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Prusila, Roosa, Clinical studies in adult lymphomas with special emphasis on late
effects of treatments. 
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Acta Univ. Oul. D 1560, 2020
University of Oulu, P.O. Box 8000, FI-90014 University of Oulu, Finland

Abstract

Lymphomas are a heterogeneous group of malignancies of the lymphoid cells with almost a
hundred different subtypes. In recent decades, there has been a major improvement in treatment
results, and nowadays, only one-third of patients die due to lymphoma. As treatment results have
improved, more attention has been paid to the adverse effects of treatment, which may be serious
or even lead to death. The aim of this study was to describe treatment methods with a smaller risk
of late adverse effects without impairing the treatment results.

Follicular lymphoma (FL) is the second most common type of lymphoma in adults. Its
prognosis is good, but relapses are common, and treatment must often be repeated, which causes
a carcinogenic burden to the patient. Secondary malignancies are a significant late-onset adverse
effect of lymphoma treatments. Currently, there are several treatment options available for FL.
However, the risks of secondary malignancies associated with different treatment methods are not
totally clear. In the present study, a higher risk for secondary haematological malignancies was
observed after multiple lines of treatment. For secondary solid tumours, on the other hand, the
greater risk was associated with the use of bendamustine.

Diffuse large B-cell lymphoma is the most common lymphoma subtype. Patients are elderly
and therefore more vulnerable to treatment-related adverse effects. Moreover, cardiac
comorbidities are common in elderly patients, which may limit the use of certain treatment
options. In this study, treatment results with standard therapy R-CHOP were retrospectively
compared to those obtained with R-CEOP and R-CIOP, which are known to be less cardiotoxic.
Treatment with R-CEOP was comparable to standard therapy, whereas results with R-CIOP were
inferior.

Nodular lymphocyte predominant Hodgkin lymphoma is a rare lymphoma subtype. These
patients are traditionally treated with the same methods as those with classical Hodgkin
lymphoma, although the diseases are very different biologically. Treatments used in Hodgkin’s
disease are remarkably toxic. We examined the use of an R-bendamustine regimen among this
group of patients.

The results of the present study indicate that the late adverse effects of lymphoma treatments
should be considered when selecting the most optimal treatment for lymphoma patients.

Keywords: diffuse large b-cell lymphoma, follicular lymphoma, late effects of
treatment, lymphoma, nodular lymphocyte-predominant Hodgkin lymphoma,
secondary cancer, secondary leukaemia
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Tiivistelmä

Lymfoomat ovat heterogeeninen joukko imukudoksen syöpiä ja lähes sata erilaista alatyyppiä on
tunnistettu. Lymfoomien hoitotuloksissa on tapahtunut merkittävää edistystä viime vuosikym-
menien aikana ja tällä hetkellä vain noin kolmannes potilaista menehtyy tautiin. Hoitotulosten
parantuessa on alettu kiinnittää enemmän huomiota myös hoitojen aiheuttamiin haittoihin, jotka
saattavat olla huomattavan hankalia ja johtaa jopa potilaan menehtymiseen. Tutkimuksen tarkoi-
tuksena oli kuvata hoitomuotoja, joilla hoidon haittojen riski olisi pienempi ilman, että lymfoo-
man hoitotulokset heikkenevät.

Follikulaarinen lymfooma on aikuisten toiseksi yleisin lymfoomatyyppi. Taudin ennuste on
hyvä, mutta uusiutuminen on yleistä ja tällöin hoitoja joudutaan toistamaan, mikä aiheuttaa poti-
laille merkittävän karsinogeenisen altistuksen. Mahdollisia hoitomuotoja on useita eikä eri hoito-
muotojen aiheuttamaa sekundaarisen syövän riskiä vielä tarkasti tunneta. Tässä tutkimuksessa
selvisi, että sekundaaristen hematologisten syöpien riski kasvoi hoitolinjojen lukumäärän kasva-
essa. Bendamustiinin käyttö oli yhteydessä suurempaan kiinteiden kasvainten riskiin.

Diffuusi suurisoluinen B-solulymfooma on yleisin lymfooman alatyyppi. Potilaat ovat iäk-
käitä, mikä lisää riskiä saada hoitojen haittavaikutuksia. Lisäksi iäkkäillä potilailla sydänsairau-
det ovat yleisempiä, mikä voi rajoittaa sydäntoksisten hoitovaihtoehtojen käyttöä. Tässä tutki-
muksessa verrattiin sydänturvallisempien R-CEOP ja R-CIOP sytostaattiyhdistelmien tehoa R-
CHOP standardihoitoon. R-CEOP.lla saadut hoitotulokset olivat verrattavissa standardihoitoon,
mutta R-CIOP.lla saadut hoitotulokset olivat heikompia.

Nodulaarinen lymfosyyttivaltainen Hodgkinin lymfooma on harvinainen Hodgkinin lymfoo-
ma. Näitä potilaita on perinteisesti hoidettu samoilla hoitomuodoilla kun muita Hodgkinin lym-
foomia, vaikka taudit ovat biologialtaan hyvin erilaisia. Hodgkinin lymfooman hoidossa käytet-
tävät hoidot ovat huomattavan toksisia. Tutkimuksessamme selvitimme R-Bendamustiinin käyt-
tökelpoisuutta tällä potilasryhmällä.

Tutkimustulokseemme osoittivat, että lymfoomahoitojen aiheuttamat haitat tulee huomioida
hoitovalinnoissa ja hoitojen haittavaikutuksia tulee aktiivisesti pyrkiä vähentämään. Eri hoito-
muotojen aiheuttamista myöhäishaittavaikutuksista on tärkeää olla tietoinen jo hoitopäätöksiä
tehtäessä.

Asiasanat: diffuusi suurisoluinen B-solulymfooma, follikulaarinen lymfooma, hoitojen
myöhäisvaikutukset, lymfooma, nodulaarinen lymfosyyttivaltainen Hodgkinin
lymfooma, sekundaarinen leukemia, sekundaarinen syöpä
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RT radiotherapy 
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1 Introduction 
Lymphomas are a heterogeneous group of malignancies of the lymphoid cells. 
According to the newest World Health Organization classification (Swerdlow H. et 
el., 2016), almost one hundred different lymphoma subtypes have been described, 
and the number is constantly rising as knowledge of the biology increases. 

 Medical lymphoma treatment has improved vastly in previous decades. Non-
Hodgkin lymphoma treatment especially has improved due to the use of the CD20 
antibody rituximab (Salles et al., 2017), and the results are significantly better than 
before. With improved treatment results and associated prolonged survival, patients 
may live decades after finishing treatment (Tan et al., 2013). In these circumstances, 
patients also have more time to develop late treatment-related adverse effects. On 
the other hand, some patients with lymphoma are old and fragile, with several 
comorbidities to consider when planning treatment. 

Nowadays, there are many different treatment options available for lymphomas, 
and most of these regimens provide comparable treatment responses (Rummel et 
al., 2013). In this situation, it is essential to be aware of both short- and long-term 
adverse effects of different treatment combinations. Since patients may survive for 
decades after lymphoma treatment, their quality of life after treatment should be 
seriously considered when selecting treatment.  

Secondary malignancies, including both solid and haematological 
malignancies, may occur after treatment and are among the most severe late adverse 
effects of cancer treatments in general (Hirayama et al., 2014). Several different 
treatment modalities have been associated with these (van Leeuwen & Ng, 2016). 
However, the incidence and predisposing factors for secondary malignancies in 
patients with lymphoma are still not evident.  

Anthracycline-based immunochemotherapy is essential in treating several 
different lymphoma subtypes (Tien et al., 2015; Federico et al., 2013). However, 
one of the most common adverse effects associated with the use of anthracyclines 
is cardiotoxicity (Ng & van Leeuwen, 2016). Therefore, anthracycline use is 
restricted or even contraindicated in patients suffering from cardiovascular 
comorbidities (Hershman et al., 2008). This is an issue especially for elderly 
patients, as the tolerability to anticancer treatment decreases with age (Bairey, 
Benjamini, Blickstein, Elis, & Ruchlemer, 2006). For this group of patients, 
researchers are still searching for the optimal therapy.  

As treatment results of lymphomas are improving, it is important to pay more 
attention not only to the survival figures but also to the late effects and the long-
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term quality of life after treatment. Studies with long follow-up after treatment are 
mandatory to find out the risks of late effects associated with different treatment 
protocols. Also, optional treatment methods are required for patients with impaired 
tolerability to conventional therapy.  

This study was conducted to increase the knowledge about the late effects of 
lymphoma treatments and to evaluate methods to prevent them. Special interest 
was on secondary malignancies in patients with indolent lymphoma and on the 
value of less toxic regimens used in the treatment of some special lymphoma 
subtypes. 

Many different new agents have been accepted recently for the treatment of 
lymphomas, and there are currently multiple ongoing clinical trials with these 
agents. With new regimens, the possibilities of curing lymphoma are even better. 
However, there is still a need to closely follow up with these patients to also 
evaluate the long-term toxicity associated with these new regimens. 
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2 Literature review 

2.1 Lymphomas 

Lymphomas, which are a heterogeneous group of malignancies that arise from 
lymphoid cells, have traditionally been classified as either Hodgkin (HL) or non-
Hodgkin lymphomas (NHL) based on the findings of Thomas Hodgkin (Hodgkin, 
1832). Since the 1800s, the classification of lymphomas has developed greatly. In 
the revised classification of the World Health Organization (WHO) from 2017, 
lymphomas are divided into over 80 different subtypes. The fifth edition of WHO 
classification is to be published soon, and the number of subtypes is expected to be 
even higher. 

Lymphomas are divided into HL and NHL based on their histological features. 
HLs arise from germinal centre (GC) B cells and can be divided into classical 
Hodgkin lymphoma (CHL) and nodular lymphocyte-predominant Hodgkin 
lymphoma (NLPHL). A hallmark for HL is the Reed-Sternberg cells (RS cells), 
which are found in classical Hodgkin lymphomas (Kuppers & Rajewsky, 1998). 
Nodular lymphocyte-predominant Hodgkin lymphoma is the only non-classical 
Hodgkin lymphoma. NHLs are further divided into two main groups that represent 
B- or T/NK-cell-derived lymphomas. B-cell NHLs are the most common 
lymphoma subtypes, with diffuse large B-cell lymphoma (DLBCL) being the most 
common (Swerdlow H. et al., 2016). Figure 1 presents the cell of origin of different 
lymphoma subtypes in the lymph node. 

2.1.1 Aetiology 

The exact aetiology behind different lymphomas is largely unclear. However, many 
different factors have been connected to a higher risk for lymphoma. Infection and 
immune dysregulation are known risk factors, and patients with certain auto-
immune and inflammatory diseases have been found to have an increased risk. 
Patients with rheumatoid diseases such as rheumatoid arthritis, Sjögren’s syndrome 
or systemic lupus erythematosus have a 2- to 18-fold risk for NHL and 3- to 5-fold 
risk for HL. In celiac disease and Hashimoto’s thyroiditis, the lymphoma risk 
increases to 3- to 6-fold (Smedby, Askling, Mariette, & Baecklund, 2008). Patients 
with celiac disease have an increased risk for T-cell lymphoma with a risk ratio of 
35.8 (95% CI 27–47) (van Gils et al., 2018).
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The incidence of NHL is increased in immunosuppressed patients, such as patients 
with immunosuppressive medication (Na et al., 2016) or human immunodeficiency 
virus (HIV) infection (Gibson, Morton, Shiels, Clarke, & Engels 2014). Some 
pathogens such as Epstein-Barr virus, human herpes virus 8 and Helicobacter 
pylori have been associated with certain types of lymphomas such as Burkitt 
lymphoma, primary effusion lymphoma or mucosa-associated lymphoid tissue 
(MALT). However, these lymphoma subtypes present only a minority of NHL 
cases (Zhang, Dai, Zheng, & Ma, 2011).  

Environmental factors behind different lymphomas have been investigated, but 
the results are inconsistent. Cigarette smoking has been associated with a risk of 
follicular lymphoma (FL) but not with any other NHLs (Morton et al., 2005). 
Recreational sun exposure has been associated with a lower risk for lymphoma, but 
with non-recreational sun exposure, no association to either lower or higher risk 
was observed (Kricker et al., 2008). Some pesticides, such as phenoxyacetic acids, 
have been associated with the risk for NHL (Eriksson, Hardell, Carlberg, & 
Åkerman, 2008). However, in this study, the risk was higher with only specific 
pesticides, not with insecticides in general. 

Hereditary risks have been found in several lymphoma subtypes. The incidence 
of diffuse large B-cell lymphoma (DLBCL) increases 10-fold in relatives of 
DLBCL patients. With FL and HL, the risk increases 4-fold. These findings suggest 
that certain germline genes may be associated with specific lymphomas (Goldin, 
Bjorkholm, Kristinsson, Turesson, & Landgren, 2009).  

2.1.2 Epidemiology of lymphomas in adulthood 

Globally, the mature B-cell lymphomas represent 4% of all new malignancies 
annually, and they account for over 90% of all lymphoid neoplasms. In B-cell 
malignancies, the patients’ median age at diagnosis is between 60 and 70 years. 
DLBCL is the most common B-cell lymphoma. The next-largest subgroups are 
follicular lymphoma, MALT and mantle cell lymphoma (MCL). T- and NK-cell 
malignancies are relatively rare and present 12% of all NHLs. The most common 
T-cell lymphomas are peripheral T-cell lymphoma and angioimmunoblastic T-cell 
lymphoma. Both B- and T-cell malignancies have a male predominance (Swerdlow 
H. et al., 2016).  

Hodgkin lymphomas account for approximately 30% of all lymphomas. 
Classic HLs represent approximately 95% of all HLs. Patients with HL are usually 
younger than NHL patients, and the majority of HLs manifest in young adults. 
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Unlike in NHLs where the incidence is increasing, the incidence of HLs has not 
changed over the last few decades (Swerdlow H. et al., 2016).  

Figures 2 and 3 present incidences of different lymphomas in Finland during 
2012–2016, according to the Finnish Cancer registry data. 

Fig. 2. Incidence of Hodgkin lymphomas (blue) and non-Hodgkin lymphomas (red) in 
Finland during 2012–2016. 

Fig. 3. Incidence of non-Hodgkin lymphoma subtypes in Finland during 2012–2016. 
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In Finland, there are approximately 1500 new lymphoma cases diagnosed annually 
(Finnish Cancer Registry, 2018); these account for circa 4% of all new cancer cases, 
lymphomas being the seventh most common cancer type (Finnish Cancer Registry, 
2018). 

2.1.3 Diagnosis 

Lymphoma diagnosis is based on the morphology, immunohistochemistry and flow 
cytometry of a tumour sample. Further molecular studies are often needed for more 
accurate classification (Swerdlow H. et al., 2016). Fine-needle aspiration or core 
needle biopsy may miss a possible lymphoma, and excisional lymph node biopsy 
is often needed to determine a specific lymphoma subtype (Frederiksen, Sharma, 
Casulo, & Burack, 2015). Bone marrow is a usual site of lymphoma cells, and bone 
marrow biopsy is often included for staging and diagnosis. In some lymphoma 
subtypes, 18F-fluoro-2-deoxy-D-glucose positron emission tomography (FDG-PET) 
imaging may be used to substitute the bone marrow biopsy (Adams, Nievelstein, 
& Kwee, 2015). In the future, liquid biopsies and circulating tumour DNA may be 
essential diagnostic methods (Wu, Lu, Xu, & Li, 2018).  

Ann Arbor classification is used in clinical staging of lymphomas. It was 
originally developed for Hodgkin’s disease but is currently used in both HL and 
NHL (Carbone, Kaplan, Musshoff, Smithers, & Tubiana, 1971). The classification 
is presented in Table 1.  

In staging, the positron emission tomography combined with computed 
tomography (PET-CT) is often recommended over computed tomography (CT) as 
a more accurate modality. PET-CT may also be used to select the best biopsy sites. 
Magnetic resonance imaging (MRI) is recommended when central nervous system 
(CNS) lymphoma is suspected (Barrington et al., 2014) and when imaging children 
in order to avoid ionising radiation (El-Galaly, Gormsen, & Hutchings, 2018). 
Compared to CT, the use of PET-CT in staging provides a better estimate for 
survival as 17.6% of patients were upstaged when PET-CT was used (Metser et al., 
2018). However, the availability of PET imaging presents an issue, so it is not 
possible to use PET imaging with all patients in regular clinical settings. 
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2.1.4 Treatment 

Treatment of lymphomas is usually based on chemotherapy. Many different 
chemotherapy regimens are available, and the choice is usually made according to 
lymphoma subtype, immunohistological properties of the tumour and clinical 
factors (Izutsu, 2014; Ansell, 2016; Miyazaki, 2016). Immunotherapy is combined 
with chemotherapy when appropriate. Rituximab is an anti-CD20 antibody that has 
widely been used in B-cell malignancies after its approval in the late 1990s and has 
improved treatment results of various lymphomas (Salles et al., 2017). Rituximab 
is well tolerated, and the incidence of severe adverse effects of 
immunochemotherapy is comparable to chemotherapy only (Hua, Zhu, & Liu, 
2015).  

While surgical treatment is the first-line choice in most cancers, surgery in the 
treatment of lymphomas is useful only in a limited number of situations. 
Splenectomy may be performed due to symptomatic splenomegaly, as a 
confirmation of diagnosis, as an attempt to decrease tumour burden before 
beginning therapy, or as the definitive therapy of splenic marginal zone lymphoma 
(Frasier, Malani, & Diehl, 2013). Breast implant-associated anaplastic large cell 
lymphoma, a recently identified lymphoma subtype, is usually treated with surgery 
only (Kaartinen et al., 2017). 

The role of radiotherapy (RT) varies among different lymphoma subtypes. In 
cases with limited-stage indolent disease, RT may only be used as a curative option 
(Barzenje et al., 2015). Systemic therapy, however, may be combined with RT to 
improve responses.  

Patients with relapsed or initial treatment refractory disease require more 
aggressive treatment. High-dose chemotherapy followed by autologous or 
allogeneic stem cell transplantation may be used for this group of patients with 
curative intention (Izutsu, 2014; Ansell, 2016; Miyazaki, 2016). 

In addition to traditional treatment methods, there are several new therapies 
available. Presumably, the treatment results will improve even further along with 
the establishment of these new therapies (Suresh, Lee, Joshi, & Barta, 2014; 
Benekou & Montoto, 2017).  
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2.2 Follicular lymphoma 

2.2.1 Epidemiology and aetiology  

Follicular lymphoma is the most common indolent lymphoma, accounting for 
approximately 20% of all lymphomas (A clinical evaluation of the International 
Lymphoma Study Group classification of non-Hodgkin's lymphoma. The Non-
Hodgkin's Lymphoma Classification Project. 1997). The age-standardised 
incidence of 2.1–4.3/100 000 has been reported (Monga et al., 2018; Smith, Howell, 
Patmore, Jack, & Roman, 2011). The incidence of FL is increasing worldwide, but 
its cause remains unknown (Swerdlow H. et al., 2016). In 2016, there were 296 
cases of FL diagnosed in Finland, with a slight female dominance of 158 contra 
138 cases (Finnish Cancer Registry, 2018). 

The incidence of FL increases from age 30 to 70 (Teras et al., 2016), and the 
disease is usually diagnosed around 60 years of age (Muto et al., 2018). A male to 
female ratio from 0.92 to 1.18 has been presented (Smith et al., 2011; Teras et al., 
2016).  

The biological development of FL requires multiple oncogenic events, a 
process that may take decades. Unlike in other lymphoma subtypes, there are not 
many known risk factors for FL. Cigarette smoking has been linked to FL, 
especially in women (Smedby & Ponzoni, 2017), and taller stature has a risk ratio 
(RR) of 1.16 (95% CI 1.05–1.29) (Hidayat, Li, & Shi, 2018). No association to 
infectious agents has been found (Mamessier et al., 2014). 

2.2.2 Biology 

Follicular lymphoma derives from germinal centre B cells. Approximately 90% of 
patients have a t(14;18) (q32;q21) translocation. The translocation causes 
dysregulation of the proto-oncogene BCL2, which leads to increased cell survival 
and cell proliferation in germinal centres. However, in a minority of FL cases, 
BCL2 translocation is not found (Nogai, Dörken, & Lenz, 2011). The t(14;18) 
translocation may also be found in healthy individuals, suggesting that additional 
epigenetic and/or genetic alterations are needed for the development of FL (Lackraj, 
Goswami, & Kridel, 2018).  

In FL, neoplastic centrocytes and centroblasts proliferate in germinal centres. 
A histological grading system is based on the proportion of centrocytes and 
centroblasts (Table 2). It seems that FL grade 1-3A is an indolent disease, which is 
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incurable with conventional treatment (Wahlin et al., 2012). With a larger 
proportion of centroblasts, the disease behaves more aggressively. When no 
centrocytes exist, the disease is closer to DLBCL than FL in its biology and clinical 
course. This indicates a more aggressive disease, but it is still potentially curable 
with anthracycline-containing treatment regimens (Kahl & Yang, 2016; Wahlin et 
al., 2012). 

In immunophenotyping, FL usually expresses B-cell-associated antigens such 
as CD19, CD20, CD22 and CD79a. Tumour cells are usually Slg+, BCL2+, BCL6+, 
CD10+, CD5- and CD43- (Swerdlow H. et al., 2016). 

Table 2. Grading of follicular lymphoma according to the WHO classification. 

Grading Definition 

Grade 1–2 (low grade) 0–15 centroblasts per hpf 

1 0–5 centroblasts per hpf 

2 6–15 centroblasts per hpf 

Grade 3 (high grade) >15 centroblasts per hpf 

3A >15 centroblasts per hpf, centrocytes are still present 

3B Solid sheets of centroblasts, no centrocytes 

hpf = high-power field with a magnitude of 40x 

2.2.3 Clinical presentation 

The slow growth of superficial lymph nodes is typical to FL. In most cases, the 
disease is widespread when diagnosed, and only approximately 30% of the patients 
present with stage I or II disease (Swerdlow H. et al., 2016). Only a minority of 
patients have B-symptoms or reduced performance status. In 50–60% of cases, 
bone marrow is involved, but other extranodal involvement is not typical for FL 
(Salles, 2007).  

2.2.4 Risk stratification 

The Follicular Lymphoma International Prognostic Index (FLIPI) was created in 
the pre-immunotherapy era in order to get a prognostic model for FL. FLIPI 
consists of five different risk factors, presented in Table 3. According to FLIPI, 
patients are grouped as low-risk, intermediate-risk and high-risk patients. Survival 
according to different FLIPI risk groups is presented in Table 4. The utility of FLIPI 
has also been proven in the immunotherapy era (Buske et al., 2006). 
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Among FL patients, there is a group that faces relapse early and has worse 
survival outcomes. It has been reported that if the patient relapses within two years, 
the 10-year overall survival (OS) is 59% compared to 91% in the later-relapsing 
group (Lockmer et al., 2018). Currently, there is no way to identify these patients 
at the time of diagnosis. A new predictive model, m7-FLIPI, combines the 
mutational status of seven different genes with the clinical prognostic factors. 
However, even this model finds only 60% of the early progressing patients (Casulo, 
2018). 

Table 3. FLIPI classification. 

Factor Score 

0 1 

Age 60 years or less More than 60 years 

Ann Arbor stage I/II III/IV 

Haemoglobin 120 or over Less than 120 

Number of nodal areas 4 or less More than 4 

Serum lactate dehydrogenase Normal Elevated 

Table 4. Survival according to different FLIPI risk groups. 

Risk group Risk score 5-year overall survival* 

Low risk 0–1 90% 

Intermediate risk 2–3 78% 

High risk 4–5 52% 

*according to Casulo, 2018 

2.2.5 Treatment 

There is currently no standard therapy suitable for all FL patients. The first-line 
treatment varies from watch and wait (W&W) to aggressive immuno-
chemotherapy (Reagan & Friedberg, 2015). Treatment decisions are made 
individually based on the disease status and the patient’s comorbidities and 
preferences (Izutsu, 2014). 

Not all patients require treatment at the time of diagnosis. Watch and wait may 
be an option for asymptomatic patients, including both limited- and advanced-stage 
diseases. However, in this group of patients, close observation is needed to detect 
the possible progression of the disease early enough (Armitage & Longo, 2016). In 
patients treated with W&W, there is no difference in OS compared to those treated 
with systemic therapy (Ardeshna et al., 2003; Armitage & Longo, 2016). However, 
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some studies have presented a higher rate of transformation to more aggressive 
lymphoma in W&W patients (Armitage & Longo, 2016).  

The efficacy of rituximab in the treatment of FL has been proven in several 
studies. Adding rituximab to chemotherapy has reduced the relative risk for 
treatment failure by 60%, and the benefits of rituximab have been observed in all 
patient groups despite age or International Prognostic Index (IPI) score 
(Hiddemann et al., 2005). Single-agent rituximab (R-single) may be used in 
patients with low disease burden (Kahl & Yang, 2016). In a study of 321 patients 
with indolent lymphoma, 36% did not need any chemotherapy after R-single or 
rituximab with interferon alfa-2a within a median follow-up of 10.6 years 
(Lockmer et al., 2018).  

Several chemotherapy regimens may be used for FL. When comparing R-CVP 
(rituximab, cyclophosphamide, vincristine, prednisolone), R-CHOP (rituximab, 
cyclophosphamide, doxorubicin, vincristine) and R-FM (rituximab, fludarabine, 
mitoxantrone), Federico et al. (2013) observed a 3-year time-to-treatment failure 
(TTF) of 46%, 62% and 59% in a cohort of 534 patients, indicating that R-CHOP 
and R-FM provide better disease control. However, R-FM was associated with 
higher risk of neutropenia and secondary malignancies, indicating that, of these 
three regimens, R-CHOP has the best risk-benefit profile (Federico et al., 2013). 
When comparing R-CHOP to R-bendamustine, similar complete response (CR) 
and progression-free survival (PFS) rates have been achieved with no statistically 
significant difference in patients with NHL (Mondello et al., 2016). However, in a 
study by Rummel et al. (2013), in patients with MCL or indolent lymphoma, a PFS 
advantage of more than two years was achieved with R-bendamustine when 
compared to R-CHOP. Furthermore, R-bendamustine was better tolerated than R-
CHOP, as the patients with bendamustine had lower rates of alopecia, 
haematological toxicity, infections, peripheral neuropathy and stomatitis (Rummel 
et al., 2013), suggesting that R-bendamustine could also be superior to R-CHOP in 
the treatment of FL. Histological grading must be considered when selecting 
treatment. In grade 3B FL, long-term survival increases from 14% to 56% with 
anthracycline-containing first-line therapy (Wahlin et al., 2012). 

As a curative treatment, radiotherapy alone may be used in localised-stage FL, 
providing a comparable OS with combined modality but with lower toxicity 
(Macmanus et al., 2017). For potentially curative treatment, an RT dose of 24 Grey 
(Gy) is recommended. Small doses of 4 Gy as a single fraction may be used for 
palliative treatment (Yahalom, 2014). 
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Rituximab maintenance is often used after R-chemo (rituximab in combination 
with chemotherapy) to prolong remission duration, as rituximab maintenance has 
been shown to improve PFS (Kahl et al., 2014; Madsen et al., 2018). There are 
different treatment strategies with rituximab maintenance. When administered 
every second month for 2 years, a 5-year PFS of 72% was achieved as compared 
to 60% in patients without rituximab maintenance (Madsen et al., 2018). When 
treating with a single dose every 3 months, the 3-year freedom from cytotoxic 
therapy was 95% (Kahl et al., 2014). However, most studies have not shown a 
significant OS difference with or without rituximab maintenance (Hainsworth et al., 
2005; Kahl et al., 2014; Zhang, Ghielmini, Cheson, & Ujjani, 2017). When 
considering rituximab maintenance, potential adverse effects such as 
myelosuppression and increased risk for infections should be taken into account 
(Zhang et al., 2017).  

There are numerous new agents available for the treatment of relapsed and 
refractory patients with B-cell malignancies (Table 5). The CD20-antibody 
obinutuzumab may be a new option for rituximab-refractory patients, or as a more 
effective alternative to rituximab. Lenalidomide combined with rituximab seems to 
be a promising new combination. Clinical trials with phosphoinositide-3-kinase 
(PI3k) inhibitors, Bruton’s tyrosine kinase inhibitors, BCL-2 inhibitors and 
immune checkpoint inhibitors have been completed with promising results (Cheah 
& Fowler, 2018). 

Autologous stem cell transplantation (SCT) may be used in high-risk FL 
patients with limited response, early/multiple relapses or in transformed disease. In 
selected cases, allogeneic stem cell transplantation may also be an option. In 
relapsed patients treated with SCT, the 5-year OS varies between 56% and 94% 
(Hess, 2018). 

2.2.6 Transformation 

Transformation to a more aggressive lymphoma, such as DLBCL, or rarely to 
Burkitt-like or HL-like lymphomas, is typical for FL. Its reported incidence varies 
from 15% to 60%. The estimated annual risk of transformation during a long 
follow-up is 3% (De Jong & De Boer, 2009). Bulky tumour, age >60 years, 
increased LDH and high IPI have been connected to a higher risk of transformation 
(Janikova et al., 2018). It seems that transformation is not linked to lymphoma 
treatment, and with current treatment strategies, the transformation might not be 
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preventable (Kridel, Sehn, & Gascoyne, 2017). However, it has been suggested that 
rituximab maintenance might reduce the risk of transformation (Zhang et al., 2017).  

Symptoms of transformation are declining performance status, new B-
symptoms, rapid growth of the disease, development of cytopenia, elevated LDH 
and serum calcium and an increase in IPI. Suspicion of transformation needs to be 
confirmed via biopsy. Transformed disease requires an individualised aggressive 
treatment, usually with the support of autologous stem cell transplantation (ASCT) 
(Godfrey, Leukam, & Smith, 2018). 

Table 5. Novel agents in the treatment of follicular lymphoma. 

Mechanism of action Agent Status 

CD20 antibody Obinututzumab Phase IV 

Bruton’s tyrosine kinase inhibitor Ibrutinib Phase III 

PI3k inhibitor Duvelisib Phase III 

PI3k inhibitor Idelalisib Phase III 

Thalidomide derivate Lenalidomide Phase III 

BCL-2 inhibitor Venetoclax Phase II 

CD20 antibody Ofatumumab  Phase II 

CD20 antibody Ublituximab  Phase II 

Chimeric antigen receptor T-cell therapy Multiple agents Phase II 

HDAC inhibitor Abexinostat Phase II 

Immune checkpoint inhibitor Nivolumab Phase II 

PI3k inhibitor Copanlisib  Phase II 

PI3k inhibitor Umbralisib  Phase II 

Proteasome inhibitor Bortezomib Phase II 

PSMB5 inhibitor Ixazomib Phase II 

National Library of Medicine (US), retrieved from clinicaltrials.gov 

BCL-2 = B-cell lymphoma 2 protein, HDAC = histone deacetylase, PI3k = phosphoinositide-3-kinase, 

PSMB5 = proteasome subunit beta type-5 

2.2.7 Prognosis 

A median OS of 13.6 years has been reported for grade 1–2 FL patients from 1960 
to 2003. OS has improved from 11 years to 18.4 years from the pre-
anthracycline/anthracycline era to the aggressive chemotherapy era (Tan et al., 
2013). In patients treated with rituximab, the median OS has not been reached 
within a median follow-up of 6.1 years (Tan et al., 2013). Despite excellent 
treatment results, lymphoma is still the most common cause of death in FL patients. 
Among 248 deceased patients with FL, lymphoma was the most common cause of 
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death, with a cumulative incidence of 10.3% at 10 years, followed by treatment-
related mortality (3%), other malignancy (2.9%) and other causes (2.2%) (Sarkozy 
et al., 2018).  

Transformation is an important cause of morbidity (Casulo, Burack, & 
Friedberg, 2015) and disease-related death in FL patients (De Jong & De Boer, 
2009). In patients with indolent lymphoma, a 5-year survival of 41–50% after 
transformation has been reported (Hirayama et al., 2014; Lockmer et al., 2018). 

2.3 Diffuse Large B-cell lymphoma 

2.3.1 Epidemiology and aetiology 

Diffuse large B-cell lymphoma is the most common lymphoma subtype, accounting 
for approximately 30–40% of all malignant lymphomas (A clinical evaluation of 
the International Lymphoma Study Group classification of non-Hodgkin's 
lymphoma. The Non-Hodgkin's Lymphoma Classification Project. 1997). In 2016, 
there were 617 patients diagnosed with DLBCL in Finland (Finnish Cancer 
Registry, 2018). In Europe, the age-standardised incidence is 6.3/100 000 (Smith 
et al., 2011). The incidence of DLBCL increases dramatically after the age of 50, 
and a male to female ratio of 1.13 to 1.49 has been presented (Smith et al., 2011; 
Teras et al., 2016).  

The most common DLBCL is de novo, but it may also present as a progression 
or transformation from other lymphoma subtypes such as FL, NLPHL or marginal 
zone lymphoma (Swerdlow H. et al., 2016). There are not many known risk factors 
for DLBCL, but severe obesity or increased body mass index (BMI) has been 
associated with higher risk (Zhang et al., 2011; Hidayat et al., 2018). Various 
autoimmune diseases, such as systemic lupus erythematosus, have also been linked 
(Klein, Polliack, & Gafter-Gvili, 2018), and taller stature has a RR of 1.21 (95% Cl 
1.14–1.29) (Hidayat et al., 2018). 

2.3.2 Biology 

DLBCL is a heterogeneous group of diseases with respect to biology, morphology 
and clinical presentation. Morphologically, DLBCL may be classified as a 
centroblastic, immunoblastic or anaplastic variant. In addition, some rare 
morphologic variants may be expressed. With immunohistochemical staining, 
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DLBCL may be divided into subgroups of CD5-positive DLBCL, germinal centre 
B cell-like (GCB) DLBCL, and non-germinal centre B cell-like (non-GC) DLBCL 
(Swerdlow H. et al., 2016). Hans’ algorithm may be used to differentiate GCB and 
non-GC subgroups according to CD10, BCL-6 and MUM1 expression (Hans et al., 
2004). Furthermore, DLBCL is divided into molecular subgroups of activated B-
cell-like (ABC) DLBCL and germinal centre B cell-like (GCB) DLBCL (Nogai et 
al., 2011). There are many different known prognostic markers in DLBCL, such as 
CD5, MYC and BCL2 expression. According to MYC and BCL2 and/or BCL6 
translocations, DLBCL can be classified as double-hit or triple-hit lymphomas, 
which have the worse prognosis (Li, Young, & Medeiros, 2018). Fluorescence in 
situ hybridisation should be performed to identify these translocations (Swerdlow, 
2014). Different classifications of DLBCL are presented in Table 6. 

DLBCL immunophenotype varies largely. Tumour cells usually express B cell 
markers such as CD19, CD20, CD22 and CD79a. In most cases, immunoglobulin 
may be detected in the cell surface or cytoplasm. CD10, BCL6, MUM1 and CD5 
expression may be found. The proliferation index Ki67 may be as high as 90% or 
more (Swerdlow H. et al., 2016). 

2.3.3 Clinical presentation 

Diffuse large B-cell lymphoma usually presents with a rapidly enlarging tumour 
mass, which may be in single or multiple sites, and 40% of the patients have 
extranodal disease (Martelli et al., 2013; Swerdlow H. et al., 2016). The 
gastrointestinal tract is the most common extranodal site. The disease may also 
present in bone, the testis, spleen, liver, salivary gland, Waldeyer’s ring, thyroid, 
kidney and adrenal gland (Swerdlow H. et al., 2016). Bone marrow involvement is 
seen in 10–20% of the patients. One-third of the patients have B-symptoms (Li et 
al., 2018), which are highly dependent on the site (Swerdlow H. et al., 2016). 

2.3.4  Risk stratification 

The International Prognostic Index (IPI) is used to separate patients into prognostic 
groups. The IPI classification accounts for LDH, age, performance status, number 
of extranodal sites and Ann Arbor stage (A clinical evaluation of the International 
Lymphoma Study Group classification of non-Hodgkin's lymphoma. The Non-
Hodgkin's Lymphoma Classification Project. 1997). Based on the number of risk 
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factors, patients are divided into four prognostic groups (Table 7). The utility of IPI 
has also been validated in the immunochemotherapy era (Ziepert et al., 2010). 

It has been speculated as to whether the introduction of new therapies alters the 
significance of previously recognised prognostic markers and whether the IPI 
classification would detect only two different risk groups during 
immunochemotherapy (Sehn et al., 2007). The revised IPI (R-IPI) classifies 
patients into three risk groups according to IPI risk factors. Patients with 0 risk 
factors have very good prognoses, those with 1 or 2 risk factors have good 
prognoses, and patients with 3 to 5 risk factors have poor prognoses. Corresponding 
4-year OSs of 94%, 79% and 55% have been observed (Sehn et al., 2007). 

Table 6. Classification of DLBCL. 

Factor Identification 

Morphology  

Centroblastic Centroblasts and immunoblasts <90% 

Immunoblastic Immunoblasts >90% 

Anaplastic Large oval or polygonal cells with bizarre pleomorphic nuclei 

Immunohistochemistry  

CD5-positive CD5+ 

GCB CD10+ or MUM1- 

Non-GCB CD10- and BCL6- or MUM1+ 

Gene expression profiling  

ABC Gains at 3q, 18q21-q22 and losses at 6q21-q22 

GBC Gains at 12q12 

Chromosomal translocations  

Double-hit MYC and BCL2 or BCL6 rearrangement 

Triple-hit MYC, BCL2 and BCL6 rearrangement 

Double-expressor Protein expression of MYC 

 Protein expression of BCL2 and/or BCL6 

Hans et al., 2004; Nogai et al., 2011; Swerdlow H. et al., 2016; Li et al., 2018 

ABC = activated B cell, BCL2 = B-cell lymphoma protein 2, BCL6 = B-cell lymphoma protein 6, GCB = 

germinal centre B cell, MUM1 = multiple myeloma oncogene 1 

Table 7. Prognostic groups of DLBCL according to IPI points. 

Risk group Risk score 3-year overall survival * 

Low risk 0 or 1 91.4% 

Low intermediate 2 80.5% 

High intermediate 3 65.1% 

High 4 or 5 59.0% 

* according to Ziepert et al., 2010 
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2.3.5 Treatment 

Adding rituximab to the CHOP regimen has significantly improved the treatment 
results of DLBCL, and nowadays, R-CHOP is the golden standard in its treatment 
(Coiffier et al., 2002; Sehn et al., 2005). It has been studied whether a dose-dense 
strategy administering R-CHOP every 14 days (R-CHOP14) would be superior to 
the standard interval of 21 days (R-CHOP21). No statistically significant difference 
in event-free survival (EFS) has been found, and there were more adverse effects 
with the dose-dense strategy (Delarue et al., 2013). It also seems that treating with 
eight versus six cycles of R-CHOP21 gives no survival benefit, whereas greater 
toxicity is seen with eight cycles (Wästerlid et al., 2018). In young high-risk 
patients, the addition of etoposide to R-CHOP therapy improves survival. In 159 
patients, a 4-year PFS of 70% versus 58% and a 4-year OS of 75% versus 62% 
were found between R-CHOEP and R-CHOP (Gang et al., 2011). 

Radiotherapy may be used after immunochemotherapy. Studies have shown 
PFS and OS benefits in patients who received consolidative RT after 
immunochemotherapy (Phan et al., 2010). Also, patients with bulky disease have 
better outcomes when RT is added to the sites of their bulky disease (Held et al., 
2014). However, there are no randomised studies to vindicate the efficacy of 
consolidating radiotherapy. 

In relapsed or refractory cases, autologous or allogeneic stem cell 
transplantation may be used. Patients that respond well to salvage chemotherapy 
are eligible for SCT. In a Danish registry study, 90 patients with relapsed or 
refractory DLBCL received ASCT with a 5-year OS of 46% (Arboe et al., 2019). 
However, most of the patients do not respond to salvage treatment or are not eligible 
for SCT. In the future, chimeric antigen receptor T cell therapy (also known as 
CAR-T therapy) may be an option for this group of patients (Gisselbrecht & Van 
Den Neste, 2018).  

DLBCL patients have a 5–25% risk for CNS relapse. Known risk factors 
include high LDH, more than one extranodal site, testicular, renal or bone marrow 
involvement, advanced-stage disease and IPI 3-5. Intravenous and/or intrathecal 
methotrexate may be used as a prophylactic for high-risk patients. It has been 
shown that the incidence of CNS relapses has slightly decreased in the rituximab 
era (Villa et al., 2010).  



 

 36

Treatment in the elderly 

R-CHOP gives good treatment responses among elderly patients too. In a series of 
144 patients aged 80 years or older, a 3-year FFS of 63% was achieved with R-
CHOP (Chihara et al., 2016). However, with an anthracycline-based therapy, the 
patient’s comorbidities and alternating performance status may become an issue 
during the treatment. Compared to younger patients, the elderly have more 
treatment-related toxicities and deaths by intercurrent illnesses. Therefore, standard 
therapy is not always a suitable option for elderly patients (Morrison et al., 2015). 

Comorbid patients with DLBCL often have poor performance status. However, 
comorbidity is not associated with more advanced-stage disease, elevated LDH or 
extranodal or bulky disease. Rather, it is associated with a lower likelihood of 
receiving a curative treatment, leading to worse survival outcomes. When treating 
comorbid patients with curative intentions, inferior OS is seen, but disease-specific 
survival (DSS) is similar to that in patients without comorbidities (Wästerlid et al., 
2018), indicating that comorbid patients benefit from treatment. 

Different treatment strategies have been used in elderly and/or comorbid 
patients. The outcomes of these different strategies are presented in Table 8. R-
miniCHOP (rituximab and decreased dose of CHOP) has been used as a less-toxic 
regimen. In 150 patients, 12 treatment-related toxicity deaths were reported 
(Peyrade et al., 2011). Two series of R-bendamustine have been published, and the 
toxicity profile of R-bendamustine was acceptable in both studies (Weidmann et al., 
2011; Walter, Schmitt, Dietrich, Ho, & Witzens-Harig, 2012). Promising results 
from the use of etoposide instead of doxorubicin (R-CEOP) have been published, 
showing a 5-year time to progression (TTP) that is comparable to the R-CHOP 
group (Moccia et al., 2009); in another study, a PFS and OS of 49% and 59% were 
achieved (Rashidi et al., 2016). R-COMP-14 (rituximab, cyclophosphamide, 
vincristine, non-pegylated liposome-encapsulated doxorubicin, prednisone) has 
been used in poor-risk patients who were denied anthracycline-based treatment due 
to cardiac comorbidity (Corazzelli et al., 2011). R-CVP has been used in frail 
patients over 80 years old (Laribi et al., 2016; Arakaki et al., 2017). One study using 
R-GCVP (rituximab, cyclophosphamide, vincristine, gemcitabine, prednisone) in 
the treatment of patients with cardiac comorbidity has been published (Fields et al., 
2014). However, there is still no standard therapy available for elderly and/or 
comorbid patients. 
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2.3.6 Prognosis 

In DLBCL, 36.5% of patients have reached a 10-year PFS with R-CHOP, compared 
to 20.1% with CHOP. Corresponding OS was 43.5% and 27.6% (Coiffier et al., 
2010). The disease itself is the most common cause of death in DLBCL patients. In 
an analysis of 18 047 DLBCL patients from the R-CHOP era with 11 years of 
follow-up, a total of 8274 deaths occurred. Of these, 76% were due to DLBCL. 
Poorer prognosis is seen in patients with older diagnostic age and with advanced 
disease, whereas lower risk is observed in females and married patients. Compared 
to the general population, patients with DLBCL have higher risks of death due to 
noncancerous causes. Mortality is higher for different infections, gastrointestinal 
diseases, vascular diseases and coronary heart disease (Howlader et al., 2017). 
Average life expectancy is reduced by 4.6 years due to DLBCL in patients treated 
in the 21st century, and if the patient survives for two years after the first diagnosis, 
the remaining life expectancy does not statistically differ from that of the general 
population (Ekberg et al., 2018). 

2.4 Nodular lymphocyte-predominant Hodgkin lymphoma 

2.4.1 Epidemiology and aetiology 

Nodular lymphocyte-predominant Hodgkin lymphoma is a rare entity, representing 
approximately 5% of all Hodgkin lymphomas (Swerdlow H. et al., 2016); in 
Europe, the age-standardised incidence is 0.3 per 100 000 (Smith et al., 2011). The 
disease usually occurs between the ages of 30 and 50. Most of the patients are male 
(Swerdlow H. et al., 2016), the male to female ratio being 2.07 to 2.20 (Smith et 
al., 2011; Teras et al., 2016). The median age of female patients at the time of 
diagnosis is 7–15 years higher than that of male patients (Molin, Linderoth, & 
Wahlin, 2017; Shivarov & Ivanova, 2018). 

Race-specific differences have been found in the epidemiology of NLPHL. 
Compared to Caucasians, the incidence of NLPHL is nearly two times higher in 
African Americans. In African Americans, the median age at the time of diagnosis 
is higher and the gender distribution more equal. Despite this, there is no difference 
in survival according to race (Olszewski, Shrestha, & Cook, 2015). 
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Aetiology and risk factors for NLPHL are not clear. Cases of familiar NLPHL 
have been described in the literature (Merli, Maffioli, Ferrario, & Passamonti, 
2013). In first-degree relatives, the standardised incidence ratio (SIR) for NLPHL 
is 19 (95% CI 8.8–36). In familiar cases, approximately half of the patients are 
women. However, it is not known whether the higher familiar risk is associated 
with genetic or environmental factors or both (Saarinen et al., 2013). Somatic 
heterozygous TET2 loss has been found in Finnish familiar cases of NLPHL 
(Kaasinen et al., 2019). 

2.4.2 Biology 

In the 1990s, NLPHL was found to be a distinct entity among other HLs (Biasoli 
et al., 2010). The biology of NLPHL differs vastly from that of cHLs. All HLs 
derive from B cells of the GCs. It seems that NLPHL derives from antigen-selected 
GC B cells, whereas cHLs derive from GC B cells that have lost the ability to 
express antigen receptors and antigenic selection (Kuppers & Rajewsky, 1998).  

In NLPHL, morphologically normal lymph node architecture is partially or 
totally replaced by a nodular or nodular and diffuse infiltrate (Swerdlow H. et al., 
2016). Whereas RS cells are a hallmark for cHL, lymphocyte-predominant cells 
(LP cells, also called popcorn cells), are a hallmark for NLPHL. Morphology of LP 
and RS cells is presented in Table 9.  

B cells are surrounding the LP cells, whereas in cHL, RS cells are surrounded 
by T cells (Kuppers & Rajewsky, 1998). Immunophenotypically, LP cells are 
CD20+, CD79a+, CD75+, BCL6+ and CD45+ in almost all cases. The epithelial 
membrane antigen is positive in approximately 50% of cases. In most cases, LP 
cells are CD15- and CD30-negative, which also separates the NLPHL from cHLs 
(Swerdlow H. et al., 2016).  

Fan classification may be used for the further histological classification of 
NLPHL. Patients are divided into six risk groups (A–F) according to their immuno-
architectural features. Pattern D (diffuse with a T-cell-rich background) is 
associated with more aggressive disease (Fan, Natkunam, Bair, Tibshirani, & 
Warnke, 2003). 

2.4.3 Clinical presentation and risk stratification 

Nodular lymphocyte-predominant Hodgkin lymphoma usually presents as 
persisting lymphadenopathy without B-symptoms (Wang, Balakrishna, Pittaluga, 
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& Jaffe, 2018), which occur only in 5–10% of cases (Lazarovici et al., 2015). In 
75% of cases, an early-stage disease is presented (Nogova et al., 2008). Extranodal 
involvement is rare, and only 1–2% of the patients have bone marrow involvement. 
Compared to CHL, NLPHL has a more indolent course and better prognosis (Goel, 
Fan, Patel, Devabhaktuni, & Grossbard, 2014). 

A prognostic score has been developed for NLPHL. It divides patients into 
three risk groups based on their histopathologic patterns, serum albumin and gender. 
Among the 413 patients, 5-year PFS and OS rates were 95.2% and 98.7% for low-
risk patients, 87.5% and 96.2% for intermediate-risk patients and 68.7% and 88.3% 
for high-risk patients, respectively (Hartmann et al., 2013). 

Table 9. Morphology of RS cells and LP cells. 

Reed-Sternberg cell Lymphocyte-predominant cell 

Large cell Large cell 

Multinucleated or bilobed nucleus One multi-lobed or folded nuclei 

Prominent nuclei Small, prominent nuclei 

Homogenous cytoplasm Scant cytoplasm 

  

  

2.4.4 Treatment 

NLPHL has traditionally been treated as CHL. After recognising the distinct 
histopathological features of NLPHL, more specific treatments have come into use. 
However, there is no international consensus on optimal first-line treatment. Due 
to the rarity of the disease, there are only retrospective studies regarding therapy 
options. 

In early-stage disease, W&W may be an option, and it has no detrimental effect 
on OS. However, it has been suggested that W&W should only be used for stage 
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1A disease without any unfavourable features (Spinner, Varma, & Advani, 2018). 
With rituximab immunotherapy, good response rates are achieved in early-stage 
disease, but the responses are not durable. In 23 patients treated with rituximab only, 
the overall response rate was 100%, but the 5-year PFS was only 39.1%, suggesting 
that rituximab monotherapy is not the best option for first-line treatment (Advani 
et al., 2014).  

Chemotherapy may be used in both early- and advanced-stage diseases, and 
rituximab is combined with chemotherapy for patients with CD20 expression of 
the disease. ABVD (adriamycin, bleomycin, vinblastine, dacarbazine) provides 
good tumour control. In a small series of 6 NLPHL patients, 5 achieved CR with 
R-ABVD. After a median follow-up of 36 months, all the patients were alive and 1 
had relapsed (Cencini, Fabbri, & Bocchia, 2017). Despite the good results achieved 
with ABVD, R-CHOP seems to be superior as the first-line treatment. In a study of 
27 patients treated with R-CHOP, the CR rate was 89% and the 5-year PFS was 
88.5% (Fanale et al., 2017).  

In early-stage disease, good treatment results have been achieved with RT only. 
In a group of 49 stage 1A patients treated with extended-field RT, the estimated 8-
year PFS and OS were 84.3% and 95.7%, respectively. The corresponding numbers 
for involved-field RT (n=108) were 91.9% and 99.0% (Eichenauer et al., 2015). 
However, in-field carcinomas and cardiac or respiratory diseases are a concern after 
RT (Wirth et al., 2005). In early-stage disease, there has been no improvement in 
outcome when comparing combined modality therapy (CMT) to RT alone (Spinner 
et al., 2018). 

Relapsed and refractory cases require personalised treatment. If the disease 
course is chronically relapsing, a single-agent rituximab or RT may be the treatment 
of choice. In patients requiring systemic treatment, immunochemotherapy or even 
ASCT may be used (Spinner et al., 2018). 

2.4.5 Prognosis 

NLPHL is an indolent disease. Molin et al. (2017) reported a 5- and 10-year OS of 
98% and 85% in early-stage disease. Corresponding figures with advanced-stage 
disease were 87% and 64%. In this Swedish registry study, female gender was 
associated with worse prognoses (Molin et al., 2017). However, a similar OS 
difference between genders was not seen in a larger analysis from the Surveillance, 
Epidemiology, and End Results program (Shivarov & Ivanova, 2018). Despite the 
excellent prognosis overall, a minority of child and adolescent patients have a 
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primary disease progression within one year after the initial diagnosis, which is 
associated with significantly worse prognosis (Shankar et al., 2016). 

In line with FL, late relapses and transformation to a more aggressive 
lymphoma are typical of NLPHL (Molin et al., 2017). Although death caused by 
NLPHL is rare, relapses are common, and many patients need to be re-treated. In a 
cohort of 164 NLPHL patients, 62.3% relapsed in a median time of 3.3 years, and 
in 17.9%, the disease transformed into DLBCL. Relapsed disease usually responds 
well to treatment (Biasoli et al., 2010). 

While lymphoma-associated deaths are rare in NLPHL patients, treatment-
related causes of death are significant. In 99 NLPHL patients with a relapse or 
disease recurrence, 15 deaths occurred. Nine patients died of NLPHL, three of 
secondary malignancies and three from infectious complications (Eichenauer et al., 
2018). Secondary malignancies are also a cause for concern. In a study of 314 
patients, nine (2.9%) developed a secondary malignancy during the median follow-
up of 55.8 months. Ten deaths occurred during the follow-up, four of which were 
due to secondary malignancies (Lazarovici et al., 2015).  

2.5 Adverse effects of lymphoma treatments 

With modern treatments, cancer patients may live decades after diagnosis, and the 
number of cancer survivors is increasing. Many survivors experience later 
treatment-related effects, which induce morbidity and mortality and worsen the 
quality of life. As the toxicity profile of treatment methods differs, different cancers 
have their own typical treatment-related adverse effects (Gegechkori, Haines, & 
Lin, 2017). This is also true for the treatment of lymphomas. These adverse effects 
may roughly be divided into acute and late adverse effects (Table 10). 

Typical acute adverse effects for immunochemotherapy are changes in blood 
counts such as neutropenia, anaemia and thrombocytopenia (Chan et al., 2016). 
Haematological adverse effects predispose patients to infections and neutropenic 
sepsis. The risk for infections may be decreased by using a granulocyte colony 
stimulating factor (G-CSF), which also allows a higher dose intensity (Chan et al., 
2016). Gastrointestinal events such as nausea, vomiting, stomatitis, diarrhoea and 
constipation may occur (Younes et al., 2019).  

Also, in the long run, patients treated for lymphoma are prone to infections. 
After receiving chemotherapy for lymphoma, the risk for infection increases up to 
24 months (Olszewski, Reagan, & Castillo, 2018). Rituximab maintenance 
predisposes for infections during therapy (Jaeger et al., 2015). Splenectomy 
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increases the risk of severe infections, and the risk is elevated for the rest of the 
patient’s life (Kyaw et al., 2006). 

Table 10. Typical acute and late adverse effects of lymphoma treatments. 

Adverse effect  Treatment 

Acute adverse effects  

 cardiac toxicity anthracyclines 

 gastrointestinal events multiple chemotherapy regimens, radiotherapy 

 infections multiple chemotherapy regimens, immunotherapy 

Late adverse effects  

 cardiac toxicity anthracyclines, radiotherapy 

 gonadal dysfunction alkylating agents, radiotherapy 

 hypothyroidism radiotherapy 

 infections splenectomy 

 lung toxicity bleomycin, radiotherapy 

 neuropathy vincristine 

 secondary malignancies alkylating chemotherapy, radiotherapy 

Martin et al., 2005; Bentzen et al., 2006; Brusamolino et al., 2006; Kyaw et al., 2006; Albini et al., 2010; 

Hirayama et al., 2014; Chan et al., 2016; Tay et al., 2017; Jacob et al., 2018; Younes et al., 2019 

 
Cardiovascular problems are common among lymphoma survivors. The most 
important predisposing factors are anthracycline-containing chemotherapy and RT. 
Coronary artery disease and valvular heart disease are prevalent late effects that 
may lead to secondary complications such as cardiomyopathy, congestive heart 
failure and sudden cardiac death (Jacob et al., 2018). Also, conduction defects 
(Adams et al., 2004) and dysfunction of the autonomous nervous system (Groarke 
et al., 2015) may occur, especially after RT.  

Radiotherapy to the cervical area may cause hypothyroidism (Brusamolino et 
al., 2006). According to Hancock et al. (1991), the risk for overt or subclinical 
hypothyroidism is 44% with a 25-year follow-up after treatment for HL. In a 20-
year follow-up, the risk is 27–44% for patients who have received RT and 2% for 
those treated without RT. A higher risk for Graves’ disease has also been 
demonstrated among HL patients (Hancock, Cox, & McDougall, 1991). 

Different chemotherapy regimens have been associated with male gonadal 
toxicity (Viviani et al., 1985). In men, alterations in sperm have already been 
detected at the time of diagnosis, before any treatment (Martinez et al., 2017). In 
HL, ABVD chemotherapy is associated with lower gonadotoxic risk, and fertility 
is preserved in up to 90% of patients (Fosså & Magelssen, 2004). DNA damage in 
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germ cells and abnormal spermal chromosomes have been found from 3 to 12 
months after the end of treatment (Martinez et al., 2017). 

Premature ovarian failure and fertility loss after lymphoma treatments are an 
issue for women. Alkylating chemotherapy such as cyclophosphamide and 
procarbazine and total body irradiation are major risk factors for gonad toxicity and 
fertility loss. The main contributing factors are age at the time of treatment and 
dosage of anticancer therapies, such as alkylating chemotherapy (Albini et al., 2010; 
Salama, Isachenko, Isachenko, Rahimi, & Mallmann, 2017). In female patients 
over 40 years old, complete amenorrhoea has been caused by cyclophosphamide 
doses four times lower than doses in 20–30-year-old women. Due to a decline in 
fertility among age, it has been proposed that female patients over the age of 35 
would not be candidates for, e.g., cryopreservation of ovarian tissue (Albini et al., 
2010). Gonadotropin-releasing hormone agonist (GnRHa) has been used during 
treatment to reduce the risk of infertility in women. However, some studies have 
suggested that GnRHa would not prevent premature ovarian failure and, thus, it has 
no influence on future pregnancy rates (Demeestere et al., 2016). In women, oocyte, 
embryo or ovarian tissue cryopreservation may be used for fertility preservation 
(Rodriguez-Wallberg et al., 2016). The risk of tissue contamination with lymphoma 
cells has caused concern, especially with ovarian tissue cryopreservation. In two 
studies with a total of 80 patients, no signs of malignant cells had been found in 
histological harvesting. However, in one patient, minimal residual disease was 
detected with polymerase chain reaction (PCR) (Seshadri et al., 2006; Meirow et 
al., 2008). Before starting treatment for lymphoma, fertility preservation options 
should be discussed with both male and female patients of fertile age. 

Treatment for lymphoma causes pulmonary dysfunction. Radiotherapy 
predisposes to several different pulmonary adverse effects, usually occurring 
months or years after treatment. Pulmonary fibrosis is one of the main adverse 
effects caused by RT to the thoracic area (Bentzen, 2006). Bleomycin, a commonly 
used chemotherapeutic agent in the treatment of HL, predisposes the patient to 
pneumonitis. The risk for bleomycin pulmonary toxicity varies from 0% to 46% 
and pulmonary toxicity also has a negative effect on overall survival (Martin et al., 
2005). The use of G-CSF may increase the risk of bleomycin pneumonitis and 
pulmonary toxicity associated with other chemotherapy regimens, such as CHOP 
(Yokose et al., 1998). 

Neuropathy may be caused by lymphoma itself when lymphoma cells infiltrate 
into nerves. More commonly, neuropathy is seen as an adverse effect of 
chemotherapy (Kelly & Karcher, 2005). Vinca alkaloids, especially vincristine, 
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cause peripheral sensorimotor neuropathy (Flinn et al., 2014); autonomic 
neuropathy has also been described. Occasionally, neuropathy caused by 
vincristine heals after the discontinuation of treatment, but some patients suffer 
from difficult and permanent symptoms (Tay et al., 2017). 

Lymphoma treatments predispose patients to both solid and haematological 
malignancies. In a Japanese study of 443 patients with FL from the rituximab era, 
the 5-year risk for secondary malignancies was 4.2%, presenting as 6 
haematological malignancies and 11 solid tumours during the follow-up (Hirayama 
et al., 2014). Among HL patients, the risk for secondary solid tumours is especially 
associated with the use of RT (Brusamolino et al., 2006). However, among patients 
with aggressive lymphoma, RT was not associated with the risk of secondary 
malignancies (Major, Smith, Ghosh, Rabinovitch, & Kamdar, 2020). 

2.5.1 Cardiovascular adverse effects 

The risk for cardiovascular diseases is increased among lymphoma survivors via 
many different mechanisms. Radiotherapy predisposes to coronary heart disease, 
valvular heart disease, myocardial dysfunction, issues with electrical conduction 
and pericardial disease, whereas anthracycline-based chemotherapy predisposes to 
cardiomyopathy and chronic cardiac diseases, e.g., heart failure, in which the 
absolute risk depends on the cumulative dose (Ng & van Leeuwen, 2016). 
Cardiotoxicity caused by RT usually presents within 10–15 years of treatment, 
while the adverse effects of systemic therapies occur within months or years after 
initial treatment (Aleman et al., 2014). The mechanism of cardiovascular damage 
and cardiovascular effects of different anticancer therapies are presented in Tables 
11 and 12. 

Cardiovascular diseases cause substantial excess mortality after lymphoma 
treatments. Among Finnish paediatric and young adult lymphoma survivors, the 
risk for cardiovascular death was up to 10 times higher and for cardiac ischaemia-
related death up to 16 times higher compared to general population rates. The risk 
for cardiovascular death was higher among patients treated at a younger age (Kero 
et al., 2015). Among paediatric and young adult cancer survivors, the risk for 
cardiovascular mortality is higher among lymphoma survivors in comparison to 
other malignancies, and significant excess mortality is seen beyond 30 years after 
diagnosis (Prasad, Signorello, Friedman, Boice, & Pukkala, 2012). 
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Cardiovascular adverse effects of radiotherapy 

Radiotherapy may cause severe cardiovascular problems after treatment, which has 
been demonstrated especially among HL survivors. The incidence of premature 
death by myocardial infarction is increased in HL patients treated with mediastinal 
RT. In 415 HL patients with a median follow-up of 11.2 years, 10.4% of patients 
developed coronary artery disease (CAD) with a steadily increasing incidence 
during the follow-up. Risk factors for CAD were traditional CAD risk factors: older 
age during therapy, male gender, hypertension and hypercholesterolaemia. Also, 
higher risks for carotid or subclavian artery disease and clinically significant 
valvular dysfunction were observed. Cumulative cardiovascular morbidity was 16% 
at 20 years from treatment (Hull, Morris, Pepine, & Mendenhall, 2003). Among 
Dutch HL patients, 4- to 6-fold SIR for CAD or HF has been seen in comparison 
to the general population (van Nimwegen et al., 2015). Radiotherapy-related heart 
failure (HF) is highly dependent on radiation doses, and the risk increases with 
doses above 20 Gy (van Nimwegen et al., 2017). Unlike other adverse effects 
caused by RT, pericarditis may occur shortly after exposure (Aleman et al., 2014). 
However, in HL patients, the risk of excess mortality caused by treatment-related 
diseases of the circulatory system has decreased with modern RT, but it still remains 
a clinically relevant phenomenon (Eloranta et al., 2013). 

Cardiovascular adverse effects of systemic therapy 

Systemic treatment-associated cardiotoxicity in lymphoma patients is usually 
related to anthracyclines. Acute cardiotoxicity caused by anthracyclines may occur 
within two weeks of administration, even after a single dose. The most common 
type of cardiotoxicity develops within one year, presenting as chronic 
cardiomyopathy, which may lead to HF. Also, late-onset chronic HF may be seen 
years or even decades after chemotherapy (Cardinale et al., 2015). 

Anthracycline use predisposes to cardiomyopathy via oxidative damage to the 
myocytes. Among 141 lymphoma patients treated with doxorubicin, 27.9% 
developed subclinical cardiomyopathy during the 5-year follow-up. Higher risk for 
cardiomyopathy was connected to male sex, older age, higher cumulative dose of 
doxorubicin, RT and obesity (Hequet et al., 2004). High cumulative doses of 
anthracyclines increase the risk of congestive heart failure (CHF) (Von Hoff et al., 
1979). Cardiotoxicity is usually seen after a cumulative doxorubicin dose of 360 
mg/m2, but there is wide individual variability (Cardinale et al., 2015). According 
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to Hershman et al. (2008), other risk factors for CHF are older age, history of 
coronary artery disease or valvular disease, hypertension and diabetes. In a study 
of 3164 DLBCL patients, doxorubicin increased the risk of CHF by 29% as an 
independent risk factor. Hypertension increased the risk by 58% and diabetes by 
27% (Hershman et al., 2008). In a Danish cohort study of 2440 lymphoma patients, 
5.4% developed CHF if treated with anthracyclines and 0.7% developed it if treated 
without. Cardiotoxicity risk increased greatly with six or more cycles of 
chemotherapy. The risk for cardiovascular diseases was also higher in patients 
treated with anthracyclines (Baech et al., 2018). Although the occurrence of 
cardiotoxicity is highly dose-dependent, it may still occur with lower than expected 
anthracycline doses. Low-dose cardiotoxicity occurs especially in patients with 
pre-existing risk factors (Nousiainen, Jantunen, Vanninen, & Hartikainen, 2002). 

Screening and treatment for cardiovascular adverse effects 

Despite recognised risk factors for cardiotoxicity, there is still wide individual 
variability in toxic anthracycline doses, and therefore, surveillance for 
cardiotoxicity during and after treatment is necessary. Early monitoring of left 
ventricular function may reveal upcoming cardiotoxicity and could be especially 
useful for patients with known risk factors (Nousiainen et al., 2002). High-
sensitivity cardiac troponin T may be used to predict cardiac complications (Blaes 
et al., 2015). Elevated serum hyaluronan levels correlate to both systolic and 
diastolic dysfunction after chemotherapy, as troponin levels correlate only to 
systolic dysfunction, indicating that hyaluronan is useful in the surveillance of 
cardiac function (Inanc et al., 2016). 

Cardiotoxicity caused by anthracyclines may be alleviated and treated with 
ACE inhibitors and beta blockers. In a study of 226 patients with anthracycline-
induced cardiotoxicity, 82% had full or partial recovery with treatment (Cardinale 
et al., 2015). However, some studies have suggested that heart failure caused by 
anthracyclines is irreversible (Volkova & Russell, 2011). Liposomal doxorubicin 
has been studied as a less cardiotoxic option for conventional doxorubicin, as 
liposomal encapsulation is thought to enhance decreased heart accumulation. 
However, the results regarding liposomal doxorubicin use are contradictory 
(Fridrik et al., 2016; Olivieri et al., 2017). Also, a higher incidence of interstitial 
pneumonitis has been seen in NHL patients treated with liposomal doxorubicin 
(Zhou et al., 2018). 
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2.5.2 Secondary malignancies 

Secondary malignancies causing substantial excess mortality are an important 
subset of the late adverse effects of lymphoma treatments. Secondary malignancies 
may cause death decades after a successful initial treatment for lymphoma. This is 
emphasised especially in the HL patients who have had an advanced disease 
requiring more aggressive treatment (Petrakova et al., 2018). In HL patients, the 
risk for secondary malignancies has declined since intensive treatment protocols 
have been altered, but the risk is still clinically relevant (Kumar et al., 2018). On 
the contrary, some studies have shown no decline in the overall incidence of 
secondary malignancies after HL over time (Schaapveld et al., 2015). Overall 
cancer risk after lymphoma treatments is presented in Table 13.  

It has been noted that the increased risk for secondary malignancies is prone to 
male gender and to younger age at the time of treatment (Sacchi et al., 2008). The 
risk is higher in both genders if the lymphoma is diagnosed before the age of 35. In 
HL survivors, the risk for second cancer is 1.3-fold higher if the patient has a first-
degree relative with cancer (Sud, Thomsen, Sundquist, Houlston, & Hemminki, 
2017). Alkylating chemotherapy increases the risk for both solid and 
haematological malignancies, and environmental factors such as smoking have a 
major influence on the incidence of secondary cancers (Ng & van Leeuwen, 2016). 

The use of RT is a significant predisposing factor for secondary solid 
malignancies. There is a steady increase in risk for solid tumours within 5–15 years 
after the initial treatment, and the risk is elevated for at least 40 years thereafter 
(van Leeuwen & Ng, 2016). Unlike in solid tumours, chemotherapy is a major risk 
factor for secondary haematological malignancies (SHM), which are more likely 
for the first 10 years after treatment; SHMs occurring after 15 years from the 
treatment are rare (Mudie et al., 2006). 

 
Secondary haematological malignancies 

There is a major risk for secondary leukaemia or lymphoma following systemic 
lymphoma treatments. In many studies, haematological malignancies have been the 
most common of the secondary malignancies. In patients treated for DLBCL, a SIR 
of 9.02 (95% CI 5.51–13.93) has been detected for HL and 4.96 (95% CI 3.47–
7.87) for acute myeloid leukaemia (AML). The corresponding numbers for FL were 
6.78 (95% CI 3.5–11.85) and 5.96 (95% CI 4.15–8.29), respectively (Morton et al., 
2010). In 817 HL patients, the SIR for NHL was 13.1 (95% CI 7.3–21.6) and 5.8 
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(95% CI 2.3–12.0) for leukaemia (Petrakova et al., 2018). In a large cohort of HL 
patients, the SIR for SHMs was 4.42 (95% CI 4.08–4.78), being the most common 
secondary cancer in the cohort (Kumar et al., 2018). 

Latency for SHMs is shorter than for solid tumours. In 2456 NHL patients, the 
risk for leukaemia was elevated for the first 10 years, and there were no new cases 
after 15 years (Mudie et al., 2006). In 5798 patients with HL, the risk for leukaemia 
peaked 5–9 years after treatment, and only a few cases were found after 14 years. 
However, the risk for NHL peaked 5–9 years after the treatment if treated with 
chemotherapy only. With combined modality treatment, the risk remained high for 
at least 20 years or more (Swerdlow et al., 2011). 
Leukaemia risk is strongly associated with the use of alkylating chemotherapy 
(Swerdlow et al., 2011). Fludarabine has been associated with a high risk of 
secondary haematological malignancies (SHM). In a study of 176 patients treated 
with fludarabine, 10.8% developed secondary AML or myelodysplastic syndrome 
(MDS) within a median follow-up of 41 months (Carney et al., 2010). No 
association with the use of bendamustine and the risk of SHM has been found 
(Martin et al., 2017). In 263 FL patients treated with R-CHOP, the 10-year risk for 
MDS or AML was 1.8% and, correspondingly, 4.9% for the 262 patients treated 
with CHOP and radioimmunotherapy, respectively (Shadman et al., 2018). Patients 
treated with autologous SCT are at higher risk for SHMs, as well as those who have 
undergone total body irradiation with SCT (Lenz et al., 2004). However, the 
incidence has varied widely from 4% to 14.5% at the 5-year follow-up (Darrington 
et al., 1994; Miller et al., 1994). The correlation between splenectomy and a higher 
risk for secondary NHL has been seen in HL patients (Schaapveld et al., 2015). 

SHM prognosis is poor, as secondary neoplasms usually present a more 
aggressive course of the disease than de novo neoplasms. For patients with MDS, 
the risk of death is 13% higher if the patient has had a previous cancer diagnosis. 
If the previous malignancy was a lymphohaematopoietic cancer, the risk for death 
increases by 69% (De Roos, Deeg, & Davis, 2007). In therapy-related myeloid 
neoplasms, the 5-year OS is less than 10%. Many different factors influence the 
poor prognosis. Therapy-related myeloid neoplasms present a more aggressive 
disease with a higher percentage of complex karyotype. Advanced age, previous 
chemotherapy, a higher number of comorbidities and possible complications from 
previous treatment may limit the options for secondary malignancy (Fianchi et al., 
2018). 
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Secondary solid malignancies 

Lymphoma survivors also face an increased risk for many solid tumours. Higher 
risks are most often seen for lung, breast and colorectal cancers (Sud et al., 2017). 
Patients with HL are younger than those with NHL, and therefore, expected 
survival after successful treatment is longer. Thus, the cumulative incidence of 
secondary cancers is higher among HL patients, as the latency for secondary solid 
tumours may be decades. HL patients have shown a 40-year cumulative incidence 
of solid cancers as high as 43.6% (Ng & van Leeuwen, 2016). Table 14 presents 
the most common secondary solid tumours with predisposing anticancer therapies 
and other major predisposing factors. 

Several studies have found a higher risk for lung cancer after lymphoma 
treatments. In a study of 11 055 FL patients, the SIR for lung cancer was 1.28 (95% 
CI 1.07–1.53). However, there were no similar findings among 15 243 DLBCL 
patients, in which the SIR was 1.00 (95% CI 0.83–1.19) (Morton et al., 2010). 
Among 23 864 HL patients, lung cancer was the most common secondary solid 
cancer, with a SIR of 2.84 (95% CI 2.61–3.08) (Kumar et al., 2018). Similar results 
were found in a Czech cohort of 871 HL patients. With a median follow-up of 12 
years, the SIR for lung cancer was 3.2 (95% CI 2.1–4.7) (Petrakova et al., 2018). 
In a Swedish registry study, the excess risk for lung cancer was 16.2% (Sud et al., 
2017). Increasing radiation doses and smoking are associated with the risk of lung 
cancer among lymphoma patients. Patients who smoked more than 10 pack-years 
after lymphoma diagnosis had a 6-fold risk of lung cancer compared to those who 
smoked less than 1 pack-year (van Leeuwen et al., 1995). Also, former smokers are 
more susceptible to secondary lung cancer, and smoking seems to be a greater risk 
factor than RT (Schaapveld et al., 2015). It is not known whether the effects of 
anticancer therapies and smoking are synergistic or additive in lung cancer.  

Young female patients are especially prone to secondary breast cancer. In HL 
patients, a 30-year cumulative risk for breast cancer for those diagnosed under the 
age of 35 was 13.8%, whereas the 30-year cumulative incidence was only 3.3% if 
HL was diagnosed after the age of 35. In all patients, the excess risk was 12.9% 
(Sud et al., 2017). Among HL patients, the SIR for breast cancer was 2.0–4.4 
(Kumar et al., 2018; Petrakova et al., 2018). However, in FL or DLBCL patients, 
Morton et al. (2010) did not find an increased risk for female or male breast cancer. 
According to Travis et al. (2003), radiotherapy is a well-known risk factor for 
secondary breast cancer. The risk increases to 3.2-fold with radiation doses of 4 Gy 
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or more, and it further increases to 8-fold with total doses over 40 Gy. However, 
treating with ovarian radiation or alkylating agents lowers the risk of breast cancer 
due to the hormonal castration effects (Travis et al., 2003). 

Patients treated with infradiaphragmatic RT or high-dose procarbazine have 
higher risks for secondary colorectal cancer (Rigter et al., 2017). An excess risk of 
7.6% for colorectal cancer has been observed among HL patients (Sud et al., 2017). 
Kumar et al. (2018) observed an SIR of 1.62 (95% CI 1.48–1.77) for 
gastrointestinal cancer. 

Table 14. Secondary solid malignancies and predisposing factors. 

Malignancy Predisposing factor 

Breast cancer Radiotherapy 

Gastrointestinal cancer Radiotherapy, chemotherapy agents, e.g., dacarbazine, 

procarbazine, platinum 

Lung cancer Smoking, radiotherapy, alkylating chemotherapy 

Skin cancer Radiotherapy 

Ng, 2014 

2.5.3 Patient-reported late effects and survivorship care 

Lymphoma survivors experience a great incidence of different treatment-related 
late effects that may significantly impact quality of life and mortality after treatment. 
Table 15 presents different patient-reported late effects connected to the use of RT 
and chemotherapy. Different survivorship care protocols have been presented for 
better control of these late effects. It has been suggested that lymphoma survivors 
could benefit from at least regular breast cancer screening, dermatologic evaluation, 
lipid screening and blood pressure monitoring (Frick et al., 2018). Carotid artery 
disease screening is recommended after neck irradiation (Ng, 2014; Frick et al., 
2018), pulmonary function tests are recommended if treated with bleomycin (Ng, 
2014), and screening for lung cancer and colorectal cancer has been discussed (Ng, 
2014). Also, delivery of survivorship information for patients is often suboptimal 
and should be improved (Frick et al., 2018). 
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Table 15. Patient-reported late effects. 

Therapy Late effect Incidence 

Chemotherapy   

 Chronic fatigue 56% 

 Cognitive changes 56% 

 Peripheral neuropathy 35% 

 Sexual changes Male 15% 

Female 35% 

 Osteoporosis 14% 

 Heart disease 10% 

Radiotherapy   

 Hyper- or hypothyroidism 35% 

 Thyroid nodules 8% 

 Speaking or swallowing changes 20% 

 Heart disease 14% 

 Pulmonary fibrosis or pneumonitis 12% 

 Skin cancer in radiation field 9% 

Frick et al., 2018 

2.6 Advanced age and treatment of lymphoma 

In elderly patients, finding a balance between the efficacy and toxicity of the 
therapy is more challenging than in younger patients. Dose reductions, interval 
modifications, and prophylactic administration of G-CSF may be used to increase 
the tolerability of treatment. However, there is no consensus as to which patients 
fit the criteria to receive chemotherapy (Jung, Woo, & Han, 2015). In a series of 
166 NHL patients over 90 years of age, 36.5% were either not treated or received 
corticosteroids only, whereas 56% received systemic chemotherapy. Of the 
chemotherapy-treated patients, 23% were hospitalised due to toxic effects, leading 
to the discontinuation of treatment in 15%. Among aggressive NHL patients over 
90 years old, 30.4% died due to lymphoma if treated versus 60% if not treated, or 
they received corticosteroids only (Trebouet et al., 2013).  

Elderly patients have worse outcomes, which are associated with several 
different factors (Table 16) (The Non-Hodgkin's Lymphoma Classification Project, 
1997; Bairey et al., 2006). However, good response rates are also achieved in 
elderly patients treated with curative intent, and age alone should not be a 
contraindication to treatment (Bairey et al., 2006). 

Comorbidities have an influence on treatment results for many different 
reasons. Treatment decisions for patients with comorbidities are often based on 
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retrospective studies, as they are often excluded from prospective randomised 
clinical trials (Salz et al., 2017; Saygin et al., 2017). Comorbidity is a competing 
cause of death, but it may also influence the use, intensity and efficacy of 
chemotherapy and is therefore associated with a lower probability of receiving 
treatment with curative intent (Wästerlid et al., 2018). It has been reported that 
patients with mild cognitive impairment or dementia are less likely to receive 
immunochemotherapy treatment (Saffore et al., 2018). The Charlson Comorbidity 
Index (CCI) may be used as an assessment tool for patients with chronic diseases. 
In a Swedish registry study of 3905 DLBCL patients, 93% were treated with 
curative intent if CCI was 0 and 78% if CCI was 1 or higher. The comorbidities 
were associated with higher IPI but not with bulky disease, advanced stage disease, 
elevated LDH, or the presence of major extranodal disease (Wästerlid et al., 2018). 
In patients with haematological malignancies, comorbidities have been associated 
with both higher all-cause and cancer-specific mortalities (Mohammadi et al., 2015; 
Wästerlid et al., 2018). In elderly patients with DLBCL, high CCI is a factor for 
poor prognosis, independent of IPI (Kobayashi et al., 2011). The same results were 
presented in another study, where low cognition was a prognostic factor in addition 
to CCI (Naito, Sasaki, Takamatsu, Kiyomi, & Tamura, 2016). However, if treated 
with curative intent, CCI was not associated with higher lymphoma-specific 
mortality, but with higher mortality due to other causes (Wästerlid et al., 2018). 
This highlights the need for treatments with better toxicity profiles for comorbid 
patients in particular. Specific diseases may have a major impact on treatment. For 
example, higher rates of dose reductions are seen in patients with CAD compared 
to those without (Saygin et al., 2017). 

For DLBCL, anthracycline-containing therapy is the standard for fit patients 
with good performance status and normal cardiac function. However, only about 
60% of elderly DLBCL patients receive anthracycline-containing regimens (Tien, 
Link, Brooks, Wright, & Chrischilles, 2015). Doxorubicin-based therapy is often 
withheld from elderly patients due to cardiac toxicity. In addition, patients with 
previously diagnosed cardiac disease, e.g., myocardial infarction or CHF, are less 
likely to receive doxorubicin in their treatment (Hershman et al., 2008). The 
decision to treat with anthracyclines is based on the potential cardiac risk versus 
the potential benefit of treating the cancer. Known risk factors for cardiotoxicity 
are age older than 65 years, female gender, hypertension, pre-existing cardiac 
disease, mediastinal radiation, treatment with cyclophosphamide, a cumulative 
anthracycline dose of more than 350 mg/m2 and higher individual anthracycline 
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doses. If the patient has two or more risk factors, the benefit from anthracycline 
therapy is unlikely due to the potential cardiac risk (Volkova & Russell, 2011). 

Different strategies have been presented to support treatment decisions in 
elderly patients. Prognostic models for tolerability to cytotoxic drugs, adherence to 
treatment and treatment-related deaths in elderly patients with DLBCL have been 
presented. In one model, patients are categorised into four different subgroups 
according to age (>75 years), serum albumin (<3.7 g/dL) and the Charlson 
Comorbidity Index (3 or more). The subgroups of this model linearly correlate with 
the 3-year overall survival, and this model could be used for dose adjustments 
(Miura et al., 2017). In another study among DLBCL patients, comprehensive 
geriatric assessment (CGA) has been used to find out whether the patient would 
benefit from curative treatment. According to CGA, the patients were classified 
into subgroups as “fit”, “unfit” or “frail”. When the patients were treated with 
curative vs palliative therapy, fit patients achieved a 2-year OS of 88% vs 25%, 
respectively, unfit patients achieved 75% vs 45%, and frail patients achieved 44% 
vs 39%, demonstrating that frail patients did not benefit from therapy with curative 
intent (Tucci et al., 2015).  

Table 16. Factors affecting treatment responses in elderly patients. 

Factor 

Different biology of the disease 

Bone marrow infiltration more common 

Higher number of comorbidities 

Poorer performance status 

Altered pharmacokinetics 

Decreased haematopoietic reserve leading to increased myelotoxicity 

Higher rate of treatment-related complications 

Use of less aggressive protocols 

Use of reduced doses of chemotherapy 

The Non-Hodgkin's Lymphoma Classification Project, 1997; Bairey et al., 2006 
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3 Aims of the study 
In recent decades, there has been a major improvement in lymphoma treatment 
outcomes. As the treatment results have improved, knowledge of treatment-
associated adverse effects has increased. These adverse effects may be remarkably 
burdensome and may shorten the life expectancy of cured patients. The next great 
challenge in the treatment of lymphoma is to reduce the occurrence and seriousness 
these adverse effects. Late effects of treatment are especially significant in indolent 
lymphomas, where the therapies are often repeated, and in elderly patients, who are 
more prone to adverse effects. The general aim of this study was to obtain clinically 
significant information in order to optimise the treatment of different lymphoma 
subtypes and to consider specific adverse effects. 

Specific aims of this study were: 

1. To find out the risk of secondary haematological malignancies in patients with 
FL and how the treatment decisions interfere with this risk 

2. To find out the risk of secondary solid tumours in patients with FL and how the 
treatment decisions interfere with this risk 

3. To evaluate the use of alternative immunochemotherapy regimens in elderly 
patients with DLBCL 

4. To evaluate the use of R-bendamustine in patients with NLPHL 
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4 Materials and methods 

4.1 Patient population 

4.1.1 Patients with follicular lymphoma (Studies I and II) 

For these studies, medical data for 1045 patients with FL were collected 
retrospectively from hospital records at from Oulu University Hospital, Tampere 
University Hospital, Kuopio University Hospital, Turku University Hospital, 
Central Hospital of Central Finland, North Karelia Central Hospital, Kainuu 
Central Hospital and from two centres in Barcelona, Spain. We excluded cases with 
composite lymphoma and patients treated with W&W in the first line and diagnosed 
with DLBCL in the second line. In total, there were 1028 patients in the study, 
which included 694 from Finland and 334 from Spain. 
Patient characteristics are presented in Table 17. The median follow-up time was 
5.6 (0–18.8) years. 

Table 17. Patient characteristics. 

Characteristics  N %  

All patients  1028   

Median age, years (range)  60.0 (17–100)  

Male/Female  498/529 48.5/51.5 

B-symptoms at diagnosis 166 16.6 

Stage   

1–2 770 82.6 

3 151 16.2 

3b 11 1.2 

Elevated LDH at diagnosis 226 29.0 

FLIPI    

0–1 335 36.8 

2 257 28.3 

3-5 317 34.9 

Treated patients 968 94.2 

Number of treatment lines   

1 621 64.2 

2 220 22.7 

3 or more 127 13.1 
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4.1.2 Patients with diffuse large B-cell lymphoma (Study III) 

Data for 234 DLBCL patients were retrospectively collected from the hospital 
records of Oulu University Hospital. Patients were diagnosed between 2001 and 
2015. After excluding patients who did not receive R-CHOP, R-CIOP, R-CEOP or 
R-CHOEP, 208 patients were included in the median follow-up time of 41 months 
(0–160). 

Patient characteristics are presented in Table 18. The median age of all patients 
was 67 years (19–90). Lactate dehydrogenase was elevated in 67.8% of the patients. 

Table 18. Patient characteristics. 

n (%) R-CHOP n=55 R-CIOP n=105 R-CEOP n=17 R-CHOEP n=31 

Age (median, range) 62, 30–82 72, 40–87 81, 56–90 55, 19–81 

Gender (male) 30 (55%) 60 (57%) 9 (53%) 16 (52%) 

Stage n=55 n=104 n=17 n=31 

I 19 (35%) 16 (15%) 4 (24%) 2 (6%) 

II 9 (16%) 16 (15%) 6 (35%) 5 (16%) 

III 11 (20%) 22 (21%) 1 (6%) 8 (26%) 

IV 16 (29%) 50 (48%) 6 (35%) 16 (52%) 

B-symptoms  n=52 n=97 n=15 n=28 

A 29 (56%) 53 (55%) 9 (60%) 15 (54%) 

B 23 (44%) 44 (45%) 6 (40%) 13 (46%) 

IPI n=55 n=103 n=17 n=31 

0–1 16 (29%) 22 (21%) 6 (35%) 4 (13%) 

2–3 34 (62%) 42 (41%) 7 (41%) 17 (55%) 

4–5 5 (9%) 39 (38%) 4 (24%) 10 (32%) 

WHO performance status n=55 n=104 n=17 n=31 

0 15 (27%) 23 (22%) 3 (18%) 1 (3%) 

1 33 (60%) 48 (46%) 7 (41%) 13 (42%) 

2 4 (7%) 12 (12%) 5 (29%) 8 (26%) 

3 2 (4%) 11 (11%) 0 (0%) 7 (23%) 

4 1 (2%) 10 (10%) 2 (12%) 2 (7%) 

LVEF (mean) n=28 n=82 n=14 n=16 

Stroke volume in relation to 

end-diastolic volume 

68% 66% 58% 68% 

IPI = International Prognostic Index, LVEF = left ventricular ejection fraction, R-CEOP = rituximab, 

cyclophosphamide, etoposide, vincristine, prednisolone, R-CHOEP = rituximab, cyclophosphamide, 

doxorubicin, vincristine, etoposide, prednisolone, R-CHOP = rituximab, cyclophosphamide, doxorubicin, 

vincristine, R-CIOP = rituximab, cyclophosphamide, epirubicin, vincristine, prednisolone, WHO = World 

Health Organization 
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Most patients were treated with R-CIOP. Among four patients in the R-CEOP group, 
the therapy was changed to R-CEOP during the treatment. The original regimen 
was R-CHOP in two patients, and others were treated with R-CHOEP and R-CIOP.  

A matched-pair analysis was carried out between 30 patients treated with R-
CHOP or R-CEOP. Data for the matched-pair analysis were collected from Kuopio 
and Oulu University Hospitals from patients treated between 2003 and 2009. 
Patients were matched according to age (within six years) and IPI. Characteristics 
of patients in the matched-pair analysis are presented in Table 19. 

Table 19. Characteristics of patients in the matched-pair analysis. 

Characteristic % (n) R-CHOP R-CEOP 

Age (median, range) 78, 55–90 81, 56–90 

B-symptoms 40% (6) 43% (6) 

Male/Female 60% (9) / 40% (6) 53% (8) / 47% (7) 

Stage   

1–2 40% (6) 60% (9) 

3–4 60% (9) 40% (6) 

IPI   

0–1 33% (5) 33% (5) 

2–3 47% (7) 47% (7) 

4–5 20% (3) 20% (3) 

Radiotherapy (yes) 40% (6) 33% (5) 

IPI = International Prognostic Index, R-CEOP = rituximab, cyclophosphamide, etoposide, vincristine, 

prednisolone, R-CHOP = rituximab, cyclophosphamide, doxorubicin, vincristine, SD = standard deviation  

4.1.3 Patients with nodular lymphocyte-predominant Hodgkin 
lymphoma (Study IV) 

Data for NLPHL patients treated with R-bendamustine were retrospectively 
collected from the records of Oulu University Hospital. Patients were treated with 
R-bendamustine as either the first-line treatment or after the first relapse. A total of 
9 patients was found. Haematopathologists confirmed the histological diagnoses of 
these patients in a second review. 

Patient characteristics at the time of diagnosis are presented in Table 20. The 
median follow-up time was 34 (14–79) months. Seven patients were given first-
line treatment and two at the first relapse. Relapsed patients were treated with RT 
or ABVD in the first line. 
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Table 20. Patient characteristics. 

Characteristic Result Data available 

Age (median) 46.5 (19–61) 9/9 

Gender  9/9 

Male 7  

Female 2  

Stage  9/9 

1 1  

3 6  

4 2  

B-symptoms 1 9/9 

Elevated LDH 1 6/9 

4.2 Statistical analysis 

To assess the relationships between different clinical parameters, we used Pearson’s 
two-sided chi-squared test. Survival estimates were calculated with the Kaplan-
Meier analysis, and statistical significance was determined using the log-rank test. 
The chi-squared test was used to determine differences between the different 
patient groups. Cox regression analysis was used for multivariate analyses. A p-
value below 0.05 was considered statistically significant. Analyses were performed 
with the Statistical Package for the Social Sciences (IBM SPSS, Chicago, Il, USA). 

The risk for secondary malignancies was calculated as the standardised 
incidence ratio (SIR), demonstrating the ratio of the observed number of cases to 
the expected number of cases. When calculating the risk of secondary malignancies, 
the person-years at risk were computed by 10-year age groups, sex and 5-year time 
interval, starting from two months after the first treatment date to the date of death 
or the last follow-up. The time intervals began in 1980. The expected number of 
incidents for each group was computed by multiplying the specific person-years at 
risk by the corresponding number of incidents per person-year and summarising 
the results. The person-year, sex and time-interval incidences were obtained from 
the Finnish Cancer Registry (Finnish Cancer Registry, 2018). The confidence 
intervals were computed as Wald confidence intervals. Absolute excess risk was 
computed as the difference between the observed and the expected cases divided 
by the person-years in the study and multiplied by one thousand. The computations 
were done in R using the popEpi package (Miettinen & Rantanen). When studying 
the risk of SHM, Cox regression analysis was performed with time-dependent 
variables to eliminate the influence of a longer follow-up time among patients who 
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had received multiple lines of treatment. This analysis was performed with PROC 
PHREG in SAS® Enterprise Guide 7.1. 

To study the risk of secondary malignancies, patients were grouped into five 
different subgroups according to first-line treatment: anthracycline-containing 
therapy, bendamustine-containing therapy, RT, other chemotherapy (fludarabine, 
chlorambucil, CVP [cyclophosphamide, vincristine and prednisolone] and other 
chemotherapy) and others (W&W, surgical removal, no treatment and R-single). 
Haematological malignancy was considered to be secondary if the diagnosis was 
made after one year from the first day of treatment for FL. 

In a study with DLBCL patients, initial therapy was changed to R-CEOP if 
substantial cardiotoxicity appeared during the treatment. The patient was included 
in the CEOP group if the initial therapy was switched to R-CEOP after a maximum 
of 2 cycles.  

4.3 Ethical aspects 

The principles of the Declaration of Helsinki were followed in the study. The study 
was approved by the regional Ethics Committee of Northern Ostrobothnia Hospital 
District (29/2016). The register research permit was applied from participating 
hospitals in Finland. 
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5 Results 

5.1 Risk of secondary haematological malignancies in FL 

Overall, the treatment-related results of FL were excellent. After one year, 
progression-free survival (PFS) was 89.5%, and it was 52.7% after five years. At 
one and five years, the disease-specific survival (DSS) was 97.2% and 90.4%, and 
the OS was 96.7% and 84.2%, respectively. Survival curves are presented in Figure 
4. 

Fig. 4. Progression-free survival (A), disease-specific survival (B) and overall survival 
(C) of patients with follicular lymphoma. 

In total, there were 14 haematological malignancies diagnosed after lymphoma 
treatments, as shown in Table 21. One chronic lymphocytic leukaemia was 
diagnosed two months after FL diagnosis, so it was not counted as a secondary 
haematological malignancy (SHM). 

Table 21. Secondary haematological malignancies diagnosed during follow-up among 
FL patients. 

Number of cases Diagnosis Time from diagnosis to SMH (months) 

5 Myelodysplastic syndrome 41–93, median 55 

4 Acute myeloid leukaemia 25–137, median 51 

1 Acute lymphocytic leukaemia 98 

1 Acute promyelocytic leukaemia 41 

1 Large granular lymphoblastic leukaemia 79 

1 Chronic myeloid leukaemia 38 

1 Multiple myeloma 143 
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The risk for secondary haematological malignancies is presented in Figure 5A. 
SHM had a 1.1% 5-year risk, and the estimated 10-year risk was 2.7%. The median 
time from FL treatment to SHM was 62.5 months (25–143). A standardised 
incidence ratio of 6.2 (95% Cl 3.4–10.5) was found when comparing to the Finnish 
general population. For MDS and AML, the SIR was 22.0 (95% Cl 7.1–51.3) and 
11.9 (95% Cl 3.2–30.3), respectively. The median time to diagnosis of MDS was 
55 months (41–93) and, for AML, 51 months (25–137). 

Fig. 5. Incidence of secondary haematological malignancies: overall (A) and according 
to number of treatment lines (B). 

Clinical characteristics associated with the risk of SHMs are presented in Table 22. 
High FLIPI and B-symptoms at the time of diagnosis were associated with the risk 
of SHM. A higher number of received lines of treatment also implicated a higher 
risk for SHM (p = 0.016). After the first-line treatment, the 5-year risk for SHM 
was 0.5%, and it was 1.6% after the second-line treatment. Figure 5B presents the 
incidence of SHMs and Table 23 the SIR for SHMs after accounting for numbers 
of treatment lines. Having had three or more lines of treatment was the only 
independent risk factor for SHM in the multivariate analysis, p = 0.026, OR 5.0 
(95% CI 1.2–20.7). After eliminating the influence of longer follow-up times 
among patients who had received multiple lines of treatment, the association 
between multiple lines of treatment and the incidence of SHM was still evident. 
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A greater likelihood for MDS and AML was observed with the use of 
anthracycline-containing therapy (p < 0.001 for MDS and p = 0.003 for AML) and 
with the use of other chemotherapy (p < 0.001 and p = 0.009). Treatment with or 
without rituximab had no statistically significant impact on the risk of SHM (p = 
0.302). Treatment with SCT did not raise the risk (p = 0.269) either, but the number 
of patients treated with SCT was very low. 

Table 22. Association of clinical factors and the risk of SHM according to log-rank test. 

Clinical factor P-value 

B-symptoms 0.008 * 

Number of treatment lines received 0.016 * 

High FLIPI 0.044 * 

Gender 0.172 

Serum LDH elevated  0.221 

Treatment with or without SCT 0.269 

Haemoglobin <120 0.283 

Treatment with or without rituximab 0.302 

First-line treatment with or without chemotherapy 0.329 

Age >60 years 0.342 

* indicates statistically significant p-value (<0.05) 

Table 23. SIR for SHM according to number of treatment lines received. 

Number of treatment lines SIR 

1 2.45 (95% CI 0.8–7.6) 

2 6.9 (95% CI 2.6–18.3) 

3 or more 15.9 (95% CI 7.6–33.4) 

5.2 Risk of secondary cancers in FL 

The standardised incidence ratio for all secondary solid cancers was 1.35 (95% CI 
1.05–1.71) when comparing to the Finnish general population. The SIRs for 
different malignancies are presented in Table 24. The risk for kidney cancer, breast 
cancer and haematological malignancies were statistically significantly higher than 
in the general population. The cumulative incidence of solid cancers was 3.8% at 5 
years. 

There was no association between any of the baseline characteristics at the 
initial lymphoma diagnosis and the risk of secondary tumours. When comparing 
patients according to first-line treatment, patients treated with bendamustine had 
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the highest risk for secondary tumours with a SIR of 2.31 (95% CI 1.04–5.14), 
which is the only first-line treatment modality with a statistically significant SIR. 
However, a higher incidence of secondary solid tumours was seen only among 
female patients (p = 0.007) after bendamustine-based first-line treatment. 

With anthracycline-based treatment, the SIR for secondary solid cancer was 
1.17 (95% CI 0.84–1.64), and a 5-year cumulative incidence of 2.8% (1.6–4.5%) 
was obtained. Compared to patients treated with bendamustine, those treated with 
first-line anthracyclines were younger. Other baseline variables were comparable 
in patients treated with bendamustine or anthracyclines in the first line. 

Table 24. Standardised incidence ratios for different malignancies in FL patients. 

Malignancy N SIR (95% CI) 

Breast 18 1.83 (1.08–2.89)* 

Colorectal cancer 11 1.89 (0.94–3.38) 

Lungs and trachea 8 1.44 (0.62–2.84) 

Prostate 7 0.66 (0.27–1.36 

Kidney 6 3.29 (1.21–7.15)* 

Head and neck 4 2.63 (0.72–6.72) 

Pancreas 3 1.35 (0.28–3.94) 

Liver, gall bladder and bile ducts 1 0.67 (0.02–3.75) 

Thyroid 1 1.42 (0.04–7.94) 

Uterine 1 0.48 (0.01–2.69) 

All solid malignancies 68 1.35 (1.05–1.71)* 

Haematological malignancies 14 6.2 (3.4–10.5)* 

* indicates statistically significant standardised incidence ratio (SIR) 

5.3 Treatment results of alternative chemotherapy regimens in 
DLBCL 

In this study, treatment results of R-CEOP, R-CIOP and R-CHOP were 
retrospectively compared. In all patients, a 2-year PFS, DSS and OS of 73.6%, 81.5% 
and 77.7% were observed. Survival estimates according to different treatment 
groups are presented in Table 25. The best results were seen with R-CHOP, as 
expected. 

Seven (3.7%) patients died due to treatment-related complications: five 
neutropenic infections, one pulmonary reaction and one allergic reaction to the 
contrast agent. All these patients were treated with R-CIOP. 
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Matched-pair analysis was made between patients treated with R-CHOP and 
R-CEOP. No statistically significant difference was found between R-CHOP and 
R-CEOP in PFS (p = 0.260), DSS (p = 0.240) or OS (p = 0.330). 

Table 25. The 2-year survival estimates in the different treatment groups of DLBCL 
patients. 

 Number of patients PFS p = 0.010 DSS p = 0.003 OS p < 0.001 

R-CHOP 55 84.2% 95.8% 91.9% 

R-CIOP 105 64.4% 72.1% 69.5% 

R-CEOP 17 87.7% 87.8% 69.0% 

R-CHOEP 31 83.2% 85.9% 85.9% 

Background data for different treatment groups are presented in Table 18. 

5.4 Treatment results and safety of R-bendamustine in NLPHL 

In this study, the treatment results and safety of R-bendamustine was 
retrospectively analysed in patients with NLPHL. In total, nine patients were 
included in the analysis. Patients were treated either in the frontline or at the first 
relapse. With R-bendamustine, all patients responded to treatment and achieved CR. 
After a median follow-up of 34 (14–79) months, the EFS was 100%. During the 
follow-up, none of the patients have relapsed.  

R-bendamustine was well tolerated in NLPHL patients. One patient had to 
change treatment from R-bendamustine to R-CEOP after two cycles due to an 
allergic reaction to bendamustine. 
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6 Discussion 

6.1 Secondary malignancies in FL patients 

In Studies I and II, the incidence of secondary malignancies in patients with FL was 
investigated. For this study, a large, international cohort of over 1000 FL patients 
was available. The strengths of the study are the large patient material and detailed 
data of the disease presentation and treatments given. Treatment-related data were 
collected from patient records from all lines of treatment, when it is usually the 
registry studies that have treatment-related data from the first-line treatment only.  

Prognosis of FL has developed vastly after the introduction of rituximab into 
the treatment protocols (Hiddemann et al., 2005). Currently, there is no 
international consensus about the optimal first-line immunochemotherapy, and 
even treating the patients with R-single is a viable alternative (Kahl & Yang, 2016). 
Simultaneously, for a small group of patients, W&W may be used before initiating 
any active treatment (Armitage & Longo, 2016). 

Within FL, there is a group of patients suffering from a disease that behaves 
more aggressively and relapses within two years from the initial treatment 
(Lockmer et al., 2018). These patients could benefit from a more aggressive first-
line treatment (Jurinovic et al., 2016). However, there is currently an unmet clinical 
need to find factors that could identify this patient population at the time of 
diagnosis (Casulo, 2018). Furthermore, identifying the high-risk patients would 
make it possible to reduce the overtreatment of patients with a more indolent course 
of the disease (Jurinovic et al., 2016), thereby reducing the treatment-related 
adverse effects. If it were possible to identify FL patients with high-risk disease, 
physicians could more accurately decide on the most optimal first-line treatment. 
Currently, such a selection is based on clinical factors such as the FLIPI 
classification. As it is not possible to identify these high-risk patients, all patients 
must be treated equally intensively. 

With FL, only a limited number of studies are available regarding the risk of 
secondary malignancies. The aim of this study was to find the risk of secondary 
malignancies among FL patients, and how the baseline characteristics and 
treatment-related decisions interfered with this risk. 

A low risk for secondary haematological malignancies (SHM) was seen, as the 
5-year risk for SHM was found to be only 1.1%. The standardised incidence ratio 
(SIR) for SHM was 6.2 (95% CI 3.4–10.5). Similar results have been reported in a 
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cohort of 11 055 FL patients, where the SIR for acute non-lymphocytic leukaemia 
was reported to be 5.96 (95% CI 4.15–8.29) (Morton et al., 2010). In the present 
study, an estimated 10-year risk for secondary haematological malignancies of 2.7% 
was observed. This is well in line with a recently published Japanese trial of 300 
patients treated with R-CHOP, where the 10-year cumulative incidence for SHM 
was 2.9% (Watanabe et al., 2018). Despite the relatively small risk observed, the 
risk for SHM is still clinically relevant, so physicians should aim to minimise it. 

The risk for secondary haematological malignancies was associated with a high 
number of treatment lines, which is logical as multiple lines of treatment increase 
the burden of carcinogenic events. Similar results have been found among HL 
patients (Koontz et al., 2013). Our study is the first to also present these results 
among patients with FL. Hypothetically, if the first-line treatment of FL patients 
aims for as long a remission as possible, further lines of treatment with increasing 
risks of secondary malignancies could be postponed.  

Despite the large patient material, no association between the risk of SHM and 
different first-line treatments was found. This may be due to the fact that the patient 
material was heterogeneous, and the treatments were inconsistent. This study 
showed no correlation between stem cell transplantation (SCT) and the risk of SHM. 
In other studies, SCT had a major effect on the risk of secondary malignancies 
(Kollmannsberger, Hartmann, Kanz, & Bokemeyer, 1998). There may be several 
reasons for this. The present study includes two groups of patients, one treated with 
autologous SCT and the other with allogeneic SCT; most published studies have 
included only one of these groups. In addition, some studies include whole-body 
irradiation as part of a conditioning regimen, while most patients in this case 
received chemo-only regimens, possibly creating lesser potential for secondary 
malignancies. However, some studies have found no increased risk associated with 
the use of total-body irradiation (El-Najjar et al., 2014). Furthermore, several 
patients are treated with SCT only during later lines of treatment; the follow-up 
time after treatment may be too short to detect any secondary malignancies caused 
by the SCT. The median follow-up time after SCT was 54 months, whereas in 
patients treated without SCT, it was 64 months after the first-line treatment. The 
number of patients treated with SCT was also limited, which may have led to 
underestimation of the risk. 

FL patients in this study were found to have a higher risk for solid tumours 
than the general population, with an SIR of 1.35 (95% CI 1.05–1.71). The patient 
material was collected from Finland and Spain, but the SIR numbers were 
calculated with cancer incidences found in the Finnish population, assuming that 
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the incidence of malignancies would be rather homogenous in Spain and Finland. 
For more specific results, the incidence numbers from Spain would have been 
necessary. However, the corresponding age-adjusted risks are not available from 
the Spanish population. In a smaller cohort with Finnish patients only, higher risk 
for solid tumours was not observed with an SIR of 1.22 (95% CI 0.91-1.64), 
probably due to limited number of patients. Nevertheless, the results reported here 
are in line with other studies of NHL patients in which a RR of 1.3 (95% CI 1.1–
1.6) (Mudie et al. 2006) and a SIR of 1.9 (95% CI 1.4–2.7) (Sacchi et al., 2008) 
have been found. A large cohort of 11 055 FL patients has been published, in which 
no statistically significant increased risk for secondary solid tumours was observed, 
the SIR being 1.03 (95% CI 0.96–1.11) (Morton et al., 2010). This may be due to 
the fact that patients in Morton et al. (2010) were diagnosed mostly in the pre-
rituximab era (1992–2006), when different treatment methods were used. At that 
time, the follow-up for patients was also significantly shorter, so secondary tumours 
may not have had enough time to develop after lymphoma treatments. As family 
cancer history and the patient’s lifestyle play an important role, especially in 
developing solid tumours (Ng & van Leeuwen, 2016), information on the patient’s 
family history with respect to cancers and lifestyle factors, e.g., smoking and 
alcohol consumption, would have been a good addition to the present data to 
achieve more accurate results. 

In the present study, a higher risk for breast 1.83 (95% CI 1.08–2.89) and 
kidney cancers 3.29 (95% CI 1.21–7.15) was observed. Higher breast cancer risk 
has previously been reported among HL patients (Kumar et al., 2018; Petrakova et 
al., 2018). However, in another large earlier cohort of FL patients, no excess risk 
for breast cancer was seen (Morton et al., 2010). Secondary cancer was more likely 
with the use of bendamustine in this case, which may explain the higher incidence 
for breast cancer, as bendamustine was not widely used at the time Morton et al.’s 
(2010) study. A higher risk for kidney cancer has previously been reported among 
HL survivors, with a SIR up to 2.7 (Petrakova et al., 2018; Sud et al., 2017). 
However, this was not previously reported among FL patients. In Morton et al. 
(2010), there was no increased risk for kidney cancer seen with a SIR of 1.26 (95% 
CI 0.78–1.93); similarly, in a series of 563 NHL patients, no secondary renal 
tumours occurred (Sacchi et al., 2008). However, the number of patients with 
kidney cancer here was relatively small (n=6), indicating that coincidence may 
have had an effect on this outcome.  

It has been noted that the risk of secondary haematological malignancies is 
increased up to 10–15 years after the primary diagnosis and treatment of lymphoma 
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(Mudie et al., 2006). Correspondingly, the risk for secondary solid tumours may be 
elevated up to 40 years after treatment (van Leeuwen & Ng, 2016). Due to this fact, 
a median follow-up of 5.6 years is still limited, especially considering the 
secondary solid tumours. This study suggests that the number of treatment lines 
received did not affect the risk of secondary solid tumours, unlike with secondary 
haematological malignancies. However, as the latency for solid tumours is much 
longer than that for haematological malignancies, a longer follow-up time would 
be needed to determine the impact of multiple lines of treatment on the risk of solid 
tumours. 

Bendamustine was found to be a risk factor for secondary solid tumours with 
a SIR of 2.31 (95% CI 1.04–5.14). Female patients seemed to be at higher risk, 
mainly due to the high number of secondary breast cancers. Secondary 
malignancies among patients treated with bendamustine have caused concern in 
previously published studies (Penne, Sarraf Yazdy, Nair, & Cheson, 2017). 
Bendamustine is not used as widely as cyclophosphamide in the treatment of solid 
tumours and therefore could be speculated that cyclophosphamide may prevent the 
proliferation of existing subclinical cancer cells, whereas bendamustine does not; 
patients treated with bendamustine may show a rapid overexpression of solid 
tumours already during the short follow-up. However, in many studies, no higher 
risk for secondary malignancies has been found when comparing bendamustine to 
other regimens used in the treatment of FL, such as CHOP (Mondello et al., 2016; 
Olszewski et al., 2018). In many studies, patients have received multiple lines of 
different regimens before or after bendamustine (P. Martin et al., 2017; Penne et al., 
2017), so the true effect of bendamustine in the development of secondary 
malignancies is hard to determine. Nonetheless, there is still uncertainty about 
bendamustine and the risk of second cancers. Results from the present study 
indicate that the risk of secondary cancers with the use of bendamustine still 
requires further investigation.  

Follow-up protocols after lymphoma treatment are currently recommended, 
especially for HL survivors, due to the increased risk of secondary malignancies 
(van Leeuwen & Ng, 2016; Kumar et al., 2018; Petrakova et al., 2018). Results 
seen here and in other studies from the rituximab era of FL with a long follow-up 
(Watanabe et al., 2018) suggest that patients could benefit from screening to detect 
secondary cancers as early as possible. 
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6.2 Treatment results of alternative chemotherapy regimens in 
DLBCL 

Study III aimed to find the results of less cardiotoxic regimens used in the treatment 
of DLBCL at Oulu University Hospital. Patients with DLBCL are typically elderly, 
which creates challenges for their treatment (Morrison et al., 2015) since elderly 
patients are more prone to adverse effects (Bairey et al., 2006). Comorbidities may 
prevent the use of certain therapeutics, such as anthracyclines, or may lead to dose 
reductions (Jung et al., 2015). Many of these alternative or reduced-dose regimens 
lead to inferior treatment results (Bairey et al., 2006; Peyrade et al., 2011; Walter 
et al., 2012; Fields et al., 2014; Laribi et al., 2016; Arakaki et al., 2017), so it is 
important to find more optimal treatment strategies for this group of patients.  

Anthracyclines are an essential component in the treatment of DLBCL (Tien et 
al., 2015). The use of anthracyclines is often not possible due to pre-existing cardiac 
diseases (Morrison et al., 2015), and elderly patients are generally more prone to 
anthracycline-induced cardiotoxicity (Hequet et al., 2004). Thus, cardiotoxicity 
connected to anthracycline use of is the major clinical issue among DLBCL patients, 
and there is an inevitable clinical need for alternative regimens with lesser 
cardiotoxicity. This study presented two different strategies that have been used in 
the treatment of elderly patients and in patients with cardiac comorbidities at Oulu 
University Hospital. 

Treatment results of R-CIOP and R-CEOP were investigated and compared to 
those of standard therapy R-CHOP. In a matched-pair analysis between R-CHOP 
and R-CEOP, there was no statistically significant difference in the PFS or DSS, 
indicating that R-CEOP could be an alternative option for R-CHOP among elderly 
patients. The overall survival of patients treated with R-CEOP was lower than for 
those treated with R-CHOP, mainly due to a higher number of comorbidities in the 
R-CEOP group. In the present study, 4 of 17 patients included in the R-CEOP group 
had received up to two cycles of R-CHOP, R-CIOP or R-CHOEP before switching 
to R-CEOP due to toxicity. Therefore, the good results seen with R-CEOP may not 
all be completely due to the R-CEOP regimen since other regimens had been used 
in the first cycles. Here, however, the matched-pair analysis improves the reliability 
of the results regarding R-CEOP. A series of 81 patients treated with R-CEOP was 
published previously with results similar to the present study (Moccia et al., 2009). 
In these patients, the 5-year TTP was 57%, and there was no statistically significant 
difference compared to the R-CHOP control group. Moreover, there was a 
statistically significant difference in OS between the R-CEOP- and R-CHOP-
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treated patients (49% vs 64%) in that study (Moccia et al., 2009). This study shows 
that the follow-up time was limited in patients treated with R-CEOP, and a longer 
follow-up would be required to analyse the durability of the responses. Rashidi et 
al. (2016) looked at 26 patients treated with R-CEOP with a 2-year PFS and OS of 
49% and 59% (Rashidi et al., 2016). The inferior results of the latter study may be 
explained by the patients’ older age, higher number of comorbidities, and poorer 
performance status recorded at the time of diagnosis.  

There was a relatively good number of patients treated with R-CIOP (n=105). 
Contrarily, the number of patients treated with R-CEOP was limited (n=17). 
Patients treated with different modalities were selected with specific criteria, and 
thus, the subjects in different treatment groups were not totally comparable. With 
R-CIOP, the results were inferior compared to R-CHOP or R-CEOP. However, 
patients treated with R-CIOP had more advanced-stage disease. The use of R-CIOP 
has previously been studied mainly in the pre-rituximab era. Li et al. (2014) 
compared the treatment results of CIOP to R-CIOP in the rituximab era. With R-
CIOP, an excellent 5-year OS of 70.5% was achieved (Li et al., 2014). The results 
demonstrated here were inferior to those of Li et al. (2014). However, the patients 
in this case were significantly older, presented with higher stage, poorer 
performance status and higher IPI at the time of the diagnosis, which may explain 
the difference. 

There were seven treatment-related deaths among the R-CIOP-treated patients 
and no treatment-related deaths in the R-CEOP group. The present study is the first 
to present treatment-related toxicity results of the R-CIOP regimen in the rituximab 
era. In other studies concerning R-CEOP, a higher number of treatment-related 
deaths has been reported. Moccia et al. (2009) reported that three patients died from 
treatment-related toxicity (n=81), and in a study from Rashidi et al. (2016), one 
treatment-related death for sepsis occurred (n=26). Here, the small number of 
patients treated with R-CEOP and the retrospective nature of the patient data 
collected from the often-incomplete patient records limits the interpretation of the 
findings regarding the adverse effects. The toxicities related to R-CEOP still need 
further investigation.  

One relevant clinical question remains as to which of the elderly patients with 
DLBCL should be treated with curative intention. Studies have shown that 
aggressive treatment with curative intention is beneficial even if the patient presents 
with a great burden of comorbidities (Wästerlid et al., 2018). R-CEOP could be 
considered over R-CHOP therapy for elderly patients who have comorbidities other 
than cardiovascular diseases. 
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6.3 Treatment results and safety of R-bendamustine in NLPHL 

The goal of Study IV was to evaluate the utility of R-bendamustine in the treatment 
of nodular lymphocyte-predominant Hodgkin lymphoma. As the only non-classical 
Hodgkin lymphoma, NLPHL presents a rare, heterogeneous entity. Traditionally, 
NLPHL has been treated as classical HL (cHL), even though the biology is much 
closer to NHL (Biasoli et al., 2010). Being so rare, there are no randomised clinical 
trials available to support treatment decisions, and most of the studies regarding 
treatment are retrospective with very little patient material. Relapses are typical for 
NLPHL, and many patients need to be re-treated (Biasoli et al., 2010), which leads 
to high cumulative doses of chemotherapy and RT. Secondary malignancies are a 
recognised concern among NLPHL patients (Lazarovici et al., 2015; Eichenauer, 
Dennis A. et al., 2018), and there is an unmet clinical need to find a treatment with 
the best risk/benefit- ratio for this rare entity. Moreover, patients with NLPHL have 
a high risk, especially for late long-term adverse effects due to young age at the 
time of diagnosis, as NLPHL usually occurs between the 30s and 50s. Therefore, 
prevention of these adverse effects and treatment-related deaths is essential. 

NHL regimens have been used in the treatment of NLPHL with promising 
results. R-bendamustine was introduced here as a potential option for the treatment 
of NLPHL, and all the patients achieved complete response from treatment. 
However, there was only a limited number of patients available for the analyses in 
the present study, mainly due to the rare nature of NLPHL and because the R-
Bendamustine was used for the treatment of NLPHL in only one centre in Finland 
(Oulu University Hospital). The follow-up time was not long enough to fully 
evaluate the durability of remissions achieved with R-bendamustine. Some of the 
patients were treated in the first relapse, which increases the heterogeneity of the 
patient population. However, because NLPHL is rare, most of the other studies 
published are retrospective with limited patient material, too. 

The present study is the first to introduce the use of R-bendamustine among 
NLPHL patients. Fanale et al. (2017) published a series of 27 patients treated with 
R-CHOP. Results with R-CHOP were excellent as CR was achieved in 89% of the 
cases and the 5-year PFS was 88.5% (Fanale et al., 2017), encouraging the 
treatment towards regimens used in NHL. However, it has been noted that R-
bendamustine produces similar disease control to R-CHOP in NHL, but toxicity is 
lower with R-bendamustine (Rummel et al., 2013). This indicates that R-
bendamustine could also be superior in the treatment of NLPHL when compared to 
R-CHOP. 
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6.4 Clinical implications and future prospects 

In the study, it was found that the risk for secondary haematological malignancies 
is increased if the patient receives multiple lines of treatment. Therefore, patients 
with indolent lymphoma could benefit from first-line treatment aiming for as long 
a remission as possible. If second-line treatment is postponed, the risk of secondary 
haematological malignancies would, hypothetically, also be postponed. This could 
be achieved with, e.g., rituximab maintenance. Also, treatment with 
immunotherapy could only be a viable option for low-risk patients. For further 
investigation regarding secondary malignancies and quality of life after treatment, 
this information should be added to follow-up results of clinical trials.  

Study II showed that patients treated for follicular lymphoma may have a 
higher risk for solid tumours than the general population, which was associated 
especially with the use of bendamustine in the first-line treatment. More studies 
with longer follow-ups are needed to determine the risk of secondary malignancies 
associated with the use of bendamustine. Based on the result, it could be speculated 
that patients treated for FL might benefit from the screening of secondary 
malignancies. Currently, there are screening recommendations for breast cancer 
only, for young patients treated with RT to the chest area. Furthermore, patients 
treated with lymphoma should be encouraged to lead a healthy lifestyle to minimise 
the risk of secondary cancers. 

In Study III, treatment results of R-CEOP and R-CIOP were compared to the 
standard therapy of R-CHOP in patients with DLBCL. It was found that the 
outcome with R-CEOP was comparable to that of R-CHOP. Therefore, R-CEOP 
could be an alternative option for patients with contraindications to anthracyclines, 
such as severe cardiac comorbidity. However, more studies with more patient 
material and longer follow-ups are needed to verify the results seen with R-CEOP. 
The outcomes achieved with R-CIOP were inferior, indicating that this might not 
be the best possible alternative regimen for treating DLBCL.  

Study IV presents the results of R-bendamustine in the treatment of NLPHL. 
In this study, high response rates were achieved with R-bendamustine in both first- 
and second-line treatment. R-bendamustine is a less toxic agent compared to R-
ABVD or R-CHOP that are commonly used in the treatment of NLPHL. Therefore, 
R-bendamustine could be considered a promising candidate for the treatment of 
NLPHL. However, prospective studies with more patient material are needed to 
verify these promising results. 
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7 Conclusions 
The aim of this study was to obtain clinically significant information to optimise 
the treatment of different lymphoma subtypes while considering specific adverse 
effects. In FL, the focus of the study was on the incidence and risk factors of 
secondary malignancies. Clinical factors and the influence of treatment-related 
decisions on the risk of secondary malignancies were investigated in both 
secondary solid and haematological malignancies. In DLBCL, the efficacy of less 
cardiotoxic regimens was investigated to find better tolerated, yet efficient 
treatments for patients with cardiac comorbidities or high age. In the treatment of 
follicular and mantle cell lymphoma, bendamustine has turned out to be less toxic 
than CHOP, and the use of bendamustine was evaluated here among NLPHL 
patients. 

The conclusions from the present study are: 

1. In patients with FL, the risk of secondary haematological malignancies in the 
rituximab era is associated with a high number of treatment lines received. 
After only one line of therapy, the risk of secondary haematological 
malignancies is small. 

2. Patients treated for FL may have a higher risk of secondary solid tumours than 
the general population. Bendamustine as a first-line treatment was found to be 
associated with a higher risk than other treatment protocols. However, the 
results regarding bendamustine require further investigation. 

3. Patients with impaired cardiac function may benefit from the use of R-CEOP 
instead of R-CHOP. However, results with R-CIOP were inferior to those with 
R-CEOP. 

4. R-bendamustine is a promising candidate in the treatment of NLPHL, with 
excellent response rates. Further studies are needed to find the optimal therapy 
for this rare entity. 
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