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Abstract

Approximately 1,300 patients develop non-Hodgkin lymphoma (NHL) in Finland each year.
Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of NHL; in 2018, a total
of 661 patients were identified with this disease in Finland.

DLBCL is one of the most aggressive lymphoid cancers and, in most cases, leads to death
without treatment. Rituximab has significantly improved the prognosis, and treatment is curative
in 70% of patients. Nevertheless, the disease does not respond as expected to treatment or relapses
soon after a complete response in some patients. The prognosis for these patients is poor. It is
essential to recognize primary refractory diseases at the earliest possible stage to avoid the adverse
effects of ineffective treatments and to allow intensification when needed.

Radiotherapy (RT) has long-term adverse effects that can appear years or even decades after
treatment. The criteria for radiotherapy in DLBCL patients are currently unclear, and conventional
criteria for RT, such as primary bulky or residual tumor, were defined in the pre-rituximab era.
This study demonstrates that bulky tumor has a significant impact on the prognosis of patients with
the limited-stage disease. However, RT to bulky sites was not able to improve the outcome. PET-
negative bulky or residual tumor do not seem to affect the prognosis.

Hybrid positron emission tomography and -computed tomography (PET-CT) is a commonly
used method for response evaluation in DLBCL and aims to identify patients with an insufficient
response. However, PET-CT has a high rate of false positivity, resulting in the possibility of error.
Treatment should be intensified in patients with active lymphoma tissue behind a positive PET
finding, and it is therefore crucial to identify patients with PET-positivity due to other reasons. For
these patients, biopsy guided by PET-CT provides more accurate information.

Primary central nervous system lymphoma (PCNSL) is a rare disease. In nearly all registry-
based studies, the PCNSL prognosis is dismal – with few, if any, long-term survivors.
Methotrexate-based treatments have shown promising results in several phase II studies.
Unfortunately, follow-up results appear to be poor, especially in the setting relapsed and refractory
setting. The results of blood-brain barrier disruption treatment are promising, with tolerable
adverse effects for patients with PCNSL.

Keywords: BBBD-treatment, biopsy, DLBCL, FDG-PET, PCNSL, Radiotherapy
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Tiivistelmä

Non-Hodgkin lymfoomiin sairastuu vuosittain Suomessa n. 1300 potilasta. Yleisin alatyyppi on
Diffuusi suurisoluinen B-solulymfooma (DLBCL) johon v. 2018 sairastui 661 potilasta. DLBCL
kuuluu nopeakasvuisiin imukudossyöpiin, jotka hoitamattomana johtavat useimmiten kuole-
maan. Nykyisillä hoidoilla n. 70 % paranee. Hoidon aikana etenevässä tai nopeasti hoidon päät-
tymisen jälkeen uusineessa tautitilanteessa ennuste on kuitenkin huono. Potilaiden ennusteen
kannalta olisi tärkeää löytää ensilinjan hoidolle riittämättömästi reagoivat taudit mahdollisim-
man varhaisessa vaiheessa, jotta vältetään tehottoman hoidon haittavaikutukset ja toisaalta voi-
daan tehostaa hoitoa tarvittaessa.

Sädehoidolla on pitkäaikaishaittoja, jotka voivat ilmaantua useita vuosia, jopa vuosikymme-
niä, hoidon jälkeen. Sädehoidon kriteerit DLBCL potilailla eivät ole tällä hetkellä yksiselitteiset
ja ne on määritelty ennen rituksimabin vakiintumista. Tässä tutkimuksessa lähtötilanteessa tode-
tulla kookkaalla (yli 7,5 cm) kasvaimella oli potilaan ennustetta heikentävä vaikutus paikallises-
sa tautitilanteessa, mutta sädehoidolla tälle alueelle ei voitu parantaa ennustetta. PET-TT:ssä
negatiivisella jäännöskasvaimella ei ollut ennustevaikutusta.

PET-TT:tä käytetään yleisesti hoidon vastearviossa. Tavoitteena on tunnistaa potilaat, joiden
tauti ei reagoi riittävästi tavanomaiselle hoidolle mutta väärien positiivisten tulosten määrä on
kuitenkin korkea. Olisi tärkeää tunnistaa ne potilaat, joiden PET-positiivisuuden aiheuttavat
muut syyt. Koepala jäännöskasvaimesta voi antaa lisätietoa näissä tilanteissa.

Primaari aivolymfooma (PCNSL) on harvinainen ja huonoennusteinen tautimuoto. Lähes
kaikissa rekisteripohjaisissa tutkimuksissa pitkäaikaisselviytyjiä on hyvin vähän. Useat faasi II-
tutkimukset ovat osoittaneet lupaavia alkuvaiheen tuloksia metotreksaatti-pohjaisella hoidolla.
Seurantatulokset ovat kuitenkin olleet huonot erityisesti uusineessa tai ensilinjan hoidolle vas-
taamattomassa tautitilanteessa. Tässä tutkimuksessa on todettavissa, että PCNSL potilaiden veri-
aivoesteen aukaisuhoidon (BBBD-hoidon) tulokset ovat lupaavia ja haittavaikutukset kohtuulli-
sella tasolla.

Asiasanat: biopsia, DLBCL, FDG-PET, primaari keskushermostolymfooma, sädehoito,
veriaivoesteen aukaisuhoito
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anteeksi kuin jäädä kaunaan kiinni’ -Toni Wirtanen  
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1 Introduction  

Diffuse large B-cell lymphoma (DLBCL) is the most common non-Hodgkin 

lymphoma (NHL) in developing regions, and its incidence is increasing (Teras et 

al., 2016). In Finland, 661 patients were diagnosed with DLBCL in 2018, and the 

annual incidence was 11.34/100,000 (Syoparekisteri, 2018). Primary central 

nervous system lymphoma (PCSNL) is a rare entity consisting of 2%–4% of 

intracranial malign tumors, 90% of which are DLBCL (Rubenstein, Ferreri, & 

Pittaluga, 2008; Batchelor, 2019; Swerdlow et al., 2016). 

Cure rates for DLBCL increased significantly after the introduction of 

rituximab. The drug of choice combination is R-CHOP, and conventional treatment 

regimens are curative for approximately 70% of patients with DLBCL. Still, 30% 

to 40% of cases disease does not respond to the treatment sufficiently, or it relapses 

after complete response. (Coiffier et al., 2010) In 10% to 15% of patients, disease 

progresses during treatment or relapses within three to six months after treatment. 

The prognosis for these patients is significantly worse, and curative options in such 

cases are unknown (Gisselbrecht, Glass, Mounier, Singh Gill, Linch et al., 2010; 

Jermann et al., 2004; Crump et al., 2017).  

High-dose chemotherapy followed by autologous stem cell transplant (ASCT) 

is curative for some patients, but it also has a potentially severe adverse effect and 

is intolerable for most elderly patients (Philip et al., 1995; Kewalramani et al., 2000; 

Crump et al., 2017). To avoid ineffective treatments and unnecessary treatment 

intensifications, it is essential to recognize patients with insufficient response at the 

earliest possible stage of treatment. 

High international prognostic index (IPI) scores, bulky tumor at the time of 

diagnosis, and extranodal diseases are conventionally assessed as signs of poor 

prognosis. In the pre-rituximab era, the impact of the bulky tumor was seen more 

clearly, but it has not been definitively established in the rituximab era. 

(Pfreundschuh et al., 2008; Pfreundschuh et al., 2006; Pfreundschuh et al., 2011)   

According to the MabThera International Trial (MInT), the addition of rituximab 

to the treatment has diminished the adverse impact of bulky tumor, but some effect 

remains (Pfreundschuh et al., 2011). 

Consolidative radiotherapy (RT) is a conventionally used method to reduce the 

impact of bulky tumor. Other indications for RT have been suggested, including 

residual tumors after chemoimmunotherapy and extranodal tumors (Bonnet et al., 

2007; Held et al., 2014; Lamy et al., 2018). Recent results suggest that the effect of 

RT has diminished and can be spared in specific patient groups without 
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compromising the outcome. RT probably has no impact on the prognosis in elderly 

patients with PET-negative bulky tumors and patients with the non-bulky limited-

stage disease after the negative PET-CT (Pfreundschuh et al., 2017; Lamy et al., 

2018). Positron emission tomography and computed tomography (PET-CT) has a 

high negative predictive value in DLBCL, but a high rate of false-positive findings 

impairs its usability (Pregno et al., 2012; Khan et al., 2013; Adams & Kwee, 2016; 

Barrington & Kluge, 2017; Barrington et al., 2014).  

Primary central nervous system lymphoma (PCNSL) is a rare disease with 

aggressive malignancy. Symptoms are often non-specific, such as focal 

neurological deficits, neuropsychiatric signs, or various pressure symptoms caused 

by increased intracranial pressure (Bataille et al., 2000; Giannini, Dogan, & 

Salomão, 2014). Diagnosis is challenging. The most recommended imaging 

method is magnetic resonance imaging (MRI), but histopathological confirmation 

is mandatory for the diagnosis. In most cases, stereotactic tumor biopsy is needed; 

however, the vitrectomy or cerebrospinal fluid (CSF) cytology or flow cytometry 

may be adequate in positive cases (Hoang-Xuan et al., 2015; Abrey et al., 2005). 

 The standard treatment of PCNSL is methotrexate-based, but the optimal dose 

and the most effective combination remain unclear. The blood-brain barrier is 

crucial for other agents in combinations, and the adverse effect of RT needs to be 

evaluated in treatment decisions (Ferreri et al., 2017). After the MATRix (Table 7) 

protocol was introduced, it was considered a new standard of care, followed by 

autologous stem cell transplant (ASCT) or whole brain radiation therapy (WBRT). 

The treatment-related mortality of MATRIx is approximately 6%, and it is therefore 

not an option for elderly or fragile patients (Schorb et al., 2020). 

Blood-brain barrier disruption treatment (BBBD) is a tempting and promising 

protocol to cross the barrier, limiting the efficacy of potential agents. The 

permeability of the blood-brain barrier is improved by mannitol allowing agents to 

reach malignant tumor cells. In Oulu University Hospital, this treatment has been 

an option for those patients with a dismal prognosis since 2007.  
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2 Literature review  

2.1 Diffuse large B-cell lymphoma 

Diffuse large B-cell lymphoma is the most common NHL in Western countries, 

with an incidence rate of 6.9/100,000 in the US in 2011–2012 (Teras et al., 2016; 

Sant et al., 2010). Its incidence has been increasing in developed regions, but 

fortunately cure rates have improved from 30% –40% in the pre-rituximab era to 

60%–70% in the rituximab era (Jacques et al., 2015; Sant et al., 2014; Tilly et al., 

2012). In Finland, annual incidence fluctuates between 500 and 650, and in 2018 it 

was 661 (Syoparekisteri, 2018).  

Diagnosis of DLBCL includes biologically different disease entities, and 

patient prognosis varies according to the subtype of the disease (Swerdlow et al., 

2016). Despite evolving treatments and improved cure rates, there are still patients 

whose disease responds insufficiently to conventional treatments or whose disease 

relapses after achieving a complete response. The outcome of these patients is poor 

especially if the relapse occurs within the first 12 months after first-line treatment 

(Rovira et al., 2015; Gisselbrecht, Glass, Mounier, Singh Gill, Linch et al., 2010; 

Gisselbrecht et al., 2010). However, in patients who are relapse-free 24 months 

after diagnosis, life expectancy is the same as that of the age- and gender-matched 

population (Gisselbrecht et al., 2010). 

Although the prognosis has improved, approximately 40% of patients still 

suffer from relapse or primary refractory disease. The aim of treatment in DLBCL 

is generally curative, but the prognosis of patients with primary refractory disease 

or after relapse is nevertheless dismal. In translocation analyses, MYC, BCL-2, and 

BCL-6 gene translocation are detected in some of these patients, but there is still 

an unmet clinical need to identify such patients as early as possible.  

2.1.1  Pathogenesis 

B-cell maturation has been considered a lifelong process, starting from a 

pluripotent hematopoietic stem cell located in the bone marrow. These cells have a 

gene configuration of the germline antigen receptor. Stem cell further differentiates 

to a naïve B cell, which is defined by assembled immunoglobulin (IG) heavy and 

light chain genes. After B-cell receptor gene rearrangement, the cell is able to exit 



22 

from the bone marrow (Deckert, Montesinos-Rongen, Brunn, & Siebert, 2014;  

Mesin, Ersching, & Victora, 2016). 

The lymph node's germinal center (GC) consists of two areas – dark zone and 

light zone. Centroblasts (CBs) are located in the dark zone and undergo a process 

called somatic hypermutation (SHM). The unique antigen induces the maturation 

of B-cell receptor (BCR) binding affinity during this process. This requires specific 

antigen, antigen-presenting cell (APC), T-cell help, the activity of the enzyme 

activation-induced deaminase (AID), and BCL6 (Deckert et al., 2014; Mesin et al., 

2016). In the light zone, CBs differentiate into centrocytes, and high-affinity B cells 

produced by SHM are selected, while those with low-affinity undergo apoptosis 

(Klein & Dalla-Favera, 2008). After SHM, IG class switch recombination (CSR) 

of B cells may occur, which completes B-cell differentiation into a plasma or a 

memory cell (Deckert et al., 2014; Mesin et al., 2016).   

Malignant transformation requires several steps, and during this process, the 

activation of oncogenes and inhibition of suppressor genes usually occurs (Lossos, 

2005). AID is essential for GC-derived lymphomagenesis, and it has been 

demonstrated that mice without AID cannot suffer GC-derived lymphomas. 

DLBCL – like almost all B-cell NHLs – arises from either GC cells or post-GC 

cells. Two main mechanisms for malignant transformations are aberrant somatic 

hypermutation (ASHM) and chromosomal translocations, dependent on AID-

derived DNA remodeling (Pasqualucci et al., 2001; Pasqualucci et al., 2008). 

In addition to ASHM and chromosomal translocations, DLBCL can be derived 

by somatic point mutations or copy number alterations (Pasqualucci et al., 2011). 

GC and activated B-cell (ABC) subtypes have certain common genetic lesions, but 

some lesions are distinctive (Pasqualucci et al., 2001; Pasqualucci et al., 2003; 

Schneider, Pasqualucci, & Dalla-Favera, 2011; Pasqualucci et al., 2011).  

2.2 Classification 

To improve treatment results, early recognition of patients with primary refractor 

disease or patients with an increased risk of relapse is essential. There are several 

ways to classify DLBCL, such as historically used classifications according to 

morphology and immunohistochemistry and a new approach based on the cell of 

origin (COO) and genomic mutation profile. Their prognostic ability is still unclear. 

Currently, treatment decisions are still based on conventional clinical prognostic 

indicators, including the IPI, stage, age, the existence of a bulky tumor, and co-

morbidities (Tilly et al., 2015). Patient-related risk factors such as age, other 
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diseases, and organ function significantly impact treatment options and thus 

prognosis. WHO performance status is included in the risk classification to assess 

these patient-related factors (Tilly et al., 2015).   

2.2.1 Conventional risk factors 

International Prognostic Index 

International prognostic index (IPI) risk classification was introduced in the 1990s, 

and it is still a valid prognostic indicator (Shipp, 1994; ¨A predictive model for 

aggressive non-hodgkin's lymphoma¨.1993). Age-adjusted IPI (aaIPI) and National 

Comprehensive Cancer Network (NCCN) -IPI are other commonly used variants 

of the original classification (Wei et al., 2016; Swerdlow et al., 2016). The 

conventional IPI remains the most commonly used tool in risk evaluation, including 

patients' age, stage, number of extranodal sites, ECOCH, and lactate hydrogenase 

level (LD; Ziepert et al., 2010). The Lunenburg Lymphoma Biomarker Consortium 

(LLBC) conducted a study of 1,541 patients and found IPI to be a significant 

prognostic indicator before and after rituximab implementation to treatment. 

According to then IPI, four-year overall survival (OS) in the rituximab era was 85% 

in the low IPI group, 80% in the low/intermediate group, 68% in the 

high/intermediate group, and 45% in the high group (Salles et al., 2011). 

Ki-67 

Ki-67 is a human nuclear protein whose expression has been used in assessing the 

proliferative activity of tumors, including lymphomas. It participates in the 

regulation of cell proliferation and is therefore used as a proliferation marker. 

(Schlüter et al., 1993). The results regarding its association with lymphoma 

treatment outcomes have been contradictory (Jerkeman et al., 2004; Hasselblom et 

al., 2008; Li et al., 2012). In the rituximab era, the significance of the previous 

prognostic factor, including Ki-67, has changed. The LLBC study found Ki67 with 

cut-off value of 75% to be able to stratify R-CHOP-treated patients into the 

different prognostic groups (HR 1.8 [95%CI 1.1-2.9]; p=0.02; (Salles et al., 2011). 

In a recently published study in a cohort of 697 R-CHOP-treated patients, Ki-

67 had no prognostic significance in the whole population but was a prognostic 

factor in elderly patients with non-GCB phenotype, high Ki-67 (≥80%) (Koh et al., 
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2015). Co-expression of BCL2 and BCL2/Ki67 index with a Ki-67 cut-off of 90% 

has also been proposed to be a prognostic factor for PFS, especially in the GCB 

subgroup (Tang, Y., Zhou, Cheng, Su, & Wang, 2017; Cho, Oh, Hong, & Lee, 2018). 

CD5 

CD5 is expressed in approximately 10% of DLBCL samples, and its expression is 

associated with aggressive clinical behavior. These lymphomas frequently express 

BCL2 and present primarily with a non-GCB phenotype in over 70% of cases. 

(Linderoth, Jerkeman, Cavallin-Ståhl, Kvaløy, & Torlakovic, 2003; Yamaguchi, 

Motoko et al., 2008). In this type of disease, CNS relapse is more common, 

occurring in approximately 13% of patients, and rituximab is not able to reduce the 

risk of CNS recurrence (Yamaguchi et al., 1999; Yamaguchi et al., 2008; Miyazaki 

et al., 2011). Patients with CD5 positivity have a poor outcome, with a median 

survival of approximately 12 to 15 months and two-year OS of approximately 50% 

in rituximab-treated patients (Linderoth et al., 2003; Johnson et al., 2009; Salles et 

al., 2011; Takeuchi et al., 2017; Huang et al., 2018). 

2.2.2  The cell of origin 

Gene Expression Profiling 

With the use of gene-expression profiling (GEP), Alizaden et al. identified three 

molecularly different DLBCL groups with different prognoses. One type expressed 

genes characteristic to germinal center B cells (germinal center B-like DLBCL, 

GCB). The other was indicative of in vitro activation of peripheral blood B cells 

(activated B-like DLBCL ABC). Approximately 10% –20% of cases could not be 

classified into either of these groups (Alizadeh et al., 2000). According to this 

classification, DLBCL has been conventionally divided into GCB, ABC, and 

unclassified DLBCL (Alizadeh et al., 2000; Rosenwald et al., 2002; Wright et al., 

2003). 

The inherent nature of the GCB subtype is favorable in terms of prognosis and 

has better overall survival independent of the IPI (Rosenwald et al., 2003; Savage 

et al., 2003). This prognostic significance of GEP remains in the rituximab era and 

is also associated with a different response to immunochemotherapy (Lenz et al., 

2008). 
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ABC-DLBCL, arising from the plasmablast stage of B-cell maturation, is less 

likely to respond to standard treatment and is frequently associated with refractory 

or relapsed disease. It has been demonstrated to have a constitutive NF-kB 

activation and dysfunction, which further induces active proliferation and 

chemoresistance (Roschewski, Staudt, & Wilson, 2014).   

Several oncogene mechanisms are part of the malignant mutation cascade, and 

there are also potential targets for the treatment. Different cell of origin (COO) 

subtypes have heterogenous oncogenic activation mechanisms. For example, GCB 

phenotype is frequently associated with BCL2 translocations resulting in 

overexpression of the bcl-2 protein  (Basso & Dalla-Favera, 2012). EZH2 mutation 

is specific to GCB and occurs in 21% of GCB cases (Morin et al., 2010). PTEN 

deletions and loss of PTEN expression are seen in 55% of GCB cases, and result in 

activation of the PI3K/Akt pathway (Pfeifer et al., 2013). By contrast, ABC-

DLBCL lymphoma typically exhibits an activation of the NF-kB pathway and BCR 

signaling pathway, and these pathways are activated by oncogenes (Davis et al., 

2010). 

The P53 (TP53) protein encoded by the TP53 gene was identified 30 years ago. 

P53 is a tumor suppressor that has a significant role in controlling genome integrity, 

and it is also induced by cellular stress (Levine & Oren, 2009). It is commonly 

mutated or deleted in several cancers, and P53 aberrations occur in approximately 

20% of DLBC.  TP53 mutation is an independent indicator of poor survival in GC-

type DLBCL, but not in non-germinal DLBCL (Young et al., 2008; Xu-Monette et 

al., 2012).  

Immunohistochemistry 

GEP is still an expensive means of classification and requires resources that have 

led to the development of immunohistochemical staining-based algorithms for 

classification in DLBCL (Visco et al., 2012). The Hans algorithm is a widely used 

method with a concordance of 80% compared to GEP.  It uses ICH staining for tree 

antibodies CD10, multiple myeloma oncogene 1 (MUM1), and polyclonal B-cell 

lymphoma 6 (BCL6) to stratify patients according to the cell of origin (Hans et al., 

2004). Despite some conflicting results regarding its prognostic utility, the 

correspondence of the Hans algorithm with GEP is approximately 70% to 80% and 

has been confirmed to be a valid method for classification (Haarer, Roberts, 

Frutiger, Grogan, & Rimsza, 2006). 
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In the light of conflicting results obtained with the Hans algorithm, other ICH 

algorithms have been proposed; however, the absence of corresponding GEP data 

diminished the usability of these studies (Barrans et al., 2002; Chang et al., 2004; 

Muris et al., 2006). Choi et al. introduced a new ICH algorithm with better accuracy 

in 2009, using germinal center B-cell expressed transcript 1 (GCET), CD10, BCL6, 

MUM1, and Forkhead-box-P1 (FOXP1). This algorithm demonstrated 98% 

accuracy compared to GEP and seemed to be the best method for predicting GEP 

results (Choi et al., 2009). The cell of origin identification is now required for 

classification according to the World Health Organization (WHO) revised 2016 

classification, and it also recognizes co-expression of MYC and BCL2 proteins as 

an independent risk factor (Campo et al., 2011; Swerdlow et al., 2016).  

2.2.3  Double/triple expressor DLBCL and gene translocations 

COO alone is unable to recognize all individuals with poor clinical outcomes 

(Alizadeh et al., 2000; Rosenwald et al., 2002). Over the past decade, specific gene 

translocations have been identified associated with unfavorable prognosis and 

inadequate response to conventional treatments regardless of COO. 

MYC 

C-myc (MYC) gene is localized in chromosome 8 and encodes a transcription 

factor that affects many cellular functions; for example, tumor growth, cell cycle 

control, cell survival, and biosynthesis. MYC controls more than 15% of the 

expression of all cellular genes (Dang et al., 2006; Dang, 2012). 

Independent of its effects on cell growth, MYC also influences apoptosis with 

a contrary effect; elevated MYC expression decreases the apoptosis threshold. It 

affects apoptotic pathways, and under normal circumstances, elevated proliferation 

is reduced by enhanced apoptosis (Meyer, Kim, & Penn, 2006). MYC expression 

is elevated in approximately 30% of DLBCL patients, and its overexpression is 

probably an important secondary transforming event associated with inferior 

outcomes (Hu et al., 2013). 

Inactivated apoptotic pathways in MYC-associated DLBCL provide an 

attractive potential target for antitumor therapies. The effect of MYC is broad, and 

several significant factors remain unclear regarding the role of MYC in 

lymphomagenesis and complex cell growth regulation (Klapproth & Wirth, 2010). 



27 

BCL2 

BCL2 is involved in apoptosis, and its upregulation causes resistance to apoptosis. 

It also has a critical role in a normal B-cell development and differentiation (Huang 

et al., 2002; Fresquet, Rieger, Carolis, García-Barchino, & Martinez-Climent, 

2014). Bcl-2 protein was discovered first in follicular lymphoma with a t(14;18) 

translocation (Tsujimoto, Finger, Yunis, Nowell, & Croce, 1984). It is normally 

expressed in immature B-cells and memory B-cells but is down-regulated in GC 

B-cells. In some studies, BCL2 translocation in DLBCL is associated with an 

adverse prognosis independently. However, contradictory results also exist. BCL2 

may also be expressed without an existing translocation and inducing different 

effects on prognosis. Bcl-2 protein overexpression is shown to be a poor prognostic 

marker in non-GC patients. BCL6 influences this down-regulation of t(14;18) and 

is associated with GC phenotype DLBCL and BCL2 expression (Barrans et al., 

2003). 

BCL6 

Bcl-6 protein, expressed in GC B-cells, acts as a transcriptional repressor (Ye et al., 

1993; Klein & Dalla-Favera, 2008; Ci et al., 2009). BCL6 target genes are 

essentials in multiple signaling pathways in GC reactions such as apoptosis, DNA 

damage response, Toll-like receptor (TLR) signaling, plasma cell differentiation, 

BCR signaling, cd40 signaling, TNFbeetta signaling, Interferon (INF) signaling 

and T-cell mediated activation  (Klein & Dalla-Favera, 2008; Basso & Dalla-Favera, 

2012; Mesin et al., 2016). In DLBCL, proto-oncogene BCL6 is deregulated by 

chromosomal translocations in 40% of patients, and it plays a role in all GC 

DLBCLs (Pasqualucci et al., 2003). 

DHL/THL and DEL 

MYC gene promotes cellular proliferation, whereas BCL2 inhibits cell apoptosis, 

causing a synergistic effect of these genes (Bea et al., 2005). Both these 

translocations exist in approximately 5% to 10% of cases in DLBCL. Double/triple 

hit (DHL/THL) lymphoma is defined as a synchronous rearrangement of MYC and 

BCL2 and/or BCL6. It is strongly associated with inadequate treatment response 

and unfavorable progression-free survival (PFS) and OS rates (Green et al., 2012). 

BLC2/MYC DHL development probably arises either from subclinical follicular 
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lymphoma or directly from more prevalent B-cells with t(14;18) translocation. In 

both pathways, MYC translocation may exist as a progression event (Aukema et 

al., 2011). 

Double expressor lymphoma (DEL) is more common than DHL/THL, 

accounting for 20% to 30% of DLBCL. DEL DLBCL is defined as a concomitant 

expression of MYC (with cut-off >40%) and BCL2 (with cut-off >50%). It has 

been associated with inferior outcomes, but the prognosis is not as dismal as 

DHL/THL (Aggarwal et al., 2016; Swerdlow et al., 2016; Riedell & Smith, 2018). 

DEL occurs in both GC and ABC types of DLBCL, and the prognosis is equal in 

both groups regardless of the treatment, and after a high-dose treatment followed 

by autologous stem cell transplantation (ASCT). However, ASCT is still a 

potentially curative choice of treatment (de Jong et al., 1988; Staiger et al., 2017; 

Herrera et al., 2017; Kawashima et al., 2017; Hu et al., 2013).    

Double- and triple-hit lymphomas were included as a new disease category in 

the revised WHO IV classification in 2016. They are classified as high-grade B-

cell lymphomas regardless of morphology (Swerdlow et al., 2016).  Petrich et al. 

presented a classification for this entity, dividing DHL/THL patients into low-, 

intermediate-, or high-risk groups. They found that some patients had excellent OS, 

even though prognosis for DHL/THL patients is usually poor (Petrich et al., 2014; 

NCCN, 2021). 

2.2.4 Other diagnostic methods 

Although COO and immunohistochemistry are able to classify patients into risk 

groups, they are unable to recognize the complete heterogeneity of DLBCL 

subtypes. Some research groups have proposed additional ways to classify DLBCL 

subtypes. Based on B-cell-associated gene signature (BAGS) classification, a 

NanoString-based BAGS clinical assay was developed, and the results were 

published recently (Michaelsen et al., 2018). BAGS was able to classify CG 

DLBCL into centrocyte and centroblast subtypes in association with better survival 

in the centrocyte subtype. The centrocyte subtype was also less resistant to 

vincristine and doxorubicin (Dybkær et al., 2015). NanoString-based BAGS2Clinic 

assay is expected to enhance the knowledge of tumor biology and immune and 

chemotherapy resistance mechanisms in routine clinical practice, thus helping to 

find novel treatment options (Michaelsen et al., 2018).  

Over the past decade, many molecular biomarkers and models for 

classifications have been published to improve the distribution of prognostic groups. 
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At the molecular level, these models provide additional information and knowledge, 

but their utility in real clinical life is still questionable and requires further 

validation (Coccaro et al., 2020). 

Liquid biopsy 

Apoptotic or necrotic cells release cell-free DNA fragments (cfDNA) into the 

circulation, and these fragments can be found and detected (Diaz & Bardelli, 2014). 

This cfDNA has been under intensive medical research since it was first reported 

in 1948 (Mandel & Metais, 1948). Circulating tumor DNA (ctDNA) has a steady-

state level and has been demonstrated to increase during cellular injury or necrosis 

(Diehl et al., 2008). The expectations for this method in oncology have been high. 

However, the inclusion of ctDNA measurement in the treatment of malignant 

diseases has three main challenges: how to distinguish ctDNA from cfDNA, how 

to measure what are sometimes very low levels of ctDNA, and how to identify the 

relevant number of mutant fragments (Diaz & Bardelli, 2014). 

In DLBCL, ctDNA has shown to be a promising marker. In the future, it may 

help identify patients at high risk of refractory disease. It may also help with earlier 

detection of relapses, even before clinical disease relapse (Roschewski et al., 2015). 

A systematic review of these topics was published in 2019, and the authors found 

four different approaches, all of which require further study before clinical 

implementation (Arzuaga-Mendez et al., 2019).  

2.3 Staging and evaluation methods 

2.3.1 Staging 

Clinical and imaging working groups of the International Conference on Malignant 

Lymphoma published a consensus statement concerning staging and restaging of 

lymphomas, known as the Lugano classification. The Ann Arbor classification was 

published first in order to stage Hodgkin lymphoma and was adapted to the NHL 

lymphomas in 1999. It is the most widely used method to assess the tumor burden 

in DLBCL patients, stratifying it into four stages with or without systemic 

symptoms (B-symptoms). The International Working Group (IWG) included PET-

CT and bone marrow evaluation in this classification in 2007, and revised criteria 

were published in 2011 (Cheson et al., 2007; Cheson et al., 2014). 
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According to revised criteria, stages I and II represent a limited stage disease 

involving a single lymph node region or a single extranodal site (stage I) or more 

than one (stage II) limited to the same side of the diaphragm. Stages III and IV are 

considered advanced stage diseases with the involvement of lymph node regions 

on both sides of the diaphragm and/or spleen and/or single extralymphatic organ 

(stage III). Stage IV means disseminated extralymphatic involvement. In addition, 

bone marrow or liver involvement upgrades the disease to stage IV (Cheson et al., 

1999; Cheson et al., 2007; Cheson et al., 2014).  

According to the Lugano classification, fluorodeoxyglucose positron emission 

tomography (FDG-PET)/computed tomography (CT) is the gold standard of 

DLBCL staging (Barrington et al., 2014; Cheson et al., 2014). However, the 

availability of PET-CT is still limited, and staging is therefore widely based on CT 

and bone marrow biopsy.  

2.3.2 FDG-PET CT 

Almost all lymphomas are FDG-avid, and the avidity is approximately 95% to 97% 

in DLBCL (Weiler-Sagie et al., 2010; Barrington et al., 2014). High FDG uptake is 

characteristic of aggressive lymphomas, and rapid decline in post treatment uptake 

is associated with excellent prognosis (Hutchings, Mikhaeel, Fields, Nunan, & 

Timothy, 2005; Mikhaeel, Hutchings, Fields, O'Doherty, & Timothy, 2005). The 

International Harmonization Project (IHP) published a recommendation of PET in 

DLBCL as early as 2007. They recommended using PET as an end-of-treatment 

evaluation method, which was added to the revised response criteria (Juweid et al., 

2007; Cheson et al., 2007). After several studies, a standardized method for PET-

CT evaluation was recommended in 2009. It is a five-point scale known as the 

Deauville score, which classifies FDG uptake relative to the normal mediastinum 

and liver uptake (Spaepen et al., 2001; Meignan, Gallamini, & Haioun, 2009).  

FDG-PET CT in staging 

Staging with PET-CT is more accurate as a primary evaluation method and 

upgrades the stage in 20% of patients compared to CT (Barrington et al., 2014; 

Cheson, 2011). In DLBCL, most recommendations consider it mandatory based on 

its ability to identify initial sites not visible in conventional CT, especially 

extranodal sites (Barrington et al., 2014). 
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PET-CT is also a valid method for identifying patients with bone marrow 

involvement. According to Khan et al., PET-CT identified all patients with a 

clinically significant bone marrow involvement, and the biopsy did not upstage any 

patients. They found the sensitivity of the PET-CT method to be 94%, compared to 

40% for biopsy, and a corresponding specificity of 100% for both methods. PET-

CT could also identify focal bone marrow deposits of DLBCL that could not be 

detected by biopsy, while it missed two low-volume large-cell infiltrates. They 

proposed that biopsy would not be beneficial if bone marrow infiltrate was not 

detectable on PET-CT or if there was a limited focal uptake distant from the iliac 

crest (Khan et al., 2013). A high negative predictive value of PET-CT in bone 

marrow involvement was also observed in a study of 99 patients, 38 of whom had 

bone marrow involvement. The conclusion was that a biopsy may not be required 

in patients who have undergone PET-CT when the diagnosis in the bone marrow 

does not change the stage or treatment (Vishnu, Wingerson, Lee, Mandelson, & 

Aboulafia, 2017). 

Interim and end of treatment PET-CT  

In the rituximab era, the predictive value of PET-CT has diminished, probably due 

to the improved overall prognosis of patients. However, it is still recommended as 

a standard evaluation method (Barrington et al., 2014). At the end of treatment, 

PET-CT has a high negative predictive value of 90%–100%. By contrast, the 

positive predictive value of both interim and end-of-treatment PET-CT is more 

questionable in clinical use (Pregno et al., 2012; Khan et al., 2013; Barrington et 

al., 2014; Adams & Kwee, 2016; Barrington & Kluge, 2017).  

In 2016, Adams and Kwee published a meta-analysis of histologically verified 

false-positive FDG-PET lesions in lymphoma. The false-positive rates ranged from 

7.7% to 90.5%, and in pooled summary analyses, the percentage of false positives 

was 83% for iPET and 31.5% at the end of treatment in NHL patients. This meta-

analysis included 11 studies, 6 of which included DLBCL patients. Among studies 

including DLBCL patients, the number of biopsied patients varied from 4 to 38, 

and the proportion of false-positive results ranged from 11.1% to 90.5%. Most of 

the false positivity was explained by inflammation (Adams & Kwee, 2016). The 

value of PET-CT as an end-of-treatment method was subsequently evaluated, and 

no published studies comparing OS to patients without PET-CT evaluation were 

found (Adams & Kwee, 2020). 



32 

According to the large meta-analysis by Burggraaff et al. in 2019, interim FDG 

PET has a predictive value in DLBCL, but the positive predictive value is 

insufficient. The negative predictive value was 80% and ranged from 64% to 95%; 

however, the range of the positive predictive value was only 20% to 74% 

(Burggraaff et al., 2019). 

These results are in line with further studies. Moreover, NCCN guideline 

3.2019 strongly recommended that biopsy be considered before additional therapy 

in PET-positive cases, and that the complete response (CR) pathway be followed 

in biopsy-negative cases (NCCN, 2021). Although the ESMO guideline published 

in 2015 assessed Deauville scores 4 and 5 as representative of the residual disease 

in most cases, it also recommended biopsy if salvage treatment is considered (Tilly 

et al., 2015).  

Fig. 1.  Maximum intensity projection (MIP) PET-CT image of PET-positive abdominal 

and pleural residual nodules. 
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2.4 Conventional treatment regimen in DLBCL 

2.4.1  Basics of treatment  

Treatment decisions in DLBCL are still widely based on conventional IPI score 

division with complementary factors such as bulky tumor, specific extranodal sites, 

and age. R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and 

prednisone) is a standard treatment for young patients with low and low-

intermediate risk, as well as for elderly patients, when possible, taking age and 

comorbidities into account. There is no clear current standard of treatment for 

young patients with high-risk disease. (Coiffier et al., 2010; Tilly et al., 2012; Tilly 

et al., 2015.)   

LNH-98.5 was the first randomized trial comparing CHOP to R-CHOP. 

(Pfreundschuh et al., 2004). This study confirmed that the addition of rituximab to 

treatment significantly improved the outcome of DLBCL patients. After a 10-year 

follow-up, this difference in survival remained, and the benefit of R-CHOP was 

also maintained in elderly patients (Coiffier et al., 2002; Coiffier et al., 2010).   

Rituximab 

Rituximab is an anti-CD20 monoclonal antibody. It has a specific affinity for the 

CD20 antigen, a transmembrane protein of B lymphocytes expressed in normal and 

most malignant B cells. It was the first monoclonal antibody approved for clinical 

use in oncology, and it was approved for clinical use in the US in 1997 and Europe 

in 1998 (Salles et al., 2017). Rituximab is a chimeric antibody that usually causes 

mild to moderate infusion reactions. These reactions are rarely severe and are 

minimized with conventional premedication (Salles et al., 2017). 

The use of rituximab was demonstrated to reduce B cells selectively from 

peripheral blood. The time taken to bring about this decrease ranged from 24 to 72 

hours after infusion and remained up to 2 to 3 months after a single dose (Maloney 

et al., 1994). After multiple doses, this depletion was found to persist for up to 6 

months after treatment (Maloney et al., 1997).  

The elimination of rituximab has been demonstrated to decelerate during 

repeated infusions, which was explained by the depletion of target cells. Binding 

to target B cells removes antibodies from serum and leads to a reduction in binding 

sites during treatments; the half-life of the antibody may increase from 76.3 hours 

to 205.8 hours between the first and fourth treatments (Berinstein et al., 1998). 
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Some studies have demonstrated an even longer half-time of up to three weeks 

(Regazzi et al., 2005). The combination of rituximab with chemotherapy has not 

affected pharmacokinetics (Blasco, Chatelut, de Bretagne, Congy-Jolivet, & Le 

Guellec, 2009). 

CHOP-based chemoimmunotherapy 

International guidelines on risk stratification differ slightly in terms of assigning 

patients into different risk groups. In line with the European Society for Medical 

Oncology (ESMO) guideline, the Finnish national guideline is based on IPI scores. 

These guidelines consider stage as a part of IPI. In the National Comprehensive 

Cancer Network (NCCN) guideline, the first determining factor is staging, and IPI 

scores influence decisions only thereafter. Studies published over the past decade 

are often based on the categorization of DLBCL into limited- and advanced-stage 

disease. These publications differ for patients with the advanced-stage disease 

without any other IPI scores; the ESMO assigns these patients to the low-risk group, 

while the NCCN assigns them to the advanced stage. Nevertheless, treatment 

options are similar. The NCCN guideline also recognizes the possibility of 

completing treatment after three or four cycles of R-CHOP under certain 

circumstances, whereas the minimum number of cycles according to the ESMO 

guideline is six. (Tilly et al., 2015; Zelenetz et al., 2016; Lymfoomaryhmä, 2019; 

NCCN, 2021) 

The MInT has validated the benefits of R-CHOP compared to CHOP in 

younger patients (age ≤ 60), with three-year PFS 85% versus 68%, and OS 93% 

versus 83% (Pfreundschuh et al., 2006). The results of the GELA trial were similar 

with regard to elderly patients, and were sustained after longer follow up (Feugier 

et al., 2005; Coiffier et al., 2002; Pfreundschuh et al., 2006; Pfreundschuh et al., 

2011).  

The Flyer study suggests that a subgroup of young patients with a favorable 

prognosis may be treated with four cycles of R-CHOP instead of six without 

compromising results. This was based on a phase III randomized study in which 

592 patients were treated with either six cycles of R-CHOP or four cycles of R-

CHOP plus two single rituximab. Prophylactic RT was administered to the 

contralateral testis in cases of testicular lymphoma. Otherwise, radiotherapy was 

not included in the protocol (Poeschel et al., 2018). 

Results of the phase III Goya trial were presented at the 2018 annual meeting 

of the American Society of Hematology (ASH). It was a randomized study 



35 

including 1,418 previously untreated DLBCL patients. A total of 712 patients were 

randomized to the R-CHOP arm and 706 to the G-CHOP (obinutuzumab + CHOP) 

arm, with similar results in both arms. The R-CHOP arm was further divided 

according to the number of treatment cycles, with 526 patients receiving six 

treatment cycles and 186 patients receiving eight treatment cycles. According to 

these results, eight cycles did not produce any additional benefit over the six cycles, 

but induced adverse effects. It was concluded that six R-CHOP cycles should be 

considered a standard of care for patients with advanced-stage disease (Sehn et al., 

2018; Sehn et al., 2020). 

On the other hand, treatment intensification with a DA-EPOCH-R regimen was 

more toxic without any benefit for PFS or OS. In this study, the number of given 

cycles varied between three and eight. There was a trend implying a lower number 

of cycles in DA-EPOCH-R than R-CHOP (Bartlett, N. L. et al., 2019). 

2.4.2 Treatment in limited-stage disease  

The ESMO has formulated its treatment recommendations according to IPI 

classifications, along with age and feasibility of treatment intensification. 

According to these criteria, the standard treatment for young patients with low-risk 

disease (IPI 0) without a bulky tumor is six cycles of R-CHOP. This 

recommendation is based on the MInT study (Pfreundschuh et al., 2006). The Flyer 

study compared six cycles of R-CHOP with four cycles consolidated with two 

single rituximab infusions. The study demonstrated similar three-year PFS (89%) 

in both arms; in young patients with a favorable prognosis, OS was 99% in patients 

treated with 4xR-CHOP+ 2xR, and 98% in patients treated with 6xR-CHOP 

(Poeschel et al., 2018). These results suggest the possibility of reducing treatment 

intensity in patients with limited-stage, IPI 0 and without bulky tumor. 

In turn, the recommendation of the NCCN is based on the stage of the disease. 

According to the NCCN guideline, patients with limited-stage disease without 

bulky tumor can be treated with three cycles of R-CHOP followed by RT. This may 

also be considered an option especially in elderly patients and patients with severe 

comorbidities or problems with treatment tolerability (NCCN, 2021). The 

recommendation for limited-stage patients with bulky tumor is six cycles of R-

CHOP with or without RT. Consolidation radiotherapy does not appear to improve 

the prognosis of these patients after six cycles of R-CHOP (Lamy, Damaj, Gyan, 

Soubeyran, & Bouabdallah, 2014; Lamy, Thierry et al., 2018; Reyes et al., 2005). 
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2.4.3 Treatment in advanced-stage disease  

R-CHOP is also the standard of care in advanced-stage DLBCL. There are still 

patients who do not respond to conventional treatments as expected, and no 

beneficial options are available for these patients. On the other hand, it should also 

be possible to control the adverse effect of current treatments in patients who 

respond to treatment. With a view to avoiding excessive therapies, several studies 

have attempted to determine the minimum number of courses required. 

The PETAL trial investigated the possibility of improving the outcome by 

enhancing treatment to an intensive methotrexate and cytarabine-based protocol 

guided by PET-CT after two cycles of R-CHOP. Intensification failed to improve 

prognosis, and a subgroup analysis also suggested that receiving six cycles of R-

CHOP was not inferior to R-CHOP x6 + 2xR (Hüttmann et al., 2019). Triple dose 

escalation increased toxicity and mortality. In addition, doubling the dose during 

the first four cycles, or replacing eight rituximab with ten obinutuzumab, failed to 

improve the patient’s prognosis. (Hüttmann et al., 2019; Lugtenburg et al., 2016; 

Vitolo et al., 2017).  

The GOYA study aimed to compare the efficacy and safety of obinutuzumab + 

CHOP (G-CHOP) with R-CHOP in previously untreated DLBCL patients. 

Obinutuzumab did not improve the prognosis in this study, but the study provided 

additional information for the optimal number of R-CHOP cycles. Patients in the 

R-CHOP group were randomized to 8x R-CHOP or 6xR-CHOP + 2xR. PFS was 

similar in both groups; however, OS was inferior in the R-CHOPx8 group (83.2% 

vs. 76.2%) (Vitolo et al., 2017). According to these results, R-CHOP x6 should be 

considered a standard of care in DLBCL patients with advanced-stage disease.  

The NHL-B2 trial demonstrated that CHOP every two weeks, as against the 

conventional three-week interval, might be more effective in elderly patients, but 

this intensification has demonstrated no benefit in the rituximab era (Cunningham 

et al., 2013). 

2.4.4  Treatment of double-/triple-hit lymphomas and double/triple 

expressor lymphomas 

Double-/triple-hit lymphomas (DHL/THL) are associated with aggressive clinical 

and biological features, including high IPI, advanced-stage, high Ki-67, LDH, and 

multiple extranodal sites (Le Gouill et al., 2007; Perry et al., 2014). The risk of 

CNS relapse among these entities is also high, namely 10% at two years (Savage 
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et al., 2016). The prognosis of DHL patients treated by conventional treatment 

regimens is dismal, with a median OS of approximately 12 months (Aggarwal et 

al., 2016; Swerdlow et al., 2016; Riedell & Smith, 2018; Perry et al., 2014). There 

are no prospective studies concerning these entities. C-MYC rearrangement is 

characteristic of Burkitt lymphoma and required for the diagnosis of DHL/THL. It 

is also associated with insufficient response to conventional treatments (Dave et al., 

2006; Oosten et al., 2018).  

It is clear that conventional treatment strategy is not sufficient for patients with 

concurrent rearrangement of MYC with BCL2 and/or BCL6 in DLBCL (Johnson 

et al., 2012; Aggarwal et al., 2016; Swerdlow et al., 2016; Riedell & Smith, 2018; 

Perry et al., 2014). A subset analysis by the SWOG S9704 trial highlights the 

inadequacy of R-CHOP with DHL by demonstrating a dismal prognosis for these 

patients after R-CHOP; all patients with DHL died, regardless of whether they had 

received ASCT or not (Cook et al., 2014; Puvvada et al., 2016). Based on the above, 

it is recommended that this entity be approached using the Burkitt lymphoma 

treatment regimen. However, the efficacy is still unknown, and optimal therapy of 

DHL/THL is not clear.  

Dose adjusted R-EPOCH (rituximab, etoposide, prednisone, vincristine, 

cyclophosphamide, doxorubicin) was superior to R-CHOP at the front line. Median 

PFS was 22.2 months versus 12.1 months, and complete response rates and two-

year event-free survival rates were also higher in the Da-EPOCH-R-treated group 

(Howlett et al., 2015; Petrich et al., 2014). This is a well-tolerated treatment and a 

valid choice in clinical practice (Petrich et al., 2014; Dunleavy et al., 2014; Wilson 

et al., 2016).   

CODOX-M-IVAC (cyclophosphamide, vincristine, doxorubicin, methotrexate, 

ifosfamide, etoposide, and cytarabine) followed by ASCT is capable of promoting 

long-term remission in many patients. However, the challenge of disease 

progression during induction treatment remains (Sun et al., 2015). CODOX-M-

IVAC is an intensive treatment with a large number of adverse effects and high 

treatment-related mortality; it is therefore not feasible for the majority of elderly 

patients. Da-EPOCH-R, by contrast, is a legitimate choice for elderly patients 

(Chihara et al., 2016; Friedberg, 2017). Although these dose-escalated regimens 

have improved response rates and PFS, this was not observed in overall survival 

rates according to meta-analyze, including 11 studies and 394 DLBCL patients  

(Howlett et al., 2015). 
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2.4.5  Treatment of refractory and relapsed disease 

Despite improved treatment results of DLBCL, patients with a relapsed or 

refractory disease have a poor prognosis. Between 10% and 15% of patients do not 

respond to front-line treatment sufficiently, or their disease relapses within three to 

six months. In such patients, the disease is classified as primary refractory. Most 

disease relapses occur within two years, but approximately 10% of relapses may 

occur more than five years after treatment. (Coiffier et al., 2010). 

Several factors affect the prognosis of patients with relapsed or refractory 

disease. According to most studies, time to relapse is a significant factor. If the 

relapse occurs within 12 months after the diagnosis, the prognosis is dismal, and 

no beneficial curative treatment options exist (Gisselbrecht et al., 2010; Jermann et 

al., 2004). Chemotherapy sensitivity prior to intensive treatments is another 

important prognostic factor, as well as IPI scores (Blay et al., 1998; Hamlin et al., 

2003). Recent studies have demonstrated that certain biomarkers are predictive of 

the selection of salvage therapy. Patients with GCB phenotype seem to benefit more 

from the R-DHAP regimen, whereas patients with MYC translocation may have a 

worse outcome, regardless of the salvage therapy used (Thieblemont et al., 2011; 

Cuccuini et al., 2012).  

Patients with primary refractory disease have a dismal outcome. Hitz et al. 

analyzed 1,126 patients treated between 2000 and 2009. Primary refractory disease 

was detected in 166 of these patients, 75 of whom were under the age of 70, and 

thus candidates for HDT and ASCT. Only 27% of these patients responded to 

salvage therapy and were ultimately finally eligible for ASCT. For these 75 patients 

treated with curative intent, median OS was ten months, and five-year OS was 8%. 

(Hitz et al., 2015). Results obtained in the rituximab era are similar to previous 

studies. Crump et al. found an ORR of 26% (CR 7%) for patients with a refractory 

disease, with a median OS of 6.3 months (Crump et al., 2017).  

HDT followed by ASCT 

High-dose chemotherapy followed by ASCT has become a standard treatment for 

patients with relapsed and refractory disease and is a curative treatment for some 

patients. In the pre-rituximab era, ASCT was compared to conventional 

chemotherapy in a randomized setting. A total of 215 patients were randomized 

between conventional consolidation therapy and ASCT between 1987 and 1994. 

The response rate was 84 % after ASCT and 44% after conventional chemotherapy. 
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Corresponding five-year EFS was 46% vs. 12%, and five-year OS 53% vs. 32%. 

This study also demonstrated a difference between patients with refractory or 

relapsed disease. Patients with relapsed disease had a 64% overall response rate 

(RR) after chemotherapy, whereas that of those whose disease was progressing 

during the treatment RR was 21%. (Philip et al., 1995).  

Chemosensitivity and response before high-dose treatment are determinants in 

the primary refractory situation. In a retrospective study, Kewalrami et al. analyzed 

85 patients with refractory disease treated by ICE (etoposide, ifosfamide with 

mesna and carboplatin) with the intention to proceed to HDT and ASCT. Intention-

to-treat (ITT) analyses demonstrated three-year OS 25% and EFS 21.9% among all 

patients, compared to those whose disease was chemosensitive and treated by 

HDT/ASCT whose corresponding rates were OS 52.5% and EFS 44.2% 

(Kewalramani et al., 2000).  HDT and ASCT are also possible in patients with a PR 

response, although patients with CR demonstrate better PFS (Vose et al., 2001;  

Moskowitz et al., 1999; Prince et al., 1996). 

Adding rituximab to salvage ICE demonstrated significantly better CR rates 

than ICE (53% vs. 27%), but two-year PFS was not significantly better – 54% with 

R-ICE and 43% with ICE  (Kewalramani et al., 2004). Subsequent to these results, 

rituximab has been added to several salvage therapy regimens (Salles et al., 2017; 

Gisselbrecht et al., 2010; Jermann et al., 2004). 

Many induction regimens used as salvage prior to ASCT have been studied. 

CORAL was the first prospective study comparing different salvage treatments in 

relapsed or refractory DLBCL patients. A total of 396 patients were randomized to 

R-ICE or R-DHAP (cisplatin, cytarabine and dexamethasone) regimens and 388 

were treated. After the third cycle, patients with CR or PR were treated with high-

dose BEAM (carmustine, etoposide, cytarabine and melphalan) followed by ASCT. 

RT was not allowed; if given, it was regarded as an event. Three-year EFS was 31%; 

after R-ICE it was 26% and after R-DHAP 35%. This difference was not 

statistically significant. The corresponding OS was 49%; after R-ICE it was 47% 

and after R-DHAP 51%, with no statistical significance. According to these results, 

achieving CR or PR prior to ASCT led to a similar outcome. (Gisselbrecht et al., 

2010) 

The NCIC-CTG-LY.12 study compared DHAP and GDP (gemcitabine, 

dexamethasone and cisplatin) as an induction regimen for patients with a relapsed 

or refractory aggressive lymphoma prior to ASCT. Rituximab was included in the 

therapy for patients with B-cell lymphomas. A total of 619 patients were included 

in the study, the vast majority of whom presented with a DLBCL histology (n=419). 
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This was a non-inferiority study, and it revealed that GDP was non-inferior to 

DHAP in terms of response rates, EFS and OS. It also demonstrated less toxicity 

and superior QoL. (Crump, Michael et al., 2014.) 

Maintenance therapy after ASCT 

Maintenance therapy after treatment of follicular lymphoma has been demonstrated 

to improve PFS. In DLBCL, results are contradictory. In a retrospective analysis, 

maintenance therapy has demonstrated some benefits, but randomized trials have 

not been able to verify this (Horwitz et al., 2004; Khouri et al., 2005; Haioun et al., 

2009).  

In the CORAL study, patients were randomized after ASCT to either 

maintenance rituximab or an observation arm. Maintenance therapy was given 

every eight weeks for one year. No difference in PFS or OS was observed between 

the observation or therapy group, neither at the end of maintenance treatment nor 

after follow-up; four-year EFS was 52% in the rituximab group and 53% in the 

observation group. Unexpectedly, a significant difference was seen in EFS between 

men (46%) and women (63%) in the treatment group. (Gisselbrecht et al., 2012.) 

Equal second randomization was also made in the NCIC-CTG-LY.12 study, 

which included 338 patients in maintenance and 345 patients in the observation 

group. No difference was seen in ITT analyses, with a three-year EFS of 80.1% in 

the rituximab maintenance group and 76.5% in the observation group. The 

corresponding OS rates were 92% in the maintenance group and 90.3% in 

observation. This study was in line with the CORAL study and concluded that 

maintenance therapy demonstrated no benefit after the first remission. (Jaeger et 

al., 2015.) 

2.4.6 Consolidative radiotherapy in DLBCL 

Consolidative RT has been found to be able to improve PFS after achieving a 

complete response to immunochemotherapy. Consequently, immunochemotherapy 

followed by RT has been regarded as the standard of care until recently. However, 

the results are ambiguous (Tumati et al., 2018; Pfreundschuh et al., 2018; 

Pfreundschuh et al., 2017; Pfreundschuh et al., 2008; Fluge et al., 2018; 

Pfreundschuh et al., 2006; Held et al., 2014). Most RT studies were undertaken in 

the pre-rituximab era. Rituximab has improved the prognosis of DLBCL, indicating 

that the role of RT should be re-evaluated. PET-CT has also influenced the 
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evaluation of the significance of RT. Six-year results from the MInT were published 

in 2011 and demonstrated the beneficial outcome of the addition of rituximab to 

the conventional CHOP regimen. In these analyses, the authors compared the 

results with those of the GELA study and found that RT may be beneficial for young 

people with bulky disease. According to the MInT six-year analyses, rituximab 

diminished the adverse significance of bulky tumor, but did not eliminate it. In 

addition, RT was beneficial, unlike in the previous MInT analyses in 2008. 

(Pfreundschuh et al., 2008; Pfreundschuh et al., 2006) 

The RICOVER-60 study found that the results of patients over the age of 60 

were in line with younger patients, and RT demonstrated no benefit after treatment 

of local disease in general. However, it may improve the outcome in the case of a 

primary bulky tumor (Held et al., 2014; Lamy et al., 2018; Bonnet et al., 2007). 

The OPTIMAL60 study aimed to reduce treatment-related toxicity in elderly 

patients without compromising treatment results. In this study, PET-CT was 

included in response evaluation, and PET-positive lesions were irradiated after 

immunochemotherapy. Patients with a PET-negative bulky tumor did not undergo 

RT. These results were compared to the results of the RICOVER-60 study and 

demonstrated a non-inferior outcome. Two-year PFS was 79% in the 

OPTIMAL>60 study, and 75% in the RICOVER-60 study. It was concluded that 

RT could be excluded from the treatment of elderly patients with PET-negative 

bulky tumor after chemotherapy without compromising results (Pfreundschuh et 

al., 2017). 

The UNFOLDER trial results were published in 2018. The aim of this study 

was to evaluate the role of RT for young people with extranodal or bulky disease 

and with a good prognosis. In interim analyses, non-RT arms were closed due to 

significantly better EFS in the RT arm. However, the final analysis demonstrated 

that patients in the observation arm had worse EFS, due primarily to higher PR 

rates without influence on PFS or OS. Three-year PFS was 89% in the RT group, 

compared to 81% in the non-RT group, and the corresponding OS rates were 93% 

vs. 93%. The conclusion reached was that these results demonstrated challenges in 

evaluating the nature of residual masses without PET. (Pfreundschuh et al., 2018; 

Pfreundschuh et al., 2017; Held et al., 2014; Lamy et al., 2018)  

The same challenges appear in several other studies. Norwegian colleagues 

evaluated the results of consolidative RT to residual mass after chemotherapy in a 

retrospective analysis covering patients from 2003 to 2008, before PET-CT was 

generally available. They found RT to have efficacy in most subgroups with low or 

intermediate risk (Fluge et al., 2018). In 2018, Lamy et al. published results of a 
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randomized trial relating to RT in non-bulky limited-stage DLBCL, evaluated by 

PET-CT. PET was a mandatory inclusion criterion, and PR responders were 

excluded. Their analyses revealed that R-CHOP was non-inferior to R-CHOP 

followed by RT in these patients. Five-year EFS in R-CHOP + RT was 92% vs. 89% 

in R-CHOP alone; the corresponding OS was 96% vs. 92% with p values that were 

not significant. (Lamy et al., 2018).  

2.4.7 Treatment options in the future 

Studies over the past decade have demonstrated that personalized medicine in 

DLBCL requires a better understanding of the mutation that drives tumor genesis 

and progression, as well as more knowledge of co-operating mutation. There are 

several pathways and targets that are tempting as treatment targets. Targeted 

therapies are promising and are currently being evaluated in clinical trials (Pfeifer 

et al., 2013). 

BCL2 Inhibitors 

BCL2 acts as an anti-apoptotic regulator and promotes the survival of the 

lymphoma cells. Its overexpression exists in approximately 50% of DLBCL. The 

first-in-human study on venetoclax, a BCL2 inhibitor, demonstrated promising 

results in relapsed or refractory NHL; however, the overall response rate in DLBCL 

was only 18%  (Davids et al., 2017). 

Venetoclax was further studied in the CAVALLI phase Ib study, which included 

56 patients treated with venetoclax combined with R- or G-CHOP. Of these patients, 

32% were DLBCL patients treated in the first line, with ORR 88.9%. Moreover, 

most DEL patients achieved CR (87.5%) and adverse effects were manageable 

(Zelenetz et al., 2019). The CAVALLI phase 2 study compared venetoclax + R-

CHOP to the matched GOYA control group and demonstrated similar ORR rates 

(83% vs. 80%) and two-year OS rates (86% vs. 81%). The Bcl-2 IHC+ subgroup 

PFS difference was statistically significant (78% vs. 62%), but the two-year OS 

difference was not (83% vs. 75%). Further studies are needed before conclusions 

can be drawn  (Morschhauser et al., 2021). 
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PI3K inhibitors 

EZH2 histone methyltransferase has played a significant role in GCB DLBCL 

promoting lymphomagenesis in mice, and EZH2 histone methyltransferase 

inhibitor is in early clinical testing in relapsed DLBCL (Velichutina et al., 2010). 

The PI3K pathway is critical for cancer progression through many mechanisms, 

and it is known to be activated in B-cell neoplasms. Idelalisib is a potent PI3K 

p110Ò inhibitor, but it has not induced responses in DLBCL (Kahl et al., 2010). 

Other PI3K pathway inhibitors, such as the mTOR inhibitors temsirolimus and 

everolimus and new Akt inhibitors, are under research but not yet in clinical use 

(Petrich et al., 2012). Copanlisib is another PI3K inhibitor with 𝛼/𝛿 activity, and it 

induces cytotoxicity in BCR-dependent DLBCL. Copanlisib combined with the 

BCL2 inhibitor venetoclax, has demonstrated synergistic activity in both in vitro 

and in vivo preclinical studies  (Bojarczuk et al., 2019). 

Ibrutinib 

ABC-DLBCL is characterized by activation of BCR- signaling by autoantigens that 

further activates NF-𝜅B. Mutations in the BCR subunits CD79A and CD79B and 

TLR adaptor MYD88 are other promising targets currently in clinical trials. BTK 

is a part of the activating signaling cascade of NF-𝜅B, and ibrutinib is a BTK 

inhibitor, with a response of 37% in ABC-DLBCL but only 5% in GCB (Wilson et 

al., 2015).  

Results were promising in ABC-DBLC, and a phase III randomized trial was 

therefore conducted to evaluate ibrutinib plus R-CHOP compared to R-CHOP 

alone; the trial included 838 patients with ABC-DLBCL. According to these results, 

ibrutinib could not improve EFS (HR 0.949 [95%CI 0.762-1.200]; p=0.59) or 

response rates; CR was 67.3% vs. 68% in the ITT population. However, in patients 

aged <60, all study endpoints (EFS, PFS, and OS) improved. In patients aged >60, 

an increased number of serious adverse effects compromised the accomplishment 

of R-CHOP treatment; thus, impaired EFS, PFS and OS was detected among these 

patients (Younes et al., 2019).   

Phelan et al. introduced a supercomplex called My-T-BCR, which drives pro-

survival of both NF-𝜅B and mTOR signaling and includes MYD88, TLR9, and 

BCR. Activation of this My-T-BCR is seen in malignancies responsive to ibrutinib. 

In the future, it may assist in identifying patients who may benefit from adding 

ibrutinib to immunochemotherapy (Phelan et al., 2018). Other promising targets in 
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ABC-DLBCL might be PKC-β inhibition, MALT1 inhibition, and JAK-STAT 

inhibition, but these are neither in clinical use nor clinical trials (Roschewski et al., 

2014).  

Constitutive NF-𝜅B activation and misfunction in terminal B-cell 

differentiation are often seen in refractory/relapsed ABC-DLBCL. These may 

induce p53 signaling and immune escape mechanisms. Pascual et al. demonstrated 

in a mouse model that simultaneous PD-1 blockade and CD20 immunotherapy 

were beneficial and strengthened the notion that tumor microenvironment (TME) 

is also an important factor in disease progression and therapy responses. (Pascual 

et al., 2019.) 

Bortezomib 

Bortezomib is a reversible proteasome inhibitor that induces apoptosis, functions 

as an antiangiogenic factor, and causes NF-𝜅B inhibition. It has been demonstrated 

to be effective in multiple myeloma and mantle cell lymphoma, especially if NF-

𝜅B is activated (Goy et al., 2010; Mulligan et al., 2007; Keats et al., 2007). It has 

demonstrated promising results in studies that have also included DLBCL patients 

with ORR 88% and CR 75 %, and it may enhance the outcome of patients with the 

non-GC phenotype (Ribrag et al., 2009; Ruan et al., 2011).  

Despite early promising results, the benefit of bortemozib could not be 

confirmed in a randomized setting. PYRAMID was a phase II study comparing 

bortezomib+R-CHOP (VR-CHOP) and R-CHOP in untreated non-GCB DLBCL 

patients. The results of this study revealed that adding bortezomib did not improve 

the outcome, and it was concluded that longer follow-up was unlikely to change 

this situation (Leonard et al., 2017). Results were similar in the REMoDL-B 

randomized phase III trial, which included 918 patients. In this trial, bortezomib 

was unable to improve the outcomes achieved with R-CHOP in patients with ABC 

DLBCL. Exploratory analyses conduced in the trial suggested that specific risk 

groups such as double-expressor or DHL/THL lymphomas may benefit from 

adding bortezomib to R-CHOP, but this requires further study. (Davies et al., 2019.) 

Lenalidomide 

Lenalidomide is a promising new agent. It is a thalidomide analog and probably 

functions as an immunomodulator enhancing cellular immunity and NK T-cell 

activation (Bartlett, Dredge, & Dalgleish, 2004). In addition, it has antiproliferative 
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and antiangiogenic effects on the microenvironment (Lentzsch et al., 2003; 

Verhelle et al., 2007). It has demonstrated promising results as monotherapy in 

relapsed and refractory aggressive NHL, especially in patients with ABC DLBCL 

(Wiernik et al., 2008; Hernandez-Ilizaliturri et al., 2011).  

The efficacy of R2CHOP (lenalidomide combined with conventional R-CHOP) 

was assessed in a phase II study in DLBCL patients. ORR was 98% among the 

included 60 patients, with 80% of CR. Two-year PFS was 28% in the R-CHOP arm 

and 64% in the R-CHOP plus lenalidomide arm. Corresponding OS rates were 46% 

vs. 78%. In this study, the outcome in the R2CHOP arm was similar to that of the 

other arm, regardless of the GC subtype, proposing that lenalidomide may 

eliminate the adverse impact of the non-GC subtype. (Nowakowski et al., 2015.) 

ROBUST is a randomized phase III trial whose results are awaited and expected to 

be published soon.  

In elderly patients, lenalidomide with R-CHOP has demonstrated potential in 

first-line therapy with tolerable safety. The REAL07 phase II trial demonstrated 

ORR 92%, including 86% CR in elderly patients with an untreated DLBCL (Vitolo 

et al., 2014).  

Lenalidomide has also been combined with ibrutinib and rituximab in 

refractory and relapsed settings in a phase 1b study of 45 R/R patients – 27% of the 

patients with primary refractory disease and 51% with non-GC subtype. In this 

study, ORR was 38% and CRR 24%. Patients with non-GC subtype had higher RR; 

65% of patients with non-GC disease responded to treatment, including 41% with 

CR. The median PFS for all patients was 5.5 months, while in responding patients, 

it was 18.8 months. In the non-GCB group, median PFS was 3.9 months and OS, 

10.7 months. The corresponding numbers in the GCB group were PFS, 5.5 months 

and OS, 7.1 months. The conclusion was that lenalidomide might be a valid option 

for patients with refractory or relapsed disease ineligible for ASCT, but that this 

requires further study (Goy et al., 2019). 

Avadomide 

Avadomide is a ubiquitin ligase modulator and cereblon-modulation agent, with 

both immunomodulatory and antitumor properties. It has been demonstrated to be 

effective for those classified as immune-high patients according to a recently 

published gene expression classifier. This classification is independent of the COO 

subtypes, and it is supposed to distinguish patients with high immune cell 

infiltration. In relapsed or refractory settings, the ORR was 28%, and the median 
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duration of response was 31 weeks. Avadomide is currently being evaluated in 

combination with other agents. (Carpio et al., 2020; Risueno et al., 2020) 

CAR-T 

According to the SCHOLAR-1 study, the prognoses of patients with a primary 

refractory disease or disease relapse after ASCT is poor. Among such patients, this 

study found a median survival of 6.3 months, with a response rate of 26% to any 

regimens, and a CR rate of 7% (Crump et al., 2017). Anti-CD19 chimeric antigen 

receptor (CAR) T-cell therapies have demonstrated promising results for patients 

with refractory disease, inducing long responses which may indicate the possibility 

of a permanent cure (Schuster et al., 2019; Neelapu et al., 2017).  

The results of the ZUMA-1 study were published in 2017 for axicabtagene 

ciloleucel (axi-cel), one of the anti-CD19 CAR-T treatments, in patients with 

refractory DLBCL. In these patients with poor prognosis, the ORR was 82%, and 

the CR percentage was 54%. The OS at 18 months was 52%, and 40% were still in 

CR at that time, indicating a sustained CR response (Neelapu et al., 2017).  

According to the JULIET study published in 2019, another CD19 antigen 

receptor therapy treatment, tisagenlecleucel, has demonstrated similarly promising 

results. CR response was seen in 40% of the 93 included patients, and PR in 12%. 

Twelve months relapse-free survival was assessed to be 65%, and these results were 

similar regardless of tumor expression of CD19 or immune checkpoint-related 

proteins (Schuster et al., 2019). 

Lisocabtagene maraleucel (liso-cel) has also demonstrated promising results in 

patients with relapsed or refractory large B-cell lymphomas in a study of 344 

patients of whom 269 were treated with liso-cel. The response rate was 73% with 

a 53% CR rate, and grade 3 or more cytokine release syndrome and neurological 

adverse effects were rare; 2% and 10%  (Abramson et al., 2020).   

2.5  CNS risk and prophylaxis 

Despite improved treatment outcomes in DLBCL, CNS relapse remains a 

challenging issue with a dismal prognosis. The incidence of CNS relapse is 

approximately 5% (Ghose et al., 2015; Boehme, Volkmar, Schmitz, Zeynalova, 

Loeffler, & Pfreundschuh, 2009; Zhang, Chen, & Xu, 2014). The median time to 

CNS relapse is short – 6.5 to 7 months – and the median survival after CNS relapse 

is dismal: 2 to 12 months, and probably less than 6 months (Ghose et al., 2015; 
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Herr, Barr, Rich, & Mohile, 2014; Tai et al., 2011; Zahid, Khan, Hashmi, Kizilbash, 

& Barta, 2016). These numbers highlight the importance of identifying patients at 

risk for CNS disease and the need for effective treatments and prophylaxis. 

Identifying patients at increased risk has been challenging and most studies are 

retrospective analyses. CNS relapses are rare, and it is therefore challenging to 

define risk factors and to identify ways to prevent them (Ghose et al., 2015). 

2.5.1 Risk factors for CNS relapse 

IPI scores have been a widely used method to evaluate the risk of CNS relapse in 

DLBCL patients. High IPI score, high LDH, and multiple extranodal involvements 

– especially involvement in bone marrow, testes and breast – are regarded as risk 

factors for CNS dissemination (Zucca et al., 2003; Gholam, Bibeau, El Weshi, Bosq, 

& Ribrag, 2003; Tai et al., 2011; Yamamoto et al., 2010).  

The impact of bone marrow involvement on CNS risk has demonstrated 

conflicting results. The effect of other specific locations on the risk of CNS relapse 

has also been detected. The risk of CNS relapses in patients with intraocular 

involvement is between 50% and 90%. Uterine DLBCL appears to increase the risk 

to 40%, and it has recently been found that adrenal gland or renal involvement 

represents a 40% risk of CNS relapse. (Boehme et al., 2007; Villa, Connors, Sehn, 

Gascoyne, & Savage, 2011; Tomita et al., 2012). 

In the pre-rituximab era, Hollender et al. classified high-grade NHLs, including 

DLBCL patients, into low- and high-CNS risk, based on LDH, serum albumin level, 

age, retroperitoneal lymph node involvement, and multiple extranodal sites. Based 

on this stratification, the risk was 6% in the low-risk group and 25% in the high-

risk group (Hollender et al., 2002). 

Several studies have shown a significantly reduced risk of CNS relapse in the 

rituximab era compared to the pre-rituximab era, and RICOVER-60 was the largest 

of these studies. These improved results are likely to reflect improved systemic 

control of disease (Tai et al., 2011; McMillan et al., 2013; Kumar et al., 2012; 

Boehme et al., 2009). Although rituximab appears to reduce CNS relapses, it has 

not been able to improve the prognosis of CNS relapses, which is explained by the 

poor blood-brain-barrier permeability of rituximab (Rubenstein et al., 2003). 
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IPI AND CNS-IPI 

The conventional IPI score has been used to stratify patients into different CNS 

relapse risk groups. The German High-Grade Lymphoma study group (DSHNHL) 

evaluated risk factors in a cohort of 2164 patients. They found IPI to be the 

strongest risk factor and all factors, except >1 extranodal sites, were significant.  In 

addition to IPI, kidney/adrenal gland involvement was associated with a 

significantly increased risk of CNS relapse. Combining these findings, they 

proposed a CNS-IPI classification to stratify patients into low risk (0-1 factors), 

intermediate (2-3 factors) and high risk (4 factors and more) groups. The two-year 

CNS risk was 0.6%, 3.4%, and 10.2%, respectively. Among high-risk patients, the 

risk of CNS relapse was further increased to 15% by five factors and 32.5% by six 

factors. (Schmitz et al., 2016.)  These results were further validated in a separate 

study in which the retrospective population consisted of 1597 patients (El-Galaly 

et al., 2017).    

Although the CNS-IPI model is able to identify more patients at higher risk for 

CNS relapse than conventional IPI, there is still 40% of CNS relapses that occur 

among patients with intermediate-risk disease (Schmitz et al., 2016). Other clinical 

risk factors for CNS relapse have also been published, such as extranodal sites >2 

with a CNS risk of 15,2% and specific extranodal sites including kidney and 

adrenal involvement, which indicate very high risk (up to 40%). In addition, 

testicular, bone marrow, orbit, pericardial, uterine, and sinus involvement have 

been suggested to be risk factors for CNS relapse (Boehme et al., 2007; Villa et al., 

2011; Tomita et al., 2012). 

In the rituximab era, it has been demonstrated that the prognosis of patients 

with craniofacial involvement is no longer different from other patients, and CNS 

prophylaxes are therefore not needed in this group. It is also significant that 

radiotherapy to the craniofacial sites did not improve the outcome of patients in this 

group (Murawski et al., 2014).  Uterine involvement is a high-risk factor that is 

associated with a CNS relapse risk of up to 41%. Testis involvement also remains 

a risk factor, and rituximab has not reduced that risk (El-Galaly et al., 2016; Kridel 

et al., 2017). 

Savage et al. evaluated MYC and BCL2 expression on the risk of CNS relapse 

in 428 patients. They found double expression phenotype associated with increased 

risk of CNS relapse independent of CNS-IPI score and COO, with a two-year risk 

of 9.7% vs. 2.2%. The risk for all patients was 4.3%. According to these results, the 
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risk was higher in patients with ABC DLBCL than the GCB phenotype (9.1% vs. 

2.3%; (Savage et al., 2016).  

The impact of COO on the risk of CNS relapse was confirmed in more 

extensive data relating to 1,418 DLBCL patients treated with obinutuzumab- or R-

CHOP in the GOYA study. The predictability of CNS relapse was improved by 

combining COO with CNS-IPI scores (CNS-IPI-C). The risk was 0.5% in the low-

risk group, 4.4% in the intermediate-risk group, and 15.2% in the high-risk group. 

By contrast, MYC and BCL2 dual expression was not associated with higher CNS 

risk in this study (Klanova et al., 2019). DHIT and THIT lymphomas have a higher 

risk of CNS relapse than other DLBCL. Risk estimates vary between studies from 

13% up to 50% depending on the inclusion criteria (Savage, 2017; Savage et al., 

2016) 

CNS Prophylaxis 

The NCCN guideline recommendation for CNS prophylaxis is either intrathecal 

(IT) methotrexate (MTX) and/or cytarabine or intravenous high-dose methotrexate 

(Zelenetz et al., 2019). Results from 984 patients in the UK were reported in 2017, 

with a CNS relapse incidence of 1.9%. These results imply that the incidence of 

CNS relapses may have decreased in the rituximab era. Of these patients, 177/984 

received some CNS prophylaxis, including IT methotrexate in 163 patients, IV 

MTX in two patients, unknown in 11, and IT MTX combined with IT cytarabine in 

one patient. CNS relapses occurred in 81% of the cases in the brain parenchyma, 

and leptomeningeal involvement occurred in 14,3% of patients. (Gleeson et al., 

2017.)   

IT methotrexate and/or cytarabine is the most frequently used form of CNS 

prophylaxis but is unlikely to prevent parenchymal relapses due to poor distribution 

into the brain parenchyma (Fleischhack, Jaehde, & Bode, 2005). According to a 

large dataset of 3,258 patients, CNS prophylaxes seem inefficient, and there is no 

clear recommendation for the most effective treatment. The study was a 

retrospective analysis of 3,258 patients treated with CHOP or R-CHOP from 1988 

to 2008, 1,005 of whom received some CNS prophylaxis. The prophylaxis 

treatments varied and included RT (108 pt), intrathecal chemotherapy (275 pt), high 

dose methotrexate (299 pt) or rituximab (323 pt). According to these data, CNS 

prophylaxis could not improve outcome, and the number of relapses was similar, 

regardless of whether prophylaxes were used or not (Aviles, Jesus Nambo, & Neri, 

2013).  
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Ferreri et al. published data on 200 DLBCL patients treated after 2007. Forty 

of the 107 patients at high risk for CNS relapse received CNS prophylaxes – either 

3– 4 courses of high dose methotrexate 3g/m2, with or without IT cytarabine, or IT 

chemotherapy alone. CNS relapses occurred in eight patients (12%) who had not 

received prophylaxis and in one patient treated with IT treatment only. The authors 

concluded that high-dose methotrexate is associated with reduced rates of CNS 

relapse and should be included in the treatment of DLBCL patients at high risk for 

CNS disease (Ferreri et al., 2015).  

The serum concentration of free methotrexate seems to correlate with the CSF 

methotrexate levels, and a rapid infusion is able to induce a higher level of free 

drug (Evans et al., 1983; Hiraga et al., 1999).  Notably, lower doses of methotrexate 

or prolonged infusions could not achieve sufficient CSF methotrexate levels. In 

clinical studies, doses of methotrexate greater than 3g/m2 have demonstrated 

adequate CSF levels (Khan, R. B., Shi, Thaler, DeAngelis, & Abrey, 2002; Hiraga 

et al., 1999). Abrahamson et al. identified 65 patients at high risk of CNS relapse 

from a data set of 1,238 patients diagnosed between 2000 and 2008 in 

Massachusetts. Patients had received an average of 3 cycles of IV methotrexate 

3.5g/m2 with leucovorin concurrently with standard systemic therapy, with curative 

intent. CNS relapse was detected in two patients (3%). The study concluded that 

IV methotrexate is associated with low risk of CNS relapse, and patients can be 

treated concurrently with high-dose methotrexate and R-CHOP. (Abramson et al., 

2010).  

For elderly patients, high-dose methotrexate may be toxic, and many patients 

over the age of 70 are ineligible for this treatment. In a study of 690 patients aged 

≥70 treated in the UK from 2009 to 2018, two-year CNS relapse incidence was 10% 

after excluding high-dose methotrexate (HD-MTX) treated patients. According to 

these results, there was no benefit from IT prophylaxes alone; instead, IT therapy 

was an independent risk factor for infection during R-CHOP. (Eyre et al., 2019).  

2.6 Primary central nervous system lymphoma  

Primary central nervous system lymphoma (PCNSL) is an aggressive and rare 

lymphoma entity representing approximately 2%–3% of NHLs. The incidence is 

increasing, especially among older people (Villano, Koshy, Shaikh, Dolecek, & 

McCarthy, 2011). PCNSL is localized to the central nervous system without 

systemic disease and occurs in the brain, leptomeninges, spinal cord, or eyes. It 
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accounts for 2% to 4% of all primary tumors of the central nervous system (Vassal 

et al., 1990; Batchelor, Tracy & Loeffler, 2006; Villano et al., 2011).  

The prognosis of PCNSL patients remains dismal despite a slight improvement 

after the introduction of high-dose methotrexate-based treatment (Haldorsen et al., 

2007; Rubenstein et al., 2008; Ferreri et al., 2009).  The SEER dataset included 

2,557 patients diagnosed with PCNSL between 1973 and 2004. It demonstrated a 

median survival of 12 months for all HIV-negative patients and 14 months in the 

latter decade (the 2000s) (Norden, Drappatz, Wen, & Claus, 2011). Between 40% 

and 50% of PCNSL patients may be long-term survivals, with a median survival 

time of 25.3 months. However, it should be noted that relapses may occur after 

longer follow-up, regardless of the complete response achieved (Harjama et al., 

2015; Houillier et al., 2020). 

2.6.1  Risk factors 

The only known risk factor for PCNSL is congenital or acquired immunodeficiency. 

HIV patients have a 3,600-fold increased risk of PCNSL, and implementation of 

the antiretroviral therapies in daily practice has therefore also influenced the 

incidence of PCNSL in recent decades (Cote, Manns, Hardy, Yellin, & Hartge, 1996; 

Rubenstein et al., 2008). Epstein Barr Virus (EBV) infection and congenital 

immunodeficiencies, such as Wiskott-Aldrich syndrome, have also been associated 

with an increased risk of PCNSL (Schabet, 1999; Cingolani et al., 2000). 

Immunohistochemical stratification has been uncertain, but non-GCB may be 

overrepresented and has been associated with a worse OS in some studies, 

especially with BCL2 expression (Koh et al., 2015; Lee et al., 2017; Niparuck et 

al., 2019). 

2.6.2  Pathogenesis and clinical presentation 

Approximately 90% of PCNSLs present with DLBCL histology, and more than 90% 

of primary CNS DLBCL cases are ABC subtypes (Miller et al., 1994; Campo et al., 

2011; Batchelor, 2019). The remaining 10% of PCNSL lymphoma include T-cell 

lymphomas, Burkitt, and lymphoblastic and marginal-zone lymphomas (Miller et 

al., 1994; Camilleri-Broet et al., 1998). PCNSL is inherently diffuse, and it is often 

infiltrative, multifocal, or in deep structures in the brain, which the result that 

curative surgery is not an option for these patients (Jahr, Da Broi, Holte, Beiske, & 

Meling, 2018).   
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B-cell markers, such as CD19, CD20, and CD79, are present in almost all 

PCNSLs. BCL6 and BCL2 are detectable in 56% – 93%, MUM1 in most tumors, 

and CD10 is expressed in 10%–20% of PCNSL cases (Montesinos-Rongen et al., 

2008; Reinhardt et al., 2019). Tumor cells also demonstrate a high proliferative 

activity (Deckert-Schlüter, Rang, & Wiestler, 1998; Deckert et al., 2011).    

The most common subtype of PCNSL is ABC DLBCL, and MYD88 and 

CD79B mutations are commonly seen in these cases (Vater et al., 2015). MYD88 

activates a TLR signaling pathway, and CD79B affects a BCR pathway, both of 

which increase the activity of NFkB. These mutations also occur in the systemic 

ABC type DLBCL but less frequently (Grommes, Nayak, Tun, & Batchelor, 2019; 

Horn et al., 2013). Other PCNSL-related mutations are involved in cell-cycle 

regulation, immune recognition, or modification of chromatin (Horn et al., 2013). 

Expression of MYC concurrent with BCL2 (DEL) has been seen to predict 

worse RR and poor outcomes in PCNSL. An addition of DEL to NCCN-IPI may 

enhance the discrimination of the PCNSL risk groups (Hatzl et al., 2020). 

Translocations of MYC and BCL2 and/or BCL6 are less common and associated 

with worse outcomes in systemic DLBCL. In PCNSL, the effect is less known due 

to its rarity. In a study of 78 PCNSL patients, MYC translocation was detected in 3 

patients, BCL6 in 15, and BCL2 translocation in one patient. Only one patient had 

DHL lymphoma, and there was no THL lymphoma in this study (Nosrati et al., 

2019). Previously, the incidence of MYC translocation prevalence was suggested 

to be approximately 3%. However, translocations are rare in a rare entity, and 

knowledge of this effect is therefore limited (Cady et al., 2008)   

Clinical presentation 

Clinical symptoms may appear for weeks before patients apply for 

physical examination. In a study of 284 patients, the mean time from symptoms to 

examination was 80 days; however, the symptoms were only uveitis or seizures, 

the mean time was up to 7 years. Common clinical signs may include focal 

neurological deficits, generalized neuropsychiatric symptoms, or symptoms caused 

by increased intracranial pressure (Bataille et al., 2000; Batchelor & Loeffler, 2006; 

Giannini, Dogan, & Salomão, 2014).  

Clinical symptoms depend on the location and the size of the lymphoma lesion. 

Most patients have some form of neurological deficiency (56% to 70%), 

neuropsychiatric symptoms, or behavioral changes (32 to 43%). Seizures are 

relatively rare. Lesions are more commonly located in the deeper brain parenchyma; 
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thus, only 11% to 14% of patients suffer from seizures. Increased intracranial 

pressure may cause pressure symptoms in PCNSL patients, which may include 

headache, vomiting, nausea, or papilledema (Bataille et al., 2000; Batchelor & 

Loeffler, 2006; Giannini et al., 2014). 

Ophthalmic manifestation occurs in 15% to 25% of PCNSL patients, and 

symptoms may include blurred or impaired vision (Hoffman, McKelvie, Hall, 

Stawell, & Santamaria, 2003; Tang, L. J., Gu, & Zhang, 2017). Leptomeningeal 

involvement is often asymptomatic, and it is also relatively rare. Approximately 15% 

to 25% of PCNSL patients have concurrent leptomeningeal dissemination (Fischer 

et al., 2008). Spinal cord involvement is the rarest form of PCNSL and is only 

known from case reports, with the result that incidence cannot be estimated 

(Flanagan et al., 2011; Feng et al., 2018). 

2.6.3  Diagnosis 

PCNSL diagnosis is challenging. A tumor may mimic other brain diseases and 

disorders and is commonly present with nonspecific symptoms.  

Imaging 

Magnetic resonance imaging (Fig. 2) is the recommended method for diagnosis and 

response evaluation (Hoang-Xuan et al., 2015). Contrast-enhancing lesions are 

characteristic of PCNSL, and MRI should be performed using fluid-attenuated 

inversion recovery (FLAIR) and T1-weighted sequences with and without contrast 

(Kuker et al., 2005; Hoang-Xuan et al., 2015). Typically, PCNSL lesions are 

homogeneously enhancing deep lesions, but enhancement may be lacking if 

corticosteroids have been administered to the patient before imaging. These lesions 

are usually associated with edema and may cause a mass effect, but necrosis is 

rarely detected (Coulon et al., 2002; Zou et al., 2017). Most PCNCLs presents with 

a solitary lesion (65% to 80%), but in some cases, the disease may be multifocal 

(Kuker et al., 2005; Coulon et al., 2002). 

If MRI is not an option, CT is reasonable alternative diagnostically 

proportional to MRI. In both imaging methods, the findings are not specific to 

PCNSL and may be similar in glioma, metastases, or inflammatory conditions 

(Batchelor & Loeffler, 2006; Kuker et al., 2005).  
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In response evaluation, there are several confounding factors in the 

interpretation of MRI. Disruption of the blood-brain barrier is seen as contrast 

enhancement in MRI, which may be due to the tumor; however, RT, chemotherapy, 

or surgical interventions can cause similar findings in MRI. Follow-up MRI has 

challenges in distinguishing malignant lesions from other findings caused by 

inflammatory or scar processes. (Kimura et al., 2009; Maza et al., 2013.)  

FDG-PET aims to provide additional information for PCNSL diagnostics, but 

the results are contradictory in several studies. Some studies have shown PET to 

help distinguish lymphomas from other malignant tumors due to its higher 

metabolic activity expressed as SUV. However, others have found that PET is 

unable to distinguish atypical MRI PCNSL lesions from other tumorous or non-

tumorous lesions (Kosaka et al., 2008; Kimura et al., 2009; Rosenfeld et al., 1992). 

According to one meta-analysis of eight studies published in 2017, PET-CT had a 

pooled sensitivity of 0.88 and a pooled specificity of 0.86. It was concluded that 

PET-CT could be a valuable diagnostic tool for PCNSL patients and may enhance 

MRI-based diagnostics differentiation (Zou et al., 2017).  

 

Fig. 2. T2-weighted gadolinium enhanced MRI image of PCNSL a) before and b) after the 

treatment. 

Histopathology 

Despite improvements in imaging methods, histopathological confirmation is still 

needed for the diagnosis of PCNSL. Stereotactic tumor biopsy or subtotal resection 
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is the gold standard for diagnosis (Hoang-Xuan et al., 2015). In the case of ocular 

or cerebrospinal fluid (CNS) disease, vitrectomy or CSF cytology may be 

diagnostic and thus, if positive, an appropriate method for diagnosis (Abrey et al., 

2005). 

Corticosteroids may affect sample reliability by causing rapid lysis of 

lymphoma cells and should therefore be avoided before biopsy if possible 

(Gametchu, 1987; Bromberg, Siemers, & Taphoorn, 2002). However, in most cases, 

the diagnosis is still sufficient, regardless of corticosteroids. According to a review 

from 1985 to 2009 involving 109 patients, 13 of these patients required re-biopsy, 

and 8 of them had received corticosteroids before the biopsy. In most patients 

treated with corticosteroids prior to biopsy, corticosteroids did not significantly 

impair imaging responses and did not affect diagnosis (Porter et al., 2008). These 

results were similar to those of Norwegian researchers. Corticosteroids should 

therefore be avoided before biopsy if possible, but their clinical significance is 

likely to be low (Haldorsen, Espeland, Larsen, & Mella, 2005). 

CSF 

Approximately 20% of PCNSL patients have a leptomeningeal disease. Lumbar 

puncture is required at diagnosis due to the risk of leptomeningeal disease (Kiewe, 

Fischer, Martus, Thiel, & Korfel, 2010; Korfel et al., 2012).  Increased intracranial 

pressure is a contraindication to lumbar puncture and should therefore be evaluated 

beforehand. CNS cytomorphology is most frequently used to identify 

leptomeningeal involvement, but in complicated cases, flow cytometry or PCR 

analyses of immunoglobulin genes may provide additional information (Chiavazza 

et al., 2018).  

CSF puncture is less invasive than biopsy, making it a tempting diagnostic 

method. Morell et al. analyzed 1,481 PCNSL patients to determine the diagnostic 

significance of CNF screening. They found that the diagnostic value of CSF was 

low among these patients, and brain biopsy is still the standard method for 

diagnosis. CSF was diagnostic in 7.4% of PCNSL patients, and positive in 14.9% 

of cases at some stage of disease (Morell et al., 2019).  

2.6.4 Staging 

PCNSL is an extranodal NHL, but the conventional Ann Arbor classification is not 

useful in assessing PCNSL risk factors or prognosis. The International Extranodal 
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Lymphoma Study Group (IELGS) published a scoring system of five independent 

factors to evaluate the prognosis. These factors were age, serum LDH level, 

performance status, CSF protein concertation, and involvement of deep areas of the 

brain. This score divides patients into three risk groups with a two-year OS of 85%, 

57%, and 24%, and it was thus able to effectively distinguish different risk groups. 

(Ferreri et al., 2003). 

In addition to these factors, the Memoriam Sloan Kettering Cancer Center 

(MSKCC) found scoring by age and Karnofsky performance status (KPS) to 

correlate with OS. This scoring includes three different risk groups, age ≤50, 

age >50 and KPS ≥ 70, and age >50 and KPS <70, with median survival of 5.2, 2.1, 

and 0.9 years. This scoring system was proposed to be incorporated into clinical 

use due to its simplicity and statistical power. (Abrey et al., 2006.)  

PCNSL is primary brain lymphoma, and it should be distinguished from 

systemic NHL with CNS involvement. Therefore, in addition to PCNSL diagnostic 

methods, comprehensive baseline evaluations should also be performed at the time 

of diagnosis. The recommendation for PCNSL extent evaluation is to perform brain 

MRI and MRI of the spine in the presence of spinal symptoms, ophthalmologic 

evaluation with a slit-lamp examination, CSF analysis, and testis ultrasound for 

elderly men. Baseline laboratory testing should include HIV, hepatitis B and C, 

LDH testing, and renal and hepatic function tests. In addition to these PCNSL 

evaluation examinations, systemic disease assessment includes whole-body CT and 

bone marrow biopsy. (Abrey et al., 2005; Hoang-Xuan et al., 2015) PET-CT may 

be more sensitive in systemic NHL staging. One retrospective study demonstrated 

that 7% of patients had systemic disease according to PET-CT after negative CT 

and bone marrow biopsy (Mohile, Deangelis, & Abrey, 2008).   

2.6.5 Treatment of PCNSL 

Surgery 

Surgery and surgical resection have demonstrated better survival rates in 

glioblastoma, the most common malignant brain tumor, and other primary brain 

tumors. Nevertheless, it is of little or no benefit in PCNSL (Lacroix et al., 2001; 

Laws et al., 2003; Abrey et al., 2005). Many studies have demonstrated no benefit 

from cytoreductive surgery. A German study demonstrated better PFS and OS rates 

with total and subtotal resection than with biopsy. The median OS was 31 months 
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with total resection, 31 months with a subtotal, and 18 months with biopsy. 

However, in this study, biopsy patients more often had multiple and deep lesions, 

and after being adjusted for the number of lesions, surgery was significant for PFS, 

but not for OS (Bataille et al., 2000; Weller et al., 2012; DeAngelis et al., 1990).  

Although most studies are small and retrospective, the nature of PCNSL is most 

often an obstacle for surgery.  Lesions are often located in deep brain areas, and are 

infiltrative or associated with intraocular or leptomeningeal involvement, which 

causes contraindications for surgery (Reni, Ferreri, Garancini, & Villa, 1997; Lai, 

Rosenblum, & DeAngelis, 2002; Miller et al., 1994).  In addition, disease 

progression in PCNSL patients often occurs distant from the primary lesion, 

suggesting that microscopic spread is likely to occur even before imaging 

progression or MRI enhancement (Lai et al., 2002; Miller et al., 1994). Surgical 

resection may be valid and necessary in patients at risk of brain herniation or with 

large lesions, but clinical evidence in other situations is insufficient (Hoang-Xuan 

et al., 2015).  

Systemic therapy in PCNSL 

While high-dose methotrexate-based treatment is the basis of PCNSL treatment, 

the most effective dose of methotrexate has not been established. The BBB (Fig. 3) 

is crucial for the efficacy of treatment, and the dose association of methotrexate to 

crossing the BBB is uncertain (Ferreri et al., 2004; Joerger et al., 2010). The effect 

of methotrexate has been demonstrated in various studies with ORR 35% to 74%, 

median PFS 10 to 12.8 months, and median OS of 25 to 55 months (Gerstner, 

Carson, Grossman, & Batchelor, 2008; Herrlinger et al., 2005; Batchelor et al., 

2003). Nevertheless, the optimal dose of methotrexate has remained unclear. 

Methotrexate over 3g/m2 has demonstrated cytotoxic levels in CSF, and rapid 

infusion induces higher levels of free drugs (Evans et al., 1983; Hiraga et al., 1999; 

Khan et al., 2002). Based on these findings, rapid infusion at a dose of 3g/m2 or 

more is recommended (Hiraga et al., 1999; Hoang-Xuan et al., 2015). The infusion 

interval varies between 10 days to 3 weeks, depending on the duration of exposure 

(Glass, Gruber, Cher, & Hochberg, 1994; Hoang-Xuan et al., 2015)  

Methotrexate treatment has potential complications if the elimination of the 

drug is prolonged for some reason. Elimination may be impaired due to reduced 

renal function, accumulation of drug to another fluid space, or drug interactions. 

Consequently, high-dose methotrexate treatment requires supportive treatments 

and evaluation (Joerger et al., 2006; Gerstner et al., 2008). Before, during, and after 
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treatment, patients must be overhydrated and require urinary alkalinization, 

leucovorin rescue, and monitoring of methotrexate concentration (Hoang-Xuan et 

al., 2015).  

The addition of chemotherapeutic agents to methotrexate has improved 

responses and outcomes, but the drug of choice is unclear. However, it should be 

noted that drugs used for treatment must be able to cross the blood-brain barrier, 

such as cytarabine, ifosfamide, vincristine, temozolomide, procarbazine or thiotepa 

used in regimens R-MT, R-MPV and MATRix  (Ferreri et al., 2009). 

The phase II randomized IELSG20 trial demonstrated the benefit of adding 

cytarabine to HD-MTX treatment with improvement in three-year OS (46% vs. 32% 

p=0.07), FFS (38% and 21% p=0.01), and CR (46% vs. 15% p=0.006; (Ferreri et 

al., 2009).  

The G-PCNSL-SG-1 phase 3 randomized trial was a non-inferiority study 

assessing the significance of WBRT after first-line chemotherapy. A total of 551 

patients were included in the study between 2000 and 2009; iphosamide was 

included in the protocol after 2006, based on the awareness that HD-MTX alone is 

unlikely to be sufficient. No significant difference in survival or PFS was found 

when comparing HD-MTX alone to HD-MTX with iphosamide. (Thiel et al., 2010.) 

Temozolomide with HD-MTX, R-MT, was analyzed in non-randomized 

CALGB 50202 and Radiation Therapy Oncology Group (RTOG) 0227 trials. 

GALGB 50202 was a multicenter study that aimed to assess the possibility of 

rejecting WBRT from treatment while using etoposide plus cytarabine as 

consolidation. The CR rate in this study was 66% and the two-year PFS 57%. OS 

was not reached at the time of the analyses, but the estimated four-year median OS 

was 65%. (Rubenstein et al., 2013.) In RTOG 0227 trial, R-MT was followed by 

hypofractionated WBRT consolidation. The two-year OS was 80.8% and PFS 

63.6%, which were the best results in the PCNSL RTOG studies (Glass et al., 2016).  

Temozolomide alone was analyzed in a retrospective study in elderly patients with 

comorbidities. The CR rate was 47%, median OS 21 months, and 5 out of 17 

patients survived for more than 24 months, suggesting that single temozolomide 

might be a valid option for elderly patients (Kurzwelly et al., 2010).  

Methotrexate combined with alkylating agents and rituximab has been assessed 

in few phase II trials. In a study of 52 patients, R-MPV (rituximab, methotrexate, 

procarbazine and vincristine) followed by reduced WBRT and cytarabine or WBRT 

demonstrated three-year PFS 51% and OS 77% in the ITT analyses. Response rates 

after chemotherapy were high, with 79% of CR responses. (Morris et al., 2013.) In 

another study, R-MPV was combined with high-dose treatment followed by ASCT 
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with excellent disease control and OS. After 5 to 7 cycles of R-MPV, patients with 

CR of PR response were treated with HDC (thiotepa, cyclophosphamide and 

busulfan) followed by ASCT and without WBRT. Two-year PFS was 79% and OS 

81% among all patients; among transplanted patients, two-year PFS and OS were 

both 81%. Results were excellent without neurotoxicity and with acceptable 

toxicity (Omuro et al., 2015). R-MT and R-MPV were compared among elderly 

patients in the ANOCEF-GOELAMS trial favoring R-MPV. Both regimens were 

acceptable with toxicities and demonstrated improvement in QOL with time and no 

evidence of late neurotoxicity (Omuro et al., 2015).  

The IELGS32 trial compared methotrexate and cytarabine in combination with 

rituximab and/or thiotepa, followed by WBRT or ASCT. The 227 patients that were 

included in the trial were treated between 2010 and 2014. Patients received four 

cycles of methotrexate 3.5 g/m2 and second- and third-day cytarabine 2g/m2 (AraC) 

twice a day. In addition to these agents, patients received either rituximab twice (d-

5 and d0), all three agents plus thiotepa (MATRix), or none of these additional 

agents in each cycle. Following these regimens, patients were randomized to 

WBRT or ASCT if stable or responsive disease was achieved. The first 

randomization demonstrated that the CR rate was 49% with MATRix, 30% with 

HD-MTX, cytarabine plus rituximab, and 23% with HD-MTX plus cytarabine 

alone. Six percent of patients died due to toxicity – hematological grade 4 toxicities 

were more common with MATRix, but infective complications were similar. 

According to these results, the conclusion was that MATRix should be considered 

as a new standard treatment for patients up to the age of 70 (Ferreri et al., 2016; 

Schorb et al., 2020). 

ASCT was compared to WBRT as consolidation after induction therapy in a 

randomized phase II PERCIS study. The study demonstrated both to be effective, 

with a tendency to prefer ASCT. Two-year PFS was 63% in the WBRT arm and 87% 

in the ASCT, and cognitive functions were impaired after WBRT but improved in 

the ASCT arm (Houillier et al., 2019). 

Treatment of elderly patients 

It is commonly recognized that the outcomes of patients treated outside trials may 

differ from those treated within a trial. Zeremski et al. analyzed patients treated in 

the G-PCNSL-SG-1 trial compared to patients treated outside the trial in one 

institution from 2000 to 2015. The median OS was 9.3 months for patients outside 

the trial and 33.4 months for patients in the trial. The corresponding median PFS 
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was 3.4 months compared to 24.8 months. These results demonstrated that the 

outcome of similarly treated patients treated outside the trial differs significantly 

from trial-treated results (Zeremski, Koehler, Fischer, & Schalk, 2016).   

Schorb et al. recently published a retrospective study of MATRix as induction 

therapy treated outside trial, including 156 patients with PCNSL. The age of the 

patients ranged from 28 to 78, and the ECOG from 0 to 4. The ORR was 79%, two-

year PFS was 56%, and OS 64.1%. Treatment-related mortality was 6%, which was 

similar to IELGS32 trial mortality. However, consideration should be given to 

treating elderly patients with impaired performance status with age-adapted 

regimens, especially during the first cycle of the treatment (Schorb et al., 2020).  

Immunoincompetent patients 

MATRix seems to be feasible for patients with HIV, although the etiology of the 

disease is different. This entity is commonly associated with EBV, and less 

intensive treatments – combined with antiretroviral therapy – have been 

demonstrated to be effective for patients in this subgroup (Moulignier et al., 2017).  

Whole-Brain radiotherapy (WBRT) 

The significance of WBRT is not clear, and results are conflicted according to 

various small studies. WBRT treatment alone has reached median OS 

approximately one year with PNCSL patients (Nelson et al., 1992; Nelson, 1999).  

An addition of MTX-based treatment followed by WBRT demonstrated 

improvement of survival in the RTOG 9310 trial, but there was a delayed risk of 

neurotoxicity in this setting (DeAngelis et al., 2002).  

G-PCNSL-SG-1 was a randomized trial with a hypothesis of non-inferiority of 

chemotherapy compared to WBRT. In univariate analyses, KPS and age were only 

prognostic indicators for survival, with a median OS of 41.7 months in patients 

aged <60, and 24.1 months in patients aged ≥ 60. The non-inferiority margin was 

not reached, although no difference in OS was found between the groups. WBRT 

was associated with increased neurotoxicity. It was concluded that patients with CR 

after first-line therapy and patients with insufficient response, who require 

alternative treatments, could probably be excluded from WBRT without 

compromising results. (Thiel et al., 2010.)  

The results of the second randomization of IELG32 (p.60) for WBRT 

compared to ASCT were published in 2017. The study design is described above. 



61 

A total of 118 patients were randomized to the WBRT or ASCT group. According 

to these results, both are effective after HD-MTX-based immunochemotherapy and 

well tolerated. No significant differences in PFS were detected with a two-year PFS 

time of 80% in the WBRT and 69% in the ASCT group. However, this study 

concluded that cognitive impairment after WBRT should be considered in decision 

making. (Ferreri et al., 2017.)  

The International Extranodal Lymphoma Study Group (IELSG) and the RTOG 

evaluated the impact of low-dose radiotherapy by randomized study. In the study, 

43 patients were assigned to chemoRT and 44 to chemotherapy without RT, with a 

response rate of 81% in chemoRT and 83% in the chemotherapy group. After 55 

months of follow-up, the median ITT PFS was 25 months in the chemotherapy 

group and not reached in the chemoRT group. These data require maturation, and 

OS was not been reached. It was concluded that PFS is improved by adding LD-

WBRT to R-MPV-A in PCSNL, and neurotoxicity was under evaluation during this 

study (Omuro et al., 2020). 
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3 Aims of the study 

This study aimed to assess and determine the factors affecting the optimal treatment 

of patients with DLBCL. 

1. The aim of study I was to analyze retrospectively the results of PCNSL patients 

treated with immunochemotherapy in conjunction with BBBD treatment in 

Oulu University Hospital 

2. The aim of study II was to evaluate the significance of bulky tumor at the time 

of diagnosis and residual tumor after immunochemotherapy, as well as the 

effect of consolidation RT on the prognosis of DLBCL patients. 

3. The aim of study III was to assess the specificity of PET-CT as an interim and 

end-of-treatment evaluation compared to histological findings of tumor biopsy 

and the value of pathological findings of biopsy for the treatment decisions.  
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4 Material and methods 

4.1 Patients in studies I-III 

The data used in these studies were collected from the patient records of Oulu 

University Hospital. A statement from the Ethics Committee of Oulu University 

Hospital has been obtained. 

4.1.1 Patients in study I 

Patients in the BBBD study were treated with immunochemotherapy in conjunction 

with BBBD in the Oulu University Hospital. Patients from outside our hospital 

district had received induction therapy and were consolidated with high-dose 

treatment, followed by ASCT, in their local hospitals. The first published analysis 

included 25 patients treated between 2007 and 2014 as first- or second-line 

treatment. All patients were immunocompetent PCNSL patients. Of the 25 patients, 

17 were male and 8 female, with a median age of 57. Detailed patient demographics 

are presented in Table 1. 

4.1.2 Patients in studies II-III 

The data included 351 DLBCL patients treated with curative intentions in the first 

line between January 2010 and November 2017 at Oulu University Hospital. 

Seventeen patients with solitary CNS relapses and 22 patients with incomplete data 

were excluded, and a total of 312 DLBCL patients were subsequently enrolled. The 

Study III patients are the 102 patients from Study II who had undergone a response 

evaluation with PET-CT. Patient demographics from studies II and III are presented 

in Table 2. Figure 3 outlines the patient selection for study III. 
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Table 1. Patient characteristics, study I. 

Variable                                   No. of patients (n=25) SD or %  

Gender     

  Male 17 68 

  Female 8 32 
1Age (years) 

  

  <60 13 52 

  ≥60 12 48 

WHO classification 
  

No data 0 0 

0 8 32 

1 8 32 

2 5 20 

3 4 16 

4 0 0 

previous treatments 
  

  Bonn 6 cycles 14 56 

  Bonn <6 cycles 10 40 

  ASCT 1 4 

Intraocular lymphoma 
  

  Positive 7 28 

  Negative 16 64 

  No data 2 8 

Spinal  

fluid cytology 

  

  Positive 4 16 

  Negative 13 52 

  No data 8 32 

comorbidities 
  

  no comorbidities 9 36 

  cardiovascular disease 7 28 

  lung disease 1 4 

  musculoskeletal 3 12 

  unclassified 5 20 

SD, Standard deviation; WHO World Health Organization; 1Age (years, mean SD) = 57.5 (59)  
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Table 2. Patient characteristics, study II and III. 

Variable                        No. of 

patients 

(312pt.) 

SD 

or % 

 Patients 

treated with 

RT (114pt.) 

 Patients 

treated without 

RT (198pt.) 

 Patients 

underwent 

iPET (102pt.) 

Gender 
 

   
 

      

  Female 139 45 %  48  91  45 

  Male 173 55 %  66  107  57 

Age (years) 
 

   
 

      

<70 175 56 %  64  111  76 

≥70 135 43 %  50  87  26 

No data 2 0.6%  
 

      

WHO classification 
 

   
 

      

0 49 16 %  19  30  22 

1 109 35 %  41  68  32 

2 60 19 %  22  38  28 

3 26 8 %  10  16  7 

4 17 5 %  1  16  2 

No data 51 16 %  21  30  11 

IPI 
 

   
 

      

1 41 13 %  16  25  7 

2 68 22 %  28  40  23 

3 65 21 %  24  41  33 

4 63 20 %  11  52  20 

5 22 7 %  7  15  7 

No data 53 17 %  3  25  12 

Stage 
 

   
 

      

1 46 15 %  18  28  5 

2 41 13 %  19  22  13 

3 57 18 %  15  42  25 

4 133 43 %  42  91  51 

No data 35 11 %  20  15  8 

B-symptoms 
 

   
 

      

Yes 162 52 %  48  114  65 

No 112 36 %  45  67  29 

No data 38 12 %  21  17  8 

treatment protocols         

R-CHOPx4-8 122 39%  43  78  50 

R-CHOEPx6-8 38 12%  12  25  20 

R-CEOPx4-8 76 24%  39  37  14 

other or no 

chemotherapy 

76 25%  20  58  18 
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Fig. 3. Patient selection, study III – flow chart.  

4.2 Diagnosis and staging 

The diagnostic and staging evaluation included whole-body CT-scanning, bone 

marrow biopsy and aspiration, and blood tests including LDH, renal, and liver 

function tests. The staging was performed according to the Ann Arbor classification, 

which is presented in Table 3. Performance status (PS) was assessed according to 

the WHO classification from 0 to 5 (Table 4). 
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Table 3. Ann Arbor classification for lymphoma staging. 

Stage Features 

I Involvement of a single lymph node region or lymphoid structure (e.g., spleen, 

thymus, Waldeyer's ring) 

II Involvement of two or more lymph node regions on the same side of the 

diaphragm 

III Involvement of lymph regions or structures on both sides of the diaphragm 

IV Involvement of extranodal site(s) beyond that designated E 

For all stages  

A  No Symptoms 

B   

For stages I to III  

E  Involvement of a single, extranodal site contiguous or proximal to the known 

nodal site 

Table 4. WHO performance status classification. 

4.2.1 Diagnosis and staging in study I 

PCNSL diagnosis was based either on histopathological examination of stereotactic 

tumor biopsy or a positive cerebrospinal fluid (CSF) cytology assessed according 

to the WHO 2008 classification.    

Brain MRI, whole-body CT-scanning, CSF examination, and slit-lamp 

examination were performed for all patients at the staging. The performance status 

of the patients was expected to be at a manageable level for intensive 

immunochemotherapy treatments. Several blood tests were examined in all patients, 

Grade Explanation of activity 

0 Fully active, able to carry on all pre-disease performance without restriction 

1 Restricted in physically strenuous activity but ambulatory and able to carry out work of a light or 

sedentary nature, e.g., light housework, office work 

2 Ambulatory and capable of all self-care but unable to carry out any work activities; up and about 

more than 50% of waking hours 

3 Capable of only limited self-care; confined to bed or chair more than 50% of waking hours 

4 Completely disabled; cannot carry on any self-care. Totally confined to bed or chair 

5 Dead 
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including complete blood count, liver and renal functions tests, LDH, and 

serological tests for hepatitis B, C, and HIV. 

4.2.2  Diagnosis and staging in studies II and III 

The diagnosis was based on histopathological analysis of tumor samples. All 

patients underwent whole-body computed tomography (CT), while bone marrow 

biopsy and aspiration were taken from 267 of 312 patients at the staging. The 

staging was rated according to the Ann Arbor classification (Table 3). WHO 

performance scores were defined between grades 0– 4, and IPI scores were rated 

on a scale of 1–5 (Table 5).   

Primary tumor size was measured from the largest tumor diameter at the largest 

tumor site. In these studies, the cut-off value for the definition of the bulky tumor 

was estimated to be ~7.5 cm from the receiver operating curve (ROC). Residual 

tumor size was measured from the maximum diameter of the widest residual tumor. 

In these studies, the cut-off value for the residual tumor was estimated to be 1.5 cm 

from the ROC curve.  

Table 5.  International Prognostic Index score.  

Factor Adverse factor 

Age >60 years 

Ann Arbor stage III or IV 

Serum LDH level Above normal 

No.extranodal sites,   2 

Performance status ECOG PS  2 

4.3  Treatment 

4.3.1 Treatments in study I 

Prior to BBBD treatment, all patients had previously received either one or more 

Bonn/Bonn-like cytoreductive treatments or a matrix regimen (Table 7). One 

patient had previously received high-dose treatment followed by ASCT. Three or 

four weeks after the cytoreductive treatment, BBBD treatment was started, with 

two disruptions performed on two consecutive days. Treatment was administered 

four to six times every three or four weeks, depending on the time elapsed for 
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achieving a response. The initial four-drug treatment was seen to be tolerated 

extremely well. However, since certain patients had an inadequate response, their 

treatment was intensified to the five-drug regimen. The treatment regimens are 

presented in Table 6. If CR or good PR response was achieved, stem cells were 

mobilized with Bonn C regimen in those patients treated with a four-drug protocol, 

or with BBBD immunochemotherapy in those patients receiving the five-drug 

regimen. Stem cells were mobilized after the third, fourth, fifth, or sixth BBBD 

treatment. Carmustine-thiotepa was used as a high dose treatment regimen, with 

the exception of one patient, who was treated with BEAM (carmustine, etoposide, 

cytabine, melphalane).  

The BBBD treatment protocol is relatively complicated, and includes several 

supportive and adjunctive medicines and processes (Fig 5). Prior to the treatment, 

a double lumen port-a-cath was inserted. Hyperhydration and urine alkalizations 

started at least six hours before chemotherapy administration. All patients received 

prophylactic anticonvulsants due to the risk of seizures during methotrexate 

infusion. Rituximab was administered intravenously on the day before BBBD.  

BBBD treatment was performed under general anesthesia. The internal carotid 

artery (ICA) or the vertebral artery (VA) was catheterized through the arteria 

femoralis. The BBB opening (Fig 4) was accomplished with warmed 25% mannitol 

administered via an inserted catheter at a rate of 4 ml/s to 6 ml/s. 

Cyclophosphamide and etoposide require liver activation to be converted to an 

active form of the drug. Therefore, these drugs were infused intravenously 

immediately prior to BBB opening. Methotrexate and carboplatin were infused 

intra-arterially with a 15-minute infusion straight to the cerebral artery.  After the 

treatment, a non-ionic contrast agent was administered and a brain CT was 

performed to assess the degree of disruption. The degree was considered moderate, 

good, or excellent by visual evaluation from the CT using nondisruptive areas as a 

control. 

Following BBBD treatment, patients were monitored in the post-anesthesia 

care unit (Fig 5). The monitoring time included the administration of sodium 

thiosulphate for hearing protection, monitoring of vital signs, neurological status 

and fluid balance. If the patient was treated with methotrexate, the urinary pH was 

maintained above 7.5 and NaHCO3 was administered if needed, and fluid balance 

was maintained with 15% mannitol as required. The treatment regimens used are 

presented in Table 7. 
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Fig. 4. The schematic of a BBB A) structure and b) opening. 

Fig. 5. BBBD treatment schedules. 
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Table 6. BBBD Treatment protocols. 

 Drug Treatment 1 

4-drug treatment 

Treatment 2  

4-drug (if methotrexate 

contraindicated) 

Treatment 3 

5-drug treatment 

rituximab 375mg/m2 iv infusion d0 375mg/m2 iv infusion d0 375mg/m2 iv infusion d0 

methotrexate 2500mg/m2 i.a d1-2  2500mg/2 i.a d1-2 

carboplatin 200mg/m2 i.a d1-2 200mg/m2 200mg/m2 i.a d1-2 

dexamethasone 6mgx4-6 p.o. d2-10 6mgx4-6 p.o. d2-10 6mgx4-6 p.o. d2-10 

cytarabine 40mg i.t. d14 40mg i.t. d14 40mg i.t. d14 

cyclophosphamide  330mg/m2 i.v. d1-2 330mg/m2 i.v. d1-2 

etoposide  200mg/m2 i.v. d1-2 200mg/m2 i.v. d1-2 

i.v., intravenous; i.a, intra-arterial; i.t, intrathecal; p.o., per os 

Table 7. Comparison between BBBD 5-drugs, Bonn and MATRix protocols. 

 Drug BBBD 5-drug Bonn A1, A2 Bonn B1, B2 Bonn C1, C2 MATRix 

methotrexate i.v. 2500mg/m2x2 5000mg/m2x1 5000mg/m2x1  3000mg/m2x1 

vincristine i.v.  2mgx1 2mgx1   

vindesine i.v.    5mgx1  

iphosamide i.v.  800mg/m2x4    

mesna i.v.  160mg/m2x4    

cyclophosphamide 330mg/m2x2  200mg/m2x4   

cytarabine i.v.    3000mg/m2x4  2000mg/m2x4 

dexamethasone 6mgx32 p.o. 10mg/m2x4 i.v. 10mg/m2x4 i.v. 20mg/m2x5 i.v.  

rituximab i.v. 375mg/m2x1    375mg/m2x1 

etoposide i.v. 200mg/m2x2     

carboplatin i.v. 200mg/m2x2     

tiotepa i.v.     30mg/m2x1 

prednisone i.t.  10mgx4 10mgx4 10mgx4  

methotrexate i.t.  3mgx4 3mgx4 3mgx4  

cytarabine i.t. 40mgx1 30mgx1 30mgx1 30mgx1  

i.v. intravenous; i.t. intrathecal; p.o. per os 

4.3.2 Treatments in studies II and III 

In study II, patient treatment protocols were mainly R-CHOP regimen (rituximab, 

doxorubicin, cyclophosphamide, vincristine and prednisolone) x6-8 (n=113) and 
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R-CEOP (rituximab, epirubicin, cyclophosphamide, vincristine, and prednisolone) 

x6-8 (n=76), with or without the preface therapy. Other protocols used were R-

CHOEP (rituximab, doxorubicin, cyclophosphamide, etoposide, vincristine, and 

prednisolone) and R-CVOP (rituximab, cyclophosphamide, etoposide, vincristine, 

and prednisolone). CNS prophylaxis was given as three infusions of high-dose 

methotrexate 3–5 g/m2 during courses 1 to 3 or 2 to 4, with or without intrathecal 

methotrexate in patients at high risk of CNS relapse.   

Patients with relapsed or refractory disease eligible for intensive treatment 

were treated with salvage induction therapy. After sufficient response, treatment 

was consolidated with high-dose therapy followed by autologous stem cell 

transplantation (ASCT) (n=18). Consolidative RT was given to 114 patients 

(36.5%). The dose of RT was mainly 36 Gy (42.6%) or 40 Gy (42.6%).  The RT 

treatment of three patients was not completed. The treatment regimens are 

presented in Table 2. 

The treatment protocols in study III were R-CHOP regimen (rituximab, 

doxorubicin, cyclophosphamide, vincristine and prednisolone) x6-8 (n=44), R-

CHOEP (rituximab, doxorubicin, cyclophosphamide, etoposide, vincristine, 

prednisolone) x6-8 (n=20), or R-CEOP (rituximab, epirubicin, cyclophosphamide, 

vincristine, and prednisolone) x4-8 (n=14) with or without preface therapy. Other 

treatment protocols included R-CVOP (rituximab, cyclophosphamide, etoposide, 

vincristine, and prednisolone) or combinations of these treatments. Patients with 

relapsed disease or refractory disease were treated with salvage induction therapy 

with the in intention to proceed to high-dose therapy, followed by ASCT. Patients 

with positive iPET but negative biopsy were treated similarly to those with negative 

iPET. The treatment regimens are presented in Tables 2 and 8. 
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4.4 Response evaluation and follow-up 

4.4.1 Response evaluation and follow-up in study I 

The response evaluation of PCNSL patients was assessed according to the 

guidelines of the international PCNSL collaborative groups and performed by MRI. 

MRI was evaluated before every treatment cycle. After the treatment, MRI was 

performed every three months for one year, every six months during the second 

follow-up year, and annually thereafter. 

4.4.2 Response evaluation and follow-up in studies II and III 

The response evaluation of patients was performed by CT scan and bone marrow 

biopsy in those with bone marrow involvement at the time of diagnosis. CT scans 

were performed after the fourth, fifth, sixth, and/or eighth cycles of treatment, while 

bone marrow biopsy and aspiration were performed primarily after the fourth 

regimen. Response evaluation PET was performed on 102 patients at some point in 

the treatment, or at the end of treatment. It was most commonly done after the 

fourth treatment regimen with 60 patients (58,8%), after the fifth with 14 patients 

(13,7%), or after the sixth with 15 patients (14,7%). The disease was defined as 

primary refractory if progression had occurred during the treatment, if viable 

lymphoma tissue was detected on biopsy after positive PET-CT, or if relapse was 

observed within six months of treatment. 

Response evaluation after treatment was assessed by CT/PET-CT in 

accordance with the revised International Working Group response criteria and 

PET-CT in accordance with the Deauville/Lugano criteria (Table 9). PET-CT was 

performed after the fourth (59%), fifth (14%), or sixth (15%) treatment regimens. 

In addition, seven patients were evaluated by control PET-CT after the first positive 

interim-PET (iPET). Further follow-up evaluations were performed by thorax X-

ray and ultrasound of the stomach area, unless if otherwise needed. Follow-up 

evaluation was performed at the end of treatment, every three months during the 

follow-up for two years, and then every six months for five years. 
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Table 9. Deauville score for assessment of FDG uptake. 

Deauville score FDG uptake 

1  no FDG uptake 

2  FDG uptake  mediastinum 

3  FDG uptake > mediastinum but  liver 

4  FDG uptake moderately > liver at any site 

5  FDG uptake markedly > liver and/or new sites of disease 

x  new areas of FDG uptake unlikely to be related to lymphoma 

4.5 Statistics 

All analyses were performed with the use of IBM SPSS Statistics for Windows & 

Mac OSX. Survival analyses with corresponding p-values were calculated using 

the Kaplan-Meier method with the log-rank test. Multivariate analyses were 

calculated using the Cox regression model. 

Progression-free survival was calculated from the date of diagnosis to the date 

of disease progression or disease-related death or the last follow-up date. Failure-

free survival was calculated from the date of diagnosis to disease relapse, 

progression, detection of primary refractory disease, disease-related death, or from 

the last follow-up date. Overall survival was calculated from the date of diagnosis 

to death for any reason. 
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5 Results 

5.1 Results of BBBD treatment in PCNSL patients 

The results of PCNSL patients treated in Oulu University Hospital demonstrated a 

five-year OS of 47% (Fig. 6A) in a total of 25 patients analyzed; 19 (76%) patients 

achieved CR. After the four-drug treatment was found to be well-tolerated, the 

protocol was changed to the five-drug regimen with the intent to treat all eligible 

patients with five drugs. Of the 16 patients who received the five-drug regimen, the 

CR rate was 100% in the first (n=6) and 60% in the second line (n=10). The two-

year OS was 100% within first-line treated patients and 55% in the second line (Fig. 

6B).  

Fig. 6.  Overall survival a) for all and b) for patients treated with five-frug regimen. 

The most common complication during the treatment was focal seizures in 

approximately one-third of treated patients. These occurred primarily during the 

blood-brain barrier disruption or methotrexate infusion.  Thrombocytopenia and 

neutropenia were assessed according to the treatment regimens. In the total of 43 

four-drug treatment cycles, grade 3 to 4 thrombocytopenia was detected in 28% of 

cycles and grade 3 to 4 neutropenia in 23% of cycles. Correspondingly, 

thrombocytopenia was observed in 32%, and neutropenia in 31% of 73 treatment 

cycles treated with the five-drug regimen. One patient died of neutropenic sepsis 

after the fourth BBBD treatment.  Non-hematologic complications most commonly 

included GI mucositis (14%) and superficial thrombophlebitis (10%). One patient 
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with progressing disease had an ischemic stroke, leading to a permanent 

neurological defect. 

5.2 Prognostic significance of bulky and residual tumor treated 

with or without RT and ability of PET-CT in evaluation 

In this study, bulky tumor at the time of diagnosis or residual tumors after the 

treatment had no prognostic value in the entire study population. However, the 

existence of bulky tumor was associated with worse outcome in patients with 

limited stage disease; both two- and five-year PFS were 90% without bulky and 53% 

and 44% (p=0.002) with bulky in limited-stage disease (Fig. 7). This was a 

statistically significant difference. In multivariate analyses, too, bulky was an 

independent risk factor in progression-free survival (HR 6.43 [95%CI 1.6‐

25.7]; P = .008) not related to the IPI (HR 1.35 [95% CI 0.26‐7.12]; P = .724) or 

age (HR 1.62 [95% CI 0.46‐5.63]; P = .445). The prognosis of limited-stage 

patients with bulky tumor was similar to that of advanced-stage patients. This 

significance of bulky tumor was not seen in patients with advanced-stage disease.  

Fig. 7. The significance of bulky tumor in limited stage patients. 

The residual tumor after the therapy had no statistically significant impact on the 

survival or risk of relapse. Among patients with the limited-stage disease, residual 

tumor had a trend associated with a somewhat worse outcome, but this was not a 

significant difference. In limited-stage patients, two-year PFS was 76% if the 

residual tumor was detected and 90% if not; five-year numbers were 76% with 
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residual and 85% without (p=0.224). In the advanced stage, in two-year PFS the 

corresponding numbers were 68% with residual, and 75% without; and in five-year 

PFS, 50% with residual and 61% without.   

In the entire study population, RT to the site of initial bulky or residual tumor 

could not improve the prognosis of these patients. There was a trend for RT to delay 

the relapse in both groups, but the difference was not significant, and this minor 

trend vanished after excluding primary refractory patients from analyses. Relapses 

occurred primarily outside the probable radiotherapy field and could not have been 

prevented with RT (Fig. 8 and 9). 

 

Fig. 8. Flow chart, with and without bulky tumor. 
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Fig. 9. Flow chart, residual tumor. 

PET-CT was found to be effective in classifying patients with bulky or residual 

tumor. Negative PET was associated with better survival in patients with bulky (Fig. 

10A) or residual tumors (Fig. 10B). In patients with primary bulky tumor, two-year 

PFS was 87% when interim or end-of-treatment PET was negative, and 57% if 

positive; the five-year PFS was 87% compared to 50% (p=0.010). The 

corresponding PFS in patients with residual tumor was as follows: in two-year PFS, 

90% with negative PET and 44% with positive; in five-year PFS, 90% vs. 33% 

(p<0.001). 
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Fig. 10. The significance of A) bulky and B) residual tumor, for PFS according to PET. 

5.3 The potential of biopsy to stratify PET positive patients in 

DLBCL  

According to these results, PET-CT demonstrated better FFS in PET-negative 

patients in statistically significant terms (Fig. 11), but this was not observed in OS 

rates. Two-year FFS was 84% in PET negative and 55% in PET-positive groups, 

while five-year rates were 67% vs. 49% (p=001). OS differences were not 

significant; two-year OS was 94% with negative PET, and 80% with positive, and 

the corresponding five-year rates were 89% vs. 80% (p=0.238). 
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Fig. 11. FFS according to PET, all patients. 

By contrast, biopsy results predict the outcome with statistical significance, which 

was seen in FFS (Fig. 12A) and OS (Fig. 12B) rates. Both two- and four-year FFS 

were 44% if the biopsy was positive, and 83% when negative (p=0.003). 

Corresponding OS rates were 53% vs. 95% (p=0.010). In addition, in multivariate 

analyses, the positive biopsy was an independent risk factor in FFS (HR 10.794 

95%CI 1.958-59.498p=0.006) not related to IPI (HR 1.13995%CI 0.237-

5.474p=0.871) or stage (HR 1.36595%CI 0.138-13.470p=0.790). 
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Fig. 12. A) FFS and B) OS according to biopsy, all patients. 

  

A 

B 
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6 Discussion 

6.1 Diffuse Large B-cell lymphoma 

6.1.1 DLBCL 

DLBCL is the most common NHL, with approximately 600 new cases in Finland 

every year (Syoparekisteri, 2018). Rituximab has significantly improved outcome 

in these patients, but there are still a significant proportion of patients who have an 

inadequate response or relapse after a complete response. Despite improved 

treatment results in the first line, the same phenomenon has not been observed in 

second-line treatments. The prognosis is poor in relapsed cases, especially if the 

disease is refractory to conventional treatment. For most patients with primary 

refractory disease, a good curative treatment option remains unknown. 

        Part of this study was performed to evaluate the effect of conventional risk 

factors – such as bulky tumor at the time of diagnosis and residual tumors after the 

treatment – on relapse in the rituximab era and to reconsider whether RT can be 

expected to reduce the risk of relapse. This section also provides an assessment of 

current response evaluation methods. The second part of the study aimed to 

evaluate the treatment of PCNSL patients, a rare poor prognosis DLBCL entity, 

treated by BBBD treatment in Oulu University Hospital.  Together, these sections 

provide data for optimizing treatment for DLBCL patients. 

Risk evaluation 

DLBCL is a complex disease. The literature provides several risk factors for poor 

prognosis, but their exact and independent effect on prognosis and outcome is 

uncertain. IPI remains a valid method for stratifying patients into different 

prognostic groups and is a widely used for treatment decisions. Rituximab has 

improved outcome across all IPI subgroups, but the prognostic significance of IPI 

has also been confirmed in the rituximab era. According to IPI, three-year OS was 

91% in patients with IPI 0-1, 81% with IPI 2, 65% with IPI 3, and 59% with IPI 4–

5 in the rituximab era, and it is thus capable to divide patients into different 

prognostic groups (Ziepert et al., 2010). IPI has been challenged in many studies, 

and updated classification has been proposed, such as aa-IPI and R-IPI. These have 

been promising but have shown no improvement in OS or PFS. IPI is still a standard 
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method, but a better prognostic tool is still needed in the rituximab era, and further 

studies are required (Gleeson et al., 2020). 

Understanding of DLBCL subtypes with different prognoses has improved, but 

unknown factors remain. The COO seems to have the best predictive value for R-

CHOP-treated patients. ICH staining is a valid and commonly used method to 

stratify COO due to the high cost and poor availability of GEP. DHL and THL 

lymphomas have been recognized to represent the significant part of poor-

prognosis DLBCL. Despite increased knowledge, it is still unclear how to improve 

the poor prognosis of these high-risk patients. 

PET-CT and biopsy 

In DLBCL, PET-CT is recommended in staging, and it is also valid for the detection 

of bone marrow involvement (Khan et al., 2013; Barrington et al., 2014). With 

regard to staging, in 20% of cases PET-CT is more accurate than CT in upgrading 

the stage (Barrington et al., 2014; Cheson, 2011). PET-CT is also widely used in 

response evaluation, but it suffers from a high rate of false-positive results (Khan 

et al., 2013; Barrington et al., 2014). Our studies demonstrated a high rate of false 

positivity. However, we found it to be good option for scanning patients with 

insufficient treatment response and assessing whether a biopsy is required. PET 

alone was not accurate enough to evaluate treatment response, but when PET 

positivity was combined with biopsy results, an adequate method for identifying 

patients in need of more intensive therapy was provided.  

The challenges in positive PET results require further research. Negative PET 

appears to be a reliable tool in DLBCL as an interim evaluation, with a negative 

predictive value of 80% (Burggraaff et al., 2019). Problems with FDG PET occur 

when PET is positive and may be due to active lymphoma. However, there are also 

many other factors that can cause a positive finding. Distinguishing other causes 

from active disease is a challenge, and biopsy appears to be a proper additional 

method for differential diagnosis (Adams & Kwee, 2016). The need for biopsy from 

positive PET findings is also confirmed in guidelines (Zelenetz et al., 2016). The 

results of these studies were in line with these findings and recommendations. 

Based on this study and previous results, it can be concluded that the 

importance of biopsy is emphasized in patients with positive interim or end-of-

treatment PET results. A biopsy is sometimes challenging due to deep tumor 

location, and for some patients, it is not a possible procedure. In this study, 29 of 

35 patients with positive PET CT were biopsied; six patients were not biopsied due 
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to difficult location (n=3) or nonspecific findings in PET-CT (n=3). In these cases, 

the follow-up PET-CT was made if possible.  According to these results and our 

experience, most PET-positive residual tumors are achievable by biopsy. This study 

and previous biopsy studies also suggest that patients with vital lymphoma on 

biopsy need intensified treatment. PET-positive patients with negative biopsies 

should be treated as PET-negative patients, which may spare these patients from 

overtreatment. 

A limitation of studies II and III is their retrospective nature. Moreover, study 

III suffers from a limited sample size, with only nine patients in the positive biopsy 

group. There are also potential sources of error in the biopsy, such as small size or 

location if the PET-positive lesion is too small or the location is challenging. Even 

if a biopsy is possible, it may be have been taken adjacent to vital lymphoma tissue, 

or the sample may not be representative due to tissue heterogeneity. Despite these 

challenges, the prognosis of PET-positive patients with negative biopsy was 

comparable to the prognosis of patients with negative PET-CT in this study.  

Treatment of DLBCL 

R-CHOP has been the standard treatment for DLBCL since the addition of 

rituximab to the treatment protocol, which was preceded by CHOP. Although many 

regimens have been compared to it, R-CHOP has retained its position. None of 

these other regimens has demonstrated improvement in outcome, and R-CHOP is 

still the standard treatment for low-risk DLBCL patients according to IPI and 

without risk factors. Since recent studies, the number of courses has settled at six 

without the benefit of adding doses or intensification in most cases. (Pfreundschuh 

et al., 2011;  Hüttmann et al., 2019; Lugtenburg et al., 2016; Vitolo et al., 2017.) 

Deintensification may be possible for patients with a limited stage, IPI 0 and 

without bulky tumor (Poeschel et al., 2018).  

Patients with double-hit or triple hit lymphomas have a poor prognosis, and the 

optimal treatment protocol is unknown. Most patients with DH- or TH-lymphomas 

respond insufficiently, if at all, to conventional R-CHOP treatment, and the 

prognosis is dismal. Da-EPOCH-R has been demonstrated to improve outcomes in 

these patients compared to conventional R-CHOP. It is a well-tolerated and 

adequate choice, even for elderly patients. (Petrich et al., 2014; Dunleavy et al., 

2014; Wilson et al., 2016.) Codox-M-IVAC followed by ASCT is also found to 

promote long-term remissions but OS benefit has not been observed. In addition, it 

has higher toxicity and therefore cannot be selected for elderly patients or patients 
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with co-morbidities (Sun et al., 2015; Chihara et al., 2016; Friedberg, 2017; 

Howlett et al, 2015). However, the prognosis for these patients is poor, and this 

entity urgently needs new treatments and further research. 

Treatment of refractory or relapsed DLBCL 

Most relapses occur within two years after the treatment. The prognosis for these 

patients is poor, especially if the disease is primary refractory or the relapse occurs 

during the first-year follow-up. Time to relapse and chemosensitivity before 

intensive treatments are the most significant determinants of treatment outcome. 

(Coiffier et al., 2010; Gisselbrecht et al., 2010; Hitz et al., 2015; Kewalramani et 

al., 2000). 

High-dose therapy followed by ASCT is the current standard of treatment for 

patients with relapsed or refractory disease. Many regimens have been studied as 

salvage induction treatment prior to high-dose therapy, but good options are still 

lacking. According to the CORAL study, R-DHAP was demonstrated to be non-

inferior compared to R-ICE, where only 50% were able to continue to ASCT due 

to insufficient response. (Gisselbrecht, Glass, Mounier, Singh Gill, Linch et al., 

2010.) R-GDP, in turn, was non-inferior compared to R-DHAP and demonstrated 

less toxicity and better QoL with ORR of 26% (CR 7%; Crump et al., 2014). 

Regardless of the salvage treatment used, there is still a minority of patients who 

responded to these treatments and are therefore eligible for ASCT. It is therefore an 

indisputable fact that salvage treatment needs to be developed, and novel agents 

should be found for these patients.   

Radiotherapy 

Conventionally, primary bulky disease, residual tumor mass after 

immunochemotherapy, and extranodal tumor location have been considered 

indications of consolidative RT (Bonnet et al., 2007; Held et al., 2014; Lamy et al., 

2017). Most radiotherapy studies are from the pre-rituximab era, and because 

rituximab has affected patient prognosis, the significance of RT should be re-

evaluated in the rituximab era.  

The bulky tumor is a significant risk factor for patients with limited-stage 

DLBCL, and the results of this study confirmed this. The same phenomenon was 

not seen in patients with advanced-stage DLBCL. According to the present results, 

RT may delay the relapse but is unable to prevent it. If the patient is not eligible for 
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intensive treatment, RT is a legitimate choice. In further studies it would be useful 

to evaluate how this effect of bulky tumor can be included in risk assessment at the 

time of diagnosis, to allow it to be considered in the choice of treatment options. 

Another issue is to evaluate how it affects treatment and how to prevent this 

unfavorable impact.  

This study has revealed that PET-negative residual tumors generally do not 

affect the prognosis of DLBCL. Thus, RT for residual tumor cannot be expected to 

be beneficial. Specific extranodal sites, particularly bone involvement, require 

further research on whether RT can be excluded from treatment without 

compromising the prognosis of patients. Studies II and III suggest that irradiation 

of primary bulky tumor sites or residual disease does not improve tumor control. 

According to the MInT study, young patients with bulky tumor and IPI <2 may 

benefit from consolidative RT (Pfreundschuh et al., 2008). RT does not appear to 

provide an additional benefit to elderly patients with local disease. The results of 

the OPTIMAL >60 study suggest that RT can also be avoided in patients with a 

bulky tumor but negative PET without affecting the outcome (Bonnet et al., 2007; 

Held et al., 2014). Lamy et al. compared R-CHOP to R-CHOP + RT in patients 

with limited-stage disease without bulky tumor assessed by PET-CT and 

demonstrated non-inferior results for R-CHOP without RT (Lamy et al., 2017). 

Combining previous results with our data, we can conclude that consolidative 

RT appears to be unnecessary in DLBCL patients with primary bulky disease after 

a complete metabolic response. Bulky tumor in patients with limited-stage disease 

significantly impairs prognosis; RT may prolong the PFS time but does not affect 

the OS. In our study, this delay also disappeared after the exclusion of patients with 

primary refractory disease. The effect of RT on bone involvement cannot be 

assessed in this study due to low number and should be evaluated in further research. 

RT is a legitimate treatment option for patients with refractory or relapsed disease 

if intensive treatment is not an option.  

6.1.2 PCSNL 

PCNSL is a rare entity with a poor prognosis. The treatment is based on high-dose 

methotrexate combined with other agents, but the optimal dose of methotrexate is 

not clear. BBB is crucial in PCNSL treatment, and agents combined with HD-MTX 

treatment should be able to cross this barrier. A randomized study in 2009 

demonstrated the positive impact of cytarabine combined with methotrexate 

(Ferreri et al., 2009). The addition of rituximab and thiotepa to MTX and cytarabine 
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in MATRIx has demonstrated promising treatment, with improvements in PFS, OS, 

and CR rates. However, MATRIx is also a toxic treatment with a 6% mortality rate 

(Ferreri et al., 2016; Thiel et al., 2010). Temozolomide, combined with rituximab 

and MTX, has also been demonstrated to be a potential combination and is probably 

a valid option, especially for older people as a single agent (Kurzwelly et al., 2010).  

Several PCSNL treatment protocols have demonstrated reasonably promising 

response rates, but the bias due to patient selection of phase II studies and the lack 

of long-term follow-up data hinders the usability of these data in actual clinical use. 

The study with the longest follow-up is that of Doolittle et al. – phase II follow-up 

data up to 26 years. This study included 24 PCSNL patients with extended CR 

response treated by BBBD in the first line (Doolittle, Dósa et al., 2013). By contrast, 

all registry-based studies have demonstrated dismal long-term outcomes, with few, 

if any, long-term survivors (Haldorsen et al., 2007). Data from Bonn or Bonn-like 

chemotherapy were published in 2015. These results confirmed previous 

challenges in PCSNL treatment; response rates were promising but relapses were 

detected to be continuous even after long follow-up with no long-term survivors 

(Harjama et al., 2015). 

 WBRT has been used after chemotherapy; however, it did not improve 

survival in a randomized study, and its utility suffers from delayed neurotoxicity 

(Nelson, 1999; DeAngelis et al., 2002; Doolittle et al., 2013). High-dose therapy 

followed by ASCT is also used for consolidation after induction therapy (Houillier 

et al., 2019). 

BBBD treatment 

The blood-brain barrier frames brain tissue and plays a crucial role in the challenges 

of intravenous therapy of PCNSL. It is semipermeable and consists primarily of the 

tight junction of the brain microvascular endothelial cells supported by astrocytes 

and pericytes. It excludes molecules more than 400 Da that prevent most potential 

agents from passing to the tumor site  (Abbott, Patabendige, Dolman, Yusof, & 

Begley, 2010; Bagchi et al., 2019). Neuwelt et al. introduced the BBBD-based 

treatment schedule in the 1980s, and rituximab was added to the protocol in the 

rituximab era (Angelov et al., 2009). In BBBD treatment, the BBB is made 

permeable by intra-arterial mannitol infusion, allowing potential agents to reach the 

brain tissue otherwise blocked by intact BBB.  

BBBD treatment was started at Oulu University Hospital in 2007. Initially, the 

treatment regimen included R-methotrexate-carboplatin administered every four 
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weeks, similar to the USA BBBD consortium. If MTX was not appropriate, the 

regimen was a combination of R-carboplatin-etoposide-cyclophosphamide. 

Although the treatment was very well tolerated, in some patients, the response was 

inadequate, and therefore the treatment was intensified to a combination of five 

drugs every three weeks. 

Study I was a retrospective analysis of 25 patients treated with 

immunochemotherapy in conjunction with BBBD in Oulu University Hospital. 

Results were promising, and after prolonged follow-up – unlike in other series with 

prolonged follow-up – there seemed to be very few late relapses. According to these 

results, 76% received CR and five -year OS was 47%, reflecting promising BBBD 

treatment results. In particular, patients treated in the first line with a five-drug 

regimen had a two-year OS of 100%. The toxicity of the five-drug regimen was 

tolerable, but the higher number of hematological complications may predispose 

patients to more severe complications such as neutropenic infections. Angelov et 

al. analyzed 149 patients with a median OS of 3.1 years and a five-year OS of 41%.  

Focal seizures were the most common adverse effect, and eight patients (5.4%) 

died within 3 to 30 days after the treatment (Angelov et al., 2009). However, these 

toxicities seem to be at a manageable level considering the toxicities of MATRIx 

and the dismal prognosis of these patients. 

Neurocognitive toxicities were not evaluable from this data. Doolittle et al. 

analyzed cognitive functions after BBBD treatment with follow-up of up to 12 

years, and these seemed to be retained. Patients' neurocognitive function improved 

for up to 12 months after treatment. There was an improvement in TMT A and B 

tests measuring information processing and attention span. Some patients were 

capable of working in high-level occupations after the treatment. However, 

memory or verbal learning demonstrated no improvement, and some patients had 

long-term neurocognitive defects. (Doolittle et al., 2013.) According to the results 

of a study with HD-MTX-based immunochemotherapy followed by WBRT or 

ASCT, neurotoxicity was increased in the WBRT group (Ferreri et al., 2017). In 

another study, the neurotoxicity of WBRT was evaluated, comparing 

neuropsychological and QoL results and brain MRI imaging in 80 PCNSL patients. 

WBRT after methotrexate-based chemotherapy was associated with lower test 

results and increased neurotoxicity in all these categories (Doolittle et al., 2013). 

This should therefore be taken into consideration in treatment decisions.  

In conclusion, BBBD treatment appears to be an effective treatment for PCNSL 

patients. Hematological toxicity and mortality are at tolerable levels, and BBBD 

treatment is therefore a good option for these patients with a dismal prognosis. It is 
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a promising experimental treatment, but to clarify the role of BBBD, it should 

nevertheless be compared to other methotraxate based treatments such as MATRix 

in a randomized setting. 
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7 Conclusion 

DLBCL is the most common NHL lymphoma, with improved outcome after the 

introduction of rituximab to the treatment. In addition to the effect on the outcome, 

rituximab also has an impact on the risk evaluation. Conventional risk factors and 

treatment protocols were studied before the introduction of rituximab and need 

updating to be relevant to the rituximab era.  

PCNSL is a rare disease entity with a dismal prognosis. Immunochemotherapy 

in conjunction with BBBD treatment is a promising method for these patients, 

allowing treatment agents to pass the natural barrier after mannitol infusion. BBBD 

has been demonstrated to be especially effective in the first line, combined with 

HDT followed by ASCT. The side-effect profile and tolerability are at an acceptable 

level, and BBBD treatment is therefore an adequate option for these patients with 

poor prognosis. 

IPI has been validated in the rituximab era in many studies and is still an 

adequate method in risk assessment. Bulky tumor and residual tumor have 

conventionally been regarded as risk factors independent of IPI. Traditionally, both 

have also been thought to be a reason for RT. Studies on the impact of RT date back 

before the introduction of rituximab.  

It seems that rituximab has reduced the adverse prognostic impact of the bulky 

tumor, but the effect is still significant in patients with limited-stage disease. The 

prognosis for these patients is at least equally impaired as in advanced-stage disease. 

Radiotherapy is not a sufficient method for improving this impact. Methods to 

diminish this risk are still unknown; this requires further research and may need a 

new perspective on treatment. Also, the impact of bulky tumor in treatment choices 

and how the effect of bulky tumor in patients with limited-stage can be included in 

the risk assessment needs further studies.  

Residual tumor seems to have no impact on outcome, particularly when the 

iPET is negative. PET-CT is an adequate method for treatment response evaluation 

when its high false-positive rates are kept in mind. Negative PET is associated with 

a good prognosis, regardless of primary bulky tumor or residual tumor after the 

treatment.  

PET-CT has established its position in staging, notwithstanding its limited 

availability in some countries. Although the negative predictive value of PET is 

high in DLBCL, the significance of positive PET-CT is uncertain despite the 

increased use. Awareness of the high false positivity of PET has increased in recent 

years, and thus also improved its usability. Moreover, PET is a useful method in 



 

96 

staging. Staging PET-CT causes upstaging of the disease for approximately 20% of 

patients compared to CT and thus helps to ensure adequate treatment for these 

patients. PET-CT is also a valid method in response evaluation for identifying 

patients who require further examinations due to insufficient response. 

The false positivity of PET-CT is common in DLBCL – due primarily to 

inflammation, infection, or increased glucose metabolism caused by other non- 

malignant conditions. A biopsy is effective in differentiating the actual active 

lymphoma tissue from false positivity. At present, biopsy is recommended for 

treatment intensification decisions when PET is positive. Biopsy should be 

performed from the most intensive PET-positive site for the most representative 

tissue sample. 
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