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Abstract
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Diffuse large B-cell lymphoma (DLBCL) is curable in around 70% when treated with standard
immunochemotherapy R- CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine and
prednisone). Treatment related toxicity affecting survivors is a clinical problem as well as
comorbidities influencing the possibility to give adequate treatment. The relevance of follow-up
time and follow-up measures can be debated, follow-up time in Sweden has been reduced to two
years due to studies showing an OS survival comparable to standard population among DLBCL
achieving EFS24.The main objective of this thesis is to study known side-effects of treatment
and comorbidities and explore outcome in DLBCL in order to improve clinical treatment and
follow-up decisions. In Paper I we explored whether the omission of vincristine (VCR) due
to neurotoxicity affect outcome (DFS,0S). In 541 patients omission of VCR was made in
95 (17.6%). There was no impact on outcome measures in the whole cohort irrespective of
treatment cycle for the omission nor was there a difference in the elderly (>70 years) group. In
Paper II we studied the occurrence of different autoimmune disorders (AID) in 612 DLBCL and
analysed whether AID affects treatment outcome. We found a high occurrence of AID among
DLBCL patients (17.3%) compared to the general population (3-10%). AID did not affect EFS/
LSS or OS in the whole cohort but women with B-cell response AID had a worse OS compared
to other women (p=0.013). In Paper I1I we established event free survival at 24 months (EFS24)
in a Swedish DLBCL cohort and analysed factors governing OS and compared OS with an age
and gender matched standard population. 71.6% achieved EFS24 and OS was marginally lower
than the standard population. Age was the only factor affecting OS in multivariate analysis
and EFS24 patients<60 years had a comparable OS to the standard population. In older ages
(>60years) there was a trend for worse OS driven by a significant difference in OS among those
60-69 years. Among DLBCL achieving EFS24, 22.4% died of cardiovascular disease and 16%
from other malignancies. In Paper I'V we explored whether advanced serum protein analysis can
be used to measure doxorubicin (DXR) related cardiac/cardiovascular (CVD) disease in DLBCL
patients. We found two proteins, SPON-1 associated with CVD at diagnosis and IL-1RT1
associated with emerging CVD after treatment. Compared to the general population and to a
matched cohort DLBCL patients had a high occurrence of CVD at diagnosis, 33.4%. After
treatment 22.6% developed CVD.
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1. Introduction

1.1 Epidemiology and etiology

Diffuse large B-cell lymphoma (DLBCL), is the most common subtype of
lymphoma and accounts for approximately 40% of all B-cell lymphomas [1—
3]. DLBCL has in different studies a crude incidence of 3.81-8.31/100.000 in
Europe [2—4] with around 600-700 newly diagnosed cases per year in Swe-
den [2] (Swedish lymphoma registry]. All age-groups are represented but
incidence increases with age and the median age at diagnosis is 70 years
[2,3]. More males than females are affected, with an observed male:female
ratio of 1.2:1 [2].

The specific cause of DLBCL is unknown. Risk factors for developing
DLBCL are family history of DLCBL with a 10-fold increase [5-7], auto-
immune disorders (AID) [5,8-14] and immune suppression after organ
transplant [15,16]. Chronic infection as HIV, EBV, helicobacter pylori and
hepatitis C can cause DLBCL [5,11,17,18], and increased risk is seen for
environmental factors such as hair dye and pesticides [5] and for high BMI
[19,20]. Previous cancer and treatment of cancer may also increase the risk
of DLBCL [21].

1.2 Tumour biology

Normal B-cells develop from precursor cells in the bone marrow in a process
culminating in cells equipped with functional surface immunoglobulin (Ig)
receptors. They then migrate to secondary lymphoid organs. After antigen
stimulation creation of antibody diversity continues in germinal centers (GC)
in the lymph node as the B-cells undergo somatic hypermutation (SHM) and
class switch recombination (CSR). These processes demand double- strand-
ed DNA breaks and the presence of activation-induced cytidine deaminase.
B-cell differentiation through the germinal center is controlled by a number
of key transcription factors. Failure of differentiation or the forming of auto-
antibodies lead to apoptosis but the B-cells developing Ig with a high-
affinity for recognizing and binding antigen exits the GC and become either
a mature plasma cell or a memory cell. However this is a complex process
were oncogenic mutations may occur leading to DLBCL [22-25].
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As the malignant transformation of a B cell occurs at a particular stage
during normal differentiation, the malignant cell arrests in that differentia-
tion stage. As so different lymphoma types represent a particular maturation
step. The malignant B-cell and its subsequent clones carry the specific mor-
phological, immunophenotypic and gene expression properties of that matu-
ration step [25].

Morphologically, the entire or parts of the lymph node architecture is altered
by diffuse growth of large lymphoid cells with a nuclear size equal to or
exceeding normal macrophage nuclei. Reactive T-cells and histiocytes are
present and there may be sclerosis and necrosis observed. There is high mi-
totic rate measured by Ki67. The WHO classification describes a number of
morphological variants of DLBCL: centroblastic, immunoblastic, anaplastic
variants and additionaly rare variants. DLBCL tumour cells express charac-
teristic B-cell markers such as CD19, CD20, CD22, CD79a and PAXS5 and a
range of other markers in varying frequencies [26].

According to the WHO classification of lymphoid neoplasms 2008,
DLBCL is divided into 15 different variants based on clinical, biologic and
pathologic features where location has importance, for instance primary
CNS and mediastinal DLBCL are considered separate diseases, divided by
their gene expression, genomic profile and clinical characteristics [27]. In
the latest WHO classification 2016 the distinction between activated B-cell
like (ABC) and germinal center (GC) DLBCL is established as well as the
new category of high-grade B-cell lymphoma (HGBL) [28]. The most com-
mon subgroup is still DLBCL not otherwise specified (NOS) and occurs in
nodal and extra-nodal locations.

Table 1. High-grade B-cell lymphoma (2016 WHO) Classification of Tumours of
haematopoietic and Lymphoid Tissues

Table 1. High-grade B-cell lymphomas (2016 WHO)
Classification of Tumours of haematopoietic and Lymphoid Tissues

DLBCL, NOS

Primary DLBCL of the CNS

Primary cutaneous DLBCL leg type

EBV-positive DLBCL,NOS

Large B cell lymphoma with IRF4 rearrangement

Primary mediastinal (thymic) large B cell lymphoma

Intravascular large B cell lymphoma

DLBCL associated with chronic inflammation

HHVS positive diffuse large B cell lymphoma

Primary effusion lymphoma

High-grade B-cell lymphoma

High-grade B-cell lymphoma with MYC and BCL?2 and/or BCL6 rearrangements
High-grade B-cell lymphoma, NOS

B-cell lymphoma, unclassifiable, with features intermediate between DLBCL and
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Hodgkin lymphoma
Plasmablastic lymphoma
ALK-positive-large B cell lymphoma

Gene expression profiling (GEP) can be used to classify DLBCL in at least
two subgroups according to the differentiation stage or cell of origin; GC
(germinal center like) which is a malignant clone from an earlier maturation
stage in the light zone of the germinal center and the ABC (Activated B-cell
like) which derives from cells that have left the GC [24,25]. ABC is associ-
ated with a poorer prognosis in most studies [29—-31]. In clinical practice the
Hans algorithm (or similar ones), based on immunohistochemical (IHC)
staining, is used to separate these entities [32] as the new 2016 WHO classi-
fication of lymphoid malignancies requires this distinction.

CD 10
- [ +
BCL6 GCB
- ' +

NonGCB MUM1

Non-GCB GCB

Figure 1. Hans algoritm.

But DLBCL is not as simple as two genetically different subtypes, it is a
very heterogeneous group of tumours with varying biology and clinical
course. It can form de novo or enhance from low-grade lymphomas. Over
700 mutated genes have been found in these tumors with 150 possible genet-
ic drivers of the disease and with a median of 17 drivers/DLBCL case [23].
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Simultaneous rearrangement of MYC and BCL-2 and/or BCL-6, so called
double/triple-hit lymphoma is associated with high-risk clinical features and
a dismal prognosis [33,34]. In the 2016 revision of the WHO classification
of lymphoid neoplasms, DLBCL with these rearrangements became a new
diagnostic category; high-grade B-cell lymphoma (HGBL), accounting for 5-
10% of all DLBCL [28]. As FISH testing is not used primarily in the clinical
setting screening for MYC, BCL-2 and BCL-6 with IHC can sort out the
double and triple-expressors where further FISH analyses should be per-
formed. The impact of double or triple expression is not clearly understood.
[HC positive MYC and BCL-2 may occur due to increased protein expres-
sion or amplifications despite lack of rearrangement. They represent about
25% of DLBCL and are associated with inferior outcome [35-37].

1.3 Prognostic factors/Clinical aspects

There are other factors than tumour cell biology that affect prognosis in
DLBCL. Age is crucial with a worsening of outcome for every 10 years ad-
dition of age [2,38]. Some studies indicate a gender difference in survival
after standard treatment with women having better survival in general or in
specific age groups [39-42]. DLBCL staging according to Ann Arbor for
nodal involvement and to Musshoff in extra-nodal disease is used in studies
and clinical practise and higher stage is associated with worse outcome
[43,44].
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Case courtesy of Dr Maciej Debowski, Radiopaedia.org, rID: 65530.
Figure 2. Ann Arbor stage;
I. Involvement of one lymph node region or structure.

II. Involvement of two or more lymph node regions on the same side of the dia-
phragm.

III. Involvement of lymph regions or structures on both sides of the diaphragm.

IV. Diffuse eller disseminated involvement of one or more extranodal loca-
tions/tissues with/without lymph node engagement.

Since 1993 the international prognostic index score (IPI) is used for dividing

DLBCL in different prognostic groups. IPI consist of five factors; stage 3-4,
elevated serum lactate dehydrogenas (S-LDH), performance status (PS) ac-
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cording to world health organisation (WHO) 2-4, age>60 and involvement of
more than one extra-nodal organ. 5-year OS for 0-1 factors is 73% compared
to 26% for 4-5 factors.

Table 2. International prognostic index

International prognostic index

Stage [I-IV

Elevated LDH

ECOG/WHO 2-4

Age>60 years

Involvement of >1 extra-nodal organ

The IPI score has since then been simplified to aalPI where only three fac-
tors are used; stage 3-4, elevated S-LDH and PS [45,46]. A tool for predic-
tion of later CNS relapse is also in clinical use; CNS-IPI which includes the
five IPI factors and renal/adrenal involvement of disease [47]. New prognos-
tic tools as the NCCN-IPI and R-IPI have been suggested but are not widely
used in Sweden [48,49]. The existence of B-symptom’s (fever>38, extensive
night sweats, weight loss>10% in 6 months) are not considered as prognostic
factors.

Standard investigation for adequate assessment of stage and prognosis in-
cludes CT scan or FDG-PET-CT scan, bone marrow biopsy, histopathologi-
cal examination of tumour material and laboratory investigations. For diag-
nostic histopathological measurements a surgical excision/biopsy is pre-
ferred and needle biopsy should only be used in case this is not possible as
the amount of good histopathologic material is essential for the possibility of
making adequate diagnosis [50].

Thorough clinical examination and medical history is uttermost important
for the decision on adequate therapy. In some cases with suspicion of en-
gagement of CNS or high-risk features a spinal tap and MR of CNS is of
value [51].

According to European guidelines a FDG-PET-CT scan is mandatory and
it is more exact, and makes response evaluation safer compared to a CT scan
but because of lack of availability this is not mandatory in Swedish guide-
lines [51-53](www.kunskapsbanken.cancercentrum.se (VP)).

One can refrain from bone-marrow biopsy in case FDG-PET-CT scan
shows focal engagement but a negative FDG-PET-CT does not rule out low
volume involvement or discordant lymphoma [51,54,55].

Evaluation of cardiac function with clinical examination, ultrasound and
NT-proBNP should be considered at least for patients with evident or sus-
pected heart disease and higher age [51].
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1.4 Autoimmune disease and DLBCL

Autoimmune diseases are a heterogeneous group consisting of more than 80
separate conditions. The prevalence in the general population ranges from
3% to 10% [4,9,56-59]. The risk of developing lymphoma in AID varies
with each disease and has been most extensively studied in rheumatoid ar-
thritis (RA), systemic lupus erythematosus (SLE) and primary Sjogren’s
syndrome (pSS) with increased risk of lymphoma 2-fold in RA, 5-fold in
SLE, and in pSS up to 20-fold increase compared to the general population
[6,8—14]. Increased lymphoma risk have also been reported in a number of
other AIDs such as thyroiditis, diabetes type 1, inflammatory bowel disease,
celiac disease, granulomatosis with polyangitis and psoriasis [8,10,12,60].
Several studies have described an association between AIDs and an increase
in DLBCL [5,11,57,61]. Some studies categorise AIDs as primarily mediat-
ed by B-cell or by T-cell responses and recent studies have found a correla-
tion between DLBCL and AIDs primarily mediated by B-cell responses such
as RA, SLE and pSS [10,14,62—64]. The prevalence of AIDs in a DLBCL
population remains, however, unclear [14,62,63].

The underlying causes for the association between AID and lymphoma
development are not fully understood. Suspected treatment induced lym-
phoma of the immunosuppressive drugs used in AID has not been proved
[65]. Rather, more severe AID and higher inflammatory activity in both RA
and pSS are related to DLBCL and other lymphomas [65,66]. Genetic sus-
ceptibility to both AID and lymphoma could be a factor, however studies in
patients with AID have not been able to show a significantly increased lym-
phoma risk among relatives [65]. In pSS studies of sequential biopsies
demonstrate a multistep process with; inflammation-persistent chronic anti-
genic stimulation-B-cell activity-clonal expansions of B cells and the acqui-
sition of genetic aberrations [65].

+ Autoantigen

2 )0\ lEI  Persistant ymphop Genetic MALT
» Microbial expansion stimulation Dlgi{;‘;‘: < events lymphoma
antigen?

Figure 3. Development of MALT lymphoma

Further, the role of AIDs in DLBCL prognosis is still uncertain. One study,
performed before the addition of rituximab (R) as standard treatment for
DLBCL, indicated a poor overall survival (OS) in DLBCL patients with RA
and widespread lymphoma already at diagnosis and correlation to severe RA
disease [67] while another study including patients from the same period
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found similar OS for DLBCL patients with RA compared to non-RA con-
trols [68]. In one study including patients diagnosed with non-Hodgkin lym-
phoma (NHL) 1999-2002 self-reported AID was associated with an in-
creased rate of all-cause death for all NHL combined but not for specific
lymphoma subtypes [69]. Yet other studies indicate an association between
the group of primarily B-cell mediated AIDs and inferior outcomes [62—64].

Most studies of AID and lymphoma are epidemiological and include cas-
es before the introduction of Rituximab (R) to standard treatment. The intro-
duction of R has improved DLBCL outcome and since it is also used to ef-
fectively curb disease progress in some AIDs updated outcome assessments
of R-based treatment for AID- related DLBCL is of specific interest.

Gender-specific information about AID- related DLBCL is limited. Many
of the AIDs are more common in women than in men [4,9,56—59] but studies
suggest that the risk of developing lymphoma may be higher in men than
women with AID [57]. Whether gender affects the outcome in AID-related
DLBCL is not clear.

One clinical problem which potentially may influence prognosis in lym-
phoma is treatment-related neutropenic fever [70-73]. It is well known that
patients with AIDs such as RA and SLE have an increased risk of infections
and neutropenia may be a manifestation of some of the AIDs but it is not
known if neutropenic fever is a more common problem in DLBCL patients
with a concomitant AID than in DLBCL patients in general [70-74].

1.5 Treatment

Since the 1970’s standard of care for DLBCL is a chemotherapy combina-
tion of CHOP (cyclophosphamide (CPM), doxorubicin (DXR), vincristine
(VCR), and prednisone) [75,76]. CPM is an alkylating agent from the nitro-
gen mustard group that interferes with duplication of DNA [77].

Doxorubicin is an anthracyclin, an anti-tumour antibiotic, made by strep-
tomyces bacteria. The main target for anthracyclines anti-tumour action is
topoisomerase 2. Topoisomeras 2 is an adenosine triphosphate (ATP)-
dependent enzyme. DXR inhibit topoisomerase 2 activity by formation of a
complex, consisting of double-stranded DNA, topoisomerase 2 and DXR.
The complex impedes DNA re-sealing, resulting in double- stranded DNA
breaks leading to inhibited DNA replication and induced apoptosis. Fur-
thermore DXR intercalates with DNA in the nucleus through hydrogen bind-
ings with guanine inhibiting both ribonucleic acid (RNA) transcription and
DNA replication. Activation of DNA damage responses induces cell death
independent of topoisomerase 2. DXR has a complicated metabolism where
reactive oxygen species are formed that may cause oxidative stress and reac-
tions with metal ions resulting in DNA damage and cell death [78].
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VCR is a vinca-alkaloid derived from the periwinkle plant that binds to
beta-tubulin in the microtubules. Microtubules are essential in the spindle
formation during cell division and are important for cellshape, secretion and
intra-cell and axonal transport. VCR-induced inhibition of microtubule for-
mation in the mitotic spindle of dividing cells inhibits cellular replication at
the metaphase stage ultimately causing cell death. VCR can also affect cell
membrane and synthesis of RNA and DNA [79-82].

Rituximab (R) a mouse/human monoclonal antibody against CD-20 has
been a complement added after 2000 [51,83—-85]. CD-20 is a surface marker
on B-cells, expressed on >90% of malignant B-cell clones but it is not ex-
pressed on pre-B cells and mature plasma cells [86]. As so it provides an
ideal target for immunotherapy in that normal B-cells restore after treatment
and patients have intact memory- and plasma B-cells.

The introduction of R as a complement to CHOP has dramatically im-
proved survival rates with an increase in overall survival (OS), progression
free survival (PFS) and disease free survival (DFS) [83—-85]. However, 30-40
% still have recurrent or treatment refractory disease. Gender differences in
survival after R-CHOP treatment have been indicated in DLBCL patients in
general with women having better survival overall [30,31] or in specific age
groups [32,33].

Standard treatment includes six cycles of R-CHOP given in intervals of
14 or 21 days. Maintaining high relative dose intensity of CHOP, with or
without R, has been associated with better progression free and overall sur-
vival in DLBCL [87-91]. Despite this, treatment schedules with 14 day cy-
cles does not improve outcome compared to 21 days [92,93]. More intensive
(R)-chemotherapy and high-dose treatment with autologous stem-cell rescue
has not proven better than the conventional (R)-CHOP for DLBCL in gen-
eral and is also prone with higher toxicity but may be considered in high-risk
cases [94-98]. Population based studies indicate a better OS with the addi-
tion of etoposide to CHOP in younger patients [99,100].

For HGBL there is some evidence for giving more intense therapy
[33,34,96] but no assured OS advantage [101]. Different strategies for this
include dose-adjusted EPOCH, addition of etoposide to CHOP and treatment
according to Burkitt-lymhoma protocols as hyper-CVAD.

Some clinical and pathological features are associated with higher risk of
CNS involvement/relapse. HGBL (10% risk of CNS relapse), DLBCL with
involvement in kidney/adrenal gland/uterus, primary testicular DLBCL,
those with >3 extra-nodal sites engaged, CNS IPI>4 (10% risk of CNS re-
lapse) or intravascular DLBCL (25% risk of CNS relapse) should be treated
with CNS-directed prophylaxis and considered for more dose intense regi-
mens [47,102-108]. Addition of methotrexate (MTX) and cytarabine to
standard treatment is recommended in Swedish national guidelines and early
onset of MTX treatment seems to be better [108—110] (VP).
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Table 3. Swedish guidelines treatment recommendations.

Swedish guidelines treatment recommendations for DLBCL patients with;
* aalPI=3 and age<80 or

*CNS-IPI>4 for age<70/CNS-IPI>5 for age70-80 or

*Involvement of >3 extranodal locations or

*Involvement of testis/uterus/kidney/adrenal or intravascular LBCL

<65 years; R-CHOP/MTX-21x2+R-CHOEP-14x4+R-ARA-Cx1

65-75 years;R-CHOP/MTX-21x2+R-CHOP-14x4+R-ARA-Cx1

75-80 years; R-CHOP-14x6

*  Metotrexat (MTX) 3 000 mg/m” i v, on any of days 9-15 in the first 2 cy-
cles. MTX is reduced to 2000 mg/m?* >70 years.

»  Cytarabine (ARA-C) 3000mg/m*x2xII 14 days after end of R-CHO(E)P
treatment. Patients 60-70 years 2000mg/m®. Patients >70 years 1000mg/m>.

Treatment with four cycles of R-CHOP followed by two courses of R is
equal to treatment with six R-CHOP regarding PFS in young patients (<60
years) with low stage (1-2) disease and aalPI zero [111]. This result has led
to new Swedish guidelines recommendations that also include older patients
as there is no reason to believe that efficacy would be minor in the older
population (VP).

The addition of R to CHOP does not improve the outcome of patients
with skeletal involvement of disease [112]. Addition of radiation therapy to
skeletal lesions is associated with better EFS [112]. For bulky disease with
lymph nodes wider than 7.5 cm EFS and OS improves with the addition of
radiation therapy but for both skeletal involvement and bulky disease there is
no proof of better outcome with radiation therapy if PET-CT scan shows
complete response (CR) after initial treatment [113,114]. Radiation therapy
is also recommended to the contralateral testis in case of testicular DLBCL
[115].

1.6 Treatment toxicity

The occurrence of dose-limiting toxicity with each of the chemotherapeutic
agents can compromise the relative dose intensity and therefor the treatment
outcome. Short-term side-effects of treatment include tumour lysis syn-
drome, cytokine release syndrome, pancytopenia including febrile neutro-
penia, nausea, hair loss and tiredness. Primary prophylaxis with granulocyte-
colony-stimulating factor is a well-established strategy to decrease the risk
and severity of neutropenia and maintain relative dose intensity and is rec-
ommended from current international guidelines and antibiotics, antiviral
and antifungal prophylaxis may also be considered in the clinical setting
[116,117]. In the long term R may cause late onset neutropenia [118].

22




Prednisone may cause oral fungal infection, diabetes mellitus, loss of
bone mass and cause stomach ulceration [119].

DXR is known for dose-related, cumulative, heart toxicity. The cardiac
(and hepatic) toxicity may be due to the one electron degradation to yet an-
other active metabolite; doxorubicinol as well as topoisomerase 2 being the
major form of topoisomerase in heart muscle. DXR affects the cardiomyo-
cytes through oxidative damage and by direct, chemical, DNA damage
through Topoisomerase 2 inhibition that may be reversible to a certain ex-
tent. However, beyond a certain point cell death occurs causing left ventricu-
lar ejection fraction (LVEF) reduction. It can cause acute onset failure but
more often early and late problems and may present clinically after weeks to
decades. The inter-individual tolerance to DXR differs and genetic factors,
prior cardiac damage, tissue ischemia and other concomitant cardiac risk
factors, such as radiation treatment, may affect the sensibility to DXR dam-
age [120-126].

In clinical practice a maximum dose level of around 400 mg/m” is used to
keep incidence of anthracycline induced heart failure below 5% as higher
doses of 550mg/m2 rises the incidence to 7-26% [121,122,125,126].

A range of different approaches may be used in DLBCL and other cancer
treatment in order to reduce cardiac toxicity;

1; Dose-limitation

2; Prolonged infusion

3; Liposomal or altered DXR
4; Cardiac protection treatment
5; Use of other drugs

1; Firstly, dose-limitation is an option which seldom is needed in DLBCL
treatment as the standard CHOP treatment only includes 50mg/m2 DXR in 6
cycles and as so not exceeding dose -limits. However, in relapsed disease
where you could suspect anthracyclin sensitive disease or for patients with
earlier cancer treatment dose-limitation can be a trouble for giving the best
anti-tumour treatment [126].

2; A prolonged infusion time gives a lower peak plasma level of DXR and is
shown to be protective as treatment with prolonged infusion gives tolerance
to higher accumulated doses of DXR. Schedules with up to 72 hours infusion
time are used but there is evidence that infusion duration of 6 hours or more
significantly lowers the rate of clinical heart failure. [122,126,127]. In the
Swedish DLBCL treatment recommendations patients with a slightly re-
duced ejection fraction (EF)(not below 50%) are recommended prolonged
infusion time >6 hours (VP).

23



3; Newer drugs as the liposomal pegylated doxorubicin (Caelyx in Sweden)
has a longer plasma half life which lowers the peak plasma level giving the
same protective effect as prolonged infusion time. It also has a greater di-
mension that only allows penetration through the more permeable tumour
vasculature. Breast cancer studies demonstrate an equal treatment effect as
for DXR. However, it is more expensive and neither in Sweden or US there
are drugs approved for DLBCL treatment. Non-pegylated liposomal DXR
(MyocetT) has a lower cardiac toxicity but is not available in Sweden and is
not approved for DLBCL in US. Epirubicin is an antracyclin similar to DXR
but with different spatial orientation and the same myelosuppressive dose
causes less cardiac toxicity, approximately 0.7 times [122,125,126,128,129].

4; A spectrum of different drugs have been tested as cardiac protectors dur-
ing DXR therapy. A meta-analysis showed 70% and 90% reduced risk for
cardiac toxicity with B-blockers and ACE-antagonists as well as for statins
but they are small studies with short follow up and critics query whether they
really are cardioprotective or simply change hemodynamics. There is no
recommendation on using them as protectors in Sweden [122,126,128].
Dexrazozane (Savene) changes Topoisomerase 2 beta configuration and
prevents antracyclin effect on Topoisomerase 2. It is mostly analysed in
breast cancer studies and clearly has an effect in preventing cardiotoxicity.
Studies found no difference in response to tumour treatment. In Sweden it is
only approved for treatment of anthracyclin  extravasation.
[121,122,126,129].

5;Some studies have shown similar treatment effect with DXR substituted
for etoposide. It may be sure for DLBCL with GCB origin but more uncer-
tain for ABC type. [130-132]. Swedish guidelines recommend R-CEOP for
patients with EF<50% (VP).

In the clinical setting there are limited ways to predict the specific risk of
each case to develop cardiotoxicity and even harder to measure ongoing
cardiotoxicity during treatment. Anamnesis, clinical investigation,
NTproBNP testing and heart ultrasound before start might help to select
cases unsuitable for DXR or in need of protective strategies but there is no
practical strategy to find those with early treatment associated damage be-
fore changes on ultrasound or symptoms appear. As so there is a need of
better understanding of who is at risk before start and during on-going treat-
ment

The dose-limiting toxicity of VCR is neurotoxicity caused by a high affinity
to both mitotic and neuronal microtubules affecting axons of motor, sensory,
autonomous nerve and c-fiber neurons causing both sensory and motor dis-
turbances. VCR induced peripheral neuropathy is most common and pre-
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dominantly sensory in nature. Early symptoms include numbness and tin-
gling of the hands and feet while in its more severe form, muscle weakness
develops, which is more marked in distal muscles of the hands and feet. Oth-
er manifestations of neurotoxicity include reduced motility of the intestines,
resulting in constipation muscle cramps, ocular palsies, hoarseness, and au-
tonomic neuropathy in the form of postural hypotension and atony of the
urinary bladder. The incidence and severity is correlated to duration and
dosing of therapy but there is a widespread inter-individual variation in the
half-life, volume of distribution and drug clearance and sensitivity to VCR
where some patients feature symptoms after a few treatment courses and
others fulfil treatment unaffected [43,79-82]. Most studies in adults maxim-
ise given dose at 2 mg because attempts to give higher doses have resulted in
significant neurotoxicity. There exist no prophylactic measures to avoid neu-
rotoxicity. In the clinical setting it is common to reduce or omit VCR when
neurotoxicity occurs. From prior studies we know the importance of keeping
a high relative dose intensity of CHOP but only small studies have focused
on the effect of reducing VCR dose [90].

Toxicity has led to attempts modify the drug or the drug delivery. These
include making synthetic or semi-synthetic analogs, combinations with anti-
bodies and to formulation of new drug delivery systems intended to enhance
dosing with an improvement in antitumor activity without an increase in the
toxicity. Vincristine sulphate liposome is a three- part formulation approved
by FDA and EMA mainly for relapsed leucemia. The liposomes are nano-
particles that are composed of a phospholipid bilayer with an aqueous core
which can be used to encapsulate drugs. They are taken up by the process of
passive diffusion and may lead to higher concentrations as well as prolonged
exposure of the drug in the tumour tissue. Pharmacokinetic and murine mod-
el studies have shown an increased half-life of vincristine, decreased free
drug levels in the circulation which may result in less drug toxicity and in-
creased efficacy [80-82].

Other late effects of cytotoxic treatment are infertility and the increased
risk of secondary malignancies [133].

1.7 Response evaluation

Treatment results are measured according to the latest (2014) Lugano criteria
based on FDG-PET-CT scan as complete response (CR), partial response
(PR), stable disease (SD) or progressive disease (PD) [52]. FDG-PET-CT as
evaluation is recommended since 2007 [134,135]. In clinical practice not all
patients undergo FDG-PET-CT scan and older response criteria based on CT
scan such as Cotswold criteria also include CRu (complete response uncon-
firmed) where residual mass on CT is considered fibrous tissue and not re-
sidual disease [44].
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Event free survival (EFS) has become a new tool on how to predict risk of
future disease after completion of first line therapy. It is shown that those
who achieve EFS 24 (event free at 24 months after diagnosis) or PFS 24
(progression free at 24 months) had an OS equivalent to that of an age- and
sex-matched general population [136,137]. These results regard patients
included in clinical trials and other publications on population based cohorts
could only confirm this for younger patients (<50 years) or found a remain-
ing increased risk of death[138,139].

1.8 Treatment at relapse

The general 5-year OS after initiation of R-CHOP treatment is around 70%
with better results in the younger population[83—85]. These results seems
durable as the numbers are equal in the later EFS24 and PFS24
studies[136,137,139]. Most relapses occur early with 75% of relapses within
2 years among whom 10 to 15% of patients exhibit primary refractory dis-
ease (non-response or relapse within 3 months of therapy) and only approx-
imately 7-8% relapse after 5 years [83].

Younger patients (<70 years) who relapse and are fit should be treated
with platinum-based therapy followed, in responsive patients, by high-dose
chemotherapy with autologous stem-cell support (ASCT) with curative in-
tent [S1](VP). A small study before the introduction of R indicated a 5 year
OS of 53% for those treated with ASCT[140]. BEAM or BEAC are mostly
used for high-dose treatment [140,141]. R-IKE (ifosfamide, carboplatin,
etoposide) and R-DHAP (cisplatinum, cytarabine, dexamethasone) before
ASCT have similar outcome with 3—year OS of 49% and R-GDP (cisplati-
num, gemcitabine) is shown to have similar efficacy despite being less toxic
than R-DHAP [141,142]. R is included in treatment in R sensitive cases
meaning relapse>6 months after R containing therapy. Unfortunately, even
among younger, fit patients a substantial number of patients never go to
ASCT due progression or rapid deterioration during second line treatment. A
recent study of relapsed/refractory DLBCL and HGBL show a 3-year OS of
24% and ORR in second line therapy of 43% and among those achieving
CR/PR 49% went to ASCT and another 15% to allogenic stem cell trans-
plant [143]. Allogenic stem cell transplant in chemosensitive disease is indi-
cated in case of relapse after ASCT or in primary refractory disease
[51](VP). Studies reveal a 1-year OS of 52% and 3-year survival probability
of 37%[144,145].

CD-19 targeted chimeric antigen receptor modified T-cell (CAR T-cells)
has become a new treatment of lymphoma and leukemia. T-cells from the
patient are collected from the blood and modified in laboratory to express a
chimeric antigen receptor (CAR) to better fight the tumour cells. Phase 2
clinical studies performed with satisfactory results in refractory/ relapsed
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DLBCL with ORR up to 66% have resulted in the approval of two new
drugs; axicabtagenciloceucel and tisagenlecleucel for treatment of DLBCL
in second relapse or later. However, this treatment is toxic, very expensive
and is only available in few oncology centers in Sweden [146,147].

For older or frail patients treatment is palliative and individualized and
preferably platinum-based such as Gemox (gemcitabine, oxaliplatine) as it
gives an ORR of 61% [51,148](VP). Other options are single bendamustin or
combination therapy with MIME (metyl-GAG,Ifosfamide, methotrexate,
etoposide) where studies demonstrate ORR of 50% and 56% respectively
[149,150]. R should be added in R sensitive cases. Polatuzumab vedotin is a
new drug consisting of a monoclonal antibody against CD79b covalently
conjugated to the anti-mitotic cytotoxic agent monomethyl auristatin
(MMAE). The antibody binds to CD79b on tumour cells and is internalised
into the tumor cell and the linker between the antibody and the cytotoxic part
is cleaved to release MMAE, which inhibits cell division and induces apop-
tosis of the tumour cell [151]. A recent study have presented the beneficial
effects with addition of Polatuzumab vedotin to a bendamustin and R com-
bination therapy in refractory/ relapsed disease showing better objective
responses and median OS (12.4 vs 4.7 months) [152] although increased
toxicity might restrain the possibility to give this therapy in frail cases. Effi-
cacy of single Pixantrone, a less cardiotoxic antracyclin compared to various
”comparator drugs” was proved in a phase 3 study with ORR 26% vs 10%
but disappointingly a combination study of pixantrone plus R compared to
gemcitabine plus R did not improve outcome (PFS, OS) and the drug is at
the moment not recommended for use in Sweden [153,154].

If possible patients should be included in clinical studies.

1.9 Future visions

As DLBCL still has a relapse rate of approximately 30% and most patients
are older and not suitable for more toxic regimens or stem cell transplant
there is a need for better first line and later therapies. As modern research
has developed a deeper understanding of cell of origin and intracellular sig-
nalling function a lot of trials are focusing on finding new therapeutic possi-
bilities in DLBCL. These include new CD-20 targeting antibodies, CD-30
and PD-L1/PD-1 antibodies, bi-specific antibodies, immunomodulation
drugs as lenalidomide, targeting epigenetic regulators/ B-cell receptor cas-
cade signalling/BCL-2/ NF-kB as well as new and modified CAR-T cells
and more but has so far not shown results that change standard treatment
[101,155].
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2 Aims

2.1 Overall aim

The main objective of this thesis was to study known side-effects of treat-
ment and comorbidities and explore outcome in DLBCL in order to improve
clinical treatment and follow-up decisions.

2.2 Specific aims

I To explore if the omission of vincristine in R-CHO(E)P treat-
ment of DLBCL in the clinical setting affects treatment out-
come (DFS, OS).

II To study the occurrence of different AIDs in an unselected co-
hort of DLBCL. Furthermore to analyse if the occurrence of
AID affects treatment outcome and to assess gender differences
in occurrence and outcome.

Il To establish EFS24 in a Swedish unselected DLBCL cohort.
Furthermore to analyse factors governing overall survival and
reviewing the causes of death and compare OS with the general
Swedish population.

IV To explore whether advanced serum protein analysis can be
used to measure DXR related cardiovascular toxicity in DLBCL
patients treated with R-CHO(E)P.
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3 Patients and methods

In Paper I, II and III adult patients (>18 years) registered in the National
Swedish Lymphoma Registry (INCA, Informationsnédtverk for Cancer-
varden) from four different institutions in Sweden (Mailarsjukhuset, Eskils-
tuna, Uppsala University Hospital, Uppsala, Falu lasarett, Falun, and Gévle
sjukhus, Gévle) diagnosed with DLBCL or subgroups of high-grade malig-
nant B-cell lymphoma between 2000 and 2013 were included. INCA had
coverage of 97.8% in the years 2008-2014 and at each clinic the level of
coverage of INCA was checked by searching for DLBCL diagnose in the
local data system not to miss any cases. Those who were primary treated
with at least one course of R with either CHOP, CHOEP (CHOP plus etopo-
side), or mini-CHOP (reduced- dose CHOP) was identified. Patients with
primary mediastinal, testicular lymphoma and with follicular lymphoma
transformed to DLBCL were included if the only prior treatment given for
follicular lymphoma was radiotherapy.

Patients with primary central nervous system lymphoma and Burkitt lym-
phoma were excluded. Those considered by the treating physician as too
frail to receive any treatment or if treated with less intensive chemotherapy
with no intention to cure or given combinations other than CHOP or CHOEP
due to comorbidities (i.e., CEOP, liposomal doxorubicin, COP, benda-
mustine) were excluded as well. Omission of VCR was counted from the
course number when no VCR was given. If a patient received less than six
cycles of R-(mini)-CHO(E)P treatment due to other toxicity they were not
included in the VCR omission group.

The initial histopatological diagnose, made by the local or regional de-
partments of pathology using the 2008 WHO classification of lymphoma
definitions, were not reviewed. All clinical data was retrieved retrospectively
from medical records. The presence of any medical condition such at cardi-
ac, vascular or autoimmune disorder was only determined by reading the
medical charts and not confirmed by other means. A patient was considered
to have an AID diagnosis in the presence of a medical condition commonly
known to be caused by self-reactive antibodies or a disease that results when
the immune system mistakenly attacks the body’s own tissues. Hypothyroid
conditions were included and grouped together. Diabetes mellitus was con-
sidered as an AID (type 1 diabetes) if the patient was treated with insulin
only. Information on earlier or on-going treatment for AID was not collect-
ed. Cardiac disease was divided in the following categories; heart failure,
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angina pectoris, cardiac arrest, fibrillation, vitium, pacemaker and PCI
treatment. Vascular disease was categorized as; claudicatio, carotid stenosis,
aortic aneurysm operation, deep vein thrombosis, pulmonary embolism,
arterial thrombosis/ischemic stroke or cerebral haemorrhage, transient is-
chemic attack or operation for aneurysm. Cardiovascular disease (CVD) was
defined as having a pre-existing or developing a diagnosis of any of cardiac
or vascular disease. Several patients had more than one diagnosis. An emerg-
ing new diagnosis was counted for regardless if the patient already had a
CVD.

The treatment outcome was defined as CR, PR, SD or PD based on the
disease status at the oncology clinic visit immediately following the end of
treatment and was assessed either from clinical and/or radiologic findings
according to Cotswolds or Lugano criteria [44,52,134,135]. Patients were
followed according to the now out-dated Swedish lymphoma group guide-
lines with physical examination and laboratory tests every 3-4 months the
first 2 years, half annually year 3 and annually years 4 and 5.

In total, 612 patients were included.

In Paper I the analysed cohort consisted of those 541 cases whom we had
knowledge about VCR treatment doses and the occurrence of omission of
VCR. All 612 were included in Paper II. In Paper III the cohort was
merged with a similar group of DLBCL diagnosed between 2004-2012 in
another Swedish county, West Gotaland, resulting in 1169 cases.

The studies were approved by the local review board in Uppsala, Sweden
(Dnr 2014/233).

Paper IV consist of another cohort of 95 patients aged >18 years included in
the Uppsala-Umed Comprehensive Cancer Consortium (U-CAN) bio-bank
2010-2015 at the time of DLBCL diagnosis. The U-CAN is a bio-bank with
the sequential collection of clinical data as well as blood and tissue samples
from cancer patients [156]. Samples were taken before start of treatment and
in some cases during and after. Seven patients in the cohort were never treat-
ed with DXR.

Proteomics
The PEA technology was utilized to assess plasma samples (1ul) using the
Olink™ multiplex protein panel Cardiovascular III (CVDIII) and Oncology
11 (ONCI).

Each panel consists of 92 human proteins where CVDIII includes cardio-
vascular- and inflammatory-related markers as well as some exploratory
human proteins believed to be associated with cardiovascular disease. In
multiplex PEA, each target protein is recognized by a pair of proximity
probes consisting of an antibody conjugated to a single stranded DNA oligo-
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nucleotide that in proximity are hybridized to each other allowing enzymatic
DNA polymerization and subsequent DNA amplification [157].

The NTpro-BNP and CCL22 measurement in CVDIII did not meet the
quality requirements and the results were disregarded, leaving 182 proteins
for analysis.

Since NTpro-BNP is a key cardiovascular protein, supplementary analysis
was performed on additional frozen samples at the Department for Clinical
Chemistry, Uppsala university hospital together with Troponin I according
to standard clinical procedure at the department. CRP was analysed with
standard clinical procedure at the patients’ local laboratory. With CRP in-
cluded, a total of 185 proteins were analysed. NTproBNP and Troponin I
samples were available for a proportion of patients (133 samples in total).

Table 4. Number of protein samples in Paper IV

PEA-CO? NTproBNP CRP
Troponin I”
Before 96° 32 92
During 30 25 0
After 60 76 0
Total 186 133 92

* PEA-CO, proximity extension assay of 182 proteins. "NTproBNP and Troponin I © 96
samples before start of treatment

from 94 patients. Two patients had two samples before and for one patient there was no sam-
ple and for one patient date of starting treatment was uncertain

For comparison, plasma samples from 60 non-DLBCL controls (30 male, 30
non-pregnant females) were obtained from the EpiHealth biobank. EpiHealth
is an open-access, multi-center, longitudinal, cohort study investigating the
interaction between genes and life-style factors possibly related to the devel-
opment of common diseases in the adult population [158].

The U-CAN project, including this study, has been approved by the Regional
Ethics Committee (EC) of Uppsala-Orebro (Ups 2012/198, 210/198/1,
2014/233). Data collection in the EpiHealth study and usage of the material
in this project has been approved by the EC of Uppsala (Dnr 2010/402:
2010-12-01, 2011-11-17,2015/179).
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4 Statistics

Categorical variables were expressed as numbers (%) and continuous varia-
bles as median (range). For bivariate comparisons between groups, the t-test
(in case of normally distributed variables) or the non-parametric Mann—
Whitney test (in case of non-normally distributed variables) was used for
continuous variables and the Chi-square or Fisher’s exact test was used for
categorical variables.

All time intervals were measured in months. Event-free survival (EFS)
and disease free survival (DFS) were defined as the time between the date of
diagnosis (date of histopatological sampling) and last follow up or death in
the absence of relapse. Patients in complete remission (CR) and unconfirmed
complete remission (CRu) at end of treatment were included. If a relapse
occurred, EFS/DFS was set to time from diagnosis to date of relapse (date of
clinical/radiology finding or biopsy). If the patient never reached CR or PR
and subsequently died from lymphoma the EFS/DFS time was set to zero.
Overall survival (OS) was defined as time from diagnosis to the date of
death from any cause. Patients that were alive to the date of last follow-up
were censored. Lymphoma-specific survival (LSS) was defined as the time
between initial date of diagnosis and death from lymphoma. Treatment-
related deaths were included in LSS. Time-to-event outcomes (EFS/DFS,
LSS and OS) were analysed by using the Kaplan-Meier and the log-rank test
was used to test statistical significance. A two-sided p value of < 0.05 was
regarded as cut-off for statistical significant results in comparisons between
groups.

Any variables significantly associated with outcome variables in bivariate
analyses were considered for entry into a multivariate Cox proportional haz-
ards regression analysis.

In Paper I we performed two separate multivariate analyses for DFS and OS
respectively with omission of VCR included in both models as an independ-
ent variable of interest. The main analyses were performed using the com-
plete case analysis approach to handle missing data. A sensitivity analysis
was performed using the multiple imputation (MI) method. The rates of
missing values from potential predictors for DFS or OS ranged from 0 to
27%. We decided a priori to exclude variables with > 30% missing values.
Missing data were imputed for the following variables (missing values are
presented in parentheses): extra-nodal engagement of disease (20.1%), kid-

32



ney or adrenal involvement (20.1%), LDH level (20.9%), PS (23.8%), bulky
disease (24.2%), and BMI (27%). The imputation was performed using the
chained equations method and 10 multiple imputed datasets were created
and used for the analyses.

Two subgroup analyses were performed, one restricted to patients > 70
years old considering that older age has been associated with higher risk for
reduced RDI [87]. An additional subgroup analysis investigated a dose-
dependent relationship between cycle of VCR omission and treatment out-
come as we calculated, using Cox proportional-hazards model, the adjusted
hazard ratio for DFS and OS based on chemotherapy cycle number in which
VCR was omitted (cycles 1-3, cycle 4, cycle 5, cycle 6) compared to no
omission of VCR.

Statistical analyses were performed with the IBM statistics SPSS version
22.

In Paper II time-to-event outcomes (EFS,LSS,0S) were assessed for all
AlIDs together, and for the AIDs grouped as primarily mediated by B-cell
responses or T-cell responses according to the classification of the Inter-
Lymph Consortium (i.e., only the AID diagnoses classified by the Inter-
Lymph Consortium were included in the categorization and outcome anal-
yses of B- and T-cell mediated AIDs). Subgroup analyses were performed
with and without the patients with thyroid disease due to uncertainty of AID
origin based on the information in the medical records.

Statistical analyses were performed using the IBM statistics SPSS version
22.

In Paper III patients who died before reaching the mile stones (EFS
24/EFS12) were excluded from the analysis. The study population was di-
vided into two groups; patients who achieved EFS24 and those who did not.
Swedish life tables from Statistics Sweden (www.scb.se) state the historical
individual risk of death depending on gender and age per calendar year. A
standard population was generated that matched the study population in
terms of age and gender. For each individual, probabilities matched on gen-
der, age and index year for each subsequent year was calculated into a cumu-
lative product of a time-series of likely survival for each individual. Subse-
quently, the survival of the standard population was compared to the survival
of the study population. Overlapping confidence intervals (CI) were used to
examine survival disparities between different cohorts of the study popula-
tion and the survival of the derived standard population. Survival at different
EFS milestones (12 and 24 months) was calculated (including only patients
achieving the specified milestone in the analysis). Standardized mortality
ratio (SMR) was calculated for 1 and 5 years after achieving the landmark
time-point.
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Statistical analyses were performed using the R statistical program ver-
sion 3.4.3 (www.r-project.org).

In Paper IV missing BMI values were imputed by the median value of the
patient group. The difference in protein level between two groups was as-
sessed using linear regression, adjusting for age (at diagnosis), gender and
BMI. Significance was determined using linear regression t-test.

To investigate if the protein level or change in protein level over time dif-
fer between two groups before, during or after treatment, we studied 87 pa-
tients treated with DXR using mixed effects linear regression with protein
level as dependent variable, patient id as random effects variable and time
point, age, gender, BMI and cardio or CVD or hypertension before as well as
the interaction group:time point as fixed effects variables. The association
between group and protein level was assessed using a likelihood ratio test.
Significant associations were further investigated in post hoc tests. Benja-
mini-Hochberg’s false discovery rate method for multiple testing correction
was applied and a difference was considered significant if the g-value (the
adjusted p-value) was < 0.10.

Statistical analyses were performed with R version 3.6.3 and the IBM sta-
tistics SPSS version 22.
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5 Results and Discussion

5.1 Paper I

Does the omission of vincristine in patients with diffuse large B cell lym-
phoma affect treatment outcome?

In total, 541 DLBCL cases in who we had knowledge about VCR treatment
doses and the occurrence of omission of VCR were included. Relative dose
intensity (RDI) for DXR (DoxoRDI) was calculated according to Yamagushi
etal. [91].

In 95 of 541 (17.6%) patients, VCR was omitted due to toxicity and omis-
sion was more common during the last three cycles (n=86, 90.5%). Patients
with VCR omission were older (p= 0.003) with higher IPI (p= 0.006) and
higher amount of > 1 extra-nodal involvement (p= 0.003). Bivariate analysis
revealed nine predictors possibly associated with DFS and 10 predictors
were associated with OS.

Table 5. Baseline characteristics in Paper 1.

VCR omission (%) VCR full dose p-value
(%)
Number of pts 95 446
PS
0-1 81 (85.3) 281 (63.0) 0.376
2-4 14 (14.7) 36 (8.1)
Missing 0 129 (28.9)
Stage
1-2 29 (30.5) 158 (35.4) 0.354
3-4 66 (69.5) 287 (64.4)
Missing 0 1(0.2)
[PI
0-2 38 (40.0) 234 (52.5) 0.006
3-5 57 (60.0) 186 (41.7)
Missing 0 26 (5.8)
LDH
> ULN 65 (68.4) 216 (48.4) 0.520
< ULN 30 (31.6) 117 (26.2)
Missing 0 113 (25.3)
Bulkya
Yes 20 (21.1) 73 (16.3) 0.665
No 75 (78.9) 242(54.3)
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Missing 0 131 (29.4)

Al
Yes 18 (18.9) 82 (18.4) 0.898
No 77 (81.1) 364 (81.6)
Extranodalb
>1 30 (31.6) 60 (13.5) 0.004
<1 65 (68.4) 277 (62.1)
Missing 0 109 (24.4)
Kidney/adrenalc
Yes 3(3.2) 18 (4.1) 0.382
No 92 (96.8) 319 (71.5)
Missing 0 109 (24.4)
BMI, median (16,2-44,10) 25.7(16.2-41.4) 25.8 (16.9-44.1) 0.850
Missing 3(3.2) 300 (67.3)
Treatment
CHOP 79 (83.2) 378 (84.8) 0.697
CHOEP 16 (16.8) 68 (15.2)
DoxoRDI 0.396
<70% 6 (6.3) 28 (6.3)
>70% 83 (87.4) 261 (58.5)
Missing 6 (6.3) 157 (35.2)

Abbreviations: Pts, patients; PS, performance status; IPI, International prognostic index;
LDH, lactate dehydrogenase; ULN, upper limit normal; Al, autoimmune disease; BMI, body
mass index; DoxoRDI, doxorubicin dose intensity.

* Tumor mass>7,5 cm. ° Involvement of extranodal organ. °Kidney or adrenal involvement.

Omission of VCR was not significantly associated with worse OS in Kaplan-
Meier analyses.
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Figure 1. Kaé)lan Meier for survival comgaring full dose VCR
and omission of VCR. p=0.57.

Figure 4. Kaplan Meier for survival comparing full dose VCR and omission of
VCR. P=0.572

In multivariate Cox regression analyses for DFS only advanced stage at di-
agnosis was found to be significantly associated with worse outcome (HR:
2.04, 95 % CI: 1.01 - 4.00). In respect of OS, kidney/adrenal involvement
(HR: 2.45, 95% CI: 1.20 - 4.98), DoxoRDI (relative dose-intensity of DXR)
<70% (HR: 2.04, 95% CI: 1.15 — 3.61), age > 60 years old (HR: 1.94, 95%
CI: 1.09 - 3.48), and bulky disease (HR: 1.58, 95% CI: 1.03 - 2.42) were
significant associated with worse survival.

Omission of VCR was not associated with either DFS or OS in multivari-
ate analyses (HR for PFS: 1.21, 95% CI 0.76 - 1.95; HR for OS: 1.13, 95%
CI: 0.75 - 1.71).
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Table 6. Multivariate Cox regression analysis of Disease-free Survival (DFS) and

Overall Survival (OS).

DFS 0s
Hazard ratio Pvalue Hazard ratio P value
(95% CI) (95% CI)
Age 2 60 Not included 1.94 (1.09-3.48)  [028
Treatment? Not included 1.76 (0.90-3.43) 0.096
PS>2 1.62 (0.74-3.57)  0.235 1.77 (0.84-3.74)  0.134
Stage > 2 2.04 (1.01-4.00)  [0W0%7 1.59 (0.88-2.88)  0.127
IPI>2 1.33(0,70-2.50)  0.385 1.14 (0.60-2.16)  0.686
LDH > ULN 1.09 (0.63-1.89)  0.778 1.03 (0.63-1.69)  0.893
Bulky® 1.30 (0.81-2.10) 0.283 1.58 (1.03-2.42)  [IOBHE
Oncovin omission¢ 1.21 (0,76-1.95) 0.421 1.13 (0.75-1.71) 0.571
Extranodald >1 1.02 (0.59-1.78) 0.932 Not included
Kidney/Adrenale 1.72 (0.78-3.85)  0.171 245 (1.20-4.98) 0014
BMI = 25 0.89 (0.58-1.37)  0.591 0.98 (0.67-1.43)  0.904
DoxoRDI < 70% 1.88 (0.97-3.67)  0.063 2.04 (1.15-3.61)  [0l0d4

In the sensitivity analysis using the MI method to handle missing values, the
lack of association between omission of VCR and DFS (HR: 1.20, 95% CI:
0.81-1.78) or OS (HR: 1.06, 95% CI: 0.76-1.48) remained unchanged and
non-significant. The lack of association between VCR omission and survival
was evident irrespective of the number of the cycle in which VCR was omit-
ted.

Figure 5. Hazard ratio for omission of VCR in cycle 1-3, 4, 5, 6 vs no omission.
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Compared to patients treated with 6 VCR cycles, those who received only 1-
3 cycles showed comparable survival (HR for DFS: 0.30, 95% CI: 0.07-1.30;
HR for OS;1.22, 95% CI1:0.17-9.01).

When the analysis was restricted to patients > 70 years old (n = 204), the
omission of VCR was not found to be associated to survival either (HR for
DEFS 1.43, 95% CI 0.53-3.83; HR for OS 1.30, 95% CI 0.53-3.16).

The potential effect of reduced VCR dose on DLBCL prognosis was pre-
viously investigated only in smaller study [90] including 86 patients treated
with R-CHOP-21 due to DLBCL. They found a lower survival rate for RDI
VCR < 85% despite adequate CPM and DXR doses. In the present large
cohort of patients we could not confirm that omission of VCR affects prog-
nosis of DLBCL in terms of DFS or OS. The lack of association remained
unchanged in a sensitivity analysis with multiple imputation and when anal-
ysis was restricted to the elderly population (>70years) and irrespectively of
whether VCR was omitted early or late in the treatment course. We used
more wide inclusion criteria and included patients with more diverse chemo-
therapy regimens in an effort to better reflect the daily clinical practice. Fur-
thermore, we used a more pragmatic and clinically relevant approach for
reduced VCR dose, namely the omission of VCR at a specific treatment
course instead of RDI that is more complicated to interpret.

A potential explanation for our findings of the lack of association between
VCR omission, even early during the treatment course, and survival could be
that the presence of neurotoxicity is correlated to higher intra-cellular VCR bio-
availability and as so might be associated with a better response to treatment.

Our results on the positive association between maintaining high RDI for
DXR and treatment outcome are in accordance with prior studies and sug-
gest that DXR might be a more important chemotherapeutic agent than VCR
in the treatment of DLBCL [87-91]. Surprisingly, higher IPI was not corre-
lated to OS but only age. The substantial lack of information on LD (20.9%
missing values) and PS (23.8% missing values) might influence the result
but we found no difference after multiple imputation analysis.

The retrospective nature of the study is prone to well-described bias. Se-
cond, there were missing values in some variables; however, our results re-
mained stable even when we dealt with missing values by using MI method-
ology. In addition, unlike other studies investigating RDI and treatment out-
come, the RDI CPM was not analysed. Finally, the number of cases was
limited for calculation of the effect of omission of VCR after the first, se-
cond, or third treatment course separately.

In conclusion, the omission of VCR does not affect either DFS or OS in
patients with DLBCL treated with R-CHOP/ CHOEP/mini-CHOP. As a
result, clinicians can safely decide to omit VCR in case of severe neurotoxi-
city due to VCR. Considering the association of bulky disease and kidney/
adrenal manifestation of lymphoma on survival, further studies should focus
on whether the treatment options for these subgroups need to be individual-
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ized. Finally, clinicians should be aware of the importance of giving ade-
quate doses of DXR during treatment given the growing body of evidence on
the role of dose intensity on survival.

5.2 Paper II

Autoimmune disease in patients with diffuse large B-cell lymphoma: occur-
rence and impact on outcome.

In total, 612 patients were included in the study. Median follow-up time was
59 months. A male predominance was observed with a 1.4:1 male:female
ratio The number of patients with AID was 106 (17.3%) with the distribution
of different AIDs divided in primary B or T-cell response disease displayed
in Table 7.

Table 7. Distribution of 122 different autoimmune disorders in 612 R-CHOP/R-
CHOP-like treated patients with diffuse large B-cell lymphoma divided inte auto-
immune disorders primary B-cell och T-cell responses using the InterLymph classi-
fication.

AID Patients with Females Males
AID? n=59 n=47
n= 106 (%)
B-cell re- S
sponses Thyroid disease 33 (31.1) 24 (72.7) 9(27.3)
Rheumatoid
arthritis 24 (22.6) 16 (66.7) 8(33.3)
SLE and DLE 6(5.7) 3 (50.0) 3 (50.0)
Primary $j5- 5(4.7) 5(100) 0 (0.0
gren’s syndrome ) )
Autoimmune
hemolytic ane- 3(2.8) 1(33.3) 2 (66.7)
mia
Myasthenia
oravis 1(0.9) 1 (100) 0(0.0)
T-cell re- Inflammatory
sponses bowel discase” 14(13.2) 7(50.0) 7(50.0)
Psoriasis 13 (12.3) 4 (30.8) 9 (69.2)
Diabetes mellitus | 6 (5.7) 2(33.3) 4 (66.7)
Celiac disease 1(0.9) 1 (100) 0(0.0)
Not classified | Other® 16 (15.1) 7(41.2) 10 (58.8)

AID: autoimmune disorder; SLE: systemic lupus erythematosus; DLL: discoid lupus erythe-
matosus.” Fifteen patients had two autoimmune disorders (12 females and three males) and
one male had three autoimmune disorders.® Ulcerative colitis/ Crohn’s disease.® Including 2
primary biliary cirrhosis, 2 polymyalgia rheumatica, 2 vasculitis, 1 myositis, 1 Guillain- Barré
syndrome, 1 demyelinating axonal neuropathy, 1 sclerosing cholangitis, 1 pemphigoid, 1
iritis, 1 ankylosing spondylitis, 1 Lambert Eaton disease, 1 autoimmune hepatitis, 1 dermati-
tis. These AIDs have not been categorized as primarily mediated by B-cell or T-cell responses
by the InterLymph Consortium (ref 12).
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Fifteen of the 106 patients had two AIDs (12 females and three males) and
one male patient had three AIDs, resulting in totally 122 AID diagnoses in
106 patients.

Thyroid disease dominated (n=33, 31.1%) followed by RA (n=24, 22.6%).
Overall the proportion of AID was significantly higher in females (n=59 of
254, 23.2%) than in males (n=47 of 358, 13.1%) (p=0.001). Except for gender
(p=0.001) there were no detectable differences in prognostic factors for
DLBCL outcome between the no AID and the AID group. Patients with AID
had a higher frequency of febrile neutropenia after the first course of chemo-
therapy; 16.0% vs. 8.7% (p=0.034) compared to those without AID.

Table 8. Baseline characteristics of DLBCL patients with and without autoimmune
disease.

AID No AID p-value
n=106 (%) n=506 (%)
Age median, years (range) 66.5 (18-88) 66 (26-91) 0.188
Sex
Male 47 (44.3) 311 (61.5) 0.001
Female 59 (55.7) 195 (38.5)
Performance status
0-1 73 (68.9) 356 (70.4) 0.783
2-4 10 (9.4) 44 (8.7)
Missing 23 (21.7) 106 (20.9)
Stage
1-2 39 (36.8) 182 (36.0) 0.883
3-4 67 (63.2) 323 (63.8)
Missing 0 1(0.2)
IPI
0 3(2.8) 34 (6.7) 0.579
1 26 (24.5) 114 (22.5)
2 28(26.4) 114 (22.5)
3 26 (24.5) 146 (28.9)
4 15 (14.2) 65 (12.8)
5 2(1.9) 13 (2.6)
Missing 6(5.7) 20 (4.0)
LDH
>ULN 53 (50.0) 260 (51.4) 0.701
<ULN 34 (32.1) 152 (30.0)
Missing 19 (17.9) 94 (18.6)
Bulky disease®
Yes 20 (18.9) 91 (18.0) 0.809
No 63 (59.4) 307 (60.7)
Missing 23 (21.7) 108 (21.3)
Extranodal®
>1 21(19.8) 83 (16.4) 0.381
<l 66 (62.3) 333 (65.8)
Missing 19 (17.9) 90 (17.8)
Treatment
CHOP 87 (82.1) 437 (86.4) 0.253
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CHOEP 19 (17.9) 69 (13.6)
Febrile neutropenia®
Yes 17 (16.0) 44 (8.7) 0.034
No 65 (61.3) 326 (64.4)
Missing 24 (22.6) 136 (26.9)
B-symptomsd
Yes 40 (37.7) 233 (46.0) 0.103
No 66 (62.3) 269 (53.2)
Missing 0 4 (0.8)
BMI
>25 45 (42.5) 193 (38.1) 0.571
<25 38 (35.8) 187 (37.0)
Missing 23 (21.7) 126 (24.9)
Kidney/Adrenal involvement
Yes 4(3.8) 20 (4.0) 0.933
No 83 (78.3) 396 (78.3)
Missing 19 (17.9) 90 (17.8)

Abbreviations: DLBCL: diffuse large B cell lymphoma; AID: autoimmune disease; IPI:
international prognostic index; LDH: lactate dehydrogenase; ULN: upper limit normal; BMI:
body mass index.

# Tumor mass>7.5cm; ® Involvement of extra nodal organ; ¢ Febrile neutropenia after first
course of treatment; dFever/night sweat/weight loss

In the whole cohort EFS, LSS and OS at 5 years were 70%, 77% and 69%
respectively. In total, 243 (39.7%) patients died during the follow-up period.
The cause of death was in 173 (71.2%) cases due to lymphoma or its treat-

ment. Bivariate analysis revealed 5 variables associated with EFS, 5 with
LSS and 6 with OS.

Table 9. Multivariate Cox regression analysis of prognostic factors for event-free
survival (EFS) and overall survival (OS) in 612 patients with diffuse large B-cell
lymphomatreated with R-CHOP regimens.

EFS (O]
Hazard ratio P value Hazard ratio P value
(95% CI) (95% CI)

Bulky disease® 1.29 (0.85- 0.231 1.45 (0.99- 0.057
1.97) 2.11)

Treatment” NAC 231 (1.33- 0.003

4.02)

Kidney/adrenal involve- 1.53 (0.76- 0.231 2.07 (1.09- 0.027

ment 3.05) 3.94)

IPI 1.36 (1.13- 0.001 1.20 (1.03- 0.022
1.62) 1.40)

B-symptoms 1.46 (0.96- 0.074 1.53 (1.06- 0.023
2.20) 2.22)

BMI>25 1.01 (0.69- 0.965 0.86 (0.61- 0.380
1.48) 1.21)

AID 1.40 (0.89- 0.147 1.21 (0.79- 0.378
2.22) 1.87)

NA: not analyzed; CI: confidence interval; IPI: international prognostic index; BMI: body
mass index; AID: autoimmune disease. * Tumor mass > 7.5cm, Y CHOP vs. CHOEP © Not
analyzed due to lack of significance in bivariate analysis.
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When all patients were included in a multivariate analysis with these factors
and the presence of AID as a separate factor, there was no significant differ-
ence in EFS (HR 1.40, 95% CI: 0.89-2.22, p=.147), LSS (HR 1.46, 95% CI:
0.89-2.38, p=0.130) or OS (HR 1.21, 95% CI: 0.79-1.87, p=0.378) between
patients with or without AID. Known risk factors as higher IPI, bulky dis-
ease, kidney/adrenal involvement and also choice of cytostatic treatment
affected OS.

Thyroid disorders have been handled in different ways in previous studies
and we decided to perform outcome analyses with and without this group of
patients. A Kaplan—Meier analysis with non-thyroid AID vs all others
showed a borderline worse OS for the non-thyroid AID patients (p=0.047).

1,0\1?

Overall survival

AID-not thyroid

0,2

00 T T T T T T
0 2 4 [ 8 10 12 14

Follow-up (years)
Figure 1a. Overall survival for AlD-not thyroid vs others. p= 0.047
Figure 6. Overall survival for AID-not thyroid vs others. p=0.047

A multivariate analysis using the same variables as before including non-
thyroid AID as a separate factor could not confirm any significant differ-
ences in outcome between these groups (HR for EFS 1.40, 95% CI: 0.85—
2.31, p=0.184, HR for LSS 1.58, 95% CI: 0.93-2.68, p= 0.090, HR for OS
1.43,95% CI: 0.91-2.27, p= 0.125).

Overall survival was analysed twice, separately for B-cell response AIDs
vs. all others, including and excluding thyroid disorders in the AID group. In
B-cell response AIDs excluding the cases with thyroid disorder vs. all others
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there was a worse OS (p=0.037) in Kaplan-Meier analysis not confirmed in
multivariate analysis (HR for OS 1.43, 95% CI: 0.74-2.74, p= 0.29).

i

0,8

069

Overall survival

0,4-
B-cell response AlD)

0,24

oo T T T T T T
0 2 4 6 8 10 12 14

Follow-up (years)

Figure 1h. Overall survival Dflpatlents with B-cell res Dnse AID vs others
{No B-cell response AID). p=0.037

Figure 7. Overall Survival of patients with B-cell response AIDvs others (No B-cell
response AID). P=0.037

There was no significant difference in LSS (HR for LSS 1.42, 95% CI: 0.65—
3.08, p=0.38 or EFS (HR for EFS 1.17, 95% CI: 0.54-2.54, p= 0.690). Pa-
tients with AIDs primarily mediated by T-cell responses had no significant
difference in OS in Kaplan-Meier analysis (p=0.244) vs. all others. In a mul-
tivariate analysis, these patients had a significantly worse LSS (HR=2.11,
95% CI 1.09—-4.08 p=0.028, and EFS (HR=1.99, 95% CI 1.09-3.63 p=0.026)
but not OS (HR=1.71, 95% CI 0.92-3.19, p=0.09).

Among all 612 patients in the cohort, OS was similar in men and women
(p=0.448). However, a separate analysis of the AIDs primarily driven by B-
cell responses with thyroid disorders excluded revealed a gender difference.
OS was worse for women in this group compared to all other women
(p=0.008).
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Figure 1c. Overall survival for fernales with B-cell response AID vs other
women ( Mo B-cell response AID). p= 0.008

Figure 8. Overall Survival for females with B-cell response AID vs other women
(No B-cell response AID). p=0.008

In this group of 24 females there were 10 deaths related to lymphoma or its
treatment (41.7%), four unrelated deaths and ten patients alive at the end of
the follow up period. Cox regression analysis confirmed a worse OS (HR
2.90, 95% CI: 1.25-6.70, p=0.013). For the 13 men with B-cell response
AID without thyroid disorders OS was similar compared to all other men (p
=0.819) in Kaplan Meier analysis.

Patients with neutropenic fever after first treatment course had a worse
OS in Kaplan—Meier analysis compared with those without neutropenic fe-
ver (p=0.026).

In this large study of patients with DLBCL and AID in the era of R-based
lymphoma treatment we found a higher occurrence of AID, 17.3%, com-
pared to the 3—10% of AID found in the general population [4,9,56,57,59].
As in previous studies, the occurrence of AID was higher than reported in
general populations both in the women (23.2%) and in the men (13.1%) with
DLBCL [9,57]. In other studies of AID in DLBCL populations varying fig-
ures between 3.7%-22.5% have been reported [5,14,60,62—64,159]. Howev-
er, the definition of eligible AID diagnoses is not clear in all studies and may
be different from the definition we have used. One reason for the high occur-
rence of AIDs in our study is that we included all pre-existing AID diagno-
ses reported in the medical records at lymphoma diagnosis thereby identify-
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ing 16 additional diagnoses compared to the patient-reported diagnoses in-
cluded in studies by the InterLymph Consortium.

The most common specific AIDs in this study population are consistent
with previous studies as rheumatoid arthritis, SLE and pSS were the most
common AlDs categorised as primarily B-cell mediated (apart from thyroid
disorders), and inflammatory bowel disease and psoriasis were the most
common T-cell mediated AIDs. Thyroid disorders have been handled in
different ways in previous studies and as so we performed outcome analyses
with and without this group of patients. As there is some evidence that a
majority of thyroid diseases in non-iodine deficient areas are autoimmune
[160] we grouped all thyroid disorders together.

Some differences in outcome were suggested in analysis separately for
patients with AIDs categorized as primarily driven by B- or T-cell responses.
B-cell response AIDs (with thyroid disorders excluded) were associated with
worse OS in Kaplan—Meier analysis and T-cell response AIDs were associ-
ated with inferior LSS and EFS in multivariate analysis. This result is in
accordance with similar analyses in previous studies of DLBCL and AID. In
one study including 41 DLBCL cases with AID, a history of B-cell-mediated
AlIDs was associated with shorter relapse-free survival and OS compared to
patients without AID [63]. The prospective study of 8 pre-defined AIDs by
Kleinstern et al. reported a non-significant trend toward inferior OS in
DLBCL patients with AIDs primarily mediated by B-cell responses, while
AlDs primarily mediated by T-cell responses were not associated with OS or
EFS in any lymphoma subtype [62]. The study based on SEER-data showed
a trend toward deceased lymphoma-related survival in patients with SLE and
DLBCL compared to DLBCL patients with other B-cell mediated AIDs [64].
Our study and other previous studies have involved too small numbers of
patients with SLE to be able to confirm these findings.

Previous studies of AlD-associated DLBCL have not reported gender-
specific information on outcome. We analysed OS separately for women and
men and found a significant difference. Only women and not men with AIDs
primarily driven by B-cell responses (with thyroid disorders excluded) had a
significantly worse OS both in Kaplan Meier analysis and multivariate anal-
ysis compared to all other women and men, respectively. We cannot explain
the reason for the worse OS in women from the analyses possible to perform
in this study setting, and e.g., there could be differences in comorbidities,
disease severity or earlier and ongoing treatment for AID that we were una-
ble to control for. As the number of investigated cases in this study is limited
larger studies addressing gender differences in outcome with more detailed
knowledge of the above mentioned factors would be necessary to confirm
these findings.

In summary, in the literature, and in this study there is some support for a
worse OS associated with AIDs primarily mediated by B-cell responses,
mainly driven by women with RA, SLE and pSS in this study. The finding
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of a worse OS but not LSS may indicate that factors linked to the underlying
AID are of importance for the prognosis. This is also in line with the study
of Mikuls et al. which showed that RA patients with NHL (43% with
DLBCL) had a higher risk of deaths unrelated to lymphoma or its treatment
and were more susceptible for coronary artery disease and stroke than non-
RA lymphoma controls [68]. Studies have shown that RA patients at in-
creased lymphoma risk are characterized by longstanding, severe RA, factors
which are known to predispose to increased mortality and comorbidity per se
[66].

The finding of inferior LSS and EFS, but not OS in patients with T-cell
response AIDs needs to be further explored in larger studies and has so far
no support in the literature. The categorization of AIDs primarily driven by
B- or T-cell responses is not exact and overlap in immune effector mecha-
nisms exists between the groups which may affect results when using this
categorization.

We found a higher rate of febrile neutropenia after the first treatment
course in the AID-group compared to patients without AID, and an inferior
OS in those with febrile neutropenia. This has not been reported before in
AlD-associated DLBCL, and could be one explanation for the worse OS in
groups of AID patients, but needs to be further explored in coming studies.

Our retrospective design based on data in medical records may result in
missed historical data. Although recall bias is avoided, we cannot rule out
that some AID diagnoses may have been overlooked or that some patients
not fulfil current diagnostic criteria. We grouped all thyroid diseases together
as it was often uncertain whether the condition was a consequence of Hash-
imoto’s disease or not. This may have resulted in the inclusion of patients
with non-autoimmune thyroid disorders in the study. Our definition of diabe-
tes type 1 (treatment with insulin only) may have led to erroneous inclusion
of some patients with diabetes type 2. Cases were selected as we made a
cohort of only DXR treated patients and as so frail patients (were there might
be an even higher frequency of AID cases) were excluded. Previous treat-
ment of the AIDs was not available in detail and neither was information
about duration and severity of the AIDs. We also had limited knowledge of
concomitant diseases or lifestyle factors that may affect outcome. Subtype
classification of DLBCLs into germinal centre (GC) B-cell like and activated
B-cell (ABC)-like subtypes is also relevant for studies of prognosis in
DLBCL as patients with the ABC-subtype in most studies have a worse sur-
vival [29-31,161]. We did not have this subtype information in this study,
which would have been interesting as some studies indicate that the ABC-
subtype may be overrepresented in DLBCL patients with RA and SLE
[67,162]. Although this is a large study the individual AID diagnoses consti-
tute small groups.

In conclusion in patients with DLBCL, as much as up to a quarter of fe-
male patients may have a history of AID. Female patients with B-cell re-
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sponse AID seem to have a worse OS and further studies are needed to con-
firm the results and investigate the background for this potential association.
Patients with AID may have an increased risk of febrile neutropenia that
warrants raised awareness in the clinical care of these patients. Future stud-
ies should consider gender aspects and include detailed data of the underly-
ing AIDs and the specific causes of death to better understand the drivers of
prognosis in this patient group.

5.3 Paper II1

Age is the most important predictor of survival in diffuse large B-cell lym-
phoma patients achieving EFS24 - a Swedish population-based study.

Among 1169 patients included the median age was 64.6 years (range 18-91),
56.6% were men and the median follow-up was 82.3 months (range: 0.4-
213). IPI score was >3 in 44.2%. Bulky disease was detected in 23.9%. Ex-
tra-nodal disease was found in 46.4%.

More than two thirds of the patients (n=837, 71.6%) achieved EFS24 and
those had a better OS compared with those who did not.

Patients not achieving EFS 24 (n=332, 28.4%) were older (67.6 vs 63.4
years, p=0.003), tended to have higher IPI score (3-5) (62% vs 34.2%,
p<0.001) and were more likely to have B-symptoms (56.6% vs 38.6%,
p<0.001), bulky disease (31.9 % vs 20.7%, p<0.001), and extra-nodal in-
volvement (55.7% vs 42.9%, p<0.001). There was no significant differences
in sex, treatment regimen (R-CHOP vs R-CHOEP) or the addition of
radiotherapy (RT) following treatment between patients achieving EFS24
and those who did not.

OS for DLBCL patients was statistically only marginally worse when
compared with an age- and gender-matched standard population once EFS
24 was reached. SMR at 5 years after EFS24 was 1.23 (95%-CI: 1.02 - 1.44).
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Figure 9. OS for DLBCL patients achieving EFS24 compared with an age-and-
gender matched general population.

Standardized mortality ratio at 7 years (5 year past relapse free period) is 1.23 (95%-
CI: 1.02-1.44).

When dividing the EFS24 cohort according to age (< or > 60 years), OS in
patients younger than 60 years of age (n=266) was comparable to the
standard population with only 9 events occuring up to 5 years after
achievement of the EFS 24 mile stone. SMR at 5 years was 2.00 (95%-CI:
0.70 - 3.27).
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Figure 10. OS for DLBCL patients age<60 years who achieved EFS24 compared

with an age-and-gender matched general population.

Standardized mortality ratio at 7 years (5 years past relapse free period) is 2.00
(95%-CI: 0.70-3.27).

In patients older than 60 years (n=571) there were 110 events at 5 years post
EFS24 there was a trend to worse OS when compared to the standard
population though statistically not significant, SMR 1.19 (95%-CI: 0.99 -
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Figure 11. Overall Survival for DLBCL patients with age >60 years who achieved
EFS24 compared with an age-and-gender matched general population.

Standardized mortality ratio at 7 years (5 year past relapse free period) is 1.19 (95%-
CI: 0.99-1.39).

Age-stratified analysis demonstrated that in younger patients groups (<29,
30-39,40-49 and 50-59) OS matched that of their peers in the standard
population. OS for patients in the age interval 60-69 was worse compared to
the standard population with SMR 1.65 (95%-CI: 1.09 - 2.18). The remain-
ing older age groups (70-79 and >80 years) had an OS that almost matched
the standard population.

Multivariate Cox regression analyses for patients achieving EFS24, consid-
ering risk factors identified by the IPI score revealed that age over 60 years
is the only factor significantly affecting survival when compared to other
risk factors after EFS24.
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Table 10. Cox regression for different risk factors according to International prog-
nostic index (IPI).

Variable Hazard ratio 95% CI P-value
Sex: Female (ref: Male) 0.78 (0.58-1.06) 0.117
Age>60 (ref: Age<60) 9.27 (5.00-17.20) <0.001
Tumor stage: 2 (ref: 1) 1.24 (0.78-1.96) 0.363
Tumor stage: 3 (ref: 1) 1.06 (0.62-1.81) 0.830
Tumor stage: 4 (ref: 1) 0.96 (0.57-1.64) 0.894
AB: Yes (ref: No) 0.93 (0.66-1.32) 0.688
Extranod: Yes (ref: No) 0.97 (0.64-1.48) 0.898
LD high: Yes (ref: No) 0.75 (0.54-1.03) 0.079
ECOG: 1 (ref: 0) 0.98 (0.69-1.41) 0.933
ECOG: 2 (ref: 0) 1.58 (0.95-2.60) 0.075
ECOG: 3 (ref: 0) 0.78 (0.34-1.79) 0.560
ECOG: 4 (ref: 0) 3.78 (1.12-12.78) 0.033

AB : Absence/Presence of B symptom.

Extranod: Extranodal Disease.

LD high: high Lactate dehydrogenase.

ECOG: performance status according to Eastern cooperative oncology group.

Patients with early stage lymphoma (stage I-1I) had a worse OS after reach-
ing EFS12 when compared to the matched standard population, SMR at 5
years post EFS12 was 1.35 (95%-CI: 1.07 - 1.62). OS was however better
compared with patients not reaching EFS12.

Of all 1169 patients, 501 (42.9%) patients died. In the EFS 24 group, a
total of 190 patients died, with 38 (20%) of death attributed to lymphoma.
Causes of death for the remaining 152 patients was; cardiovascular disease
34 (22.4%), cancer 24 (16 %), dementia 5 (3.3%) others 6 (4%) and unclear
83 (54.6%).

Contradictory to Maurer et al, in our unselected patient cohort we could not
confirm equal OS for DLBCL patients achieving EFS24 compared to a
standard population [136]. This could only be confirmed for patients
younger than 60 years of age. In older ages there was a trend for worse OS
driven by a significant difference in OS among those 60-69 years. This
resembles the findings of a Danish population-based study where they found
that only patients younger than 50 years of age had a normalised OS
comparable to an age- and gender-matched Danish population, regardless of
other risk factors such as IPI score [138].

Interestingly, in another large population-based study where EFS24 was
calculated from diagnosis, the five-year risk of relapse decreased after
achieving EFS24 (33% to 11%), but OS for EFS24 patients remained worse
than that of a matched local population regardless of age, IPI score and
disease stage [139]. Pathological subtype analysis in that study revieled that
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patients achieving EFS24 who had either GCB or primary mediastinal B-cell
lymphoma did have an OS comparable to the standard population.

In yet another recent study from the Netherlands results supported
findings of normalised OS after reaching PFS24 as patients in a population
based cohort who achieved PFS24 (319 patients from a total of 585) had an
OS that was similar to a large clinical trial cohort in which they had only
marginally lower OS compared to a matched population [137,163]. The
follow-up time was more than 10 years and PFS24 was calculated from the
end of treatment. The causes of death were lymphoma relapse in 19%,
cardiovascular death in 23%, and other malignancies in 25% of the patients.

The difference in survival for patients achieving EFS24/PFS24 between
our cohort and the mentioned studies could partly be due to the different
study populations, different standard populations but might be also partly
due to different definitions of EFS (time from diagnosis vs time from end of
treatment) and in inclusion criteria (patient who achieved CR or CRu).

Our finding of a worse OS in the specific age group 60-69 years is new.
Further analysis to find out the reason for this excess mortality is of im-
portance. One explanation may be an increased death rate due to treatment
related toxicities as cardiovascular disease or secondary malignancies that
may cause significant differences in OS for this age group but not for the
older ages. Of patients achieving EFS24 about one fifth died from cardio-
vascular disease (CVD), a well described sequel after DXR based chemo-
therapy in NHL [164,165]. This number is in accordance with the 23% in the
Netherlands study. Long-term follow-up of these patients is thus warranted
both for clinical assessment and lifestyle counselling with regards to other
risk factors such as smoking, obesity, hypertension, and hyperlipidemia.
Early intervention should be considered as it has been shown to be crucial in
reducing cardiovascular mortality and morbidity [166].

Patients treated for NHL are known to have an increased risk for second-
ary malignancies such as leukemia, lung cancer, renal cancer, and bladder
cancer [133]. In our study 16% of the patients who died without lymphoma,
died due to another cancer.

Established risk factors such as older age, poor performance status at
diagnosis, presence of bulky disease, extranodal involvement, high LDH and
IPI index, all increased the risk of never reaching EFS24. In part, this has
previously been reported in a large study with over 7000 patients, which
determined the loss of life expectancy and found that mainly IPI score >2
significantly had an impact on the outcome [167].

Unfortunately we did not account for histological subtypes in our analysis
but doing this would be of great interest based on the findings of better
outcome for GCB and primary mediastinal B-cell lymphoma.

In the Maurer study patients with stage I and II disease who achieved
EFS12, had an overall survival similar to the age- and sex-matched standard
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population but in our study they still had a worse prognosis in comparison to
a matched healthy population [136].

The strengths of this study include the population-based design, the long
follow-up time (17.8 years) and the relatively large number of patients with
well documented data.

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

5.4 Paper IV

Plasma proteome profiling of cardiotoxicity in patients with Diffuse Large
B-Cell Lymphoma.

The 95 patients included in this study consisted of 55 (57.9%) men and 40
(42.1%) women with a median age of 65.0 years (range 27-87). Median fol-
low up time was 69.0 months (1-109 months). Seven patients did not receive
DXR containing treatment and were only included in base-line analysis.

Table 11. Demographic and clinical characteristics of 95 eligible patients.

Characteristic Patients n(%)° Missing n(%)
Gender”
Male 55(57.9)
Female 40 (42.1)
Age, years® 65.0 (27-87)
IPI*
0-2 62 (66.7) 2(2.1)
3-5 31(33.3)
B-symtoms®
Yes 32 (33.7)
No 63 (66.3)
DXR dose mg/m*° 292.6 (49.1-348.5)" 6 (6.3)
Smoking®
Never 39 (52.7) 21 (22.1)
Former 24 (32.4)
Current 11 (14.9)
BMI° 25.0 (17.5-52.1) 4(4.2)
eGFR*?
0-1 74 (82.2) 5(5.3)
2-4 16 (17.8)
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CRP?*
Normal 32 (34.8) 3(3.2)
Elevated 60 (65.2)

Comorbidity®
Heart disease 21 (22.6) 2(2.1)
Vascular disease 10 (10.8) 2(2.1)
Hypertension 34 (36.6) 2(2.1)
DM 13 (14.0) 2(2.1)

Medication®
Metformin 9(9.8) 2(2.1)
Beta-blocker 18 (19.4) 2(2.1)
ACE or ARB 26 (28.0) 2(2.1)
Statins 23 (24.7) 2(2.1)

Data are presented as an (%) or bmedian (range). IPI, international prognostic index; DXR,
doxorubicin; BMI, body mass index; eGFR, estimated glomerular filtration rate; CRP, ¢
reactive protein; DM, diabetes mellitus; ACE, angiotensin converting enzyme; ARB, angio-
tensin II receptor blocker. © Fever/night sweat/weight loss. ¢ %; number of patients with X
divided with total number of cases with X known. Missing cases are excluded, ‘Median dose
for 82 patients.7 patients recieved no DXR. 6 patients where dose/m2 is missing.

At diagnosis, 21 (22.6%) had a pre-existing cardiac condition, 10 (10.8%) a
vascular disease and 34 (36.6%) hypertension, whereas in the control group,
corresponding numbers were 2 (3.3%), 5 (8.3%) and 14 (23.3%). There was
no difference in age, gender or BMI between DLBCL and controls.
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Figure 12. Characteristics of DLBCL patients vs controls.
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Fifteen patients got a new diagnosis of a cardiac disease (15.8%) and 22
(23.2%) a new CVD (15 cardiac and 7 vascular) during follow up. Thirty-
one patients (32.6%) died during follow up and causes of death were lym-
phoma in 20 (64.5%) patients and cardiovascular disease in 4 (12.9%) pa-

tients.

Patients with pre-existing CVD had a worse OS (p=0.027) in Kaplan-
Meier analysis for OS regarding 87 patients treated with DXR, with or with-

out pre-existing CVD.
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Figure 13. Kaplan-Meier for survival comparing patients treated with DXR (n=87)
with cardiovascular disease (CVD, n=25) vs without CVD (n=62) at diagnosis
(p=0.027).

However, Cox-regression analysis including known risk factors for CVD in
the 80 cases for whom we had complete data (missing DXR dose, n=5, miss-
ing data on hypertension, n=1, missing IPI, n=1) and imputed missing BMI
values (n=4, median value=25), showed no significant relation for pre-
existing CVD and OS. Age (p=0.039), gender (p=0.014) and BMI (p=0.046)
were associated to OS.
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Fiaure 3. Cox rearession analvsis of risk factors for overall survival
Figure 14. Cox regression analysis of risk factors for Overall Survival.

We found no proteins in the PEA-CO or NTproBNP and Troponin I in
DLBCL pre-treatment samples that significantly correlated with pre-existing
cardiac disease. However, in patients with pre-existing CVD there was an
association between higher levels of SPON-1 and CVD at diagnosis as esti-
mated from 92 PEA-CO samples (Fold change (FC) 1.22, 95%CI 1.10-1.35,
p=0.0002, q=0.046). We observed a significant association between higher
level of protein IL-1RT1 in pre-treatment samples and upcoming CVD (ad-
justed for previous CVD and hypertension, 92 samples) (FC 1.24, 95%CI
1.10-1.39, p=0.0004, q=0.082).

We investigated if treatment affect the protein levels differently in patients
developing a new cardiac disease or CVD as compared to patients who do
not develop cardiac disease or CVD. The effect of treatment on protein level
was studied by comparing levels in samples from before, during and after
treatment in patients treated with DXR.

There was a significant difference related to new cardiac disease for IL-
IRT1 (p=0.007, g=0.096) and SPON-1 (p=0.001, g=0.096). Post hoc anal-
yses show that in IL-1RT1 this is due to a difference in protein level between
patients with and without new cardiac disease mainly before, but also during
treatment.
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Figure 15. IL-1RT1 protein level difference in patients with (blue, 1) and without
(red, 0) new cardiac disease after treatment in different time-points before, during

and after treatment.

The difference in SPONI1 is due to a group difference after treatment.
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Figure 16. SPON-1 protein level difference in patients with (blue, 1) and without
(red, 0) new cardiac disease after treatment in different time-points before, during

and after treatment.
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Emerging CVD was associated with change in IL-1RT1 (p=0.0003,
gq=0.056). Post hoc analysis to clarify time point for this protein level change
revealed a difference between samples for new CVD vs no new CVD before
and during treatment but not for samples after.
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Figure 17. IL-1RT1 protein level difference in patients with (blue, 1) and without
(red, 0) new cardiovascular disease (CVD) after treatment in different time-points
before, during and after treatment.

Univariate tests for suspected CVD risk factors and drugs with possible as-
sociation to CVD came up with one significant factor; age (p=0.003
q=0.057) pointing at a higher risk for CVD and three suspected risk factors:
treatment with angiotensin converting enzyme/angiotensin Il receptor
(ACE/ARB) blockers (p=0.025, q=0.228), DXR (p=0.121, q=0.436) and
hypertension (p=0.105, q=0.436) probably connected with CVD.

60



Table 12. Univariate tests for suspected CVD risk factors and drugs with possible
association to CVD.

Variable No CVD" CVD* Test* p-value g-value
Number” 71 22

Age (mean) 61.4 71.1 Mann-W 0.003 0.057
Gender=1(%) 32(45.1) 7(31.8) Chisq 0.393 0.885
DXR (mean) 493.4 417.9 Mann-W 0.121 0.436
Smoking (%) 24(43.6) 9(52.9) Chisq 0.693 0.960
BMI (mean) 26.3 24.7 Mann-W 0.282 0.726
Cardiac (%) 14(20.0) 5(23.8) Chisq 0.944 1.000
CVD (%) 21(30.0) 8(38.1) Chisq 0.666 0.960
HT (%) 21(30.0) 11(52.4) Chisq 0.105 0.436
DM(%) 9(12.9) 4(19.0) Fisher 0.488 0.960
CRP (mean) 40.2(70.9) 39.1(53.6) Mann-W 0.955 1.000
GFR (%) 11(16.2) 5(23.8) Chisq 0.638 0.960
AB (%) 26(36.6) 6(27.3) Chisq 0.583 0.960
IPThigh (%) 22(31.9) 7(31.8) Chisq 1.000 1.000
Metformin=1(%) 7(10.0) 2(9.5) Fisher 1.000 1.000
B-block (%) 10(14.3) 6(28.6) Chisq 0.237 0.712
ACE/ARB (%) 14(20.0) 10(47.6) Chisq 0.025 0.228
B-block/ACE-ARB | 19(27.1) 11(52.4) Chisq 0.058 0.350
(%)

Statin (%) 16(22.9) 6(28.6) Chisq 0.806 1.000

Gender=1, females; DXR,doxorubicin; Smoking, ongoing or earlier smoker; BMI, body mass
index; Cardiac, cardiac disease at diagnosis, CVD, cardiovascular disease at diagnosis; HT,
hypertension at diagnosis; DM, diabetes mellitus at diagnosis; CRP, c-reactive protein; GFR,
glomerular filtration rate <60 ml/min/ 1.72m’; AB, B-symtoms (fever, night sweats, weight
loss) at diagnosis; IPIhigh, International prognostic index score >3; B-block, treatment with
beta-blocker; ACE/ARB, treatment with angiotensine converting enzyme/ angiotensine II
receptor blocker; Statin, treatment with statins

Mann-W, Mann-Whitney test; Chisq, Chisquare test; Fisher, Fishers exact test

93 patients included. 2 patients excluded because of lack of information on emerging CVD
®No new CVD after treatment

‘Emerging CVD after treatment

dtype of test performed

All risk factors with a p-value below 0.20 were combined in a multivariate
logistic regression, in which no factor showed significant association to
CVD.

In this study we found evidence that high SPON-1 levels are associated with
existing CVD in DLBCL patients. SPON-1, or Spondin-1, is a cell adhesion
protein important for axons and a major factor for vascular smooth muscle
cell activity, which might explain why it seems important in cardiac toxicity
(www.uniprot.org). In recent studies on patients with [168] or without
[169,170] pre-existing hearth failure, SPON-1 was associated with incident
or deteriorating heart failure. The Interleukin-1 receptor type 1, IL-1RT1,
was associated with the risk of developing cardiovascular disease both in
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base-line test and in tests for protein changes during treatment. IL-1RT1 is a
receptor for IL1A, IL1B and IL1RN that after binding mediates activation of
NF-kappa-beta, MAPK and other pathways (www.uniprot.org). IL-1 block-
ade can reduce myocardial infarct size and injury by interrupting the in-
flammatory reactions also after DXR exposure which has been shown in
animal studies [171,172]. To our knowledge, there are no reports on associa-
tion between IL-1RT1 levels in plasma and heart toxicity in humans and our
results might be the first to demonstrate a possible association between
plasma IL-1RT1 levels and upcoming CVD after DXR treatment in humans.

Olink proteomic studies on deteriorating of, or emerging cardiac disease,
have shown divergent results. 33-37. One previous study have reported the
association of SPON-1 and incident heart failure in two community-based
prospective cohorts of elderly without heart failure at baseline [169], further
strengthening the implications of SPON-1 in CVD.

Studies on anthracycline treated cancer patients found correlations be-
tween Troponin I and cardiac toxicity without any connections with
NTproBNP [166,173,174]. In the present study, neither NTproBNP nor Tro-
ponin I significantly co-varied with present or emerging cardiac or cardio-
vascular disease. The low sample frequency as well as the limited sample
size may explain the lack of correlation, although NTproBNP was the pro-
tein with the closest to significant level on association with present cardiac
disease (q=0.43).

There was a high incidence of emerging CVD, where almost one fourth
(22.6%) of DLBCL patients receiving immunochemotherapy develop CVD
and also a high proportion of patients with pre-existing CVD before treat-
ment initiation, compared to a non-DLBCL cohort. A study from Khan et al
regarding ischemic heart disease, reports a prevalence in Sweden of
3.858/100.000 which corresponds to 3.86% [175]. This number is similar to
the prevalence in our control cohort (3.3%), making the almost seven times
higher prevalence of 22.6% in the DLBCL group remarkable. In a recent
study of chronic lymphocytic leukemia (CLL), a prevalence of CVD diagno-
sis, including hypertension, within 10 years prior to CLL, was found to be
32% [176]. When excluding hypertension in that material, 788 diagnoses of
CVD in 2078 cases (37.9%) was observed, although the number might be
overestimated due to patients having multiple diagnoses [176]. Nonetheless,
this number, in a higher median aged cohort (71 years), is in accordance with
our finding of 33.4% with CVD.

The occurrence of hypertension in the Swedish general population is not
fully mapped, but data from the public health agency of Sweden
(www.folkhalsomyndigheten.se) and the Swedish association of local au-
thorities and regions (www.vardhandboken.se) indicate a prevalence of
around 20-30%, hence similar frequencies as in our control group (23.3%).
Again, higher prevalence was seen in our DLBCL cohort (36.6%, p=0.063).
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Previous studies suggest that overweight/obesity (O/O) increase the risk
of DLBCL. As O/O is a well-known risk factor also for hypertension and
CVD, a possible explanation for the higher prevalence of CVD in our lym-
phoma cohort could be a higher proportion of O/O in the group
[19,177,178]. We therefore compared BMI between the lymphoma patients
and the normal controls from the EpiHealth study but no significant BMI-
differences were observed between DLBCL and controls. Altogether our
data reveals a high incidence of CVD and hypertension in DLBCL, a fact
that may affect survival and sensitivity to treatment.

Previous studies show an incidence of emerging heart toxicity for an-
thracycline or DXR treated cancer and lymphoma patients of 10-20%
[164,173,174,179-182]. Our result of 15.9%, with a quite long follow up
time, fits into these results, despite the fact that our cases were only clinical
evident ones, whereas in some studies they found a high amount of silent
heart failure only observed in ultrasound measurements [179—181]. Moser et
al have reported 12% and 22% new CVD 5 and 10 years respectively after
treatment for NHL, well in accordance with our results of 23.2% [164].
Some of the mentioned studies have a rather low median age [164,181] and
our older, population based cohort would be expected to be more prone to
cardiac and cardiovascular diseases. Suspected risk factors for CVD was
age, DXR dose, hypertension and ACE/ARB treatment. None of them was
significant in our multivariate testing probably due to co-variation of these
factors (at least for age, hypertension and ACE/ARB usage). Although it is
plausible that other factors such as DM, renal function (GFR), BMI and
smoking are associated, we could not observe such associations which might
be due to missing data in patients records and a small cohort.

In conclusion, this study revealed two new proteins, SPON-1 and IL-1RT]1,
possibly related to pre-existing and emerging CVD respectively in DLBCL
patients treated with DXR. If confirmed in larger study cohorts, IL-1RT1
may emerge as a very promising biomarker for the increased risk of develop-
ing CVD in DLBCL patients. In addition, we observed higher prevalence of
cardiac disease and CVD in DLBCL patients compared to the average popu-
lation. Larger epidemiological studies may confirm these results and possi-
bly unravel the relation between CVD and DLBCL development — further
studies are required to elucidate whether CVD increases the risk of DLBCL
or vice versa. In clinical practice the results imply caution and attention in
caring for DLBCL patients with CVD and use of more preventive strategies
for optimized treatment for cardiac disease or CVD in these patients.

The cohort was relatively small and missing values for NTproBNP and
Troponin I proteins at start were high. A larger investigation might lead to
more significant results. Also time for evolvement of new cardiac or vascu-
lar disease after treatment is unknown, and the diagnosis is only based on
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revision of medical records, not by any investigations. Furthermore the fol-
low-up time is too short to see very late toxicities.
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6 Summary of results

I The omission of vincristine due to neurotoxicity does not have
an impact on DFS or OS neither in the whole cohort nor in the
elderly (=70 years) group of patients irrespective of at what
treatment cycle the omission of vincristine was made.

II There is a high occurrence of AID among DLBCL patients
compared to the general population. AID does not affect out-
come (EFS/LSS/OS) in the whole cohort but women with B-
cell response AID had a worse OS compared to other women.
Patients with AID had a higher frequency of febrile neutro-
penia.

I 71.6% achieved EFS24 and OS was significant but marginally
worse compared to a standard population. Age was the only fac-
tor affecting OS in multivariate analysis and EFS24 patients<60
years had a comparable OS to the standard population. In older
ages (>60 years) there was a trend for worse OS driven by a
significant difference in OS among those 60-69 years. Among
DLBCL achieving EFS24 22.4% died of cardiovascular disease
and16% from other malignancies.

IV Two proteins, SPON-1 associated with CVD at diagnosis and
IL-1RT1 associated with emerging CVD after treatment was
found. Compared to the general population and an age and gen-
der matched cohort DLBCL patients had a high occurrence of
CVD at diagnosis, 33.4%. After treatment 22.6% developed
CVD.

In conclusion it seems safe to omit VCR due to neurotoxicity in the clinical
setting. AID is common in DLBCL what warrants awareness, especially in
women as they according to these findings have a worse OS although the
reason for this is unclear. The achievement of EFS24 could in the younger
(<60 years) DLBCL population open to short surveillance for two years but
for the older this may not be safe due both to risk of late relapse and a possi-
ble excess death rate because of treatment. The occurrence of CVD in newly
diagnosed DLBCL is higher than in the population and in matched controls
and there is also a high occurrence of emerging CVD and CVD related
deaths after treatment of DLBCL. More attention on CVD at diagnosis in
order to optimise CVD treatment and to avoid worsening of CVD due to
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treatment and eventually longer and CVD focused follow-up is desirable.
The finding of two new proteins associated to CVD in DLBCL patients are
promising but needs to be explored in further studies.
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7 Popularvetenskaplig sammanfattning pa
svenska

Bakgrund

Diffust storcelligt B-cellslymfom (DLBCL) dr en aggressiv form av
lymfkortelcancer som utgér fran kroppens egna immunceller. Varje éar
insjuknar ca 600-700 personer i Sverige. Sjukdomen kan drabba ménniskor i
alla aldrar men mediandlder vid diagnos dr 70 &r. Alder &r en prognostisk
faktor med minskade chanser till bot med 6kande alder. DLBCL ar nagot
vanligare hos mén (mén:kvinnor 1,4:1). Orsaken till att vissa far DLBCL ar i
stort okdnd men man vet att risken att insjukna 6kar om man har en sjukdom
dér immunforsvaret angriper de egna cellerna (autoimmun sjukdom). Man
vet dock inte hur ménga av de som drabbas av DLBCL som har en autoim-
mun sjukdom och om autoimmun sjukdom paverkar behandlingsresultat. De
som har autoimmun sjukdom har vanligtvis fitt manga ars behandling, ofta
med celldédande d@mnen (cytostatika), mot sin sjukdom vilket kan paverka
deras individuella kénslighet for cytostatikabehandling mot DLBCL. 60-
70% av alla DLBCL botas med en kombinationsbehandling med antikroppar
(Rituximab=R) riktade mot proteinet CD-20 pd tumoérytan och cytostatika
som &r celldodande. CHOP (cyklofosfamid, doxorubicin, vinkristin och
prednison) dr den vanligaste cytostatika kombinationen som ibland modifi-
eras med till exempel tilligg av etoposid (CHOEP). Behandlingen ges i sex
omgangar (kurer) med tva eller tre veckors intervall emellan. De som inte
botas kan vara primart okdnsliga (refraktira) mot behandlingen eller fi sena-
re aterfall och de erbjuds om mdgjligt efterféljande behandlingar.

Biverkningar av behandlingen é&r ett kliniskt problem liksom att patienter-
na kan ha andra, samtidiga, sjukdomar (komorbiditet) som paverkar
mojligheten till behandling. Cytostatikat vinkristin kan orsaka bestdende
nervskada som oftast drabbar de langa, perifera nerverna och yttrar sig som
pirrningar, stickningar, nedsatt kénsel och forsimrad funktion i hénder och
fotter. Det finns en stor variation i kénslighet for denna biverkan, vissa far
problem redan efter ett par doser och andra far ingen biverkan alls, och det
finns inga forebyggande (profylaktiska) metoder for att undvika biverkan. I
klinisk praxis dr det vanligt att man exkluderar vinkristin om patienten far
kvarstdende symtom som bdrjar paverka vardagsfunktioner till exempel att
knéppa knappar.
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Cytostatikat doxorubicin &r hjarttoxiskt och ges inte till patienter med
alltfor paverkad hjartfunktion fran borjan. Kliniskt bedoms detta med un-
dersokning, provtagning for markorer for hjartskada (NTproBNP) och ibland
med ultraljud av hjartat. Man begrinsar ocksa den totala dosen av doxorubi-
cin som far ges eftersom biverkningarna 6kar med den ackumulerade dosen.
Dock kan till synes helt hjartfriska patienter drabbas av svar hjartsjukdom
inom manader till ménga ar efter behandling.

Nya biotekniska landvinningar gor att man numer kan analysera ett stort
antal proteiner i smd mingder av blod. Man har grupperat en mangd olika
proteinmarkodrer i paneler som dr associerade till olika sjukdomar, till ex-
empel till hjartskada. Studier visar att vissa proteiner, som kan mitas i pa-
tientens blod, dr associerade med existerande och nytillkommen hjartsjuk-
dom samt till forsdmring av kdnd hjartsjukdom. Om man kan hitta ndgon
proteinmarkér hos DLBCL patienter som ar kopplad till utveckling av
hjartsjukdom skulle man eventuellt kunna folja denna markor hos patienter
for att kunna dndra behandlingen i tid innan hjartsjukdom utvecklas.

Uppfoéljningen av patienter efter avslutad behandling for DLBCL har
lange pagétt i minst fem ar d4 man har befarat att patienter kan drabbas av
aterfall. Nyare studier visar att fardigbehandlade DLBCL patienter som
forblivit friska fran DLBCL tva ar efter diagnos (de har uppnatt “event free
survival 24”=EFS24=sjukdomsfri 6verlevnad efter 24 ménader) har samma
forviantade overlevnad som normalpopulationen, de dor alltsd inte i hogre
utstrackning dn den ovriga befolkningen. Dock gjordes dessa studier pa pa-
tienter som varit inkluderade i behandlingsstudier. Det dr vanligt att patienter
i behandlingsstudier inte speglar hela gruppen av patienter da de &r utvalda
och oftast dr yngre och totalt sett friskare. Uppfoljande populationsbaserade
(som omfattar alla DLBCL patienter, inte bara utvalda) studier har inte kun-
nat bekrifta resultaten eller bara pavisat att patienter yngre dn 50 ar som
uppnér EFS24 har samma 6verlevnad som 6vrig befolkning.

Fragestillning
I den hér avhandlingen har jag tittat pa fyra huvudfragor:
Delarbete 1; Spelar det ndgon roll for behandlingsresultatet (mdjligheten att

bli botad) om man tar bort vinkristin fran behandlingen néir patienten utveck-
lar nervbiverkan?

Delarbete 2; Hur manga DLBCL patienter har ocksa en autoimmun sjukdom

och péaverkar autoimmun sjukdom behandlingsresultat och biverkningar av
behandling?
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Delarbete 3; Har svenska DLBCL patienter som forblir friska tva ar efter
diagnos (uppnar EFS24) samma forviantade Overlevnad som en svensk
”normalpopulation” och hur ser dédsorsakerna ut hos de som uppnar respek-
tive inte uppnar EFS24?

Delarbete 4; Finns det proteinmarkorer 1 blodet hos DLBCL patienter som ar
relaterade till existerande eller debuterande hjértsjukdom under behan-
dlingen?

Metod

For att kunna besvara dessa fragor har vi samlat en databas med patienter
som diagnosticerats och behandlats for DLBCL mellan 2000-2013 i fyra
regioner; Dalarna, Uppland, S6rmland och Gévleborg. Kliniska data sam-
lades fran patienternas medicinska journaler. Totalt 612 patienter inklude-
rades. Hos 541 av dessa kunde vi hitta fakta om hur stor dos vinkristin de
fatt och om de avbrutit vinkristin behandlingen. Dessa 541 utgér materialet
till delarbete ett. I delarbete tva analyserades alla 612. For delarbete tre slog
vi ithop vér databas med en liknande grupp av patienter (kohort) fran Vistra
Gotaland och fick da en grupp med 1169 DLBCL patienter att analysera. |
det fjarde delarbetet anvdndes en annan grupp av DLBCL patienter. Det
finns 1 Sverige en biobank som heter U-CAN dér tumdrmaterial och blod
fran bland annat DLBCL patienter samlas. 95 patienter som fétt diagnosen
mellan 2010-2015 kunde hittas. Hos dessa har vi sedan gjort proteinanalyser
fran blodprover tagna fore och hos vissa under och efter behandling och tittat
om négra proteiner &r associerade med hjértsjukdom.

Resultat

Delarbete 1; Av 541 DLBCL patienter, med kénd dosering av vinkristin,
sattes ldkemedlet ut hos 95 (17.6%) personer pa grund av biverkningar. Des-
sa personer var nagot dldre och hade fler riskfaktorer gillande sjukdomen &n
de dér vinkristin inte sattes ut. Hos majoriteten, 86 patienter (90.5%), sattes
lakemedlet ut vid nadgon av de sista tre behandlingarna (av totalt sex). Vi
kunde inte se att utsittningen av vinkristin paverkade sjukdomsfri eller total
overlevnad, det vill sdga det spelade ingen roll for behandlingsresultatet om
vinkristin sattes ut. Det spelade inte heller ndgon roll om vinkristin sattes ut
tidigt (under kur 1-3) eller senare i behandlingsserien.

Delarbete 2; 106 DLBCL patienter av 612 (17,3%) hade en autoimmun
sjukdom. Det dr ett hogt antal om man jamfor med normalpopulationen dér
studier pekar pa en frekvens pa 3-10%. Hos kvinnor med DLBCL var antalet
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59 av 254, det vill sdga 23,2%. For hela gruppen kunde vi inte finna nadgon
skillnad i 6verlevnad efter behandling beroende pa om man hade en autoim-
mun sjukdom eller inte. Dock var 6verlevnaden sdmre for kvinnor som hade
nagon av de autoimmuna sjukdomar som dr mest kopplade till DLBCL;
ledgéangsreumatism (RA), systemisk lupus erytematosus (SLE) eller
Sjogrens sjukdom jamfort med hur det gick for 6vriga kvinnor. Det var van-
ligare att patienter med autoimmun sjukdom fick en kraftig paverkan pa
immunforsvaret efter sin forsta behandling.

Delarbete 3; Av 1169 DLBCL patienter var det 837 (71,6%) som uppnadde
EFS24 det vill siga de hade inga lymfomrelaterade problem 24 manader
efter diagnos. De som inte uppnadde EFS24 var dldre och hade fler lymfom-
relaterade riskfaktorer men det var ingen skillnad gillande kon, vilken cyto-
statikakombination som givits eller om patienten fatt strdlning som del i
behandlingen. I jamforelse med en kons- och dldersmatchad svensk normal-
population hade patienterna som uppnadde EFS24 en simre 6verlevnad men
for patienter <60 ar var dverlevnaden dock samma.

Median uppfoljningstid var 82 méanader. For de som inte uppnadde EFS24
avled 311 (93,7%) och dodsorsaken var hos 84.8% (264 stycken) lymfom
medan for de som uppniddde EFS24 avled 190 (22,7%) stycken och bara
20,5% av lymfom. Hos de patienter ddr man kénde till dodsorsaken var
31,4% hjartkérlsjukdom och 34,3% annan cancer men hos méanga var dod-
sorsaken oklar (annan orsak=10,5%, oklar orsak=19%).

Delarbete 4; For 95 DLBCL patienter hade vi U-CAN blodprover som vi
kunde analysera med proteinanalyser. Totalt testades 185 olika proteiner.
Som jamforelsegrupp testades 60 stycken alders och konsmatchade personer
utan DLBCL. Vid analys av prover tagna fore start av cytostatikabehandling
var proteinet SPON-1 associerat med existerande hjart-karlsjukdom. Ett
annat protein, [L-1RT1, var kopplat till utveckling av hjért-kérlsjukdom. Vi
fann inget protein som under pagaende behandling férdndrades och kunde
forutsdga uppkommande hjartsjukdom. Hos DLBCL patienterna hade 31
(33,3%) néagon hjart-kérlsjukdom redan vid diagnos av DLBCL vilket &r
hogt jamfort med kontrollgruppens 5% och det dr ocksd en hog siffra om
man jamfor med befolkningsstatistik. 22 patienter (23,2%) utvecklade
hjartsjukdom efter behandlingen.

Slutsatser

Det verkar sdkert att sdtta ut vinkristin behandlingen hos patienter som ut-
vecklar biverkningar. Sannolikt har de som utvecklar biverkningar fatt en
tillrackligt stor biologisk dos och ddrmed ocksa effekt mot sjukdomen. Detta
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betyder dock inte att man enligt denna studie kan avstd helt fran vinkristin
behandlingen fran borjan.

Det ar vanligare med autoimmun sjukdom hos DLBCL patienter dn hos
normalbefolkningen och framfor allt géller detta kvinnor. For kvinnor som
har DLBCL och négon av de autoimmuna sjukdomar som é&r vanligast vid
DLBCL verkar det dessutom gé sdmre dn for ovriga DLBCL. Detta &r ett
viktigt observandum som bor studeras ytterligare och om det bekriftas kan
denna patientgrupp behova individuellt anpassad behandling. Hos patienter
med autoimmuna sjukdomar forekom fler med kraftig paverkan pa immun-
forsvaret efter forsta behandlingen och man bdr 6vervdga intensifierad,
skyddande behandling mot infektioner hos dessa individer.

I en oselekterad grupp av DLBCL patienter kunde vi inte bekréfta att de
som uppnar EFS24 har samma forvintade 6verlevnad som en normalbefolk-
ning annat dn for patienter <60 ar. De som uppnar EFS24 har en hog do-
dlighet i hjart-kérl sjukdom. Nuvarande svenska riktlinjer rekommenderar
uppfoljning i tva ar. Man bor Overvdga forlingd kontroll, framfor allt
géllande hjart-karlsjukdom, for de 6ver 60 ar.

Tva proteiner i blodet tagna fore start av behandling, SPON-1 och IL-
IRT1, var associerade till existerande respektive nytillkommen hjart-
kérlsjukdom hos DLBCL patienter. Om detta kan bekréftas i storre studier
kan dessa eventuellt anvdndas som riskmarkdrer infor beslut om hjarttoxisk
cytostatika kan ges eller bor séttas ut (seponeras). Jaimfort med normalpopu-
lationen och jamforelsekohorten har en stor andel av DLBCL patienterna i
detta material existerande hjart-kdrlsjukdom. Detta fynd ar inte beskrivet i
aktuella studier och bor analyseras ytterligare i storre material.
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