLG-LBC-05 trial. The 
median age was 56 years (22-64 years). Most of them were males (n=72, 64%), had 
advanced stage disease (n= 104, 93%), elevated LDH level (n=102, 91%), and B-
symptoms (n=75, 66%) (Table 6). Sixteen (14%) patients had died and 17 (15%) relapsed 
during 61-month median follow-up time (27-85 months). Five-year OS and PFS rates 
were 86% and 83%, respectively. Pretreatment ALC ranged from 0.20 to 4.95 x109/l 
(median 1.40 x109/l), AMC from 0.10 to 2.62 x109/l (median 0.68 x109/l), and LMR from 
0.10 to 12.0 (median 2.08). High AMC was associated with male gender (p=0.013) (Study 
I, Figure 1A), while no correlation was observed between AMC and age, ECOG 
performance status, B-symptoms, LDH level, stage, or molecular subtype. ALC was 
associated with none of these clinical factors. Low LMR (<1.72) was associated with male 
gender (p=0.021) and B-symptoms (p=0.036) but not with other clinical factors (Study I, 
Figure 1B-C). 

ALC did not correlate with tumor tissue CD3 gene expression level (p=0.091), while 
we observed a trend towards inverse correlation between ALC and the proportion of 
CD3+ cells (TILs) (ρ=–0.319, p=0.054, n=37). There was a tendency for negative 
correlation for ALC and CD4+ TILs (Th cells) (ρ=-0.346, p=0.036, n=37). Furthermore, 
AMC did not correlate with tumor tissue CD68 or CD163 gene expression levels, the 
proportion of CD163+ cells (TAMs), or soluble CD163 levels in the serum. Together, these 
data suggest that ALC and AMC do not reflect the lymphocyte and macrophage content 
in the TME, respectively. Neither ALC nor AMC associated with patient survival. 

As described in section 4.6, based on maximally selected rank statistics, an LMR 
cutoff level of 1.72 optimally distinguished two subgroups with different survival. In the 
low-LMR group, the AMC was significantly more often elevated compared to the high-
LMR group (55% vs 15%, respectively; p<0.001), and the ALC was significantly more often 
declined (68% vs 26%, respectively; p<0.001). In the Kaplan-Meier estimate, patients in 
the low-LMR (≤ 1.72) group had significantly inferior OS and PFS compared to patients 
in the high-LMR (> 1.72) group (5-year OS 77% vs 92%, p=0.0016; 5-year PFS 70% vs 92%, 
p=0.002) (Study I, Figure 2). In univariate analysis, the low-LMR group had a 3.3-fold 
relative risk of death (95% CI 1.18-9.50, p=0.024) and a 4.4-fold risk of progression (95% 
CI 1.60-12.14, p=0.004) compared to the high-LMR group. There were more male 
patients in the low-LMR group compared to the high group (77% vas 55%, p=0.021), 
whereas other clinical factors (age, ECOG performance status, clinical stage, aaIPI, and 
molecular subtype) were distributed evenly between the two groups (Table 7). The 
negative prognostic impact of low LMR on survival was sustained when LMR was 
adjusted for gender in univariate analysis (OS HR=3.3, 95% CI 1.13-9.57, p=0.029; PFS, 
HR=4.19, 95% CI 1.49-11.76, p=0.007). LMR remained as the only independent 
prognostic factor for OS (HR 3.11, 95% CI 1.08 to 8.92, p=0.035) and PFS (HR 4.45, 95% 
CI 1.49 to 11.53, p=0.006) in bivariate analysis with aaIPI (OS HR=1.49, 95% CI 0.66 to 
3.34, p=0.340; PFS, HR=1.37, 95% CI 0.66 to 2.85, p=0.397) (Study I, Table 2). 
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5.3 Clinical significance of sCD163 in patients with DLBCL 
(Study II) 

Because CD163-expressing TAMs (‘M2 TAMs’) have shown prognostic impact in DLBCL 
(155–157), we wanted to explore the clinical impact of sCD163 in patients with DLBCL in 
Study II. We measured sCD163 levels prior to, during, and after treatment in two 
independent patient cohorts, a “trial cohort” and a “population-based cohort” with 
ELISA as described in section 4.3. The trial cohort included 119 patients from the NLG-
LBC-05 trial with available pretreatment samples and 94 paired serum samples collected 
after three immunochemotherapy courses. A control group comprised serum samples 
from five healthy volunteers.  

The population-based cohort included 125 patients with primary DLBCL, available 
pretreatment serum samples, and clinical data. Available paired samples included 30 
samples collected after three immunochemotherapy courses, 71 samples collected after 
treatment in patients with CR, and 11 samples collected at primary progressive or 
relapsing disease. CR was defined in clinical routine. In both cohorts, the median value 
in the respective cohort was a priori defined as the cutoff for testing prognostic 
implication. 

In the trial cohort, the median age was 56 years (21-64 years). Most of the patients 
were under 60 years old (n=78, 65%) and males (n=74, 62%), and nearly all had advanced 
stage disease (n=112, 94%), aaIPI ≥ 2 (n=110, 93%) and elevated LDH level (n=109, 92%) 
(Table 6). During a median follow-up time of 61 months (40-87 months) of the living 
patients, 16 (13%) patients had died and 18 (15%) relapsed. Five-year OS and PFS rates 
were 87% and 83%, respectively.  

Pretreatment sCD163 levels were higher in the trial cohort compared to the five 
healthy controls [median 1,160 ng/ml (range 370 to 3,621 ng/ml) vs 437 ng/ml (range 
220 to 518), p<0.001)] (Study II, Figure 1A). The levels declined significantly after three 
treatment courses [median 975 ng/ml (range 299 to 1,923), p<0.001], but were still 
higher in comparison to healthy controls (p<0.001) (Study II, Figure 1A). When we 
divided the patients into two groups (high vs low) using the median pretreatment 
sCD163 value as a cutoff, we observed no differences in age, ECOG performance status, 
stage, aaIPI, and LDH level between the groups (Table 7). The patients with high sCD163 
levels were more often males than females (p=0.031) and had more often non-GCB than 
GCB DLBCL (p=0.004) (Table 7). 

Next, we addressed whether there was an association between sCD163 levels, 
CD163+ TAMs, CD163 gene expression in the tumor tissue, and circulating monocyte 
counts in the trial cohort. Pretreatment sCD163 levels correlated with CD163+ TAMs 
(ρ=0.43, p=0.005, n=41) (Study II, Figure 1C) and with tumor tissue CD163 mRNA levels 
(ρ=0.36, p=0.007, n=54) (Study II, Figure 1D), when assessed as a continuous variable, 
suggesting that circulating sCD163 may arise from the tumor tissue. In contrast, we 
found no correlation between pretreatment sCD163 levels and AMC (ρ=0.0, p=1.00, 
n=103).  

When we divided the trial cohort into two subgroups using the median pretreatment 
sCD163 value as a cutoff (high vs low), the patients with high sCD163 levels had worse 
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outcome than the patients with low sCD163 levels (5-year OS 80% vs 93%, p=0.022; 5-
year PFS 77% vs 90%, p=0.032) (Study II, Figure 2A-B). For the patients with high sCD163 
levels, the relative risk of death was 3.4-fold (95% CI 1.12 to 10.51, p=0.031) and risk of 
progression 2.7-fold (95% CI 1.05 to 6.94, p=0.04) as compared to those with low sCD163 
levels.  

When we adjusted the sCD163 level for gender in univariate analysis, pretreatment 
sCD163 retained its prognostic impact for survival (OS p=0.033, PFS p=0.048) in the trial 
cohort (Vajavaara et al, unpublished results). The same applied with PFS when we 
adjusted the sCD163 level for molecular subtype (p=0.046) (Vajavaara et al, unpublished 
result). In Cox multivariate analysis with age, stage, ECOG performance status, LDH level, 
gender, and molecular subtype, sCD163 remained the only statistically significant 
prognostic factor for PFS (HR 4.40, 95% CI 1.09 to 17.83, p=0.038) and borderline 
statistically significant prognostic factor for OS (HR 5.08, 95% CI 0.98 to 26.39, p=0.053) 
(Study II, Supplementary Table 1). 

In the population-based cohort, the median age was 67 years (26-87).  Most of the 
patients (71%) were treated with R-CHOP. Twenty patients (16%) received CNS 
prophylaxis. Also in this cohort, most of the patients were males (56%). Still, this cohort 
differed in many ways compared to the trial cohort (Table 6). Only 54% of the patients 
had advanced stage disease, and most of the patients were over 65 years old (55%), had 
aaIPI < 2 (58%), and had a normal LDH level (59%). During a median follow-up time of 40 
months (0-94 months), 42 patients (34%) had died and 29 relapsed (23%). Twenty-nine 
(23%) patients died due to lymphoma. Five-year OS and PFS rates were 65% and 57%, 
respectively.  

The median pretreatment sCD163 level in the population-based cohort was 2,950 
ng/ml (range 870 to 30,000 ng/ml). Thirteen patients (10% of the cohort) presenting with 
the highest sCD163 levels (range 6,370 to 30,000 ng/ml) were characterized by a 
widespread or highly proliferative lymphoma (Vajavaara et al, unpublished results). Five 
of these 13 patients had a concurrent autoimmune disease (ie, autoimmune hemolytic 
anemia, psoriasis, rheumatoid arthritis, and mixed connective tissue disease). None met 
the criteria for hemophagocytic lymphohistiocytosis. In the 71 patients with CR after 
treatment and available paired samples prior to and after treatment, we observed a 
significant decline of sCD163 levels during treatment [median 2,510 ng/ml (range 870 to 
30,000 ng/ml) to median 2,120 ng/ml (range 670 to 5,000 ng/ml), p=0.018] (Study II, 
Figure 1B). In the 30 patients with paired pretreatment and after three treatment 
courses samples, sCD163 levels also declined but did not reach a statistically significant 
difference (Study II, Figure 1B). The median sCD163 level at progression in 11 patients 
with a primary progressive or relapsing disease did not differ significantly from the 
pretreatment sCD163 levels (Study II, Figure 1B). 

When we divided the population-based cohort into two subgroups using the median 
pretreatment sCD163 value as a cutoff (high vs low), stage was more often advanced 
(p<0.001), aaIPI high (p=0.042), and LDH elevated (p=0.009) in the patients with high 
sCD163 levels compared to the patients with low sCD163 levels (Study II, Table 1). Age, 
gender, ECOG performance status, and molecular subtype were equally distributed 
between the two subgroups (Study II, Table 1). 

Five-year OS rates for the patients with high vs low pretreatment sCD163 levels were 
54% and 76%, respectively, (p=0.014) (Study II, Figure 2C). The corresponding PFS rates 
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were 43% and 73% (p=0.009), respectively (Study II, Figure 2D). For the patients with 
high sCD163 levels, the relative risk of death was 2.2-fold (95% CI 0.99 to 4.94, p=0.052) 
and risk of progression 2.2-fold (95% CI 1.05 to 4.48, p=0.037) as compared to those with 
low sCD163 levels. In multivariate Cox regression analysis, pretreatment sCD163 
remained an independent prognostic factor for PFS (HR 2.16, 95% CI 1.05 to 4.48, 
p=0.037) in addition to age, male gender, and poor performance status (Study II, 
Supplementary Table 2). For OS, sCD163 level remained only a borderline significant 
prognostic factor (HR 2.21, 95% CI 0.99 to 4.94, p=0.052) (Study II, Supplementary Table 
2). 

5.4 Clinical significance of sPD-1 and sPD-L1 in high-risk 
patients with DLBCL (Study III) 

Although many different PD-1 and PD-L1 inhibitors are in clinical use, the clinical 
significance of sPD-1 and sPD-L1 has remained unclear, although in some cancers sPD-
L1 has been shown to disturb CPI treatment as described in section 2.5.2.4. Thus, in study 
III we measured sPD-1 and sPD-L1 levels in serum samples collected prior to treatment, 
after three immunochemotherapy courses, and at the end of therapy, comparing the 
data with host and tumor characteristics. Study III included 121 patients from the NLG-
LBC-05 trial with available pretreatment serum samples. We measured sPD-1 levels from 
121, 95, and 98 patients prior to treatment, after three courses of therapy, and at the 
end of therapy, respectively. We measured sPD-L1 levels from 80 patients at all three 
time points. Soluble PD-1 levels were measured with TRIFMA and sPD-L1 levels with 
ELISA as described in sections 4.3 and 4.4. 

The patients were 21 to 64 years old, with the median age being 56 years. Most of 
the patients were males (n=75, 62%), had advanced stage disease (n=113, 93%), B-
symptoms (n=74, 61%), elevated LDH level (n=110, 91%), and good ECOG performance 
status (0-1; n=86, 71%) (Table 6). During the 61-month median follow-up time (40-85 
months), 16 (13%) patients had died and 18 (15%) relapsed. Five-year OS and PFS rates 
were 87% and 83%, respectively. Twelve (10%) patients died due to lymphoma.  

We observed the highest sPD-1 and sPD-L1 levels prior to treatment (sPD-1 median 
973 pg/ml, range 40-10,761 pg/ml; sPD-L1 median 766 pg/ml, range 56-5393 pg/ml). 
Both levels declined significantly after three immunochemotherapy courses compared 
to the pretreatment levels (sPD-1 median 81 pg/ml, range 40-1163 pg/ml, p<0.001; sPD-
L1 median 244 pg/ml, range 56-3905 pg/ml, p<0.001) (Study III, Figure 1). Although post-
treatment sPD-1 levels significantly increased compared to sPD-1 levels after three 
treatments (median 185 pg/ml, range 40-1525 pg/ml; p<0.001), they were still 
significantly lower compared to pretreatment levels (p<0.001) (Study III, Figure 1A). 
Post-treatment sPD-L1 levels remained the same compared to after three treatment 
courses (median 402 pg/ml, range 56-3712 pg/ml, p=0.122) and were still significantly 
lower compared to the pretreatment levels (p<0.001 (Study III, Figure 1B). We observed 
no correlation between sPD-1 and sPD-L1 levels at matching time points (in all 
comparisons p>0.43). 

The pretreatment sPD-1 levels were higher in patients with high aaIPI (2-3) score, 
elevated LDH level, and advanced stage (III-IV) compared to patients with low aaIPI (0-
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1) score (p=0.001), normal LDH (p=0.002), and low stage (I-II) (p<0.001), respectively 
(Study III, Figure 2A). Furthermore, patients having high (>median) PD1+ T-cell counts in 
their tumor tissue tended to have higher sPD-1 levels (p=0.074) (Study III, Figure 2A), 
whereas we observed no differences in pretreatment sPD-1 levels according to age (<60 
years vs 60-64 years), gender, performance status (0-2 vs 3-4), or molecular subtype. 
Analyzed as continuous variables, pretreatment sPD-1 levels and PD-1+ T cells in the 
tumor tissue correlated weakly but significantly (ρ=0.4, p=0.012, n=39; Vajavaara et al, 
unpublished results). We observed higher pretreatment sPD-L1 levels in patients with 
poor ECOG performance status compared to good ECOG performance status (p=0.002), 
whereas we observed no correlation between sPD-L1 levels and other clinical 
characteristics or PD-L1+ TAM count (Study III, Figure 2B) 

Pretreatment sPD-1 levels correlated with tumor tissue PDCD1 (the gene encoding 
PD-1) gene expression levels (ρ=0.467, p<0.001) (Study III, Figure 3A), while we observed 
no correlation between sPD-L1 levels and tumor tissue CD274 (the gene encoding PD-
L1) gene expression level (p=0.80). Pretreatment sPD-1 levels also correlated with 
tumor-infiltrating PD-1+ T-cell count (ρ=0.396, p=0.012, n = 39) (Study III, Figure 3B), PD-
1+ cytotoxic T-cell count (ρ=0.385, p=0.039, n=29), PD-1+ T-helper cell count (ρ=0.433, 
p=0.019, n=29), and PD-L1+ TAM count (ρ=0.397, p=0.012, n=39). In contrast, we 
observed no correlation between pretreatment sPD-1 levels and PD-1+ TAMs (p=0.6, 
n=39), or ALC (p=0.6, n=102). Furthermore, we did not observe correlation between sPD-
L1 levels and tumor-infiltrating PD-L1+ cells (p=0.92) or PD-L1+ TAMs (p=0.57). Together 
these data demonstrate that TME is probably at least one source of sPD-1. However, 
nothing in our data suggests that TME would be a source of sPD-L1. 

As described in section 4.6, based on ROC curve analysis, a pretreatment sPD-1 cutoff 
level of 1,565 pg/ml (66%) discriminated the best two subgroups with different survival. 
We observed significantly worse outcomes in patients with high pretreatment sPD-1 
levels (highest third, “high-sPD-1 group”) compared to patients with low pretreatment 
sPD-1 levels (lowest two-thirds, “low-sPD-1 group”). Five-year PFS was 73% vs 89% 
(p=0.016) and 5-year OS 78% vs 91% (p=0.021) in the high vs low sPD-1 groups, 
respectively (Study III, Figure 4A). The relative risk of progression was 2.8-fold (95% CI 
1.16-6.56, p=0.021) and the risk of death 2.9-fold (95% CI 1.12-7.75, p = 0.028) in the 
high sPD-1 group compared to the low sPD-1 group. In the high sPD-1 group, patients 
more often had advanced-stage disease compared to the low sPD-1 group (p=0.050), 
while other baseline characteristics were equally distributed (Table 7). Nevertheless, 
when adjusted for stage in univariate analysis, the negative prognostic impact of high 
pretreatment sPD-1 level on PFS (HR 2.47, 95% CI 1.04-5.86, p=0.040) and OS (HR 2.64, 
95% CI 1.01-6.94, p=0.049) still remained. Pretreatment sPD-1 level maintained to be 
the only prognostic factor for PFS (HR 4.10, 95% CI 1.21 to 13.89, p=0.024) and OS (HR 
4.06, 95% CI 1.00 to 16.50, p=0.050) in multivariate analysis with stage, LDH level, ECOG 
performance status, age, and molecular subtype (Study III, Table 2). 

In contrast, sPD-1 levels after three treatment courses or post-treatment or sPD-L1 
levels at any of the three time points did not associate with outcome in this study. Still, 
patients with pretreatment sPD-L1 levels over median more often had poor ECOG 
performance status (p=0.005) and high aaIPI score (p=0.016) than the patients with 
pretreatment sPD-L1 levels under median (Study III, Table 1). Other baseline 
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characteristics were equally distributed between sPD-L1 over and under median 
subgroups (Study III, Table 1). 



Discussion 

58 
 

6 DISCUSSION 

6.1 LMR 

We studied ALC, AMC, LMR, their correlation with host and tumor tissue characteristics, 
and association with survival in young high-risk patients with DLBCL. Because LMR is 
simply calculated and the AMC and ALC values are routinely measured prior to treatment 
initiation, the estimation of LMR is free of charge. ALC did not correlate with the 
proportion of TILs or CD3 gene expression level in the tumor tissue, and AMC did not 
correlate with the proportion of TAMs or CD68/CD163 gene expression level in the 
tumor tissue, suggesting that the LMR does not reflect the number of lymphocytes and 
macrophages in the TME.  

The low ALC presumably reflects either the host immunosuppressive state resulting 
in an immunological environment allowing lymphoma development or the host 
immunological response to the lymphoma resulting in immune suppression emerging as 
a decrease in ALC, or both. The data in our study are unable to distinguish between these 
two possibilities. In addition, the data do not provide information about the ratio of 
different lymphocytes such as B cells or T cells and moreover different T-cell populations 
that may be crucial when estimating the state of the host immune system. 

Monocytes are important in cancer development and progression, having both pro- 
and antitumoral functions, such as phagocytosis, lymphocyte recruitment, secretion of 
tumoricidal mediators, ECM remodeling, angiogenesis promotion, and differentiation 
into TAMs and DCs (259). Three different monocyte subsets have been identified: 
classical, non-classical, and intermediate. The number of non-classical monocytes 
expressing high levels of immunosuppressive genes, such as PD-L1/2and CD163, is 
elevated in the circulation of patients with DLBCL and shown to associate with more 
aggressive disease, suppressed immune functions, and decreased CD8+ T-cell functions 
(170,260). Low LMR presumably reflects partly high AMC and thus the lymphoma-
promoting function of the monocytes.  

Although we could not see low ALC or high AMC to correlate with survival in young 
high-risk patients with DLBCL, we confirmed in our homogenous trial cohort low LMR to 
associate with inferior prognosis, as was shown in previous heterogeneous patient 
cohorts (176–187). To our knowledge, LMR has been studied previously in 
heterogeneous patient cohorts treated mostly with R-CHOP. Our study included young 
(<65 years old) high-risk patients treated with a dose-dense regimen. Although there 
were only some relapses in the study cohort and thus promising survival rates (five-year 
OS 86% and PFS 83%), we found that the patients with LMR ≤ 1.72 had significantly worse 
survival compared to the patients with LMR > 1.72. 

Although in the low-LMR group ALC was more often reduced and AMC elevated, only 
about half of the patients had AMC > ULN in the low-LMR group, suggesting that it is the 
relationship between ALC and AMC that is crucial and not ALC and AMC themselves. 
Considering the correlation of LMR with features of aggressive DLBCL described in 
chapter 2.5.1., the LMR probably also reflects the aggressive lymphoma. We could not 
see the association of LMR and aggressive lymphoma features in our study, but it is 
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probably due to the high-risk patient population with the majority of the patients having 
advanced-stage disease, elevated LDH level, and high aaIPI score. 

The pretreatment LMR cutoff level in previous studies has been very variable, mostly 
around 2.6, but ranging from approximately 1.1 to 4.0 (176–188). The LMR cutoff in our 
young patient cohort was lower than in many other studies, suggesting that the cutoff 
depends on the clinical risk group.  

As a conclusion, we confirmed that the low LMR is associated with poor prognosis 
also in young high-risk patients with DLBCL. Our data demonstrate that AMC and ALC 
are probably not reflecting the TME composition.  

6.2 Soluble CD163 

In Study II, we measured sCD163 levels in two independent patient cohorts with DLBCL 
before, during, and after immunochemotherapy. The cohorts had many differences, the 
trial cohort consisting of young high-risk patients treated with intensive 
immunochemotherapy and the population-based cohort including a large number of 
significantly older patients having more often low-risk disease and treated 
heterogeneously with mostly R-CHOP. We observed pretreatment sCD163 levels being 
significantly higher in the trial cohort compared to healthy controls, and high sCD163 
levels to associate with unfavorable outcome in both cohorts.  

Pretreatment sCD163 levels correlated with CD163 gene expression levels and 
CD163+ TAMs in the lymphoma tissue, suggesting that circulating sCD163 might arise 
mostly from the lymphoma tissue. However, acknowledging that sCD163 shedding 
reduces the membrane expression of CD163 at least momentarily, the correlation 
between sCD163 levels and CD163+ TAMs and tumor tissue CD163 gene expression 
levels is not a sure proof of the shedding of sCD163 from the tumor tissue. Davis et al 
observed in randomly selected patients that sCD163 levels inversely correlated with 
monocyte CD163 expression, suggesting that sCD163 derives from circulating 
monocytes (202). We did not have CD163 monocyte expression data from our patients, 
but similarly to Davis et al (202), we observed no correlation between pretreatment 
sCD163 levels and AMC. Although based on our data we cannot draw any sure 
conclusions about the predominant sCD163 source in DLBCL, the elevated sCD163 levels 
presumably reflect the host response to the aggressive lymphoma.  

We observed pretreatment sCD163 levels elevated in the trial cohort compared to 
healthy controls and high pretreatment sCD163 levels to associate with unfavorable 
outcome in both cohorts. We independently a priori defined median values of sCD163 
as the cutoff in both cohorts. Also in MM, median value has been proposed as a useful 
cutoff to separate the patients into groups with different outcomes (213). Considering 
the two very different patient cohorts in our study, the association of high sCD163 levels 
with unfavorable outcome seems to be confirmed.  

We measured sCD163 levels using two different ELISA methods independently in the 
two cohorts and performed analyses in separate laboratories. The observations from 
previous comparison of these two methods indicate a strong correlation (r2=0.97) but, 
due to different calibration levels, a significant systematic bias (189). This explains why 
the sCD163 levels differed between the two subsets, with lower levels observed in the 
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trial cohort even though one could have been expected the opposite because the trial 
cohort had significantly more patients with advanced stage, poor ECOG performance 
status, and high aaIPI compared to the population-based cohort. Other factors 
contributing to the difference may be the substantially older patient population in the 
population-based cohort, acknowledging that sCD163 level increases with age (189) and 
unaccounted comorbidities, eg, inflammatory liver disease, which is known to 
significantly increase sCD163 levels (189).  

We observed a significant decline in the sCD163 levels in response to therapy, and in 
our larger population-based cohort particularly among the patients who achieved CR, 
which in turn suggests that sCD163 could be used as a treatment response biomarker in 
DLBCL. Similar findings have been previously observed in CLL, MM, and cHL 
(213,214,216).  Although the levels might differ between individuals for other reasons 
besides tumor burden, the declining levels in patients with CR after therapy suggest that 
sCD163 level variation could be used as a patient-specific biomarker of treatment 
response. Many prognostic factors (such as IPI, disease stage, and subtype) already exist 
and are used in clinical routine in DLBCL, but disease-monitoring tools currently in use 
are less common. The predictive value of an interim FDG-PET CT (261,262) and the 
decline of ctDNA in response to treatment (11,147), are useful and promising disease-
monitoring tools, but the impact of host-related factors, including the tumor 
microenvironment, should also be acknowledged. An advantage with sCD163 as a 
potential biomarker of disease aggressiveness, tumor burden, and treatment response 
during the course of DLBCL is its stability in plasma, enabling sample collection and 
processing (207). 

In conclusion, our results show that elevated sCD163 level is a signal of aggressive 
DLBCL. The results were analogous in our two independent cohorts regardless of 
differences in the clinical factors, indicating that the prognostic impact of the sCD163 is 
not limited to a specific patient group. Therefore, our data suggest that sCD163 is a 
useful biomarker for the prognostic evaluation and therapeutic monitoring of patients 
with DLBCL. 

6.3 Soluble PD-1 and PD-L1 

In Study III, we assessed the sPD-1 and sPD-L1 levels during immunochemotherapy and 
their association with prognosis. Both sPD-1 and sPD-L1 levels were at their highest prior 
to treatment, declining in response to immunochemotherapy, and remaining low at the 
end of the treatment. The pretreatment sPD-1 and sPD-L1 levels were comparable to 
the levels reported earlier in patients with DLBCL (232,252,253). In previous studies 
researchers showed a similar decline during therapy in sPD-1 levels in patients with cHL 
(263) and in sPD-L1 levels in patients with DLBCL (264).  

What is the source of these soluble molecules? Considering that PD-1 is mainly 
expressed on activated T cells (220) and that we observed pretreatment sPD-1 levels to 
correlate with the PDCD1 gene expression levels of the tumor tissue and the percentage 
of PD-1+ TILs, TILs are likely the main source of sPD-1. In contrast, PD-L1 is expressed on 
many different cell types, and we observed no correlation with pretreatment sPD-L1 
levels and CD274 gene expression levels of the tumor tissue or tumor-infiltrating PD-L1+ 
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cells or PD-L1+ TAMs. Likewise, Rossille et al found no association between sPD-L1 levels 
and PD-L1+ cells in DLBCL tissue (253). Thus, sPD-L1 is likely to be derived from other 
than lymphoma cells or TME. The elevated pretreatment levels probably reflect the 
host’s immunosuppressive state during lymphoma development resulting from either 
the developing lymphoma or the already existing immunosuppressive state enabling 
lymphoma development. 

The reason for the decline of sPD-1 and sPD-L1 levels during immunochemotherapy 
is unknown. It might be due to the immunosuppressive and cytoreductive effect of the 
intensive treatment on immune cells, especially T cells. Chemotherapy regimens may 
influence the immune system, like doxorubicin (one of the drugs in the NLG-LBC-05 
treatment protocol), which downregulates PD-L1 cell surface expression while 
upregulating its nuclear expression (265). Considering that sPD-L1 may result, at least 
partly, from shedding from the membrane-bound PD-L1, doxorubicin might also cause 
decline in the sPD-L1 levels. 

 In our study, high pretreatment sPD-1 levels correlated with aggressive disease (high 
aaIPI score, elevated LDH, and advanced stage) and inferior survival compared to low 
pretreatment sPD-1 levels. Consistent with findings in a previous study, in which sPD-L1 
levels correlated with no other clinical parameters than inversely with age in patients 
with DLBCL (264), pretreatment sPD-L1 levels did not correlate with clinical parameters 
in our study. Furthermore, pretreatment sPD-L1 levels did not correlate with outcome 
in our selective high-risk population. Previously, Rossille and colleagues have shown 
pretreatment sPD-L1 to associate with inferior prognosis in R-CHOP-treated patients 
with DLBCL (232,253). However, similar to us, they found in no correlation between sPD-
L1 levels and survival in two patient cohorts treated with high-dose therapy and ASCT 
(253).  

In conclusion, our results show that in an intensively treated high-risk patient 
population with DLBCL, pretreatment sPD-1 and sPD-L1 levels are high and decline in 
response to the intensive immunochemotherapy. Furthermore, high pretreatment sPD-
1 levels associate with unfavorable outcome compared to low pretreatment sPD-1 
levels, whereas sPD-L1 does not associate with survival in these high-risk patients. To 
our knowledge, this is the first study to show association of sPD-1 to with outcome. Thus, 
the finding should be confirmed in a large independent patient cohort. Our findings 
provide interesting data for future clinical studies with high-risk patients with DLBCL, 
especially studying sPD-1 level as a biomarker for checkpoint inhibitor (CPI) therapy. 

6.4 Strengths and limitations 

This thesis work is based on two patient cohorts, and it studies circulatory prognostic 
factors in patients with DLBCL. The main strength of this study is the prospectively 
collected and homogeneously treated trial cohort. Retrospective studies involve more 
often sources of error due to confounding factors and bias (266). Furthermore, the 
patients in the NLG-LBC-05 study were treated with the same regimen increasing the 
reliability of the results. The cohorts had systematically collected serum samples at 
predefined time points during treatment, and the trial cohort also had available tumor 
tissue samples.  
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As with all scientific work, this thesis work must be interpreted acknowledging its 
limitations. Although all studies included at least 112 patients, more patients would have 
added statistical power. The main limitation of this thesis work is that it includes a 
validation cohort in only one of the studies. With available validation cohorts, the 
findings in studies I and III would have been more convincing. 

Considering also previous studies about LMR in patients with DLBCL, the data about 
low LMR as a negative prognostic factor are very convincing. Our results in the trial 
cohort confirm previous findings. Still, there is no specific LMR value that could be used 
in clinical work separating the patients into good and poor prognosis groups. Although 
our data provided comprehensive molecular data from the tumor tissue, we could 
neither provide information about different lymphocyte subtypes behind the ALC nor 
estimate thoroughly what the LMR level reflects. 

In Study II, we used different ELISA methods to determine the sCD163 levels in the 
two cohorts. Thus, the sCD163 levels differed between the cohorts, and we are unable 
to suggest a specific sCD163 cutoff for prognostic evaluation. Still, these methods have 
been previously compared showing a very strong correlation but a systematic bias. 
Despite different ELISA methods used, the findings were consistent between the two 
cohorts in our study. 

Although the utilization of one marker at a time can be biased and has more possible 
sources of errors compared to a multiple panel of markers, the usage of one marker at 
a time is simply executed and carries lower costs compared to determining multiple 
markers. Counting LMR does not cause any extra costs because ALC and AMC are 
routinely measured at the time of diagnosis. 

6.5 Future perspectives 

The findings concerning the prognostic impact of LMR, sCD163, and sPD-1 in patients 
with high-risk DLBCL could be further utilized in patient care in clinical trials. The patients 
could be stratified into different treatment arms according LMR, sCD163, and sPD-1 
levels (low vs high) and optimally receive different treatments if available. The patients 
with good prognosis would receive less intensive treatment and the patients with poor 
prognosis would be stratified into a study arm with more intensive or targeted 
treatment, if available.  

In one study the treatment could be stratified according LMR level. Since there 
probably is no treatment that could increase the LMR, the patients with low and thus 
disadvantageous LMR would be treated with intensive therapy as in the ongoing Nordic-
Lymphoma Group “Biomarker Driven Intensified ChemoImmunotherapy With Early CNS 
Prophylaxis” (Bio-CHIC) study where treatment is chosen according patients biological 
risk factors (www.clinicaltrials.gov, number NCT03293173). The patients with high LMR 
would receive less intensive immunochemotherapy to avoid overtreatment. 

The second study could include a treatment arm including either anti-PD-1 or anti-
PD-L1 antibody. Acknowledging the disappointing results of PD-1 treatment in patients 
with DLBCL (134), the CPI could also be combined with another drug. In this study it 
would be interesting to see if the pretreatment sPD-1 level would be a biomarker for CPI 
treatment efficacy. Also, the sPD-1 level during treatment would be evaluated. 
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In addition, the role of sPD-1 in other lymphomas and other cancers would be 
interesting to investigate. Today, there are a very limited number of studies about the 
significance of sPD-1 in cancer patients. 

Because of the upregulated expression in many cancers, CD163 is a promising target 
to deliver drugs into macrophages such as TAMs. CD163 and the molecule binding to it 
are endocytosed rapidly into the macrophage, then the molecule is released from CD163 
within the exosome, and finally CD163 recycles back to the cell surface (267). Thus, a 
drug could be combined with CD163 antibody (antibody-drug conjugate) to be 
internalized into TAMs by binding to CD163 receptor. Taking into consideration the 
protumoral role of CD163+ TAMs in DLBCL, they would be interesting targets of the 
drugs, perhaps by reprogramming TAMs to an antitumoral polarization state (268). 
Acknowledging our findings that sCD163 levels correlated with CD163+ TAMs and CD163 
mRNA from the tumor tissue, the patients in this study would receive CD163 targeting 
therapy, and the patients would be categorized into groups according to the 
pretreatment level of sCD163. Thus, we could study the role of sCD163 as a biomarker 
for CD163-mediated treatment efficacy.  
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7 SUMMARY 

We studied four different biomarkers (LMR, sCD163, sPD1, and sPD-L1) measurable from 
the blood circulation in patients with DLBCL and observed that: 

 
1. Low LMR is associated with poor outcome in young high-risk patients with DLBCL. 

LMR did not seem to reflect the proportion of TILs or TAMs in the TME. 
 

2. Soluble CD163 levels declined in response to therapy and high pretreatment sCD163 
levels associated with poor outcome in two independent patient cohorts. TME 
seemed to be at least one source of sCD163. 
 

3. Soluble PD-1 and PD-L1 levels declined in response to therapy, and high 
pretreatment sPD-1 levels associated with poor outcome in young high-risk patients 
with DLBCL. TME seemed to be at least one source of sPD-1 but not sPD-L1. 

 
The prognostic impact of LMR, sCD163, and sPD-1 on survival seems convincing. Still, the 
findings warrant confirmation in future clinical trials in patients with DLBCL. In these, the 
role of sCD163 and sPD-1 in DLBCL and furthermore sCD163 and sPD-1 as possible tools 
to guide treatment decisions would be of special interest.
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