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Summary in English 

Chronic lymphocytic leukemia (CLL) is a cancer of the blood, secondary lymphoid tissue (lymph 

nodes, spleen) and bone marrow. Approximately 450 individuals are diagnosed with CLL yearly in 

Denmark. Most newly diagnosed CLL patients do not have any symptoms, and therefore do not 

need treatment at the time of diagnosis. However, many patients with CLL require therapy during 

the following years. There are several types of treatment for CLL including chemotherapy, 

immunotherapy, and targeted agents, and the choice of treatment depends on age, other chronic 

conditions (comorbidities), prognostic factors, patient preferences, and previous treatment.  

This thesis includes four studies of different aspects of treatment, survival, use of the healthcare 

system, and comorbidity for patients with CLL. All studies are based on data from Danish nation-

wide registers and some also include data from patient records.  

In study I, variation in survival and need for renewed treatment in patients by the prognostic factor 

immunoglobulin variable heavy chain (IGHV) mutational status and by type of treatment was 

studied. The results showed that patients receiving intensive chemoimmunotherapy generally had a 

long survival and that patients with mutated IGHV had a superior prognosis.  

Next, in study II, the importance of 11 different comorbidities in CLL was examined. Over a third of 

all patients with CLL had one or more comorbidity at diagnosis of CLL and all comorbid conditions 

were associated with a shorter survival.  

In study III, using the new CLL comorbidity index, patients were categorized as low, intermediate, or 

high risk based on the presence or absence of three types of comorbidities: upper gastrointestinal 

disease, vascular disease, and endocrinological disease. The results showed that the CLL 

comorbidity index was associated with survival and treatment outcomes in patients both at 

diagnosis and at first treatment.  

Finally, in study IV, use of the healthcare system was studied in terms of hospital and emergency 

room admissions, out-patient clinic visits, and use of prescription drugs. The study showed that 

patients had an increased healthcare utilization after diagnosis of CLL and that patients with 

comorbid conditions used the healthcare system more than patients without comorbidities.  
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Summary in Danish (dansk resume) 

Kronisk lymfatisk leukæmi (CLL) er en kræftsygdom i blod, lymfeknuder, milt og knoglemarv. 

Omkring 450 personer får stillet diagnosen CLL årligt i Danmark. De fleste har ikke symptomer på 

sygdom ved diagnosen og har derfor ikke behov for behandling. Mange for dog behandlingsbehov i 

løbet af de efterfølgende år. Der findes flere former for behandling for CLL: kemoterapi, 

immunterapi og nye målrettede behandlinger. Valg af behandling afhænger af patientens alder, 

andre kroniske sygdomme (komorbiditeter), prognostiske faktorer, patientens eget ønske og 

tidligere behandling.  

I denne afhandling præsenteres fire studier, der undersøger behandling, overlevelse, brug af 

sundhedsydelser og komorbiditet hos patienter med CLL. Studierne er baseret på information fra 

danske nationale register og journaloplysninger. 

I studie I undersøgtes overlevelse og behov for fornyet behandling for patienter med CLL 

henholdsvis med og uden somatiske hypermutationer i immunglobulingenets tunge kæde (IGHV-

status), og afhængig af type af behandling. Studiet viste at det gik bedre for patienter, der havde 

muteret IGHV-status og at patienter, der fik intensiv behandling med kemoimmunterapi, havde en 

god overlevelse. 

Studie II omhandlede betydningen og hyppigheden af 11 forskellige komorbiditeter hos patienter 

med CLL. Over en tredjedel af patienterne havde en eller flere komorbiditeter, når de fik stillet CLL 

diagnosen. Alle komorbiditeter i studiet var forbundne med en dårligere overlevelse.  

I studie III undersøgte vi en ny metode for at evaluere betydningen af komorbiditet: CLL 

komorbiditetsindeks. Patienter blev kategoriseret som havende lav, mellem og høj risiko baseret på 

tilstedeværelsen af: sygdomme i den øvre del af mave-tarmsystemet, karsygdomme og 

endokrinologiske sygdomme. Studiet viste at scoren i CLL komorbiditetsindeks var associeret med 

overlevelse og med behov for behandling. 

Brug af sundhedssystemet blev undersøgt i studie IV, hvor vi fandt at patienters forbrug af 

sundhedsydelser steg, efter at de fik stillet CLL diagnosen. Sundhedsydelserne inkluderede besøg på 

hospital og anvendelse af receptpligtig medicin. Patienter med komorbiditeter, havde et større 

forbrug af sundhedsydelser end patienter uden.  
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Introduction 

Chronic lymphocytic leukemia (CLL) is a cancer of the blood, lymph nodes, spleen, and bone 

marrow primarily found in older adults with a median age of 72 years at diagnosis.1 While CLL is 

often an incidental finding and typically indolent at the time of diagnosis, most patients will 

eventually require treatment. The treatment landscape of CLL has evolved greatly over the two last 

decades - and even during the course of this PhD project. While treatment options were restricted 

to chemotherapeutic agents mainly consisting of chlorambucil and fludarabine until the early 

2000’s, many new chemotherapeutic agents, immunotherapies in terms of monoclonal antibodies, 

and targeted treatments have emerged since. With increasing treatment options, improved survival 

has followed and consequently, the CLL population is aging.2  

Age-related multimorbidity is increasing on a global level, and as most CLL patients are over 65 

years already at the time of diagnosis, comorbidities are common.3,4  In the treatment setting of 

CLL, comorbidity and age are of great importance, as this guides physicians and patients in the 

shared decision making among different treatment options. Several studies have established 

comorbidity as a prognostic marker for mortality in CLL, but have not demonstrated an association 

between comorbidity and CLL-specific mortality or determined the impact of individual comorbid 

conditions.5-10   

In this thesis, four studies are presented covering different aspects of treatment, prognostication, 

survival, healthcare utilization, and, most importantly, comorbidity in patients with CLL. The studies 

are based on data from Danish nation-wide registers and review of medical records from Danish 

patients with CLL.  

 

 

 

 



11 

 

Background 

Chronic lymphocytic leukemia 

Diagnosis, pathogenesis, clinical presentation, and staging 

CLL is defined by the presence of ≥5 x 109/L monoclonal B lymphocytes in peripheral blood 

persisting for more than 3 months. The CLL cells in peripheral blood are also required to have 

classic CLL morphology characterized as small, mature B lymphocytes. Furthermore, classic CLL 

immunophenotype with expressions of CD5, CD19, CD23(dim), and CD20(dim) by flowcytometry is 

required. Flowcytometry should also show restriction to expression of either lambda or kappa 

immunoglobulins light chains within the CLL clone, although often as a dim stain.11  

Small lymphocytic lymphoma (SLL) is considered a different phenotype of the same disease as CLL. 

SLL is defined as the presence of lymphadenopathy and classic CLL B-cell morphology and 

immunophenotype as described above in a lymph node biopsy, but with lymphocyte count <5 x 109 

/L.12 SLL will in the present thesis be referred to as CLL. Monoclonal B lymphocytosis (MBL) is 

defined by the presence of <5 x 109/L monoclonal B lymphocytes without lymphadenopathy.13 

Although MBL may progress to CLL with treatment indication, observed in 1% to 2% of individuals 

with MBL yearly, some will never require treatment for CLL.14 In CLL, there is a 5-year cumulative 

incidence of 3% of developing an aggressive lymphoma known as a Richter’s transformation, which 

is associated with a markedly inferior prognosis compared with CLL.15  

The clinical presentation of CLL varies vastly between patients, though the majority are 

asymptomatic at diagnosis. CLL is often an incidental finding consequential to routine blood tests 

during management of other conditions or general health checks. Still, some patients do have 

symptoms at diagnosis, including constitutional symptoms (B-symptoms, i.e. fever, weight loss, and 

night sweats), fatigue, and infections. In addition, some patients present with enlarged lymph nodes 

and/or splenomegaly, which can cause pressure symptoms such as pain or early satiety in cases of 

bulky disease. While anemia and thrombocytopenia may be present at the time of diagnosis, 

symptoms associated with these manifestations are infrequent and mainly present in patients with 

advanced disease.16 In contrast to other hematological malignancies characterized by leukocytosis, 
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symptoms related to high blood viscosity are not seen in CLL even at extreme lymphocyte counts 

due to the comparatively small size of the lymphocyte.17   

In Europe, the Binet system is the most commonly used for clinical staging in CLL, while the Rai 

staging system is generally preferred in the United States.18,19 Binet stage is determined by the 

number of involved lymphoid regions and the presence of anemia and thrombocytopenia. 

Lymphoid regions include (1)  head and neck, (2) axillar, and (3) inguinal regions, with at least one 

lymph node ≥1.5 cm in diameter, and palpable (4) splenomegaly and (5) hepatomegaly.11 Binet 

stage A is defined as ≤2 involved lymphoid areas and hemoglobin > 6.2 mmol/l and platelets > 100 x 

109/l. Binet stage B is defined as ≥3 involved lymphoid regions and hemoglobin > 6.2 mmol/l  and 

platelets > 100 x 109/l. Binet stage C is defined as hemoglobin < 6.2 mmol/l  and/or platelets < 100 x 

109/l.18 

 

Epidemiology 

In Denmark, approximately 450 individuals are diagnosed with CLL yearly. The sex distribution is 

skewed with a male to female ratio of 2:1, remaining stable over many years.12 While sporadic 

cases of CLL have been observed in young adolescents, most incident cases are older adults with a 

median age at diagnosis ranging between 70 and 72  years.1,12,20  

The most commonly studied outcomes in epidemiological and clinical research are treatment and 

survival. The definitions of survival and treatment outcomes used in this thesis are as follows: Time 

to first treatment (TTFT) is defined as time from diagnosis to first treatment, censoring at end of 

follow-up and death, or treating death as a competing risk. Overall survival is defined as time to 

death from either diagnosis (OS) or time of first treatment (OS2), censoring at end of follow-up. 

Treatment-free survival is time to first treatment or death from time of diagnosis (TFS) or time to 

second treatment or death from the time of initiation of first treatment (TFS2), censoring at end of 

follow-up. Progression-free survival is time without progression, treatment, or death from time of 

diagnosis (PFS) or time without progression, second treatment or death from the time of initiation 

of first treatment (PFS2), censoring at end of follow-up. 
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Prognostic factors 

While not required for the diagnosis of CLL, several prognostic tests are recommended to be 

performed at diagnosis or before treatment. Prognostic testing is of particular importance prior to 

initiation of treatment as it may guide the choice of therapy. The 2018 international working group 

on CLL guidelines and the European Society for Medical Oncology (ESMO) 2021 guidelines 

recommend assessment of immunoglobulin variable heavy chain (IGHV) mutational status, 

molecular cytogenetics by interphase fluorescence in situ hybridization (FISH), TP53 mutation, and 

preferably also serum β2-microglobulin levels before treatment.11,21 

During the process of B-cell differentiation, the IGHV region of CLL B-cells may undergo somatic 

hypermutations, creating more mature cells, leading to more indolent disease. IGHV mutational 

status is typically characterized as a dichotomous entity where unmutated IGHV mutational status is 

defined as CLL B-cells with ≥98% germline homology.22,23 However, studies indicate that IGHV 

mutational status could also be used as a continuous variable based on the homology percentage.24 

Unmutated IGHV mutational status is associated with shorter TTFT, TFS, and OS.22,23,25,26 In most 

studies, unmutated IGHV mutational status also associates with poorer PFS2 in patients treated 

with chemoimmunotherapeutic regimens.27-35 In patients treated with targeted agents, however, 

the same effect of IGHV mutational status has not been shown.33,36-39 Studies investigating the 

impact of IGHV status have mainly been based on clinical trial cohorts, single center, or smaller 

population-based cohorts. Thus, especially for clinical trials cohorts, patients who are older or 

comorbid may be underrepresented in these studies. Data on the impact of IGHV mutational status 

in an unselected nation-wide population-based cohort could ensure that all sub-groups of patients 

are represented and investigated. This is of even greater importance as Danish guidelines for 

treatment now also differentiate recommendations based on IGHV mutational status.40  

FISH is performed on peripheral blood and include testing for the cytogenetic/chromosomal 

aberrations 13 q deletion, trisomy 12, 11 q deletion, and 17 p deletion (del17p).41 Presence of 

del17p is associated with inferior prognosis and is related to aberrations of the TP53 gene, which is 

located on the 17p arm.42 IGHV mutational status and presence of TP53 aberrations are along with 

Binet stage, age, and β2-microglobulin levels the factors constituting the CLL international 

prognostic index (CLL-IPI) which is frequently used for prognostication in CLL.25,42  
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Organization of CLL care in Denmark 

While the suspicion of cancer often arises in general practice (GP) upon consultations with patients 

who have unspecific symptoms, infections, or during routine checkups, the main part of the 

diagnostic work-up in Denmark is performed at hospitals. Disease specific cancer patient pathways 

were introduced in Denmark in 2007-2008 and ensure an accelerated diagnostic process.43 For CLL, 

only symptomatic patients likely to require treatment in a foreseeable future, are included in cancer 

patient pathways, while the remainder are diagnosed via routine referrals.44 In the CLL pathway, it 

is mandatory to start investigations within 7 days of referral and finish within 22 days. Diagnostic 

work-up is performed at a hematological department and most patients diagnosed with CLL stay in 

lifelong follow-up. In rare cases, patients with indolent CLL and without adverse prognostic factors 

may be referred back to GP.40  

Patients who are followed without treatment or who commence treatment are managed according 

to guidelines established by the CLL Group; a multidisciplinary group of CLL specialists which is part 

of the Danish Lymphoma Group.40 Guidelines are updated approximately every second year. The 

CLL Group also maintain the Danish National Chronic Lymphocytic Leukemia Register (DCLLR) as 

part of the Danish Clinical Quality Program – National Clinical Registries.45,46 

 

Treatment 

CLL is generally considered an incurable disease, though a limited portion of patients treated with 

the combination of fludarabine, cyclophosphamide plus rituximab (FCR) are experiencing 

progression-free survival more than 10 years after therapy.29 While allogenic transplantation 

potentially is a curative treatment, it has been infrequently used since the introduction of targeted 

agents.  

There is little evidence to suggest a survival benefit upon pre-emptive treatment in patients with 

indolent CLL.47-55 Therefore, treatment is only initiated upon active disease defined as:11  
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• Constitutional symptoms/B-symptoms (fever > 2 weeks without known cause, weight loss of 

> 10% of body weight for 6 months, night sweats requiring change of clothes or sheets, or 

fatigue limiting daily activity)  

• Progressive lymphocytosis > 30 x 109 /L with doubling time of < 2 months 

• Progressive bone marrow failure causing anemia or thrombocytopenia 

• Progressive or massive splenomegaly or lymphadenopathy 

• Autoimmune cytopenia resistant to steroid treatment 

Over the last two decades, treatment for CLL has transformed from encompassing only 

chemotherapeutic options to comprise chemoimmunotherapy (CIT) and targeted treatment given 

as monotherapy or in combination with immunotherapeutic agents. In 1978, chlorambucil (Clb), an 

antineoplastic alkylating agent was introduced in Denmark and remained the primary treatment for 

CLL until the introduction of fludarabine in 2000.2,56 In subsequent years, cyclophosphamide and 

later rituximab were added to the fludarabine regimen, further improving the overall survival.30,57-61 

Bendamustine plus rituximab (BR) was later introduced as an alternative to FCR for older patients, 

as it showed similar survival benefits as FCR, but less toxicity.62,63 Later, a survival benefit was also 

demonstrated for frail patients by the addition of CD20 monoclonal antibodies to chlorambucil 

(CD20-Clb).64  

The next pivotal change in CLL treatment was the introduction of targeted agents, beginning with 

ibrutinib - a Bruton's tyrosine kinase inhibitor (BTKi) - which was introduced in Denmark in 2014.65 

In treatment-naïve CLL patients, ibrutinib-based treatment has shown improved PFS2 and OS2 

compared with Clb and FCR, and improved PFS2 compared with BR and Clb plus obinutuzumab, 

though superior PFS2 was not demonstrated for IGHV mutated CLL in any of the studies.38,66-69 

However, an increased risk of cardiovascular adverse events such as atrial fibrillation, sudden 

cardiac death, and hypertension has been identified upon treatment with ibrutinib.70 Recent results 

in relapsed/refractory patients suggest that novel BTKis such as zanubrutinib and acalabrutinib may 

be less cardiotoxic, with efficacy similar or superior to that of ibrutnib.71,72 Venetoclax, a BCL-2 

antagonist, in combination with obinutuzumab has similarly shown a PFS2 benefit in patients with 

coexisting conditions compared with Clb plus obinutuzumab, although the advantage was restricted 

to IGHV unmutated CLL in the sub-group analysis.73,74 Despite its efficacy, the uptake of the 
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phosphatidylinositol-3-kinase inhibitor idelalisib has been limited due to its disadvantageous safety 

profile with primarily increased risk of hepatotoxicity, infections, and pneumonitis compared with 

ibrutinib.75  

Depending on the type of CIT, treatment is usually given over 4-6 cycles, lasting approximately 6 

months in total. The Danish 2019 CLL guidelines recommend continuous ibrutinib or time-limited 

venetoclax plus rituximab (12 months) for all treatment naïve patients with TP53 aberration. FCR is 

recommended for patients <65 years with normal renal function and TP53 wild type (WT) and IGHV 

mutated CLL, whereas TP53 WT and IGHV mutated patients >65 years or with compromised renal 

function are recommended BR. Patients with TP53 WT and IGHV mutated CLL that are not eligible 

for FCR or BR due to frailty or comorbidity are treated with Clb with addition of an anti CD20-

antibody. While Danish guidelines recommend treatment with continuous ibrutinib or time-limited 

venetoclax plus an anti CD20-antibody (12 months) as an alternative to the CIT regimens described 

above for patients with TP53 WT and IGHV unmutated CLL, the Danish Medicine Council has not 

approved this, and CIT treatment therefore remains standard treatment for this patient group. For 

relapse/refractory disease, continuous ibrutinib or time-limited venetoclax plus rituximab (24 

months) is recommended for all patients, while allogeneic transplant is only an option for a 

restricted group of younger, fit patients failing one or more lines of targeted therapy.76-78 The 

guidelines provided by ESMO differs from the Danish guidelines in several aspects, mainly by 

recommending targeted agents for more patient segments, such as for unfit TP53 WT patients with 

IGHV mutated CLL.21 

 

Comorbidity 

Definition and overview of comorbidity 

A comorbidity is usually defined as a second condition presenting alongside a condition of 

interest.79 Conditions defined as comorbidities vary greatly across studies and clinical settings, and 

while comorbidities are typically defined as chronic conditions, this may also vary. Comorbidities 

may be related or unrelated and occur before or after the condition of interest. Multimorbidity is 
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defined as two or more co-existing conditions.79 In this thesis, multimorbidity refers to two or more 

co-existing conditions, not counting CLL. 

Most comorbidities are age-related and thus the prevalence of comorbidity increases with age. As 

the world’s population is continuously aging, with predictions of further increases in longevity, 

multimorbidity is becoming more and more prevalent, with no outlook of a stagnation.3,4 

Subsequently, despite the decreasing or stable incidence in the Western World of some chronic 

conditions such as heart disease, the prevalence is still surging.80 Meanwhile, the incidence of 

other, in particular life-style related, chronic conditions such as type 2 diabetes are increasing in 

both adolescents and adults.81-83 In Denmark, many comorbidities are followed and treated in GP if 

uncomplicated, while more severe or rare conditions are usually followed at specialized private 

practices or at hospitals. In the case of exacerbation, conditions normally followed in GP can be 

referred to hospital follow-up, and later the patient is returned back to the primary sector once the 

condition has stabilized.  

 

Comorbidity in CLL 

As a consequence of the high proportion of older persons among newly diagnosed patients with CLL 

and the long median survival, comorbidity is highly prevalent in CLL. Results from randomized 

clinical trials form the basis for treatment and follow-up guidelines in CLL. Yet, due to exclusion 

criteria, a large subset of older and comorbid patients do not qualify to enter clinical trials.8,84 

Knowledge gained from clinical trials of younger and more fit patients are extrapolated to excluded 

patient groups despite missing information on whether the interventions may affect them 

differently.  

As previously described, the choice of CLL treatment is directly related to comorbidity, causing 

comorbid conditions to play an extremely important role in CLL. According to the International 

Workshop on CLL 2018 guidelines, comorbidity should be assessed for all patients entering clinical 

trials.11 While comorbidities may be chronic and incurable, the long lead-up to CLL treatment 

provides a unique opportunity in the setting of cancer care to optimize treatment of comorbidities 

for up to several year prior to first CLL therapy. Such efforts could possibly enable treatment with 
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more efficient regimens and provide better tolerability upon treatment. However, before testing 

the efficacy of such interventions, current prevalence, treatment patterns, and outcomes for 

patients with comorbidity needs to be investigated.   

Studies of CLL patients have reported prevalence of comorbidity comparable to what may be found 

in the general population.6,8 The impact of comorbidity has mainly been investigated in terms of the 

total number of comorbidities or comorbidity scores. Most studies have found that comorbidity is 

associated with inferior OS, though some studies could only identify this relationship in crude 

models.5-10 Studies assessing the causes of death in comorbid patients have found that the 

increased mortality has mainly been due to non-CLL related causes, defined as death not caused by 

CLL progression, other malignancies, or infections.6,85  

Several studies have investigated the impact of comorbidity in CLL patients upon treatment both in 

trial populations and routine care. Conflicting results have been presented for patients treated with 

chemotherapy or CIT; some studies found comorbidity to be associated with poorer PFS2 and 

OS29,86-89 while others did not.90-92 Findings have also varied across targeted agents, where 

comorbidity has been associated with poorer PFS2 and OS2 in patients treated with ibrutinib,93 but 

not in patients receiving idelalisib plus anti-CD20 antibodies.94  

While data exist on the impact of comorbidity in general, information on effects of specific 

comorbidities is sparse. The identification of specific comorbidities associated with poorer 

prognosis for CLL patients would be an important step towards personalized care. Likewise, 

identifying causes of death could highlight sub-groups that might require improved care of 

comorbid conditions, as well as sub-groups groups that are possibly undertreated for their CLL. 

 

Comorbidity indices 

Several methods for quantifying comorbidity have been applied within the medical field. 

Comorbidity indices and scores can facilitate estimation of the impact of comorbidity in routine 

clinical care, be used as inclusion criteria in trials, and studied in clinical and epidemiological 

research. The Charlson comorbidity index (CCI) is perhaps the most commonly used system to 
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grade comorbidity.95 First published in 1987, the CCI was originally developed based on hospitalized 

patients to predict one-year overall survival, but have subsequently been applied in numerous 

settings over the years. The original CCI consists of 17 weighted categories of comorbidities, while 

the modification published by Quan and colleagues in 2010, including 12 categories, is probably the 

most commonly applied version today.96  

Despite the wide spread use of the CCI in medical research, it has only been used sporadically in 

CLL,6 where the Cumulative Illness Rating Scale (CIRS) has largely been favored in clinical care, and 

in research, for example as an inclusion criterion in clinical trials.28,64,75,97-100 CIRS was created to 

assess comorbidity in hospitalized geriatric patients by evaluating 14 categories of comorbidities 

and grading severity from 0-4. Like CCI, CIRS has been modified several times; one of the most 

frequently used modification in CLL being CIRS Geriatrics, which is a version further adapted to 

evaluate comorbidity in older patients.101,102 Several studies have demonstrated that high CIRS 

score is associated with inferior prognosis in CLL patients,7,9,88,93 while other studies have not been 

able to replicate this association.91,92,94 The cut-off for a high CIRS score is often defined as ≥6, but 

varies across studies, and some have applied the score as a continuous variable instead of 

dichotomous. 

The Elixhauser comorbidity system is another index which was developed for use with 

administrative data encompassing 30 comorbidities, adding a degree of complexity.103 Despite high 

performance and wide use in research, the Elixhauser comorbidity system has not been applied in 

CLL, and only rarely in hematological research overall.104-106  

The indices described here are relatively time-consuming to use, and as such have not become 

common in routine clinical practice. In a fast-paced clinical setting, a quicker method to score 

comorbidity could prove valuable and impactful. Recently, a new simplified CLL-specific comorbidity 

score, the CLL comorbidity index (CLL-CI), was published by Gordon and colleagues.107 The CLL-CI 

was created through a data driven approach using machine learning, selecting the categories from 

the CIRS that were most predictive for TFS2: cardiovascular (CIRS score 1-4), endocrinological (CIRS 

score 2-4), and upper gastrointestinal disease (CIRS score 2-4). Every category is a point of 1 and 

the CLL-CI score is the sum of points from the three categories.  A score of 0 is low-risk, 1 
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intermediate-risk, and 2-3 high-risk. The CLL-CI has been shown to correlate with TFS2 and OS2 in 

patients treated with CIT or ibrutinib.107  

 

Healthcare utilization 

Overview of healthcare utilization 

Healthcare utilization (HCU) is a broad term covering various types of health services. In health 

research, HCU is often studied to approximate the burden of disease in patient groups and 

correspondingly the use of resources a patient group requires from the healthcare system. 

Modalities of HCU includes, but is not limited to, visits in general practice, hospital admission, 

emergency care, visits to out-patient clinics, physiotherapy, home health nursing, medication, and 

use of medical devices. HCU in terms of hospital contacts and general practice visits is known to 

associate with factors such as age and comorbidity, and inversely with educational level.108,109 

 

Healthcare utilization in CLL and other cancers 

HCU in terms of number of hospitalizations and specialist visits has increased among patients with 

CLL over recent years.110 Additionally, HCU has been shown to increase the first year after a cancer 

diagnosis compared with the year prior to diagnosis,111 and further studies have shown that cancer 

survivors have more GP visits compared with the general population even many years after cancer 

treatment.112,113  The relationship between comorbidity and HCU has not been investigated for CLL 

specifically, but a study including patients with lymphoma or CLL found that having ≥2 comorbid 

conditions was associated with more contacts to GP and other medical specialties.114 Further 

research is required to provide a more detailed understanding of how specific comorbid conditions 

associates with HCU in CLL. Such research could help identify sub-groups that may require further 

coordination of care.  
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Aims and objectives 

The aim of this thesis was to investigate prognostic factors and outcomes for all patients with CLL, 

regardless of age, comorbidity, or eligibility criteria for clinical trials, through epidemiological 

studies based on Danish national register data. As patients with comorbidity are commonly 

excluded from clinical trials, we wanted to study the prognosis for patients with CLL and 

comorbidity in detail. The objectives pertaining to the specific studies were: 

Study I: IGHV mutational status and outcome for patients with chronic lymphocytic leukemia upon 

treatment: a Danish nationwide population-based study 

• To compare treatment-free and overall survival in CLL patients stratified on IGHV mutational 

status from time of diagnosis  

• To compare treatment-free and overall survival in CLL patients stratified on first-line 

treatment regimen and IGHV mutational status from time of first therapy 

Study II: Mapping comorbidity in chronic lymphocytic leukemia: impact of individual comorbidities 

on treatment, mortality, and causes of death 

• To examine the prevalence of specific comorbid conditions in patients at the time of CLL 

diagnosis 

• To compare all-cause mortality and cause-specific mortality in patients with CLL and specific 

comorbid conditions to patients with CLL and without the same comorbid condition 

• To estimate the survival in patients with CLL stratified on comorbidity and age relative to 

that of matched controls 

Study III: The CLL comorbidity index (CLL-CI) in a population-based cohort – a tool for clinical care 

and research 

• To validate the discriminatory power of the CLL-CI index in a population-based cohort of 

treatment naïve patients with CLL 
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• To examine the association of comorbidity as measured by the CLL-CI with time to first 

treatment, overall survival, and treatment-free survival in patients with CLL from the time of 

diagnosis and time of first therapy 

Study IV: Healthcare utilization and comorbidity in chronic lymphocytic leukemia 

• To compare the use of prescription drugs and hospital contacts, as measurements of HCU, 

between patients with CLL, depending on comorbidity 

• To compare the use of prescription drugs and hospital contacts, as measurements of HCU, 

before and after CLL diagnosis 
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Materials and methods 

Data sources 

Overview of Danish National Registers 

At birth or immigration, all Danish citizens and residents are given a unique 10-digit identification 

number (CPR) which is used for all health service contacts and enables linkage on person-level 

across Danish registers.115 There are several national administrative registers in Denmark, some of 

which are further described here. In addition, numerous national clinical quality registers are 

available, of which the DCLLR will be described here.45,46 Table 1 contains an overview of the data 

sources used in the studies I-IV- The review of medical records is further described in the methods 

sections of the individual studies.  

Table 1. Data sources used in studies I-IV.  

Data sources  Papers 

The Civil Registration System II-IV 

The Danish National Patient Register II-IV 

The Danish National Prescription Register III-IV 

The Danish National Register of Causes of Death II 

The Danish Cancer Register II,IV 

The Danish National CLL register I-IV 

Medical record review I, III 
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The Civil Registration System 

The Civil Registration System (CRS) was established in 1968 using electronical records and replacing 

manual index cards which had been used for registration of Danish residents since 1924.115 While 

the CRS was established for administrative objectives, it has been a crucial instrument in 

epidemiological research in Denmark and the application in science has been monumental.116 The 

CRS contains data including CPR, date of birth, sex, place of residence, migration, and vital status.117  

 

The Danish National Patient Register 

The Danish National Patient Register (DNPR) was founded In 1977 and contains data on all non-

psychiatric in-patient hospital visits including International Classification of Diseases (ICD) 8 and 

later ICD-10 discharge codes.118,119 From 1995 the DNPR additionally contains information on 

psychiatric in-patients visits, emergency room visits, and out-patient hospital visits.111  

 

The Danish National Prescription Register 

The Register of Medicinal Products Statistics, established in 1994 and kept by the Danish Medicines 

Agency, contains person-level data on all dispensed prescriptions as well as aggregated data on 

drugs sold for in-hospital use and over-the-counter drugs. The Danish National Prescription Register 

(NPR) is a sub-register under the Register of Medicinal Products Statistics established in 2003 for 

research use and contains information on dispensed prescriptions beginning at 1995.120,121 The 

content includes data on dispensing such as product name, Anatomical Therapeutic Chemical (ATC) 

classification system code, date of dispensing, and number of doses121.  

 

The Danish National Register of Causes of Death 

In Denmark, death certificates have been obligatory since 1871 and causes of death have been 

registered since 1875; and in 1970 the Danish National Register of Causes of Death (DNDCR) was 
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digitalized.122 Causes of death have been entered using various World Health Organization 

classifications since 1950 and was last changed in 1994 to the ICD-10. The information entered in 

the register is based on death certificates; thus, the validity depends on the accuracy of causes of 

death filed by the physician completing the death certificate. The register contains information on 

the underlying cause of death as well as contributory causes.122 

 

The Danish Cancer Register 

Established in 1942, the Danish Cancer Register (DCR) contains information on all cancers, and since 

1987 the reporting of data has been compulsory.123 The register was transformed into an electronic 

and more automated form in the period 2004-2008. Besides personal characteristics, the register 

contains cancer characteristics such as ICD-10 diagnosis, morphology, stage, grade, basis of 

diagnosis, and date of diagnosis.123 

 

The Danish National Chronic Lymphocytic Leukemia Register 

In contrast to the administrative registers described above, the DCLLR is a National Clinical Quality 

Database.46 The DCCLR was founded in 2008 and holds information on all persons diagnosed with 

CLL at hematological departments in Denmark since. Reporting is mandatory for all physicians 

following patients with CLL and is completed yearly for all newly diagnosed patients and patients 

receiving first-line therapy. The DCLLR contains detailed characteristics for newly diagnosed 

patients including age, date of diagnosis, Binet stage, hospital, and prognostic markers such as 

performance status, IGHV mutational status, FISH cytogenetics, TP53 mutations, and β2-

microglobulin level if assessed. For treated patients, additional variables are available including date 

of treatment, treatment regimen, and treatment indication.46   
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Study design and statistical analyses 

All studies were conducted as retrospectives cohort studies. Patients diagnosed with CLL before the 

age of 30 years were excluded to avoid including patients with lymphomas misclassified or 

miscoded as CLL. Table 2 contains an overview of methods for studies I-IV including design, 

statistical analysis, and number of patients included. 

Data analysis was performed in STATA (StataCorp. 2015. Stata Statistical Software: Release 15.1 

College Station: StataCorp LP, TX, USA) for study I and in SAS software, version 9.4 (SAS Institute), 

and R software version 3.5.2 for studies II-IV. 

 

Study I 

In the first paper, we included all patients registered in the DCLLR 2008-2017. The cohort was 

followed through the DCLLR from CLL diagnosis and until the time of death, emigration, or August 

2017, whichever came first. In addition to IGHV mutational status, we used the DCLLR to attain 

information on FISH cytogenetics, TP53 aberrations, β2-microglobulin level, and Binet stage at time 

of diagnosis. Patients where defined as treated if a minimum of one cycle had been administered. 

For a geographically defined sub-group, medical records were reviewed for all patients treated 

2008-2016 to include information on later lines of treatment. This patient sub-group was included 

in analyses of outcomes upon treatment and were followed until the time of death, emigration, or 

2018, whichever came first.  

We reported baseline characteristics for patients stratified on IGHV mutational status and, for those 

reaching treatment, stratified on treatment regimen. The four most common treatment regimens, 

FCR, BR, CD20-Clb, and Clb, were studied in detail. We computed Kaplan-Meier survival curves for 

OS, TFS, and OS2 for patients stratified on IGHV mutational status, and for OS2 and TFS2 

additionally stratified on treatment regimen. OS2 and TFS2 were the primary endpoints. Log rank 

tests were used to investigate differences in outcomes across treatments and IGHV status. Median 

survival or 3-year survival with corresponding 95% confidence intervals (CI) were also presented 

depending on the outcome. Univariable and multivariable Cox regression models were performed 
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for all outcomes. Multivariable models included age, sex, treatment regimen, IGHV mutational 

status, TP53 aberrations, Binet stage, and β2-microglobulin. For TFS2, a reduced model was used, 

including age, sex, TP53 aberrations, and Binet stage. Hazard ratios (HR) with 95% CIs were 

presented. 

 

Study II 

For the second paper, we included all patients registered with CLL in the DCR  1997-2017 and in the 

DCLLR 2008-2018. We used ICD-8 and ICD-10 codes to identify comorbid conditions in the DNPR 

with a look-back period of up to 20 years. The long look-back period was chosen to capture 

conditions that are only followed at hospitals for shorter periods. During the time of diagnostic 

work-up, unknown comorbidities may be identified, and comorbidities followed in general practice 

can be registered by hospital physicians. To capture such co-incident conditions discovered or 

registered during the diagnostic process, we also included comorbidities diagnosed op to one 

month after CLL diagnosis. We followed the cohort through the CRS and the DNDCR from one 

month after CLL diagnosis and until death, emigration, or end of 2019 (2018 for cause-specific 

death), whichever came first. Causes of death were categorized as CLL progression, other 

hematological or lymphatic malignancies, other malignancies, infection, cardiovascular disease, 

cerebrovascular disease, and other causes. Furthermore, causes of death were grouped as CLL-

related, including CLL progression, Richter’s transformation, other hematological or lymphatic 

malignancy, other malignancy, and infections, or CLL-unrelated comprising all other causes. 

The comorbidities included were modified from the CCI categories, using previously applied 

methods.95,96,124-127 For this study, we did not include other malignancies as comorbidities and, due 

to very small numbers, we also refrained from including human immunodeficiency virus infection. 

Furthermore, we combined categories with meaningful clinical overlap: hemiplegia was included in 

cerebrovascular disease, diabetes was aggregated in one category regardless of severity, and acute 

myocardial infarction and congestive heart failure was combined. For patients from the DCLLR, 

information on first treatment and baseline characteristics was included similarly to study I. 
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We used comparisons from the general population in Denmark matched on date of birth (±1 

month), sex, and region of residency at the index date (date of the case’s CLL diagnosis) to compare 

CLL patients to persons without CLL. CLL patients were matched with up to 10 comparators. 

Information on comorbidities were obtained for the comparators using the same methods as for 

the CLL cohort.   

We performed descriptive statistics for baseline characteristics, comprising numbers and 

percentages for categorical and ordinal variables and medians for non-normally distributed 

continuous variables, stratifying patients on number and types of comorbidities. Chi-square tests 

were used to test for statistically significant differences in comorbid versus non-comorbid patients. 

Endpoints included OS, TFS, TTFT, and cause-specific mortality. The primary endpoints were OS and 

cause-specific mortality from time of CLL diagnosis. Univariable and multivariable Cox regression 

models were performed, and the latter illustrated using forest plots. Multivariable models included 

all individual comorbidities, age at CLL diagnosis, sex, and calendar period (5-year intervals), as well 

as CLL-IPI when available. Moreover, we investigated the impact of IGHV mutational status and FISH 

cytogenetics respectively on OS and TFS. This was achieved by computing Kaplan-Meier Survival 

curves and multivariable Cox models adjusted for multimorbidity, age at CLL diagnosis, sex, 

calendar period (5-year intervals), β2-microglobulin, Binet stage, and IGHV mutational status or 

del17p. HRs with 95% CIs were presented.  

The prevalence of comorbidities and 3-, 5-, and 10-years OS was calculated for patients with CLL 

and compared using Chi-square tests and 95% CIs, respectively. Relative survival and Kaplan–Meier 

curves for OS were calculated comparing CLL patients with comparators, stratifying on age and 

comorbidity.  

 

Study III 

The third study included patients registered in the DCLLR 2008-2018. Patients were followed 

through the CRS until death, emigration, or 2019, which ever came first. Data on baseline CLL 

characteristics and first-line treatment was obtained from the DCLLR. Information on second-line 
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treatment was obtained through review of medical records, using the same geographically defined 

sub-group of patients as in study I, but here with patients diagnosed until 2018 and with follow-up 

until 2019. We used the CLL-CI to categorize comorbidities of upper gastrointestinal, endocrine, and 

vascular disease, and identified conditions through the DNPR and the NPR with look-back periods of 

up to 20 years and up to 1 year, respectively. The CLL-CI score was calculated at time of diagnosis 

and again at the time of first therapy.  

Baseline characteristics were presented for patients stratified on CLL-CI risk group, and Kruskal-

Wallis and Chi-square tests were used to test for differences across sub-groups for categorical and 

continuous non-normally distributed variables, respectively. Kaplan-Meier curves were computed 

for OS, TFS, OS2, and TFS2 with corresponding log rank tests to assess statistical differences across 

groups. Uni and multivariable Cox regression models were performed for OS, TTFT, and TFS with 

corresponding 95% CIs. Multivariable analyses included adjustment for sex and CLL-IPI. Cumulative 

incidence curves were computed to compare TTFT with death as a competing risk. Fine-Gray risk 

regressions with 95% CI were also calculated for the same outcome.  

 

Study IV 

In study IV, we used the same cohort of CLL patients as well as the same methods for identifying 

comorbidities and CLL-related factors as in study II. Information on HCU was obtained from the 

DNPR and the NPR. The types of HCU considered were hospitalizations, in-hospital bed days, 

emergency room visits, out-patient clinic visits, and use of prescription drugs. Prescription drugs 

were captured using the 4th level of the ATC system. For patients from a geographically defined 

region, hospitalizations and out-patient clinic visits were disaggregated into registrations from 

hematological departments and non-hematological departments.  

We reported descriptive statistics for baseline characteristics such as age, sex, and CLL-IPI factors in 

the form of numbers and percentages for ordinal and categorical variables and medians with 

interquartile ranges for continuous non-normally distributed variables. Univariable and 

multivariable logistic analyses were used to calculate odds ratios (OR) with 95% CI for the different 



30 

 

types of HCU. Multivariable models were adjusted for sex, age, and calendar year. Patients were 

compared across number of comorbid conditions and presence versus absence of specific comorbid 

conditions during the first year after CLL diagnosis. We also compared HCU in patients the year 

after versus the year before CLL diagnosis, stratified on number of comorbidities. In order not to 

exclude the diagnostic work-up for CLL, we excluded the month before and after CLL diagnosis. 

Lastly, we used type of CIT to define fitness status and compare patients’ HCU in periods of 6 

months each: before, during, and after first-line treatment. 
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Table 2. Overview of methods for studies I-IV, including design, statistical analysis, and number of patients.  

 

 
Paper I Paper II Paper III Paper IV 

Design Cohort study Cohort study Cohort study Cohort study 

Data sources DCLLR, medical records CRS, DNPR, DNDCR, DCR, DCLLR CRS, DNPR, DCLLR, medical records, 

NPR 

CRS, DNPR, DCR, DCLLR, NPR 

Study population CLL patients diagnosed in 

Denmark 2008-2017 

CLL patients diagnosed in Denmark 

1997-2018 and matched comparators 

CLL patients diagnosed in Denmark 

2008-2018 

CLL patients diagnosed in Denmark 1997-

2018 

Exposure IGHV mutational status, first 

line treatment regimen 

Individual comorbidities, number of 

comorbidities, CLL 

CLL-CI score Individual comorbidities, number of 

comorbidities, frailty 

Outcomes OS, TFS, OS2, TFS2 All-cause mortality, CLL-related 

mortality, CLL-unrelated mortality 

OS, TFS, TTFT, OS2, TFS2 ≥ 1 hospitalization, ≥5 in-hospital bed 

days  ≥1 emergency room visit, ≥ 5 out-

patient clinic visits, ≥6 prescription drugs 

Covariates Binet stage, age, sex, β2-

microglobulin level, deletion17p 

Age, sex, calendar year, IGHV 

mutational status, cytogenetics 

Sex, CLL-IPI Age, sex, calendar year, multimorbidity 

Statistical analysis Kaplan-Meier survival analyses 

with survival estimates and p-

values from log rank test, HRs 

with 95% CIs estimated by Cox 

regression models 

Kaplan-Meier survival analyses with 

survival estimates and p-values from 

log rank test, HRs with 95% CIs 

estimated by Cox regression models, 

relative survival 

Kaplan-Meier survival analyses with 

survival estimates and p-values 

from log rank test, cumulative 

incidence curves, HRs with 95% CIs 

estimated by Cox regression models 

and Fine-Gray regression models 

ORs with 95% CIs estimated by logistic 

analysis 

Number of patients 4 135 9 170 4 975 9 170 

DCLLR: Danish National Chronic Lymphocytic Leukemia Register; CRS: Civil Registration System;  DNPR: Danish National Patient Register; DNDCR: Danish National Register of Causes of 
Death; DCR: Danish Cancer Register; NPR: The Danish National Prescription Registry;  CLL: Chronic lymphocytic leukemia; CLL-CI: CLL comorbidity index; OS: Overall survival from time 
of diagnosis; TFS: Time to first treatment or death from time of diagnosis; OS2: Overall survival from time of first treatment; TFS2: Treatment-free survival from time of diagnosis; 
TTFT: Time to first treatment from time of diagnosis; IGHV: Immunoglobulin variable heavy chain; CLL-IPI: Chronic lymphocytic leukemia international prognostic index; HR: Hazard 
ratio; CI: Confidence intervals; OR: Odds ratio 
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Results 

Study I 

We followed 4 135 patients with CLL of whom 3 197 (77%) had information on IGHV mutational 

status. Among patients with data on IGHV mutational status, 32% had unmutated and 68% had 

mutated CLL. Median follow-up time from CLL diagnosis was 3.5 years. The median age at CLL 

diagnosis ranged between 69 and 74 years and 59-64% were male. The main differences in 

cytogenetic status were higher prevalence of 11 q deletion in IGHV unmutated CLL (U-CLL) and 13 q 

deletion in IGHV mutated CLL (M-CLL), compared with other sub-groups. Binet stages B or C were 

more common in U-CLL (30%) than in patients with unknown IGHV status (23%) or M-CLL (13%). 

Patients with U-CLL had a poorer OS and TFS from time of diagnosis compared with M-CLL 

(p<0.001), while no difference was seen in OS2 (p=0.87). Patients with unknown IGHV mutational 

status had an inferior OS and OS2 compared with patients with known IGHV status, while the TFS 

was superior to patients with U-CLL.  

In total, 850 patients with known IGHV mutational status went on to receive treatment for CLL. The 

distribution of the four most common treatment regimens was FCR 28%, Clb 16%, BR 14%, and 

CD20-Clb 10%. Age was inversely associated with treatment intensity; median age ranging from 62 

years in patients treated with FCR to 80 years in patients treated with Clb. Unmutated IGHV status 

was more common in patients treated with FCR compared to other regimens (64% vs. 52-58%). The 

3-year OS did not vary by IGHV mutational status in patients treated with FCR (88%) or BR (86%) or 

in patients treated with CD20-Clb (59 %) or Clb (53%) (Figure 1). 

Among patients with known IGHV mutational status receiving treatment for CLL, detailed data on 

second-line treatment was available for 502 patients. TFS2 differed across all types of treatment 

with the best outcome seen in patients treated with FCR and the worst in patients treated with Clb 

(Figure 2A). Patients with U-CLL had a poorer TFS2 compared with M-CLL patients, also when 

stratified on treatment regimens (Figure 2B-D). TFS2 was similar for M-CLL patients treated with 

FCR or BR, while TFS2 was shorter in patients treated with BR compared with FCR for U-CLL patients 

(Figure 2C).  
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Figure 1. OS2 for patients in the DCLLR according to treatment group and IGHV status. (A) OS2 of patients treated with 

FCR or BR, (B) OS2 of patients treated with CD20-Clb or Clb. (Haematologica, 2020)  

Figure 2. TFS2 according to treatment group and IGHV status. (A) Patients treated FCR, BR, Clb or CD20-Clb, including 

patients with both known and unknown IGHV status. (B) Patients fit for intensive treatment with FCR of BR, or unfit 

patients treated with Clb or CD20-Clb, and with M-CLL or(U-CLL CLL. (C) Patients treated with FCR or BR with U-CLL or M-

CLL. (D) Patients treated with CD20-Clb or Clb with U-CLL or M-CLL. (Haematologica, 2020) 
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Study II 

In total, 9 170 patients with CLL were included in this study with a median follow-up of 5.0 years. 

The median age at the time of CLL diagnosis was 71 years and 60% of patients were male. Just over 

a third of patients (35%) had at least one comorbid condition and 12% of these were multimorbid. 

The most common comorbid conditions were congestive heart failure and/or myocardial infarction, 

cerebrovascular disease, chronic pulmonary disease, and diabetes, which were prevalent in 10%, 

9%, 8%, and 8% of the patients, respectively. Comorbid patients were more likely to have negative 

prognostic markers and higher CLL-IPI score compared with non-comorbid patients. Moreover, 

comorbid patients had more missing data.  

All comorbid conditions were individually associated with increased all-cause mortality, CLL-related 

mortality, and non-CLL related mortality, however some estimates did not reach statistical 

significance (Figure 3). The most common cause of death was infection, followed by CLL 

progression. Death due to cardiovascular disease was more common in comorbid and multimorbid 

patients than in non-comorbid patients. Among specific comorbidities, renal disease, psychiatric 

disease, diabetes, and chronic pulmonary disease were statistically significantly associated with 

increased risk of death due to infection (HR range 1.40-2.15).  

The 10-year survival for CLL patients was shorter compared with the general population, with an 

especially poor relative survival for comorbid and non-comorbid CLL patients over 70 years (RS 0.70 

[0.61, 0.80] and 0.64 [0.59, 0.69], respectively), while also statistically significantly poorer in 

younger CLL patients.  
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Figure 3. Forest plot of the HR of 

(A) all-cause mortality, (B) CLL-

related mortality, and (C) CLL-

unrelated mortality for patients 

from the Danish CLL-register and 

the Danish cancer register with 

comorbidity compared to 

patients without the same 

comorbidity. The model has been 

adjusted for age at CLL diagnosis, 

sex, calendar period (5-year 

intervals), and internally for all 

other comorbidities. (Adapted 

from Leukemia, 2021) 
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Study III 

In this study, 4 975 patients with CLL were included and followed for a median of 4.4 years. A total 

of 3 115 patients (66%) were low risk CLL-CI, 1 493 (30%) intermediate risk, and 367 (7%) high risk. 

The proportion of patients with low CLL-IPI was smaller in patients with higher CLL-CI score and 

there were also more patients with missing CLL-IPI data in the higher CLL-CI risk groups. 

CLL-CI was associated with OS, TTFT, and TFS independently of sex and CLL-IPI (Figure 4A-D). Among 

CLL-CI high risk patients, 56% were treated within 4-years of CLL diagnosis compared with 20-30% 

of low and intermediate risk patients (Figure 4B). 

In all, 1 513 patients received first-line treatment during follow-up, and for 552 patients, 

information of possible second-line treatment was available. CLL-CI was associated with OS2 and 

TFS2 with median TFS2 of 3.6, 2.9, and 1.9 years, for low, intermediate, and high risk, respectively 

(Figure 4E-F). 
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Figure 4. Survival and treatment outcomes according to CLL-CI. (A) OS, (B) TTFT, treating death as a competing risk, (C) 

TFS, (D) OS further stratified by CLL-IPI, (E) OS2, and (F) TFS2. The x-axis in panel b and d panel differs from other panels.  
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Study IV 

In this study, we used the same inclusion and exclusion criteria and study period as in study II, and 

the study cohort was therefore the same. In the full cohort, 39% of patients were hospitalized and 

25% of patients had ≥5 in-hospital bed days during the first year after the CLL diagnosis. Emergency 

rooms were frequented by 16% patients during the first year after CLL diagnosis. Meanwhile, 88% 

visited out-patient clinics, with a median number of 5 visits during the same period. Almost all 

patients (93%) received prescription drugs during the year after CLL diagnosis with a median of six 

different drug prescriptions.  

All types of HCU increased the year post CLL diagnosis compared with the year prior, though the 

difference was not statistically significant for emergency room visits among multimorbid patients. 

Very few patients had contacts to a hematological department the year prior to the CLL diagnosis, 

while contacts to non-hematological departments were frequent even before diagnosis. The 

number of comorbidities was associated with increased HCU of all modalities apart from 

hematological contacts (Table 3). Congestive heart failure or myocardial infarction, diabetes, 

cerebrovascular disease, and chronic pulmonary disease were also associated with increased HCU, 

though not all types; patterns differed across comorbid conditions (Figure 5). Upon treatment, frail 

patients treated with Clb-based regimens had a higher usage of prescription drugs both before, 

during, and after treatment, and more out-patient clinic visits after treatment compared with fit 

patients treated with intensive CIT regimens. Studying the cumulative number of bed days, less 

than 20% of patients contributed to 90% of the total number of bed days during the year after CLL 

diagnosis.  
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Table 3. Healthcare utilization the first year post CLL diagnosis for patients with 0, 1, or ≥2 comorbidities. Results are presented unadjusted 
and adjusted for age, sex, and calendar year. 

 Number of comorbidities 

 0 1 ≥ 2 1 vs. 0 ≥2 vs. 0 ≥2 vs. 1 

 

Percent 
utilizing  Unadjusted OR Adjusted OR Unadjusted OR Adjusted OR Unadjusted OR Adjusted OR 

≥5 bed days 21 31 38 1.66(1.48–1.85) 1.54(1.37–1.73) 2.27(1.99–2.60) 2.07(1.80–2.38) 1.37(1.18–1.60) 1.34(1.15–1.57) 

Emergency room 13 18 25 1.50(1.31–1.72) 1.40(1.22–1.60) 2.22(1.90–2.59) 1.97(1.68–2.32) 1.40(1.18–1.67) 1.35(1.13–1.61) 

Hospitalizations 34 45 55 1.60(1.45–1.77) 1.50(1.35–1.66) 2.44(2.15–2.78) 2.25(1.97–2.57) 1.48(1.28–1.71) 1.46(1.26–1.69) 

Hospitalizations, hematological department* 12 11 12 0.87(0.69–1.10) 0.91(0.72–1.16) 0.98(0.74–1.31) 1.08(0.80–1.45) 1.02(0.73–1.44) 1.07(0.76–1.52) 

Hospitalizations, non-he department* 27 37 51 1.64(1.41–1.92) 1.48(1.26–1.74) 2.89(2.38–3.50) 2.54(2.08–3.10) 1.79(1.44–2.22) 1.73(1.39–2.16) 

≥5 out-patient clinic visits 50 54 59 1.18(1.07–1.30) 1.28(1.16–1.42) 1.46(1.29–1.67) 1.71(1.50–1.96) 1.24(1.07–1.44) 1.33(1.15–1.55) 

Hematological out-patient clinic* 69 66 63 0.85(0.72–0.99) 0.94(0.80–1.10) 0.74(0.60–0.89) 0.88(0.72–1.07) 0.85(0.68–1.05) 0.92(0.74–1.14) 

Non-hematological out-patient clinic* 57 68 74 1.63(1.39–1.90) 1.60(1.36–1.87) 2.24(1.81–2.76) 2.21(1.78–2.75) 1.33(1.06–1.68) 1.32(1.05–1.67) 

≥6 prescription drugs 38 68 84 3.43 (3.09–3.81) 3.16 [2.84;3.53]  8.57 (7.24–10.1) 7.59 [6.40;9.04] 2.50(2.08–3.00) 2.40(2.00–2.90) 

*Based on a subset of patients from a geographically defined area 
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Figure 5. Forest plot of ORs for healthcare utilization. Healthcare utilization in terms of ≥5 in hospital bed days, 

emergency room visits, hospitalizations, ≥5 out-patients clinic visits, and ≥6 prescription drugs during the year after 

CLL. ORs is for CLL patients with co-existing diabetes (DM), chronic pulmonary disease (CPD), Congestive heart failure 

or myocardial infarction (CHD/MI), or cerebrovascular disease (CeD) compared with CLL patients without the same 

specific co-existing condition. ORs are adjusted for age, sex, calendar year, and multimorbidity. ORs are presented on 

a base-10 logarithmic scale. 
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Discussion 

Methodological considerations  

Selection bias 

Danish register data provides the opportunity to conduct large-scale, nationwide, population-based 

studies – an opportunity unique to the Scandinavian countries. While such studies may have 

remarkably little selection bias, it can never be entirely avoided. Mutual for all the studies included 

in this thesis is that patients have been, at least in part, identified from the DCLLR. Although it is 

mandatory to register all patients diagnosed with CLL in the DCCLR, it nonetheless requires patients 

to be referred to a hematological hospital department and that the patient agrees to medical work-

up. Findings from a Danish study showed that there is a decreasing incidence of cancer in the 

highest age groups, suggesting lower diagnostic activity.128  

In study II we found a lower prevalence of several comorbid conditions among CLL patients 

compared to the matched comparators. While this could be due to a possible lower risk of CLL in 

patients with specific comorbidities, it is more likely that it reflects lower diagnostic activity in 

comorbid patients. Examples of the comorbidities that were less common in patients with CLL than 

in matched comparators include dementia, cerebrovascular disease, and psychiatric disease. As 

these are patient groups with a generally poor survival, physicians may be hesitant of subjecting 

some of these patients to work-up if the disease is indolent and will likely not impact their health or 

survival. Moreover, previous studies have shown that the median time from onset of progression of 

lymphocytosis to CLL diagnosis is 5 years, illustrating a delayed diagnosis for many patients.129 This 

is also in line with the findings from studies II and III showing that comorbid patients with CLL were 

more likely to have a higher Binet stage at diagnosis. In summary, there is likely a selection bias in 

the DCLLR, excluding the oldest and most comorbid patients. The same issue is likely present in the 

DCR, however, here referral to a hospital is not a requirement for registration. In study I and III we 

were restricted to only include patients from the DCLLR, as data on CLL-specific prognostic factors 

were required for the main outcome; in study II and IV, on the other hand, we reduced the 

selection bias by including patients from the DCR as well. 
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As seen especially in study II and III, the distribution of missing data is skewed across subgroups. In 

these studies, patients with comorbidity had more missing data compared with others. 

Furthermore, studies I and II illustrate that patients with missing data fare worse, which has been 

observed previously in cancer care.130 It is likely that patients with an expected poor outcome are 

not examined as thoroughly as other patients, and that prognostic testing is not performed if 

treatment will not be initiated. Thus, our results may be biased if missingness of data is associated 

with a poorer prognosis – inferring an overall over-estimation of the prognosis for patients in our 

cohorts. Furthermore, as it is conceivable that the most comorbid or frail patients have missing 

data, the effect of comorbidity may be underestimated.  

 

Misclassification and measurement error 

In study II, the DNDCR was used to determine causes of death. As autopsies are performed  

infrequently, data in the DNDCR relies on correct information being entered by physicians filing 

death certificates. Therefore, it is conceivable that a cancer diagnosis may lead to misclassification 

of cause of death. Nevertheless, while a previous Danish study in transplant recipients reported a 

relatively low accuracy of causes of death in the DNDCR, an agreement of just under 90% was found 

when cancer was the cause.131 These findings are similar to what has been reported for the Swedish 

cause-of-death register which also relies on data from death certificates (90% accuracy).132 

Moreover, the Danish study reported that the agreement with the investigator-designated cause 

increased when using either immediate, underlying, or any contributing cause of death from the 

DNDCR.131 In our study, the cause of death was classified as infection if this was either the 

immediate, underlying, or any contributing cause of death, which may have increased the validity of 

the data. As we mainly distinguished between death caused by cancer or infections (defined as CLL-

related death) and other causes, the bias introduced to the study is expected to be limited, but 

results should be interpreted with some caution; especially if inferring knowledge from data on 

specific causes unrelated to CLL.  

In studies II and IV, patients diagnosed between 1997-2018 were included, with a look-back period 

of up to 20 years for comorbidities. Treatment of many chronic conditions has evolved during this 
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time and it is likely that the impact of comorbidity in CLL has changed.133-135 While we have adjusted 

for calendar year in the studies, results stratified for time period are not presented. In study II, we 

also compare the impact of comorbidity in CLL patients to that of comparators, which should not be 

affected by this bias. Meanwhile, comparators likely have fewer hospital contacts than CLL patients, 

and therefore it is possible that diagnoses are not registered to the same extent in these 

individuals.  

 

Confounding 

In all studies, we aimed at limiting confounding by adjusting for possible confounders that were 

selected a priori, including age, sex, calendar year, comorbidity, Binet stage, and CLL-specific 

prognostic markers from the CLL-IPI: FISH cytogenetics, IGHV mutational status, and β2-

microglobulin. In studies II and III, CLL-IPI and the individual factors herein included were skewed 

across comorbidity stratified sub-groups. Similarly, as higher age and male sex was more common 

in comorbid patients, adjustment for these factors also limited confounding and reduced 

overestimation of the impact of comorbidity. In study I, where treatment was assigned based 

largely on age and comorbidity, adjusting was also of importance. While we adjusted for age, sex, 

and other known possible confounders in study I, we did not have information on comorbidity in 

that study. Thus, the effectiveness of treatments typically offered to comorbid or frail patients, such 

as BR or Clb-based regimens, may be underestimated. Moreover, we did not have information on 

socioeconomical characteristics in any of the studies, possibly confounding the impact of 

comorbidity, as comorbidity is more prevalent among patients with lower socioeconomic status.136  

 

Discussion of findings in the context of existing evidence 

The purpose of this thesis was to provide information on outcomes for all patients with CLL 

regardless of age, comorbidity, or other risk factors. Prognostic factors such as IGHV and 

cytogenetic status are widely used for prognostication in CLL but, while highly useful, can only 

partly predict outcomes. Study I illustrated, that while IGHV mutational status was very important 
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for overall survival and treatment-free survival from CLL diagnosis, its value was limited to 

treatment-free survival in patients receiving CIT. 

Though comorbidity is highly common in CLL, information on the impact of comorbidities on CLL 

prognosis is scarce. Study II and III demonstrated that patients with comorbidity as expected have a 

poorer prognosis in terms of survival, but surprisingly also have a shorter time to first treatment 

and an increased CLL-related mortality.  

As CLL is generally a life-long disease, improving quality of life is of importance. In study IV we 

examined the burden of disease in CLL as measured by HCU, and found that HCU increased 

markedly after CLL diagnosis, with the largest relative increase in non-comorbid patients. 

Comorbidity, both in terms of specific comorbidities and number of comorbidities, was associated 

with high HCU including in-hospital bed days.   

 

IGHV mutational status and treatment outcomes (study I) 

As in existing literature, study I showed that U-CLL was associated with a poorer prognosis in terms 

of OS and TFS.22,23,25 Following the publication of study I, others have presented similar findings as 

well.31 Furthermore, patients with U-CLL also had a poorer TFS2 compared with M-CLL, irrespective 

of treatment regimen. However, a similar and impressive OS2 was observed for U-CLL and M-CLL 

patients treated with FCR or BR (3-year OS2 86-88%). This finding, in line with results from clinical 

trials, indicates that the variation in effect of CIT on TFS2 across IGHV can be overcome with salvage 

treatment.137 Treatment for relapsed or refractory disease in Denmark has shifted from CIT to 

targeted therapy in recent years. As IGHV mutational status is of lesser importance for outcomes 

upon treatment with targeted therapy, the inferior prognosis for U-CLL will likely be reduced.39  

The 3-year OS2 for patients treated with FCR or BR was similar to findings from previous real-world 

studies (75-95%)27,138,139 as well as randomized clinical trials (84-92%).28-30,63,68,140-142 This is 

particularly encouraging considering the higher median age and inclusion of comorbid patients in 

our cohort. Together with the opportunity for targeted agents in the second-line setting and the 

long survival upon FCR and BR, the prospect of a long period off-therapy makes a compelling 
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argument for continued use of CIT in treatment naïve TP53 WT patients. The similar survival upon 

FCR and BR together with the risk of secondary myelodysplastic syndrome in fludarabine-treated 

patients indicate that BR may be preferable to FCR, especially in patients with M-CLL.143  

 

Treatment of frail patients (study I) 

Despite study I illustrating that CD20-Clb is still a valid treatment option for frail treatment naïve 

patients, there is still room for tailoring treatment within this sub-group of patients. Real-world 

studies have illustrated that risk adapted BR may be a valuable treatment option in older and 

comorbid patients. With high efficacy (3-years OS2: 83%) and an acceptable safety profile also for 

patients over 80 years, risk adapted BR could be considered in patients not tolerating standard 

dosing of BR, for whom targeted options are currently not available.32 While targeted agents are 

not approved in Denmark for treatment-naïve patients without TP53 aberrations, recent studies 

suggest that venetoclax in combination with obinutuzumab should be considered for frail patients 

not tolerating FCR or BR in future guidelines.74 

The 3-year OS2 for patients treated with CD20-Clb was poorer in our population-based cohort in 

study I (59%) than what has been reported from the European Research Initiative on CLL, and 

markedly inferior to that observed in clinical trials (72% and 80-82%, respectively), despite efforts 

to include frail patients.34,144,145 In a recent study of patients treated with ibrutinib in routine care, 

we found that patients had a higher discontinuation rate due to toxicity than what has been 

observed in clinical trial populations, likely reflecting the selection of more fit patients for clinical 

trials.146 Toxicity in frail patients receiving ibrutinib was also evident in a recent clinical trial 

including older and comorbid patients, where excess mortality was observed during the first year 

for the ibrutinib plus venetoclax arm compared with the obinutuzumab plus Clb arm.147 

Additionally, results from an American cohort study showed that 26% of newly diagnosed CLL 

patients did not meet the American National Cancer Institute working group’s criteria for inclusion 

in clinical trials.8 While epidemiological studies contribute valuable information on management 

and follow-up of patients with comorbidity, data from randomized clinical trials are also needed for 

these patients. However, findings from studies of relatively young and fit patients are used to draw 
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inference of the efficiency and safety for all patients. Future clinical trials need to include a broader 

spectrum of patients to ensure that subsequent uptake in routine clinical care reflect the trial 

population. 

 

Prevalence of comorbidity (study II) 

Prevalence of comorbidity in CLL patients depends on the included conditions; while studies 

estimate that 46-52% have a major comorbid condition, it has also been reported that 89% had one 

or more comorbidity when conditions such as dyslipidemia and hypertension have been included.6,8 

A recent smaller Italian study reported that 95% of newly diagnosed CLL patients in routine care 

had one or more of the conditions included in the CCI.10 With a median age of 72 years, similar to 

study II, this prevalence stands in sharp contrast to our frequency of 35%. While selection bias is 

likely present in the recent Italian study causing more comorbid patients to be included in the 

study, our study must also be scrutinized for possible biases. We only identified comorbid 

conditions through ICD codes, thus only capturing conditions that have been registered at hospitals. 

To improve completeness of data on comorbidities, we included ICD codes entered up until one 

month after CLL diagnosis, to also capture comorbid conditions registered during diagnostic work-

up for CLL. However, the increase in non-hematological hospital contacts and use of prescription 

drugs after CLL diagnosis in non-comorbid patients demonstrated in study IV suggests the presence 

of unidentified comorbidities.  

 

Impact of comorbidity on survival and treatment (study II) 

In study II, we confirmed that comorbidity in general is associated with inferior OS in patients with 

CLL and, for the first time, that specific comorbid conditions are also associated with inferior 

OS.5,9,27 Previous studies have demonstrated that comorbidity is associated with CLL-unrelated 

mortality but not with CLL-related mortality.6,85 In study II we presented the first data 

demonstrating an association between comorbidity and CLL-related mortality. This was not merely 

seen for comorbidity in general, but for individual comorbid conditions, with the strongest 
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association present in psychiatric, renal, and hepatic disease. In the two latter conditions, patients 

may not tolerate intensive CLL treatment regimens due to impaired organ function, possibly 

explaining the particularly inferior outcome in these patients. Patients with renal or hepatic disease 

likewise had increased risk of death specifically due to CLL progression or Richter’s transformation, 

further supporting this hypothesis.  

In patients with diabetes or chronic pulmonary disease, the association with CLL-related mortality 

was driven by death due to infections. This could be explained by a possible interaction been 

between immunodeficiency in CLL and general increased risk of infections in chronic obstructive 

pulmonary disease and diabetes, leading to fatal infections.148-150 However, comorbidity-specific 

guidelines for prevention and treatment of infections are missing. The findings presented in this 

thesis emphasize the need for more prospective trials aiming at improving immune function as well 

as improving management of comorbidity in CLL. Our group is currently heading a randomized 

clinical trial identifying newly diagnosed CLL patients with an increased risk of early infection or 

death through a machine learning approach who may benefit from pre-emptive treatment of CLL 

(clinicaltrials.gov: NCT03868722).151  

In study III, we confirmed that the CLL-CI associates with OS2 and TFS2. Importantly, we widened its 

application to treatment naïve patients, showing that CLL-CI is associated with OS and TTFT. CLL-CI 

is an easy-to-use method to evaluate comorbidity and the findings of this thesis supports its use in 

register-based research and for clinical application. To further account for comorbidity, we are 

currently developing a comprehensive, 50-factor Nordic Comorbidity Index to be used in register 

based studies to adjust for and investigate comorbidity in all types of adult populations.152  

 

Impact of comorbidity on healthcare utilization (study IV) 

While there are few previous studies of the association between comorbidity and HCU in CLL to 

compare the results of study IV with, Arts and colleagues have investigated the use of medical 

services among lymphoma and CLL survivors.114 They found that comorbidity was associated with 

having many contacts to GP, but not with many contacts to medical specialists. However, when 

separating patients by number of comorbid conditions, only patients with ≥2 comorbid conditions 
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were at increased risk of many contacts to GP or other medical specialists.114 This stands in contrast 

to our findings of both patients with 1 or ≥2 comorbidities having increased risk of HCU in terms of 

hospital contacts at non-hematological departments, emergency room visits, and prescription 

drugs. As we only included hospital-based specialist visits, the different results across studies is not 

surprising. Furthermore, the study by Arts and colleagues was substantially smaller than ours, thus 

possibly lacking sufficient power. 

 

Comorbidity and CLL-IPI (study II and III) 

Evident in study III, but to some extent also observed in study II, is a skewed distribution of CLL-IPI 

across patients based on comorbidity. While higher CLL-IPI in comorbid patients may to some 

extent be driven by higher age, additional causes including several of the factors from the CLL-IPI 

are present. To begin with, elevated β2-microglobulin was more common in comorbid patients in 

both study II and III, and in study III it is inherently exceedingly common in patients with renal 

disease. Thus, elevated β2-microglobulin does likely not only represent aggressiveness of CLL in 

these patients, but also comorbidity in general and renal impairment in particular.153 While the 

distribution of Binet stages is fairly similar across comorbidities in study II, Binet stage increases 

statistically significantly by CLL-CI group. This difference in Binet stage may reflect a delayed 

diagnosis of CLL in comorbid patients. It could also represent misclassification of comorbidities as 

CLL-related features, such as incorrectly attributing anemia and thrombocytopenia caused by 

comorbidity to CLL. Similarly, unmutated IGHV and presence of del17p were more common in 

patients with high CLL-CI, suggesting either that comorbid patients are underdiagnosed with CLL, if 

it is not aggressive, or indicating a variation in CLL biology interacting with comorbidity. Further 

studies are required to clarify the relationship between comorbidity and IGHV mutational status 

and del17p. Moreover, physicians should consider if anemia, thrombocytopenia, and elevated β2-

microglobulin could be caused by other conditions besides CLL, before using it to guide treatment 

decisions and follow-up.  
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Healthcare utilization and coordinated care (study IV) 

CLL is generally an indolent disease, and therefore other aspects than survival and treatment 

influence patients’ quality of life and perceived burden of disease. In study IV, HCU increased 

dramatically upon CLL diagnosis, confirming previous findings for cancer patients in Denmark.111 

The surge in contacts to non-hematological departments likely reflect the increased examination of 

patients upon CLL diagnosis, potentially leading to incidental findings as well as discovery of poorly 

managed comorbidities. Our results suggest that there is need for coordination of health contacts 

for patients at CLL diagnosis, especially for those with comorbidity who may be in simultaneous 

follow-up at several departments. A small fraction of the patients contributed the majority of in-

hospital bed days, highlighting that identification of vulnerable patients, who could benefit from 

coordinated care, may prevent unplanned hospitalizations. Several models for coordinated care are 

being tested and implemented in oncology, while specific methods for a hematological setting 

needs developing.154-156 Studies have shown timed-up-and-go tests and dementia detection in 

geriatric assessment to be associated with survival in CLL patients treated with chemotherapy.90 It 

remains to be investigated if geriatric assessment and management can improve patient-reported 

outcomes and hospitalization rates in CLL, as observed in oncological patients.157 
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Conclusions 

In this thesis, four studies highlight the impact of prognostic factors and comorbidity in CLL. The 

results show that chemoimmunotherapy, particularly FCR and BR, is still a valid therapy for 

treatment-naïve TP53 WT patients with either U-CLL or M-CLL. The findings also show that 

comorbidity impacts survival, and importantly also due to causes related to CLL. This illustrates that 

comorbid patients may be insufficiently treated for their CLL and might require other treatment 

regimens such as novel agents and/or better supportive treatment. Moreover, the results 

demonstrate that the CLL-CI correlates with survival and treatment outcomes both at time of 

diagnosis and at first CLL therapy. The CLL-CI is a novel, easy-to-use method to evaluate 

comorbidity that can be applied both in routine care and clinical research. Lastly, the results in this 

thesis illustrate that CLL patients experience an increase in healthcare utilization upon diagnosis, 

and while the relative increase was highest for non-comorbid patients, comorbid patients had a 

markedly higher use of healthcare services. Geriatric assessment and interventions may be a 

method for improving care and optimizing treatment for older and comorbid patients, as will be 

investigated in an upcoming clinical trial. The findings of this thesis may be used both to guide 

physicians managing and treating patients with CLL and for planning of future research and 

coordination of care for patients. 
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Future perspectives 

Treatment for CLL has evolved radically over the recent years, with new treatment options 

continuously approved for use. Compared with chemotherapy, and even immunotherapy, 

treatment with targeted agents is extremely expensive. The price of a single novel agent regimen is 

approximately 500 000 Danish kroner per year. Moreover, randomized clinical trials are currently 

testing treatment with combinations of novel agents. While some treatment regimens may be time-

limited, significantly reducing the long-term cost, other are currently only approved for continuous 

use. New treatments with superior efficacy should undoubtedly be used, however, identifying 

which patients will benefit the most from expensive drugs is crucial from economic perspective, as 

is correct sequencing of treatment.158,159 To this end, in a project where I am co-supervisor, we are 

currently investigating the effect and toxicity of different treatments including CIT and novel agents 

in real-world data for patients treated in second-line.  

New approaches for improving tolerance of cancer treatment for frail patients may increase 

adherence to treatment.157 As part of a personalized treatment, some patients also require further 

care and coordination, as indicated by the findings form study IV. An upcoming multicenter clinical 

trial based at Odense University Hospital and lead by Professor Henrik Frederiksen will investigate 

the impact of geriatric assessment for patient-reported outcomes in patients with hematological 

cancer starting treatment. Similar trials have been performed in oncological settings demonstrating  

improved health-related quality of life, fewer unplanned hospital admissions, and less early 

treatment discontinuation in the intervention group receiving geriatric assessment and 

management.157 

Clinical trials and treatment guidelines sub-group patients based on IGHV mutational status, TP53, 

fitness, and age. CLL care has in recent years moved from palliative care for frail patients to active 

treatment for all. Currently, CLL treatment is moving from a “one for all” approach towards 

precision medicine and therefore further factors impacting treatment outcome needs uncovering. 

The results of the studies included in this thesis contribute to the knowledge of other factors such 

as comorbidity and frailty that may impact treatment choice and outcome. To further this 

knowledge, we are presently performing an in-depth analysis of the impact of type 2 diabetes on 

survival and treatment for CLL patients in collaboration with the Mayo Clinic, where I am lead 
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researcher for the project. As we showed in study II, diabetes is one of the most common 

comorbidities in CLL and we hope that this study can shed light on a variety of outcomes in a large 

segment of CLL patients. Preliminary results show that patients with type 2 diabetes have a longer 

time to first CLL treatment from diagnosis compared with other CLL patients. Moving forward, we 

are planning an upcoming PhD project to expand our studies to the impact of body mass index and 

hypertension in CLL, where I will be co-supervisor.  
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List of abbreviations 

ATC  Anatomical Therapeutic Chemical 

BR  Bendamustine plus rituximab 

BTKi  Bruton's tyrosine kinase inhibitor 

CCI  Charlson comorbidity index 

CeD  Cerebrovascular disease 

CHD/MI  Congestive heart failure or myocardial infarction 

CI  Confidence intervals 

CIRS  Cumulative Illness Rating Scale 

CIT  Chemoimmunotherapy 

Clb  Chlorambucil 

CLL   Chronic lymphocytic leukemia  

CLL-CI  Chronic lymphocytic leukemia comorbidity index 

CLL-IPI  Chronic lymphocytic leukemia international prognostic index 

CPD  Chronic pulmonary disease 

CPR  Personal identification number 

CRS  Civil Registration System 

DCLLR  Danish National Chronic Lymphocytic Leukemia Register 

DCR  Danish Cancer Register 

DM  Diabetes 

DNDCR  Danish National Register of Causes of Death 

DNPR  Danish National Patient Register 

ESMO European Society for Medical Oncology 
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FCR Fludarabine, cyclophosphamide plus rituximab 

FISH Interphase fluorescence in situ hybridization 

GP General practice 

HCU Healthcare utilization 

HR Hazard ratio 

ICD International Classification of Diseases 

IGHV  Immunoglobulin variable heavy chain 

MBL  Monoclonal B lymphocytosis 

M-CLL  IGHV mutated chronic lymphocytic leukemia 

NPR  The Danish National Prescription Registry 

OR  Odds ratio 

OS  Overall survival from time of diagnosis 

OS2  Overall survival from time of first treatment 

PFS  Progression-free survival from time of diagnosis 

PFS2 Progression-free survival from time of initiation of first treatment 

SLL  Small lymphocytic lymphoma 

TFS  Time to first treatment or death from time of diagnosis 

TFS2 Treatment-free survival from time of initiation of first treatment 

TTFT  Time to first treatment from time of diagnosis 

U-CLL  IGHV unmutated chronic lymphocytic leukemia 

WT  Wild type 
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