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The general aim of this thesis was to study the prognostic clinical and biological markers of
Diffuse Large B-cell Lymphoma (DLBCL).

Paper I: Utilizing population-based data for patients with DLBCL in Sweden, the study
aimed to establish whether event free survival at 24 months (EFS24) was a reproducible
milestone. The disease-free survival for lymphoma patients was compared with that of age and
sex matched Swedish general population. We demonstrated that overall survival was similar to
age and sex matched general population only for younger patients (<60 years of age) achieving
ES24. Patients older than that had worse prognosis. Death was mainly linked to cardiovascular
disease and secondary malignancies.

Paper II: Plasma samples collected via the bio bank U-CAN were analyzed using multiplex
extension assay (PEA) utilizing preselected protein panels to examine the possibility of
distinguishing lymphomas, leukemias and controls. The study confirmed that  PEA technology
could be used not only to effectively screen for large number of plasma protein biomarkers in
low plasma sample volumes (1 µL), but even to discriminate between controls and different
haematological malignancies.

Paper III: Plasma protein pattern evolution in DLBCL patients was highlighted
by PEA analysis of plasma proteins at different time points under treatment with
Rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP). Significant
distinctions in protein patterns at diagnosis compared to controls and striking differences in
protein levels before and after treatment in patient who responded to treatment were evident.
The three top proteins were TCL1A, CXCL13 and IL2RA.

Paper IV: An interesting protein that emerged from the above studies was TCL1A. This
plasma protein was analyzed in plasma samples by PEA. Validation by plasma enzyme
immunosorbent assay (ELISA) was attempted. The cytoplasm and nucleus bound form of
TCL1A were analyzed with the help of immunohistochemistry in tissue microarray samples.
The study included 178 patients of which 125 received R-CHOP. Clinical risk factor analysis
showed no significant correlation with tissue IHC. Significantly higher levels of plasma TCL1A
were seen in male patients (measured by ELISA and PEA) and in patients with Ann Arbor stages
II-IV (measured by PEA). Survival analysis showed no statistical significance.

Keywords: DLBCL, R-CHOP, EFS24, PEA, Biomarker, ELISA, TCL1A.

Amal Abu Sabaa, Centre for Research and Development, Gävleborg, Region Gävleborg,
Uppsala University, SE-80188 Gävle, Sweden. Department of Immunology, Genetics and
Pathology, Cancer Immunotherapy, Dag Hammarskjölds väg 20, Uppsala University, SE-751
85 Uppsala, Sweden.

© Amal Abu Sabaa 2023

ISSN 1651-6206
ISBN 978-91-513-1878-3
URN urn:nbn:se:uu:diva-509419 (http://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-509419)



 3 

 

You are not a drop in the ocean.  
You are the entire ocean, in a drop. 

  
Rumi  
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Abbreviations 

aaIPI:  Age adjusted international prognostic index.  
ABC: Activated B-cell-like. 
ADAM-TS15: A disintegrin and metalloproteinase with  
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CXCL13: Cyclin-dependent kinase inhibitor 1 
DHL:  Double-hit lymphoma. 
DLBCL:  Diffuse large B cells Lymphoma. 
DPL:  Double-protein expression lymphoma. 
EBV:  Epstein Barr virus. 
EC:  Ethics Committee. 
ECOG:  Eastern cooperative oncology group. 
EFS:  Event free survival.  
EFS12:  Event free survival at 12 months. 
EFS24:  Event free survival at 24 months.  
ELISA:  Enzyme linked immune sorbent assay. 
FDG:  Fluoro-2-deoxyglucose 
FISH:  Fluorescent in situ hybridization.  
GCB:  Germinal center B-cell-like . 
GEP:  Gene expression profiling  
HGF:  Hepatocyte growth factor. 
HIV:  Human immunodeficiency virus.  
HL:  Hodgkin lymphoma. 
IHC:  Immune histochemistry.  
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IL-6 :  Interleukin-6. 
IL2RA:  Interleukin-2 receptor alpha chain 
IPI:  International prognostic index. 
LDH:  Lactate dehydrogenase 
LOD:  Limit of detection. 
MAD:  Mothers against decapentaplegic homolog 5  
MAPK:  Mitogen activated protein kinase 
MMP-9:  Matrix metalloproteinase-9. 
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OS:  Overall survival. 
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Introduction 

Epidemiology 
Lymphoma, the malignant transformation of lymphocytes, was previously 
conventionally classified into non-Hodgkin lymphoma (NHL), comprising al-
most 90% of all lymphoma cases, and Hodgkin lymphoma (HL) 1. However, 
newer classifications have broadened this stratification considering molecular, 
cytogenic and genetic elements 2,3. Diffuse large B-cell lymphoma (DLBCL), 
the most common aggressive NHL4,  is thereby now considered a collection 
of different diseases morphologically and genetically, with distinct clinical 
presentation and response to treatment2. It is the most common mature large 
B cell NHL in Europe and Sweden constituting 30-58% of all lymphoma se-
ries with almost 700 cases/year 5,6 . DLBCL is primarily a disease of the el-
derly, with the median age at presentation being around 70 years. A slightly 
increased incidence is observed in males (1.2:1)7 along with a higher preva-
lence amongst individuals with Caucasian/European descents and high socio-
economic status8.  

Aetiology & risk factors  

Immunostimulation, immunosuppression, and inflammation collectively 
grouped as immune dysfunction is thought to play a major role in the aetiology 
of DLBCL9 .There are many autoimmune conditions known to be associated 
with increased risk of developing DLBCL such as systemic lupus erythema-
tosus, Hashimotos thyroiditis and rheumatoid arthritis10. Patients receiving 
immunomodulatory treatment after organ transplantation have a higher risk of 
developing DLBCL, known as post-transplant lymphoproliferative disorder 
(PTLD) especially in the first-year after transplantation11 where more than 
80% are associated with EBV infection12. HIV infection is well known to be 
associated with increased risk of developing DLBCL13.There is limited evi-
dence that therapeutic ionizing radiation for solid tumours is linked to the de-
velopment of NHL14. Positive family history in first degree relatives increases 
the risk of developing DLBCL by almost ten folds15,16. Other risk factors in-
clude atopy, high body mass index and higher recreational sun exposure17,18. 
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Clinical Presentation 
Patients often seek medical advice because of painless rapidly enlarging 
lymph nodes. Other symptoms, well-known as B-symptoms, include recurrent 
fever without an obvious infection focus, drenching night sweats and unex-
plained weight loss (>10% of body weight within the last 6 months). Other 
unspecific presenting symptoms include fatigue, gastrointestinal manifesta-
tions such as bleeding and intestinal obstruction, skin rashes, neurological de-
fects, and bone pains.  

Diagnosis  
Surgical or incisional biopsy is the gold standard to yield tissue enough to 
establish the diagnosis. Core biopsy, whether or not radiologically guided, is 
a good alternative when the disease is less accessible. Fine needle aspiration 
cytology is a less preferred alternative19. Routine blood tests include full blood 
count and differential, hepatic, and renal profiles including lactate dehydro-
genase (LDH), and hepatitis and HIV serology. It is recommended to assess 
baseline cardiovascular function with echocardiography in patients with his-
tory of cardiovascular disease and those older than 65 years with cardiovascu-
lar risk factors such as smoking, hypertension and hyperlipidemia. Fertility 
preserving treatment should be considered for the rare eligible young patient19. 
Baseline radiological assessment includes computed tomography(CT) scan 
with intravenous contrast which is important for accurate staging. Positron 
emission tomography (PET) scan is more sensitive and specific than CT scan 
as the 18F-fluoro-2-deoxyglucose-based (FDG) contrast uptake offers better 
visual assessment of the metabolically active involved nodal and extra nodal 
regions20. The metabolic tumor burden is considered to be an independent 
prognostic marker21. Bone marrow biopsy/aspiration was previously an essen-
tial part for the staging process. However, bone marrow involvement with 
high grade lymphoma is usually evident on PET. There is risk of missing in-
dolent lymphoma in the bone marrow on PET, but this does not change the 
treatment plan and thus patients can be spared the procedure 22,23. 

Pathology 
DLBCL, as the name implies, is characterized by large lymphocytes with ve-
sicular chromatin and round/ovoid nuclei diffusely infiltrating affected tis-
sues. Flow cytometry and  immune histochemistry (IHC) illustrate that 
DLBCL cells express the pan B-cell surface markers CD20, CD19, and 
CD79a. DLBCL not otherwise specified comprises the largest entity under the 
umbrella of the most recent WHO-HAEM5 classification which recognizes 
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17 more entities as large B cell lymphoma24. DLBCL is known to arise at the 
latter stages of germinal B-cell differentiation as a consequence of  recurrent 
genetic alterations. The Cell of origin (COO) designation is currently used to 
classify DLBCL into three molecular groups, utilizing gene expression profil-
ing (GEP) and DNA microarrays, namely the germinal center B-cell- like 
(GCB), activated B-cell–like (ABC), and a third unclassified group with heter-
ogenous molecular profiles. These groups have different oncogenic back-
grounds and subsequently prognosis 25. GCB DLBCL, accounting for 60% of 
all cases, have a gene expression profile quite similar to the normal germinal 
center in secondary lymphatic follicles expressing CD10 and BCL-6 and 
LMO2. Translocation t(14;18) is found in around 40% of all GCB cases and 
20% exhibit histone methyltransferase EZH2 mutations. Both BCL-6 and 
EZH2 are thought to have important roles in the pathogenesis of lymphoma and 
have been considered as potential therapeutic targets26-28. ABC DLBCL, ac-
counts for about 30% of all cases, and resembles activated post germinal center 
B cells which are blocked during plasmocytic differentiation. Cells have a gene 
signature of MUM1/LSIRF and are characterized by NFκB activation which 
inhibits apoptosis and thus promotes malignant cell survival29 . MYD88 muta-
tions are observed in >30% of ABC DLBCL 30. Prognosis is worse for the latter 
two molecular groups in comparison to the GCB subtype31. The two prognosti-
cally distinct groups can be readily distinguished by IHC testing for CD-10, 
BCL-6, MUM1 (in addition to FOXP1,Cyclin D2, and BCL-2) which allows 
categorization of the tumor as having a GCB origin or a non-GCB 32. GCB sub-
type has a better prognosis with a 5-year overall survival (OS) of 76% compared 
with only 34% for the non-GCB group. BCL-2 and Cyclin D2 are adverse pre-
dictors in the non-GCB group. The routine use of these three markers in IHC, 
namely CD-10, BCL-6, and MUM1 is now established for most hemato-
pathologists and is known as Hans algorithm. IHC analysis however has the 
limitations of not being always concordant with GEP and the fact that it does 
not identify the third unclassified molecular group33,34.  While the above-men-
tioned classifications have helped in gaining prognostic insight, studies de-
signed to treat patients based on the COO designation have failed to establish 
enough evidence to introduce a shift in the current treatment guidelines 35,36.  
Furthermore, fluorescence in situ hybridization (FISH) analysis distinguishes 
double rearrangement of MYC and BCL-2 genes termed double-hit lymphoma 
(DHL) which is a chromosomal breakpoint, affecting the MYC/8q24 locus in 
combination with another recurrent breakpoint, usually BCL-2 (t(14;18) 
(q32;q21)). In addition, BCL-6/MYC-positive DHLs and BCL-2/BCL-6/MYC-
positive triple-hit lymphomas (THL) have been observed 37. Moreover, IHC de-
tected high expression of MYC and BCL-2 proteins, however without gene re-
arrangements in FISH, this variant has been dubbed double-protein expression 
lymphoma (DPL) 38. Patients with DHL and THL are known to have poor prog-
nosis as they tend to have refractory disease alternatively very short remission 
39. DPL may have a better outcome compared to DHL and THL, however this 
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subtype may imply worse prognosis compared with tumours without this ex-
pression38. Recently, advanced modern day next generation sequencing re-
vealed up to 150 driver genes and this resulted in pinpointing between five and 
seven different functional subgroups of DLBCL. This is yet to be utilized in 
day-to-day clinical management of DLBCL patients 40,41.  

In addition to the advances in studying the malignant cells’ genetic dysreg-
ulation much interest has been directed to the environment where these ma-
lignant cells arise and reside. Tumor microenvironment (TME), a combination 
of non-malignant cells, blood vessels and extracellular matrix, have been hy-
pothesized to promote the growth of lymphoma cells through three processes. 
Firstly, the recruitment of supportive non-malignant cells. Secondly, the re-
education of lymphocytes by altering lymphocytes phenotype and promoting 
homing to these supportive sites. Lastly the process of effacement where the 
ratio of malignant cells gradually exceed that of the normal cells in the infil-
trated tissues 42. GEP revealed three different gene profiles, stromal-1 signa-
ture which reflected extra cellular matrix deposition and had a good prognosis 
along with the germinal-center B-cell signature. Stromal-2 signature on the 
other hand illustrated angiogenesis and was coupled to poor outcome43. Inter-
estingly, the signatures can be identified in both GCB and ABC DLBCL and 
are thus thought to be independent of the COO. When added to IPI, the gene 
expression-based model added to the predictive power of IPI. The IPI added, 
in turn, to the predictive power of the model implying that prognosis was af-
fected by both clinical and biological factors.  

Staging and prognostic factors 
Staging is conducted according to the Ann Arbor staging system which de-
pends mainly on the anatomical location of the engaged lymph nodes/organs 
and the presence or absence of B-symptoms (Table:1). Furthermore, patients 
are evaluated based on the international prognostic index (IPI) and the age-
adjusted IPI. Both are based on easily accessible clinical criteria at diagnosis: 
age, serum lactate dehydrogenase, number of involved sites, Ann Arbor stage, 
and Eastern Cooperative Oncology Group (ECOG) performance status. The 
sum of those risk factors divides patients into high, high-intermediate, low-
intermediate, and low risk groups that correlate to the 5-year relapse free sur-
vival (RFS) and the 5-year OS (tables: 2-3). In the Rituximab (R) era this was 
updated to a revised IPI with three main risk groups44. The National Compre-
hensive Cancer Network IPI (NCCN-IPI) followed and was reported to be 
more accurate than the afore mentioned indices45-47, however IPI and aa-IPI 
remain the standard in clinical praxis in Sweden.  

Central nervous system (CNS) relapse has a dismal prognosis occurring in 
around 5% of cases often between 6 and 9 months after the initial diagnosis. 
Patients at high risk can be identified with the help of CNS IPI which includes 
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the same risk factors of IPI with the addition of kidney and or adrenal gland 
involvement. This yields three risk groups; low, intermediate, and high where 
the latter has a 10.2% 2-year risk of CNS relapse48. ABC DLBCL, DHL, and 
primary testicular DLBCL imply higher risk of CNS relapse49,50.  

 
Table 1: Ann Arbor staging system. 

*Fever (temperature >38.0ºC), drenching night sweats, unexplained loss of >10% of 
body weight within the past 6 months. 

Stage Description 

I Involvement of a single lymphatic site (i.e., nodal region, Waldeyer's 
ring, thymus, or spleen) (I); or localized involvement of a single  
extra lymphatic organ or site in the absence of any lymph node  

involvement (IE). 

II Involvement of two or more lymph node regions on the same side  
of the diaphragm (II); or localized involvement of a single extra lym-

phatic organ or site in association with regional lymph node  
involvement with or without involvement of other lymph node  

regions on the same side of the diaphragm (IIE). 

III Involvement of lymph node regions on both sides of the diaphragm (III), 
which also may be accompanied by extralymphatic extension in associa-

tion with adjacent lymph node involvement (IIIE) or by  
involvement of the spleen (IIIS) or both (IIIES). 

IV Diffuse or disseminated involvement of one or more extra lymphatic or-
gans, or isolated extra lymphatic organ involvement in the absence of ad-
jacent regional lymph node involvement. Stage IV includes any involve-
ment of the liver or bone marrow, lungs (other than by direct extension 

from another site), or cerebrospinal fluid. 

A No B-symptoms* 

B B-symptoms 

E Involvement of a single extranodal site. 

S Splenic involvement. 

X Bulky disease (>10 cm) 
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Table 2: Prognostic factors according to IPI and aa IPI 

 

 
Table 3: Predicted Response and survival according to IPI and aaIPI44 

 Number of risk 
factors 

CR  (%) 
* 

RFS 5-
years(%)* OS 5-years (%)* 

IPI     

Low 0-1 87 70 73 

Low intermediate 2 67 50 51 

High intermediate 3 55 49 43 

High 4 -5 44 40 26 
     

aa IPI     

Low 0 92 86 83 

Low intermediate 1 78 66 69 

High intermediate 2 57 53 46 

High 3 46 58 32 

*CR:               Complete response rate 

 RFS 5-years: Five-years relapse free survival.  

 OS 5-years:   Five-years overall survival.  

IPI Adverse prognostic factors: 
 
o Age >60 years. 
o Serum LDH*> normal 
o Number of extranodal sites ≥ 2 
o ECOG* Performance status ≥ 2 
o Stage III or IV Disease. 

  
 
 
aaIPI Adverse prognostic factors : 
 
o Serum LDH*> normal 
o ECOG* Performance status ≥ 2  
o Stage III or IV Disease. 

*IPI: International Prognostic  
Index. 
aaIPI: Age adjusted interna-
tional prognostic index. 
LDH: Lactate dehydrogenase. 
ECOG: Eastern Cooperative  
oncology group.  
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Treatment and follow-up  
The standard therapy for DLBCL has long been, and still remains, anthracy-
cline-based chemotherapy; cyclophosphamide, doxorubicin, vincristine, and 
prednisone, best known as CHOP51 alternatively CHOEP52 (CHOP plus 
etoposide for patients younger than 65 years with high aaIPI score 53) in addi-
tion to the monoclonal antibody rituximab (R)54,55. In elderly patients, the ad-
dition of R to chemotherapy improved the 10-year overall progression free 
survival (PFS) and OS by more than 16% 56. The beneficial effect of R was 
also confirmed for younger patients with good prognostic factors 57. In R-
CEOP, etoposide replaces doxorubicin for patients who have a contraindica-
tion to anthracycline therapy such as cardiovascular disease and previous an-
thracycline therapy58 without compromising survival 59. In elderly patients R- 
mini-CHOP (50% dose reduction of cyclophosphamide, doxorubicin, and vin-
cristine, standard dose R and prednisolone) provides an acceptable less toxic 
alternative.60  
 
Treatment is given in 6 cycles with an interval of 14 – 21 days61,62. CNS 
prophylaxis with high dose intravenous methotrexate and cytarabine incorpo-
rated into the 1st line of treatment is recommended for patients with high risk 
of CNS relapse, but this remains unvalidated in prospective randomised stud-
ies 63. Intrathecal CNS prophylaxis is not part of the current standard of care 
in Sweden64. 
 
Radiological response to treatment is classically assessed after three cycles 
with CT. Circulating tumor DNA(cDNA) is currently being investigated as an 
alternative method for response assessment 65. The majority of patients toler-
ate treatment well. Partial or complete remission is confirmed before going 
through the next three cycles. After the completion of treatment, remission is 
assessed using CT or PET at least 6-8 weeks after treatment66. Patients with 
PET positive residual disease at locations amenable to radiotherapy should be 
considered for consolidative radiotherapy 67. Standard follow-up after com-
pleted treatment continued previously up to 5 years but that changed when the 
24 months milestone was identified as a sufficient end-point for follow-up68,69.  

Unfortunately, more than one third of the patients succumb to refractory 
disease or relapse shortly after treatment completion70. Despite current ad-
vances, those patients cannot be identified with certainty at diagnosis. The 
prognosis tends to be dismal71. The current standard of care is high dose chem-
otherapy followed by autologous stem cell transplantation for patients with 
chemo-sensitive disease deemed fit72. Alternatives for the unfit patient in-
clude, R-bendamustine in combination with the CD79b antibody-drug conju-
gate polatuzumab vedotine 73, lenalidomide and CD19 antibody tafasitamab 74 
or palliative chemotherapy such as rituximab, gemcitabine, and oxali-
platin (R-GEMOX) could be considered75. Newer therapies in the form of 
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chimeric antigen receptor T-cell therapy (CAR T-cell), employs autologous 
T-cells genetically modified to target CD19 receptor, have shown promising 
results with complete response rate of 50-80% 76 that was durable in up to 37% 
of patients at 27 months76. Patient selection, long manufacturing time, poten-
tial toxic side effects, requirement of inpatient therapy with access to intensive 
care and lastly economic considerations77 are all a few of the hinders yet to 
overcome. CAR T-cell therapy is currently available in Sweden for patients 
who relapse after at least two lines of therapy and are not fit or have relapsed 
after autologous stem cell transplantation. Promising data supports the use of 
CAR T-cell therapy in the second line especially for patients with primary 
refractory disease and patients who relapse within the first year of first line 
treatment78,79.New in the arena are the bispecific antibodies targeting two dif-
ferent antigens, one on the tumor cells and the second on the effector cells, 
most commonly CD20 and CD3 respectively80. Ongoing phase 1 and 2 trials 
are yet to determine best administration route, scheme, with or without chem-
otherapy; however, results seem indeed promising 81,82. There is much debate 
already ongoing on the appropriate sequence of CAR T-cell therapy and 
bispecific antibodies as treatment where the first may offer a curative potential 
and does not seem to interfere with response chances to the second but the 
reverse is not certain. There is however potential for the bispecific antibodies 
ending up as part of the first line of therapy. 

Proteomics 
Because of the heterogenicity of DLBCL, the hunt for prognostic biomarkers 
that would eventually translate into innovative new targeted therapies has 
never been more intense83. Proteins constitute the functional units in the living 
cell, acting as the ultimate determinants of phenotypes. Considering the fact 
that proteins undergo posttranslational modifications, it is no wonder that the 
novel field of proteomics carries a significant advantage over genomics. Pro-
teomics refer to the study of the entire protein expression in a tissue or organ-
ism84. This field has expanded rapidly, due to the current surge in the availa-
bility of DNA and protein sequence databases as well as the expansion of 
computer algorithms allowing database search. A study, for example, that em-
ployed data independent acquisition mass spectrometry and antibody array, 
identified more than 1000 plasma proteins in DLBCL patients (n=147) com-
pared to controls (n=79). Four proteomic subtypes were thereby described. A 
group with high expression of inflammatory protein markers, in particular 
metalloproteinase inhibitor-1, was found to have worse PFS and OS. This was 
confirmed in two validation cohorts (total n=180). Addition of this protein to 
IPI complemented the prognostic stratification across all cohorts85. Another 
exploratory study investigated immunochemotherapy resistant DLBCL by an-
alysing global protein expression in micro-dissected formalin-fixed paraffin-
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embedded tumour tissues from 44 patients with primary refractory/early re-
lapse DLBCL patients and 53 patients who had been in remission for at least 
5 years. A total of 2127 proteins were identified. Around one hundred proteins 
were differentially expressed. Overexpression of ribosomal proteins was 
noted in the first group while overexpression of proteins related to actin cyto-
skeleton was observed in the latter group. That could hint to undescribed 
mechanisms affecting treatment response86. Advances in mass spectrometry 
techniques methods have been enormous, however the sensitivity of the tech-
nique can be affected by the sample type, preparation, ionization, in addition 
to the type of the technique itself and the conducted database search87. 
 
Proximity extension assay (PEA) is a targeted immunoassay technique that 
allows the simultaneous detection of several protein biomarkers in minute 
amounts of bodily fluids without antibody cross-reactivity88. Each protein (an-
tigen) is detected with the help of paired antibodies coupled to complementary 
oligonucleotides which act as probes. Upon antigen binding the oligonucleo-
tides are brought in close proximity to hybridize to each other. Addition of a 
DNA polymerase leads to an extension and joining of the two oligonucleotides 
and formation of a PCR template. Quantitative real time polymerase chain 
reaction (PCR) measures the formed templates which are proportional to the 
initial concentration of the target proteins89 .The technique is very specific and 
allows quantification below picogram per ml in a single microliter of various 
biological fluids such as blood, plasma, saliva, urine, or CSF etc90. Figure 1. 
 
 

 

Figure 1: PEA technology. Courtesy of Olink Proteomics AB  

 

Pre-designed panels are currently available for the detection of pre-selected 
proteins based on their physiological and pathological significance and the 
respective cellular and biological process. Studies employing this method 
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coupled with well-designed panels of putative protein markers have indicated 
its clinical utility in several different disorders including cardiovascular dis-
ease, renal failure, in addition to malignant diseases 91,92. Notably, concurrent 
tissue analyses may reveal tissue protein biomarker expression. In a Nordic 
study ELISA was used to analyze a plasma protein sCD163 in two cohorts, a 
clinical trial cohort (n=119) and a population based one (n=125). In addition 
to CD163, mRNA levels were measured with Nano String and proportions of 
CD163+ cells in tumor material were measured using multiplex IHC. The 
study showed that pre-treatment sCD163 levels were elevated compared to 
those in healthy controls, and high levels were associated with unfavorable 
outcomes93.  

In another study, protein profiling of plasma and tumor tissue protein using 
PEA in classical HL (cHL) identified a higher number of plasma proteins (30) 
than tissue proteins (17) in plasma samples and diagnostic lymph node biopsy 
lysates, respectively, that distinguished cHL patients from age and sex 
matched controls94. Of the 17 tissue proteins, eight proteins had significantly 
higher plasma levels in cHL patients compared to controls. Six tissue proteins 
that distinguished cHL were found to significantly correlate with tissue PD-
L1 expression which is in line with TME changes in cHL95. Another study 
utilized PEA to examine plasma proteins as well as flow cytometry to analyze 
single cell suspensions from lymph nodes and peripheral blood samples in 
cHL patients and matched controls. Immune profile differences related to high 
inflammation and high tumor burden were observed in comparison to controls. 
Interestingly, these differences reverted completely in patients achieving com-
plete remission after first line therapy96.   
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Aims 

Paper I 
• To confirm whether event free survival at 24 months (EFS24) is a 

robust milestone in an unselected population of DLBCL patients in 
comparison to age- and sex-matched healthy individuals from the 
general population in Sweden.  

• To evaluate factors that influence the achievement of EFS24 and 
causes of mortality in patients failing to achieve this milestone. 

• To evaluate event free survival at 12 months (EFS12) as a possible 
outcome predictor for patients with low stage (I & II) DLBCL.  

Papers II-IV 
• To explore the diagnostic and prognostic role of plasma protein pro-

filing in hematological malignancies, with special interest in 
DLBCL.  

• To explore the proteome profile of DLBCL before, under and after 
treatment with R-CHOP, with the aim of identifying plasma pro-
teins of prognostic value.  

• To further investigate/validate interesting protein biomarkers in the 
tissues (DLBL biopsy samples). 
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Methodology 

Ethical consideration 

Paper I 
The study was approved by the Ethical Review Board in Uppsala, Sweden 
140-10 (2019-05094). 

Papers II, III and IV 
The U-CAN project, including this study, was approved by the Regional Eth-
ics Committee (EC) of Uppsala-Orebro (Ups 2012/198, 210/198/1, 2014/233, 
2019-05094). Data collection in the EpiHealth study and usage of the material 
in this project was approved by the EC of Uppsala (Dnr 2010/402: 2010-12-
01, 2011-11-17, 2015/179). The EpiHealth study is approved by the Swedish 
Data Protection Authority. 

Patients and methods 

Paper I 
A retrospective multi-institutional cohort study of 1169 patients (>18 years 
old) with DLBCL or high-grade malignant B-cells lymphoma treated with R-
CHOP or R-CHOP-like regimens with a curative intention were included from 
the Swedish Lymphoma Registry (SLR). Inclusion was from five Swedish 
counties; Uppsala, West Gotaland, Gavleborg, Sodermanland and Dalarna. 
Patients were followed according to the now outdated Swedish lymphoma 
group guidelines. Recorded baseline data included basic clinical characteris-
tics in addition to the type of treatment (R-CHOP or R-CHOEP), treatment 
outcome (complete response (CR), partial response (PR), stable disease (SD) 
or progressive disease (PD)) defined according to International Response Cri-
teria. When applicable, dates of relapse/death, cause of death and the date of 
last follow-up were outlined. For early stages the grouping was based on the 
achievement of the EFS12 milestone. Patients who died before reaching the 
afore mentioned milestones (EFS24 and EFS12 for early-stage lymphoma) 
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were excluded from the analysis. OS was defined as time from date of diag-
nosis until date of death or last follow up. 

 
Reference age and sex matched population 
Swedish life tables from Statistics Sweden (www.scb.se) state the historical 
individual risk of death depending on sex and age per calendar year. A stand-
ard population was generated that matched the study population in terms of 
age and sex. Subsequently, the survival of the standard population was com-
pared to the survival of the study population.  

Paper II 
Plasma samples from patients aged > 18 years diagnosed with acute leukemia 
or lymphoma between the years 2010 and 2015, included in the Uppsala-
Umeå Comprehensive Cancer Consortium (U-CAN) biobank at the time of 
diagnosis, as well as from matched healthy controls from the EpiHealth bi-
obank were used to assess plasma protein patterns in patients with the hema-
tological malignancies. A total of 251 patients consisting of 107 patients with 
acute leukemias (AML: 69, ALL: 29 (including B and T leukemias/lympho-
mas and Burkitt leukemia), APL: 9) and 144 patients with lymphomas 
(DLBCL: 95, HL: 49) were included. For comparison, plasma samples from 
60 healthy controls (30 male, 30 non-pregnant females) were obtained.  

Paper III 
EDTA plasma samples (1µl sample/panel) from 95 patients aged ≥18 years 
diagnosed with DLBCL between 2010 and 2015 included in the Uppsala-
Umeå Comprehensive Cancer Consortium biobank (U-CAN) were analysed 
and compared to samples from 60 age and gender matched controls obtained 
from the EpiHealth biobank97. Of the 95 patients, 93 patients received R-
CHOP, or R-CHOP like regimen as the first line of treatment in a curative 
intention. Response to treatment was assessed after three cycles of R-CHOP 
with computed tomography (CT) and 6-8 weeks after treatment completion 
with CT in all cases and in some cases with PET. Clinical data were obtained 
from the patients records. Stage was defined according to the Ann Arbor clas-
sification and bulky disease as tumour size above 7,5cm. All patients were 
confirmed histologically to have DLBCL and the subtype, either germinal 
centre B-cell like (GCB) or non-GCB, was determined using the Hans im-
muno-histochemistry classification algorithm, based on CD10, BCL6, and 
MUM1 expression33.  

Out of the initial 95 samples, 2 samples were removed from the pre-treat-
ment analysis due to mis-labeling. A final number of 93 samples taken before 
start of chemotherapy were included, 67 taken directly at diagnosis and 26 
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after corticosteroid treatment. Prednisone 1 mg/kg 3-5 days was given in some 
patients as a pre-phase therapy to reduce the risk of tumour lysis and improve 
performance status98. Analysis included samples collected midway through 
chemotherapy (after three R-CHOP cycles) in 29 cases. Samples collected af-
ter treatment (n=55) were grouped according to the clinical response (com-
plete remission n=46, progressive disease n=4, and relapse n=5).  Age analysis 
was divided to above and below 60 years based on a previous study that 
showed that only patients younger than 60 years who achieved event free sur-
vival at 24 months had the same overall survival as the general population99. 
Intentional prognostic index (IPI)45 scores were grouped in to two groups 0-2 
and 3-5. 

Paper IV 
Clinical data and tumour biopsies were available for a total of 178 adult pa-
tients, including 107 (60.1%) males, diagnosed with DLBCL between the 
years 1987-2016. Of the 178 patients 125 were treated with R-CHOP or R-
CHOP like regimes in a curative intent, while 53 patients were treated with 
merely chemotherapy (mostly before the rituximab era) or received palliative 
symptomatic therapy in the form of radiation or steroids. Only patients treated 
with R-CHOP or R-CHOP like regimes were included in the survival analyses. 
Of all 178 patients, 27(15.2%) patients were included in the UCAN biobank 
and had plasma samples collected at diagnosis. TCL1A was measured utiliz-
ing multiplex proximity extension assay (PEA) on samples from a previous pro-
teome study which employed preselected protein panels; OLINK Oncology II 
and Cardiovascular III panels. ELISA "MyBiosource: MBS2887157" was per-
formed on 19 (10.6%) plasma samples as a validation cohort. To detect tissue 
bound TCL1A, TMA were stained by immunohistochemistry (IHC) using the 
antibody TCL1 invitrogen thermofischer 39-4800 clone 1-21 dilution 1:200 
which allowed detection of the protein in the cytoplasm and the nucleus. Two 
reviewers scored the stained TMA, independently, from 0-100%. A third inde-
pendent reviewer examined the material with almost identical scoring results. 
The score of the most experienced reviewer was thus used in the analysis.  
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Statistics 

Paper I  
Categorical variables were expressed as number (%) and continuous variables 
as median (range). Chi square test was used for bivariate comparisons for cat-
egorical variables. Survival curves with 95% confidence interval (CI) were 
computed using the Kaplan-Meier method. In accordance to statistical meth-
odology no CI was computed for the standard population, since the standard 
population was based on actual national historical death rates. Overlapping 
CI-intervals were used to examine survival disparities between different co-
horts of the study population and the survival of the derived standard popula-
tion. Survival at different EFS milestones (12 and 24 months) was calculated 
(including only patients achieving the specified milestone in the analy-
sis). Standardized mortality ratio (SMR) was calculated for 1 and 5 years after 
achieving the landmark timepoint. Cox proportional hazard was used for mul-
tivariate analysis. A two-sided p-value of ≤ 0.05 was regarded as cut-off for 
statistically significant results in comparisons between groups. Statistical 
analyses were performed using the R statistical program version 3.4.3 
(www.r-project.org).  

Paper II  
The difference in protein level between two groups was studied using linear 
regression, adjusting for age and sex, and evaluated using a likelihood ratio 
test. Benjamini-Hochberg’s false discovery rate method for multiple testing 
correction was applied and a difference was considered significant if the q-
value (the adjusted p-value) was below 0.05. Multivariate partial least squares-
discriminant analysis (PLS-DA) classification models were computed using 
the R function opls in the R package ropls100. For each predefined functional 
protein subset, a PLS-DA model was constructed to separate between two 
groups. The overall predictive ability of the PLS-DA models was summarized 
by the average ER (ER####)	(averaged over the 50 test sets). A variable subset 
selection (VSS) procedure was applied to identify a smaller subset of proteins 
able to discriminate between groups.  

Paper III 
Protein expression was visualized using principal component analyses (PCA). 
Association between protein levels and clinical parameters of patient groups 
(patient vs control or between patients with different treatments (early predni-
sone vs not treated)) were assessed using linear regression, adjusting for age 
and sex unless otherwise required. Differential expression within a patient 
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group but between time points were compared using mixed effects linear re-
gression with patient id as random effect. Differential expression was illus-
trated in volcano plots. Gene set enrichment analysis was performed using the 
function fgsea in the R-package fgsea based on the protein groups defined by 
Olink. Association between protein level and time to event (overall survival, 
lymphoma specific survival and relapse free survival) was assessed using Cox 
regression, adjusting for age and sex. Multiple testing correction was per-
formed using Benjamini-Hochberg’s FDR (false discovery rate) method ad-
justing for the number of proteins analysed.  The significance level was set to 
5% FDR.  

Paper IV 
Correlation between variables was calculated using Spearman’s rank-based 
correlation. TCLA1 IHC levels were divided into quartiles. Association be-
tween TCL1A levels (IHC, PEA and ELISA) and clinical parameters (pres-
ence of B symptom, age ≥ 60 years or < 60 years, bone marrow involvement, 
bowel involvement, ECOG performance status (0-1 vs ≥ 2), IPI, sex, stage (2 
groups I-II vs III-IV) was assessed using Mann-Whitney’s U test.  

Survival time, expressed as Overall survival (OS), lymphoma specific sur-
vival (LSS) and progression free survival (PFS) and association with TCL1A 
was assessed using Kaplan-Meier and log rank test for HC expression and 
using Cox regression for PEA and ELISA measurements. 

 



 
 

 27 

Results 

Paper I 
More than two thirds of the patients (n=837, 71.6%) achieved EFS24 with 
better OS compared with those who did not. (Figure:2). 

 

Figure 2: OS for DLBCL patients who achieved EFS24 vs those who did not.  

 
Subjects with event prior to 2 years are excluded from the analysis (only 
applicable for EFS<24). Patients not achieving EFS24 (n=332, 28.4%) were 
older (67.6 vs 63.4 years, p=0.003), tended to have higher IPI score (3-5) (62% 
vs 34.2%, p<0.001) and were more likely to have B-symptoms (56.6% vs 
38.6%, p<0.001), bulky disease (31.9 % vs 20.7%, p<0.001), and extra-nodal 
involvement (55.7% vs 42.9%, p<0.001). There were no significant 
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differences in sex, treatment regimen (R-CHOP vs R-CHOEP) or the addition 
of radiotherapy (RT) following R-CHOP treatment between patients 
achieving EFS24 and those who did not. OS for all DLBCL patients was only 
marginally worse when compared with an age- and sex-matched standard 
population once EFS 24 was reached . SMR at 5 years after EFS24 was 1.23 
(95%-CI: 1.02-1.44).(Figure 3) 

 

 

Figure 3: OS for DLBCL patients achieving EFS24 compared with an age- and sex-
matched general population. 

 
When dividing the study cohort according to age (< or ≥ 60 years), in patients 
younger than 60 years of age (n=266) OS was comparable to the standard 
population with only 9 events occuring up to 5 years after achievement of the 
EFS24 milestone SMR at 5 years was 2.00 (95%-CI: 0.70 - 3.27).  

In patients older than 60 years (n=571) however, there were 110 events at 
5 years post EFS24 and OS was worse when compared to the standard 
population though statistically not significant SMR 1.19 (95%-CI: 0.99 - 
1.39).  
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Multivariate Cox regression analyses for patients achieving EFS24, con-
sidering risk factors identified by the IPI score revealed that age over 60 years 
is the only factor significantly affecting survival when compared to other risk 
factors after EFS24. Patients with early-stage lymphoma (stage I-II) after 
reaching EFS12 had a worse OS when compared to the matched standard pop-
ulation, SMR at 5 years post EFS12 was 1.35 (95%-CI: 1.07 - 1.62). OS was 
however better compared with patients not reaching EFS12.  

Of all 1169 patients, 501 (42.9%) patients died. In the EFS24 group, a total 
of 190 patients died, with 38 (20%) of deaths attributed to lymphoma. Causes 
of death for the remaining 152 patients were as follows: cardiovascular disease 
34 (22.4%), cancer 24 (16%), dementia 5 (3.3%), others 6 (4%) and unclear 
83 (54.6%). 
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Paper II 
Highly significant differences were observed using PLS-DA model in plasma 
protein levels between leukemia and lymphoma patients and healthy controls. 
Figure 4 is the PCA diagram where every dot is a single control/patient. Prin-
cipal components (the axis, p1 and p2) are constructed to reduce the number 
of dimensions without discarding or selecting data.  

 

 

Figure 4: PCA shows highly significant differences in plasma protein levels between 
leukemia and lymphoma patients and healthy controls. 

 
The PLS- DA model distinguished between leukaemia and lymphoma with 
very few patients misclassified. In total, 15 samples were misclassified at least 
once out of the total 10 test rounds. The ER for this PLS-DA model was 0.03 
and average AUC 0.995. All 4 ALL samples classified as lymphomas at least 
5 times out of the 10 test runs came from patients with lymphoblastic lympho-
mas (LBL) with bone marrow involvement, clinically classified and treated as 
ALL.  
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Moreover, significant protein differences were found when DLBCL were 
compared to HL and controls. To add to the specificity of functional sub-
sets/groups of proteins and for better distinction of patient groups, the ER for 
each of the biological processes as well as all and no proteins, respectively, 
was computed. Top hits are presented in table 4. All subsets of proteins im-
proved the ability to separate groups, compared to using age and gender only.  

 
Table 4 : Protein subsets important for disease separation. Average error rate (ER) for 
the most informative protein subsets for separating patients with leukaemia from con-
trols, lymphoma from controls and leukaemia from lymphomas. A low (ER) indicate 
a high ability to separate the different subgroups. 
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Paper III 
Visualization using principal component analysis (PCA) revealed significant 
distinctions in protein patterns at diagnosis compared to controls and striking 
differences in protein levels before and after treatment in patient who re-
sponded to treatment. Figure 5. 

Figure 5: PCA shows clear differences in plasma protein levels between controls and 
DLBCL patients before and after treatment.  

In total 64 proteins had significantly higher levels before treatment in compar-
ison with controls that dropped significantly in patients achieving CR. The 
three top proteins were TCL1A, CXCL13 and IL2RA (Figure 6 shows the top 
20 proteins). Moreover, particular proteins were significantly associated with 
established clinical risk factors (supplementary table 2 a-h). Interestingly, con-
tinual profound differences between patients in CR and controls were ob-
served. Figure 5. 
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Figure 6: Forest plot over proteins that differ significantly between DLBCL at diag-
nosis (before) and controls (ctrl) and between DLBCL after vs at diagnosis, in oppo-
site directions. 

A total of twelve proteins at diagnosis were independently associated with 
progression free survival and lymphoma specific survival respectively.  When 
adjusting for multiple testing, however, none was significant.   
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Paper IV 
 
IHC 

TCL1A was expressed in the tumor cells in 117 (65.7%) patients, the expres-
sion was cytoplasmic and nuclear. When relating tissue TCL1A to clinical 
parameters, there was no statistically significant association. 

 
PEA  

TCL1A levels were measured in 27 (15.2%) patients with corresponding IHC 
available. In 11 samples no tissue expression could be observed. A significant 
correlation of PEA  plasma levels of TCL1A was found with male sex P=0.026 
and high Ann Arbor stage (III-IV vs I-II)  P=0.44. 

 
ELISA  

In 19 (10.7%) cases we could measure plasma levels of TCL1A with ELISA, 
median 0.1245 (0.097-0.163) pg/ml. The only significant association between 
ELISA plasma levels of TCL1A and clinical presentation was with male 
sex(P=0.016). 

 
Survival analysis and correlation between the three techniques  

No statistically significant associations to time to PFS, LSS or OS were found 
for any of the three measurement techniques, see Figures (1-3). 

There was significant correlation between PEA and ELISA P=0.044 and 
between PEA and IHC P=0.00035. No significant correlation was. found 
between ELISA and IHC P=0.12. 
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Discussion 

Paper I  
Maurer et al showed in two study cohorts that newly diagnosed DLBCL 
patients treated with standard immunochemotherapy achieving EFS24, and 
patients with stage I and II disease who achieved EFS12, had an overall 
survival similar to the age- and sex-matched standard population68. In an 
unselected patient cohort this could only be confirmed for patients younger 
than 60 years of age who achieved EFS24. Furthermore, patients with early 
stages (I and II) who achieved EFS12 still had a worse prognosis in 
comparison to a matched healthy population.  
 
These findings with regards to EFS24 resemble the findings of a Danish 
population-based study where, in a total of 1621 patients, EFS24 was 
calculated for those with CR or CRu after initial treatment and with a follow-
up of about 8 years. They found that only patients younger than 50 years of 
age had a normalised OS comparable to an age- and sex-matched Danish 
population, regardless of other risk factors such as IPI score101. 
 
Established risk factors such as older age, poor performance status at 
diagnosis, presence of bulky disease, extranodal involvement, high LDH and 
IPI index, all increased the risk of never reaching EFS24. In part, this has 
previously been reported in a large study with over 7000 patients, which 
determined the loss of life expectancy and found that mainly IPI score >2 
significantly had an impact on the outcome102.  
 
Of the patients achieving EFS24 about one fifth died from cardiovascular dis-
ease. Cardiovascular toxicity secondary to treatment with doxorubicin-based 
chemotherapy is well described both early after treatment and as a long-term 
sequel after NHL 103,104. The incidence is largely dependent on the cumulative 
dose. Long term follow-up of these patients is thus warranted both for clinical 
assessment and lifestyle counselling with regards to other risk factors such as 
smoking, obesity, hypertension, and hyperlipidemia. Early intervention 
should be considered as it has been shown to be crucial in reducing cardiovas-
cular mortality and morbidity105. Patients treated for NHL are known to have 
an increased risk for secondary malignancies such as leukemia, lung cancer, 
renal cancer, and bladder cancer. Although some studies have shown no 
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difference in the incidence between patients who received radiation therapy 
and those who did not106, radiation therapy especially in young females is as-
sociated with higher risk for breast cancer 107. In our study 16%  of the patients 
who died without lymphoma, died due to another cancer.  

Paper II 
Top protein hits when comparing leukemia samples to control samples 
showed increased levels of von Willebrand factor (vWF) and FURIN but de-
creased levels of ADAM-TS15.  Other proteins that distinguished leukemia 
samples from normal control samples included well known mediators of in-
flammatory response, such as IL-6, Tumor Necrosis Factor superfamily mem-
bers TNF-RSF6B (also known as Decoy-receptor) and the main receptor of 
TNF-a, TNF-R1. Another of the ten most prominent proteins when comparing 
leukemia and control samples was myeloperoxidase (MPO), a central lineage 
marker for AML.  
 
The disentanglement of malignant hematopoietic cells from the bone marrow 
is a crucial step in the pathogenesis of leukemia, and the high expression of 
proteins connected to cell to matrix interactions and cell stability in leukemia 
samples, such as membrane protein SYND1, VIM and cell adhesion regulator 
ICAM2 may be attributed to this mechanism. When comparing the different 
leukemia subgroups, only minor changes in protein expression were detected 
between samples from patients with AML and APL, possibly influenced by 
the few APL patients in this study. Comparison of ALL and AML on the other 
hand, revealed a lymphoid trio: TCL1A, CD27 and CD48, all with higher ex-
pression in ALL and well suited to distinguish between the two major leuke-
mia subgroups.  
 
When lymphoma samples were compared to controls, a pattern of consistent 
upregulation of proteins aiding lymphoma dissemination and TME modifica-
tions was seen. At the top of the list, we found PAI, MMP-9, VIM and HGF.  

The comparison between lymphoma samples and normal controls also re-
vealed proteins connected to cell motility and differentiation such as  
S100A11, TGF-α (Transforming growth factor alpha), and PDGF-A (Platelet-
derived growth factor subunit A) and MPO.  
 
When DLBCL and HL samples were compared, a new set of proteins 
emerged, with an overall higher protein expression in HL. Lymphoma cells, 
especially in HL, rely on various cytokines for survival, growth, and immune 
escape which can explain why most protein levels were higher in this group. 
The top marker was DKN1A. Other proteins with higher levels in HL were 
RET, LYN and TXLNA (IL14).  
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In summary, samples from patients with acute leukemia had higher levels 
of proteins associated with hemostasis, inflammation, cell-differentiation, and 
cell to matrix integration whereas the protein pattern in lymphoma patients 
tended to reflect altered cell motility and differentiation, matrix invasion and 
angiogenesis, all aiding lymphoma dissemination.  

Paper III 
The aim of the is study was to explore the changes in plasma protein levels 
under treatment with R-CHOP. Distinct differences between patients and con-
trols as well as between samples taken at different time points were observed. 
As this study drew attention to numerous plasma proteins, only a few were 
included in the discussion to highlight the implications of the findings and to 
elaborate on previously known data.  

The observed associations between protein expression and clinical factors 
offered interesting insights. For example, CD163 is a protein scavenger recep-
tor cysteine-rich type 1 M130. In its membrane bound form it acts as an acute 
phase induced receptor that facilitates endocytosis of haem complexes by 
macrophages. The receptor/protein is expressed/secreted by tumour infiltrat-
ing macrophages (TAM) which can be classified using double immunohisto-
chemical staining to HLA-DR/CD68 (M1) or CD163/CD68 (M2). Multivari-
ate analysis revealed that the presence of a bulky mass and a higher number 
of M2 TAMs were significant factors for poor prognosis in DLBCL using 
IHC108. This was confirmed in another study, where an increased number of 
CD163 (+) TAM and a higher ratio of CD163/CD68 (+) TAM were signifi-
cantly associated with shorter OS and progression-free survival (PFS) in 
DLBCL patients using IHC109. Moreover, in its soluble form (sCD163) is 
known parameter for monitoring macrophage activation in inflammatory con-
ditions110. In this study sCD163 was the top protein linked to advanced stage 
in the pre-treatment group. Interestingly a Nordic study ELISA was used to 
analyse sCD163 in two cohorts, a clinical trial cohort and a population based 
one. In addition to CD163, mRNA levels were measured with Nano String 
and proportions of CD163+ cells in tumour material were measured using mul-
tiplex IHC. The study showed that pre-treatment sCD163 levels were elevated 
compared to those in healthy controls, and high levels were associated with 
unfavourable outcomes93.  
  
The top 4 proteins that significantly differed when comparing samples before 
and after treatment were TCL1A, CXCL13, CXCL17 and IL2RA.  
  
TCL1A a well-known proto-oncogene, first identified in T-cell prolympho-
cytic leukaemia and is implicated T- and B-lymphocyte transformation111, en-
codes the protein T-cell leukaemia/lymphoma protein 1A112. In 2005, a study 
suggested that TCL1A immunodetection is an independent marker of adverse 
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outcome in DLBCL utilizing gene expression profiling using DNA-microar-
rays on tumour material113. This was further confirmed by immunohistochem-
istry in a more recent study where high expression was associated with poor 
prognosis114. In the current study the protein was on top of the list of proteins 
that were significantly lower in remission samples in comparison to pre-treat-
ment samples. It was significantly associated with high IPI. Furthermore, 
TCL1A was significantly associated with lymphoma specific survival but this 
was statistically insignificant in multivariate analysis. We plan further studies 
of this marker both in the soluble and bound forms to further explore its role.   
  
CXCL1, a C-X-C motif chemokine 13, which acts as a chemotactic agent for 
B lymphocytes. In this study it was significantly higher in DLBCL samples 
compared with controls and the levels were dramatically lower after chemo-
therapy when patient achieved remission. Higher levels were significantly as-
sociated with advanced stage and lymph node engagement. Noteworthily, this 
confirmed the finding of recent review of the transcriptional levels of different 
CXCLs in DLBCL using the oncomine database where CXCL13 transcrip-
tional level was higher in DLBCL patients compared to controls115. However, 
CXCL13 was not significantly linked to higher stage at diagnosis in that anal-
ysis. Another study using quantitative reverse transcription–polymerase chain 
reaction (RT-PCR) for CXCL13 and IL-10 in cerebrospinal fluid (CSF) con-
firmed the diagnostic value in primary and secondary CNS lymphoma116.   
 
CXCL17 is protein C-X-C motif chemokine 17. It is the most recently dis-
covered chemotactic agent for monocytes and of the CXCL family. In addition 
to its pro-angiogenic activity, its role in the pathogenesis of breast, colon, pan-
creas, hepatocellular, endometrial and gastric cancers is well described A re-
view study looking at CXCL transcription and DLBCL survival concluded 
that CXCL17 appeared of value as a prognostic marker as higher CXCL17 
mRNA was associated with better OS115. In this study CXCL17 was the top 
protein significantly associated with age, with significantly higher expression 
in patients younger than 60 years.  
  
IL2-RA or Interleukin-2 receptor subunit alpha has been shown to be an in-
dependent prognostic factor for OS and EFS in DLBCL in a Japanese study 
utilizing sandwich ELISA117. In this study this marker was linked to advanced 
stage and B symptoms and was one of the top proteins that dropped after treat-
ment. This aligned with a study that showed significant association between 
serum levels of soluble interleukin-2, measured with chemiluminescent en-
zyme immunoassay (CLEI) in the study cohort and using ELISA in a separate 
validation cohort, and PET assessment in the form of total metabolic tumour 
volume (TMTV). The study concluded that IL2RA can be a surrogate marker 
for estimating tumour burden118.  Interestingly, the prognostic value of this 
protein was illustrated in elderly patients (age ≥ 60 years) where high serum 
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levels measured at diagnosis by chemi- luminescence enzyme immunoassay. 
High levels were significantly associated to poor PFS and OS119. In the current 
study no significant association to age was observed.   

An intriguing finding in this study is that the plasma protein levels do not 
actually normalize after the completion of treatment with complete remission. 
This calls for continued study of plasma protein evolution after completed first 
line treatment to establish if the protein levels do normalize or whether the 
genes and corresponding plasma protein pattern are forever changed.  
  
One of the strengths of this study is the fact that it was based on comprehen-
sive clinical and biological data saved in two high standard biobanks, U-CAN 
and EpiHealth in Sweden. The PEA technology is very promising in the field 
of proteomics in terms of sensitivity and specificity in protein identification 
and quantification in minute samples.   

The limitations of this study, however, include the fact that the PEA find-
ings were not validated with any other gold standard method such as ELISA. 
The original study design did not plan validation and the remaining plasma 
samples were not enough to continue with a validating test in all samples. 
Another limitation is the small number of patients even if multiple samples 
were collected from each patient at different points of time.   

Paper IV 
TCL1 family proteins have a well-studied role in the normal development of 
early B- and T-cells. Functioning as oncoproteins, they augment AKT signal 
activation in a concentration dependent manner and thereby regulate cell pro-
liferation and survival 112. TCL1A expression is crucial to the normal devel-
opment of B-cells, but persistent high concentrations confirmed by western 
blot analysis both in cytoplasmic and nuclear compartments have been incrim-
inated in lymphomas arising from the germinal center and post germinal cen-
ter cells such as follicular lymphomas, Burkitt’s lymphomas, DLBCL and 
chronic lymphocytic leukemia112,120. In addition, the soluble form of the pro-
tein detected by PEA was found in higher concentrations in plasma samples 
taken from DLBCL patients in comparison to controls with levels dropping in 
patients achieving remission121. TCL1 tissue expression in DLBCL was found 
to correlate with a number of factors including  IPI, Ann Arbor stage and pri-
mary site. In survival analysis tissue expression was found to independently 
predict short PFS and OS114. 
 
In this study, the role of TCL1A in DLBCL was investigated utilizing IHC on 
TMA to elucidate the presence of the cytoplasm and nucleus bound form of 
the protein in tumor tissue. In addition, protein plasma concentrations were 
measured by PEA and further validated by ELISA. Associations to known 
prognostic clinical variables were studied for the three different detection 
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techniques. Significantly higher levels of plasma TCL1A were seen in male 
patients (measured by ELISA and PEA) and in patients with Ann Arbor stages 
II-IV (measured by PEA). Survival analysis was however not significant.  

The study had a few limitations. As the study cohort included patients 
treated in the pre-Rituximab era, they were excluded from the analysis. Some 
of the clinical data was missing due to the absence of electronic patient rec-
ords. Another limitation is the relatively low number of patients with PEA and 
ELISA plasma protein measurement in relation to the total number of patients 
included in the study. Due to depletion of the frozen plasma samples this could 
not be overcome. 
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Conclusions 

Paper I 
EFS24 appears to be an attractive end-point for follow-up as most lymphoma-
related events occur before this milestone. The Swedish Lymphoma group 
considers two years of follow-up as satisfactory for relapse-free DLBCL 
patients. Yet, based on the findings of this study, prolonged follow-up for 
patients older than 60 years should be considered, at least at the primary care 
level, with regards to a possibly increased risk for cardiovascular disease and 
secondary malignancies. 

Paper II 
PEA can be used to screen for a large number of plasma protein biomarkers 
in minute sample volumes, allowing the distinction between controls, acute 
leukemias and lymphomas. Plasma protein profiling could provide valuable 
insight in the pathophysiology of acute leukemias and lymphoma and the tech-
nique may be a valuable tool in the diagnostics and prognostics of these dis-
eases. Further studies will show its full clinical value in the setting of hema-
tological malignancies. 

Paper III 
Plasma protein analysis in DLBCL patients undergoing curative treatment 
with R-CHOP using PEA have the potential of paving the way to biomarker 
discovery and may offer deeper understanding of the pathophysiology of 
NHL. The identified proteins and pathways warrant further exploration as po-
tential prognostic markers and eventual therapeutic targets. Additional scru-
tiny and validation however are needed. Adjusting for multiple testing and 
conducting larger-scale studies would strengthen the statistical significance of 
positive findings.  

Paper IV 
TCLA1 appears to play a prominent role in the pathology of DLBCL and may 
have prognostic impact. Future studies with larger patient cohorts and well-
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designed protein panels could achieve a much-awaited biomarker break-
through.  
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