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Abstract
Moreno Berggren, D. 2023. Population-based studies in Myelodysplastic syndromes.
Prognostic scores, socioeconomic status, and therapy-related disease. Digital Comprehensive
Summaries of Uppsala Dissertations from the Faculty of Medicine 1963. 71 pp. Uppsala: Acta
Universitatis Upsaliensis. ISBN 978-91-513-1858-5.

The aim of this thesis was to expand the epidemiological knowledge of the haematological
malignancy MDS and the related condition chronic myelomonocytic leukaemia (CMML).
Using nationwide registers, the papers in this thesis address aspects of prognostication,
comorbidity, socioeconomic status, and therapy-related disease, using a population-based
approach.

In paper I we validated the prognostic scoring systems WPSS, IPSS, and IPSS-R in a cohort
of 1329 MDS patients. IPSS-R was the most effective scoring system, with the highest C-index
of 0.74. The scoring systems were equally effective for therapy-related MDS (t-MDS) as they
were for de novo MDS.

In paper II we validated the scoring systems, IPSS-R, CPSS, MDAPS, and Mayo score and
the comorbidity indices CCI, HCT-CI, and MDS-CI in a cohort of 337 patients with CMML. We
concluded that CPSS is the most powerful scoring system. Among comorbidity indices, the CCI
gave the most prognostic information. There was a strikingly high prevalence of autoimmune
conditions affecting 25% of patients.

In paper III we studied the effect of socioeconomic status in a cohort of 2945 patients with
MDS. When adjusting for known prognostic factors, mortality was 50% higher in patients with
the lowest income compared to those with the highest income and 40% higher among patients
with the shortest education compared to those with the longest. Further, a lower socioeconomic
status was associated with a reduced probability of receiving effective treatment and with a
lower probability of a cytogenetic evaluation at diagnosis.

In paper IV we studied t-MDS in a cohort of 2705 patients with MDS, of whom 16% had
t-MDS. Patients with t-MDS had a shorter median survival as compared to de novo MDS
(15.8 months versus 31.1 months). Previous treatment with either chemotherapy alone or in
combination with radiation was associated with a shorter survival than treatment with radiation
only. Having a non-malignant disease or a solid tumour as a primary disease was associated
with a longer survival, compared with those with a haematological malignancy. IPSS-R and the
WHO classification were effective in predicting survival in most subgroups of t-MDS. The t-
MDS subgroup treated with radiation only was similar to patients with de novo MDS and should
be regarded as having de novo MDS regarding prognostication and treatment.

In summary, the findings in this thesis provide evidence for how to improve prognostication
and expand knowledge on the patient and disease-specific characteristics leading to the diverse
outcomes in MDS and CMML.
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The obvious is sometimes false; the unexpected is sometimes true.
— Carl Sagan, who suffered from MDS
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Background 

Myelodysplastic syndromes (MDS) constitute a heterogeneous group of 
clonal hematopoietic stem cell disorders, characterised by dysplastic and in-
effective haematopoiesis leading to cytopenias and the risk of transformation 
to acute myeloid leukaemia (AML). The recognition of MDS, understanding 
of its epidemiology, and the development of treatments for MDS has lagged 
behind that of other haematological malignancies. Despite their poor progno-
sis, MDS were formally classified as cancers as late as 2001 by the World 
Health Organisation (WHO). MDS have a substantial and negative effect on 
patients’ lives, and symptoms such as fatigue, pain, dyspnoea, anxiety, and 
stress are common1-3. Furthermore, the cost to society for the care of MDS-
patients can be substantial4,5. 

Over the past few decades, there has been a revolution in the development 
of new treatments for many haematological malignancies, but this revolution 
is yet to come for MDS. On the positive side, there is a growing understanding 
of the pathogenesis and biology of MDS, prognostication and risk stratifica-
tion have improved, and clinical trials are becoming more frequent. The fol-
lowing pages offer a short overview of several aspects of these fascinating 
diseases.  

Epidemiology — characterising the beast is a 
prerequisite to taming it 
The yearly incidence of MDS is reported to be approximately 3–5 per 100,000 
inhabitants6-11 and the median age at diagnosis is around 75 years9. Incidence 
increases sharply with age, from 0.1/100,000 in the age group 1–29 years to 
61.5/100,000 for patients 85 years and older (Figure 1). Incidence rates are 
higher among males than females, with a male/female ratio of around 1.78,11. 
This male/female ratio increases with age11,12. Finding the true incidence of 
MDS has been difficult. Incidence data from cancer registers might not repre-
sent true incidence rates, as underdiagnosis is a potential problem. Asympto-
matic patients might never be diagnosed, and a full diagnostic work up might 
not be performed for all elderly patients with unexplained anaemia13,14. Using 
data from the Düsseldorf MDS Registry from 1996-2005, Neukirchen et al. 
reported an age-standardised prevalence of 7 per 100,000 persons15. A recent 
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Danish study showed a slight increase in the age-standardised incidence ratio 
from 5.3 per 100,000 in 2010 to 6.4 per 100,000 in 201916. With a growing 
elderly population, the prevalence of MDS is expected to increase, and hope-
fully, improved treatments will also add to this increase by prolonging sur-
vival. 

The prognosis varies considerably for individual patients, with survival 
ranging from months to decades. The 5-year overall survival (OS) is reported 
to be 21%–33%9,12,16. The reported survival will be affected by the fact that 
MDS onset is insidious. Routine blood count measurements in asymptomatic 
patients, delayed diagnosis in patients with comorbidities that also might 
cause anaemia, and the patient’s own tendency to seek medical care will in-
fluence the timing of diagnosis and subsequently, survival11,17. Approximately 
30% of MDS patients transform to AML, the median latency time is 1–1.5 
years, and if progression to AML occurs, prognosis is dismal with a survival 
of around 6–12 months18,19. 

 
Figure 1. Incidence of MDS in relation to age at diagnosis. Data from the SEER da-
tabase 2015–2019. SEER explorer updated September 1, 2022. 

The Swedish MDS register — a national quality registry 
and a tool for research 
All studies in this thesis have a population-based approach, and basic data for 
all studies was gathered from the Swedish MDS register (SMDSR). Sweden 
has a long tradition of keeping healthcare quality registries, the first of which, 
initiated in 1975, concerned knee arthroplasty. Today Sweden has more than 
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100 National Health Care registries funded by the Swedish Association of Lo-
cal Authorities and Regions. They are mainly used to monitor and improve 
the quality of healthcare, and are an excellent research tool. Population-based 
registers with high coverage have the advantage of including not only a rep-
resentative sample, but virtually the total population. Studies based on these 
registers have a higher generalisability than clinical trials and data from more 
selected cohorts such as academic centres.  

The SMDSR is one of eight registers constituting the larger blood cancer 
register, and was started in 2009 by the Swedish section of the Nordic MDS 
group and the Swedish Society of Haematology. It has nationwide coverage 
for the Swedish population of 10.5 million people and includes patients aged 
16 or over (except 16-19 year olds diagnosed at paediatric clinics) diagnosed 
with MDS or myelodysplastic/myeloproliferative neoplasms (MDS/MPN) 
and currently includes more than 5000 patients6. All hospitals in Sweden di-
agnosing patients with MDS report to the register. A total of 70 hospitals have 
so far  included patients, with 46% of patients having been reported from uni-
versity hospitals6 (see Figure 2 for the geographical distribution of the con-
tributing sites). The register is supported by the Swedish Association of Local 
Authorities and Regions and managed in collaboration with the Regional Can-
cer Centre (RCC) Mellansverige. Coverage, as measured against the Swedish 
Cancer Register (SCR) is excellent, but there is a significant time lag between 
diagnosis and inclusion in the register. At the end of 2022 the coverage was 
98% for the period 2009–2016, 89% for the period 2017–2020, but only 68% 
for 20216. If a MDS patient is reported to the SCR but not to the SMDSR, the 
RCCs actively request clinicians to report the case to the SMDSR.  

Data in the register include date of diagnosis, age, gender, WHO category, 
laboratory parameters, transfusions dependency, antecedent haematological 
disease, previous cytotoxic treatment, and diagnostic procedures including 
bone marrow morphology and cytogenetics. Data on mutations have been col-
lected since 2020. Data are collected at diagnosis, and at 1, 3, 6 and 9 years 
after diagnosis. The studies in this thesis will be the first ones based on the 
SMDSR. 
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Figure 2: The 
geographical 
distribution of 
the contributing 
sites in SMDSR 
2009–2021. 

Pathogenesis — an expanding field with many players 
The current understanding of the pathogenesis of MDS is that accumulation 
of genetic damages in hematopoietic stem cells leads to clonal evolution 
which, through additional mutations, epigenetic alterations, abnormal bone 
marrow microenvironment and inflammation leads to malignant transfor-
mation.  

Genetics 
The first mutations provide an advantage at the stem cell level but a disad-
vantage for the hematopoietic precursors leading to premature intramedullary 
death of myeloid precursors20. This initiating mutation gives rise to a clone, 
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resulting in clonal haematopoiesis. Clonal haematopoiesis is strongly associ-
ated with age, and is seen in around 10% of people older than 70 years, alt-
hough approximations like this will be highly dependent on the sensitivity of 
the sequencing technique used21,22. It is not well understood why some persons 
with clonal haematopoiesis develop myeloid diseases while most do not. Dur-
ing recent years, substantial work has been done identifying the driver muta-
tions of MDS, some mutations are highly recurrent, but the majority of them 
are rare23-26. Mutations in splicing factors such as SF3B1, SRSF2, and U2AF 
are the most common type of mutations and they are suggested to occur early 
on in the disease development23,27. Genes that control epigenetic regulations, 
such as TET2, ASXL1, DNMT3A, IDH1, IDH2 and EZH2 are the second-most 
common type of mutation, and are also considered to occur early in MDS de-
velopment23. Loss-of-function of genes in the cohesion complex such as 
STAG2 are the third-most common type. TP53 is probably the most well-
known tumour suppressor gene and it is frequently mutated in MDS28. Muta-
tions in genes involved in cell signalling, such as NRAS, are less common in 
MDS as compared to other myeloid malignancies.  

Approximately 50% of MDS patients have chromosomal aberrations29-31. 
Balanced abnormalities such as translocations, inversions, and insertions are 
often found in AML, but are uncommon in MDS. Most chromosomal aberra-
tions are unbalanced, resulting in the loss or gain of a large amount of genetic 
material. Deletion of (5q), chromosome 7 abnormalities (monosomy 7 or de-
letion of (7q)) and trisomy 8 are the most common aberrations29. Some pa-
tients have a complex karyotype (≥3 aberrations), and this is associated with 
a dismal prognosis. 

Age, inflammation, and the bone marrow niche 
There are likely several causes contributing to genetic damage. Age-related 
accumulation of mutations is probably a predominant one32. Additionally, 
shortening of telomeres is frequently observed, and is associated with both age 
and exposures to toxic substances33,34. Epidemiological studies have shown 
associations between MDS and autoimmune conditions35-37. This has led to 
the theory that chronic inflammation is another source of genetic damage and 
may promote MDS. Genetic damage is thought to lead to the activation of 
immune signalling and secretion of cytokines, such as TNF-α, which leads to 
increased apoptosis of myeloid progenitor cells in the bone marrow, resulting 
in cytopenias, the hallmark of MDS38,39 Aberrant regulation of the immune 
system and low-grade inflammation gives MDS cells a growth advantage, re-
sulting in a clonal expansion which drives MDS progression40. The bone mar-
row microenvironment, or ‘niche’, has received more scientific attention over 
the last few years, and aberrations in the bone marrow microenvironment 
likely play a role in all steps of MDS development41. 
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Germline predisposition 
The majority of the above-described genetic alterations are somatic, occurring 
at some point in a person’s life. But over the last decade it has been recognised 
that hereditary MDS is more common than had been previously thought. Cur-
rent estimates suggest that about 5%–15% of patients with MDS have 
germline mutations in cancer susceptibility genes42,43. Some mutations are as-
sociated with a specific syndrome, such as Shwachman-Diamond syndrome, 
Diamond-Blackfan anaemia, or telomere disorders, and these are often diag-
nosed in childhood. But in other mutations such as RUNX144, GATA245, and 
DDX4146, MDS can be the first presentation. Suspicion of a germline mutation 
might be raised in patients who develop MDS at a young age, have a family 
history of myeloid disease, or have specific mutations with a variant allele 
frequency (VAF) suggesting a germline mutation. Identifying a hereditary 
mutation will have implications for family members, and for donor selection 
in the case of hematopoietic stem cell transplantation (HSCT). 

Risk factors 
Lifestyle has a limited effect on the risk of MDS. Smoking and exposure to 
toxic agents such as benzene (which is found in tobacco smoke) are the two 
most often described exposures that increase the risk of MDS47,48. Exposure 
to cytotoxic agents and radiation used to treat malignant and non-malignant 
diseases increases the risk of MDS49,50. Therapy-related MDS (t-MDS) will be 
discussed in a separate section.  

In conclusion, the pathogenesis of MDS is complex and involves interplay 
between the genetic alterations of clonal haematopoiesis, inflammatory sig-
nalling, immune dysregulation, and the bone marrow microenvironment. 

Diagnosis and classification — a moving target 
Diagnostic work-up 
Patients with MDS may present with symptoms of cytopenias such as fatigue, 
dyspnoea on exertion, bleeding, or infections. Others present without symp-
toms but with isolated or combined cytopenias where anaemia usually is pre-
dominant51,52. Diagnosis of MDS depends on clinical evidence of ineffective 
haematopoiesis, with cytopenias in peripheral blood, and finding of dysplasia 
in the bone marrow. Integration of peripheral blood values, bone marrow mor-
phology, cytogenetics, and mutational screening with next generation se-
quencing (NGS) form the basis for diagnosing MDS53. At least 10% dysplastic 
cells in any hematopoietic lineage is required and cytopenia is defined as: hae-
moglobin (Hb) <100 g/L; platelet count <100x109/L; and an absolute neutro-
phil count of <1.8x109/L54. Cytogenetic abnormalities are present in around 
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50% of patients, and have an important impact on prognosis29. Patients with 
deletions of the long arm of chromosome 5, del(5q), alone or with one addi-
tional abnormality, are defined as a specific subtype, with a favourable prog-
nosis55. Some cytogenetic abnormalities such as del(5q) and monosomy 7 are 
considered MDS-defining, even in the absence of significant marrow dyspla-
sia56. Over 90% of patients with MDS have mutations in recurrently-mutated 
myeloid genes, and introducing NGS has significantly improved the diagnos-
tic work-up. Some specific mutations, such as mutations in SF3B157 and TP53 
define subgroups of MDS in the most recent classification. Patients with bial-
lelic TP53 mutations constitute a specific subgroup with an especially poor 
prognosis28. MDS patients with TP53 mutations and an increase in blasts have 
an equally poor prognosis as AML with a mutated TP53, and they are in the 
updated WHO classification considered a distinct disease entity58,59.   

Classification 
In the early 1900s, reports of patients with cytopenia, bone marrow dysplasia 
and development of AML appeared in the literature, and these conditions were 
described as ‘preleukemia’60. Conditions with anaemia that did not respond to 
vitamin supplements, so-called ‘refractory anaemia’, were also described. A 
link between these two conditions was established during the 1950s, but the 
nomenclature was confusing and clear definitions were lacking until MDS was 
defined in 1982 by the French–American–British (FAB) co-operative group61. 
Five MDS were described: refractory anaemia (RA), RA with ring 
sideroblasts (RARS), RA with excess blasts (RAEB), chronic myelomono-
cytic leukaemia (CMML) and RAEB in transformation. The WHO extended 
and updated the classification of MDS in 200162 with a revision in 200863 and 
again in 201654. The changes of the classification of MDS are described in 
Figure 3. In 2022, two revisions of the WHO 2016 were presented, one as the 
fifth edition of the WHO classification64 and one as the International Consen-
sus Classification (ICC) of myeloid neoplasms and acute leukemias59. In 
WHO 2022, the term myelodysplastic neoplasms was introduced, replacing 
myelodysplastic syndromes but retaining the abbreviation MDS64. The WHO 
classification used in this thesis is the one from 2016, which is presented in 
table 1. 
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Figure 3. The evolving classification of MDS from 1982–2016. Adapted from Zeidan 
et al. 201912. Reprinted with kind permission from Elsevier.



 

 19

 
Adapted from Arber et al. 201654. † If SF3B1 mutation is present, § Cases 
with ≥5% ring sideroblasts by definition have significant erythroid dysplasia 
and are classified as MDS-RS-SLD. BM=Bone marrow, PB=Peripheral 
blood. 

 

Table 1: 2016 WHO classification of MDS 
Disease Dysplastic 

lineages 
Cyto- 
penias 

Ring 
sideroblasts 

Blasts Cytogenetics 

MDS with single 
lineage dysplasia 

(MDS-SLD) 

1 1 or 2 <15%/<5%† Blasts <5%, 
PB <1% 

Any, unless fulfills cri-
teria for del(5q) 

MDS with multilin-
eage dysplasia 
(MDS-MLD) 

2 or 3 1-3 <15%/<5%† BM <5%, PB 
<1% 

Any, unless fulfills cri-
teria for del(5q) 

MDS with ring 
sideroblasts (MDS-

RS) 

     

with single lineage 
dysplasia (MDS-

RS-SLD) 

1 1 or 2 ≥15%/≥5%† BM <5%, PB 
<1% 

Any, unless fulfills cri-
teria for del(5q) 

with multilineage 
dysplasia (MDS-

RS-MLD) 

2 or 3 1-3 ≥15%/≥5%† BM <5%, PB 
<1% 

Any, unless fulfills cri-
teria for del(5q) 

MDS with isolated 
del(5q) 

1-3 1-2 None or any BM <5%, PB 
<1% 

del(5q) alone or one 
abnormality except −7 

or del(7q) 
MDS with excess 
blasts (MDS-EB) 

     

MDS-EB-1 0-3 1-3 None or any BM 5%-9% 
or PB 2%-4% 

Any 

MDS-EB-2 0-3 1-3 None or any BM 10%-
19% or PB 
5%-19%  

Any 

MDS,unclassifiable 
(MDS-U) 

     

with 1% blood 
blasts 

1-3 1-3 None or any BM <5%, PB 
= 1%,‡ 

Any 

with single lineage 
dysplasia and pan-

cytopenia 

1 3 None or any BM <5%, PB 
<1% 

Any 

based on defining 
cytogenetic abnor-

mality 

0 1-3 <15%§ BM <5%, PB 
<1% 

MDS-defining abnor-
mality 

Refractory cytope-
nia of childhood 

1-3 1-3 None BM <5%, PB 
<2% 

Any 
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Overlapping conditions 
Several conditions have features that overlap between MDS and myeloprolif-
erative neoplasms (MPN), including CMML, atypical chronic myeloid leu-
kaemia, MDS/MPN with ring sideroblasts and thrombocytosis, and juvenile 
myelomonocytic leukaemia. Of these MDS/MPNs, CMML is by far the most 
common one and will be described in detail in a later section.  

Most patients with MDS have a normo- or hypercellular bone marrow, but 
in 10%–20% it is hypo-cellular, i.e. hypoplastic MDS (hMDS), leading to a 
diagnostic overlap with aplastic anaemia (AA)65,66. Patients with hMDS share 
some features with patients with AA, and a subset of patients with hMDS re-
spond well to immunosuppressive treatments67.  The spectrum of overlapping 
haematological diseases is presented in Figure 4.  

 
Figure 4. The main conditions overlapping MDS. Adapted from Tanka et al. 201965. 
Reprinted with kind permission from Elsevier. PNH=Paroxysmal nocturnal haemo-
globinuria, BMF= Bone Marrow failure. 

Over the last decade the understanding that myeloid neoplasms in many cases 
arise from clonal haematopoiesis has proposed a timeline of a multistep clonal 
evolution, from clonal haematopoiesis of indeterminate potential (CHIP) to 
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MDS and ultimately to secondary AML. Individuals with CHIP have somatic 
mutations in genes associated with myeloid malignancies without other signs 
of haematological disease68. These individuals have an increased risk of de-
veloping myeloid malignancies, and this relationship parallels that of mono-
clonal gammopathy of undetermined significance and multiple myeloma. Cy-
topenias without dysplasia or cytogenetic abnormalities defining MDS is 
called idiopathic cytopenia of undetermined significance (ICUS)69,70. If pa-
tients with idiopathic cytopenia have a mutation in a gene known to be mu-
tated in myeloid malignancies, the condition is called clonal cytopenia of un-
determined significance (CCUS)71. Patients with CCUS have a high risk of 
developing myeloid malignancies and some specific mutations and combina-
tions of mutations convey an especially high risk, particularly if the mutation 
has a high VAF72. The diagnostic boundary between CCUS and MDS is not 
always clear-cut, and these conditions could often be considered different 
stages of the same pathological condition. On the other side of the spectrum, 
the same is true for the boundary between MDS with high blasts and second-
ary AML. An overview of these conditions is presented in Figure 5. 

 
Figure 5. Diagnostic boundaries of conditions with clonal haematopoiesis. Adapted 
from Tanka et al. 201965. Reprinted with kind permission from Elsevier. VAF=Vari-
ant allele frequency 
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Prognostication — continuous improvements but still 
some way to go  
Since the clinical outcomes of patients with MDS are highly variable, prog-
nostic scoring systems are important tools in estimating survival and guiding 
clinicians in individualising treatment. The International Prognostic Scoring 
System (IPSS) has been the standard risk stratification tool for patients with 
MDS since 199773. From an analysis of around 800 patients with all FAB sub-
groups (excluding proliferative CMML), the IPSS defined four risk groups 
based on the percentage of bone marrow blasts, number of cytopenias, and 
cytogenetics. Using IPSS, patients are often categorised as having “low risk 
MDS” (low and intermediate-1) or “high risk MDS” (intermediate-2 and high-
risk groups) in clinical practice. In 2007, the WHO Classification-based Prog-
nostic Scoring System (WPSS) was published. It classifies patients into five 
risk groups based on: WHO morphologic categorisation of MDS, transfusion 
dependency, and the IPSS cytogenetic classification74. Based on criticism for 
using a subjective variable such as transfusion dependency as a measure of 
severe anaemia 75, a revised WPSS with sex specific Hb-levels has been intro-
duced76.  

In 2012 a revision of the IPSS: the Revised International Prognostic Scor-
ing System (IPSS-R) was introduced77. This refined scoring system was based 
on a large cohort of around 7000 patients. The updates were the integration of 
the “New Comprehensive Cytogenetic Scoring System”30 which included 
more categories of chromosomal aberrations, a higher scoring weight given to 
cytogenetic abnormalities, a decreased weight to elevated bone marrow blasts, 
new cut-off limits for marrow blast percentage values and a replacement of 
the number of cytopenias with the depth of cytopenias. The number of risk 
groups increased from four to five. A cut of IPSS-R score of <3.5 can be used 
to distinguish lower and higher risk MDS78. 
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Figure 6. Survival according to IPSS-R groups from the SMDSR 2009-2021. Adapted 
from Myelodysplastiskt syndrom (MDS) Rapport för diagnosår 2009–2021. 

The original cohorts for IPSS, IPSS-R and WPSS were newly-diagnosed pa-
tients excluding t-MDS and patients receiving disease-modifying treatments. 
They were developed with OS and AML-transformation as end-points. There 
are also several reports indicating that IPSS-R can adequately risk stratify pa-
tients with various treatments including HSCT79-81. IPSS-R and other scores 
have also been shown to have prognostic utility in t-MDS82-84. The survival 
according to different IPSS-R groups in the Swedish MDS-register 2009–
2021 is depicted in Figure 6. Several large studies have shown that specific 
mutations and the number of mutations have prognostic importance in addi-
tion to the clinical variables from IPSS and IPSS-R23,85-87. 

In 2022, a molecular prognostic scoring system, the IPSS-M, was pub-
lished88. The scoring system was created after international efforts to construct 
a discovery cohort of 2957 patients, of whom approximately 25% were Swe-
dish. Patients with secondary/therapy-related MDS (8.1%) and MDS/MPN 
with a white blood cell count less than 13×109 (12.8%) were included. The 
IPSS-M has been externally validated and has been shown to increase the 
prognostic discrimination when compared to IPSS-R89. The IPSS-M uses 
blood cell counts, blasts, the cytogenetic categories from IPSS-R, and muta-
tional data. The model yields a virtually unique score for each patient, with 
the scores divided in to six risk categories. A substantial difference between 
IPSS-R and IPSS-M is that IPSS-M includes patients (30%) treated with dis-
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ease-modifying drugs and HSCT. Since the studies in this thesis are retrospec-
tive, lacking mutational data, IPSS-R was mainly used to risk-classify pa-
tients. 

As MDS mainly affects the elderly, age and comorbidity can influence 
prognosis. Age has an independent effect on survival in low-risk MDS, but 
not in high-risk MDS73,74,90. In high-risk patients, age has an indirect effect on 
survival by limiting their eligibility for intensive treatments90. Patients with 
MDS are reported to have a high prevalence of comorbid conditions91,92. Sev-
eral comorbidity indices have been validated for MDS, including the Charlson 
comorbidity index (CCI), the Hematopoietic Cell Transplantation-Comorbid-
ity Index (HCT-CI) and the myelodysplastic syndrome-specific comorbidity 
index (MDS-CI)91-94. In addition to comorbidity, assessment of frailty has 
been shown to improve prognostication in MDS95. 

Treatment – a short menu in need of expansion  
The only potential curative treatment for MDS is HSCT, which should in gen-
eral be considered for higher risk patients under the age of 70–75 years with-
out significant comorbidity96,97. In the SMDSR, 14% of patients younger than 
75 years are reported to be planned for HSCT at diagnosis6. 

Patients with low-risk MDS and asymptomatic cytopenia do not require 
any treatment, and should be monitored regularly. This might also be an op-
tion for all unfit patients with a short life expectancy. In the SMDSR, 42% of 
patients are RBC transfusion-dependent at diagnosis, making anaemia one of 
the major challenges in MDS6. 

Erythropoietin (EPO): EPO is the first-line treatment for all symptomatic 
anaemic patients with low-risk MDS98,99. Overall response rate is reported to 
be around 40–60% and the median duration of response is 20–24 months. Re-
sponses are better in patients without, or with a low transfusion burden and a 
low serum EPO100-102. EPO reduces the need for transfusions, improves quality 
of life, and may also improve survival101-104.  

Lenalidomide: Lenalidomide is an immunomodulatory agent developed from 
thalidomide. It is mainly used for low-risk MDS patients with del(5q) who 
have failed EPO or have a low likelihood of response to EPO98,99. In an open-
label single-centre trial, MDS patients with symptomatic anaemia or transfu-
sion dependency, were treated with lenalidomide. Overall, 56 % of patients 
responded, with high percentages of transfusion independence and cytoge-
netic responses seen in patients with del(5q)105. Subsequent studies established 
lenalidomide as a cornerstone in the treatment of lower risk MDS with 
del(5q)106-108.  
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Some patients might not respond to EPO or lenalidomide and many will 
lose their response with time. These patients will depend on regular RBC 
transfusions and some of these will need iron chelation as part of their sup-
portive care98,109. 

Thrombopoietin receptor agonists: Romiplostim and eltrombopag are used 
to treat thrombocytopenia in immune thrombocytopenia, and aplastic anae-
mia. They increase platelet counts and reduce bleedings in low-risk 
MDS110,111. Initial reports raised a concern of increased risk of progression to 
AML112 but this has not been confirmed in long-term follow-up studies, at 
least not for low-risk MDS113,114. The combination of azacitidine (AZA) and 
eltrombopag in high-risk MDS resulted in worse platelet recovery and with a 
trend toward increased leukemic progression115. 

Immunosuppressive treatment: Treatments such as anti-thymocyte globu-
lin, corticosteroids, and cyclosporine are used for some low-risk MDS pa-
tients. The current practice is to consider anti-thymocyte globulin with or 
without cyclosporine as treatment for younger patients with low risk MDS, a 
hypo-cellular marrow without excess of blasts, and a normal karyotype98,99,116.   

Treatments for high-risk MDS: As mentioned earlier, high-risk patients 
should be considered for HSCT. The role of cytoreductive chemotherapy be-
fore HSCT is debated, but it is usually given to patients with more than 10% 
blasts97,99. The first-line treatment for most high risk MDS are the hypometh-
ylating agents (HMA), AZA, or decitabine, with AZA being the most fre-
quently used in Europe. In a phase III study comparing AZA to conventional 
care, the OS improved from 15 to 24 months117. Responses are often late, and 
the bone marrow is usually evaluated after 6 cycles. The median response du-
ration is around one year116. With the introduction of HMAs, the role of in-
duction chemotherapy is mainly as a possible bridge to transplantation, alt-
hough AZA is also used for this purpose118. 

Future perspectives: There is a great need for new effective treatments for 
MDS. Many patients with low-risk MDS fail first- and second-line treatments 
and are forced to undergo regular transfusions. Most high-risk MDS patients 
are not eligible for HSCT, and only few patients achieve long-lasting remis-
sions with HMAs. For low-risk MDS, hypoxia-inducible factors such as 
roxadustat and telomerase inhibitors such as imetelstat are promising thera-
pies116. The erythroid maturation agent luspatercept reduces the severity of 
anaemia in low-risk MDS, especially in MDS-RS. It is approved in both Eu-
rope and America, but is not currently available in Sweden119,120. For high-risk 
MDS, combinations with HMAs are being studied. In AML, the BCL2 inhib-
itor venetoclax in combination with HMAs has gained widespread use,121 and 
this combination also shows encouraging results in high-risk MDS122,123. Also 
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in AML, targeted treatments such as IDH-inhibitors and FLT3-inhibitors have 
been introduced in the last few years and they might be an option for the small 
number of patients with high-risk MDS with these specific mutations116. 

CMML — time to cut the cord from MDS  
The reported yearly incidence of CMML is 0.3–0.7 per 100,000 inhabitants 
and the age distribution is similar to that of MDS9,124,125.  Survival ranges from 
months to decades with a five-year OS reported to be 13–23%9,125. The 5-year 
cumulative probability of progression to AML is reported to be 21–29%126,127.  

Diagnosis 

The clinical presentation of CMML is heterogeneous, varying from a MDS-
like disease with cytopenia, to a proliferative disease with leucocytosis, sple-
nomegaly, and other types of extramedullary manifestations128,129. In the 2016 
WHO classification, CMML is defined by persistent (>3 months) peripheral 
monocytosis (>1x 109/L), accounting for more than 10% of the white blood 
cell count128,130. The criteria for other MPN should not be met and there should 
not be a prior history of these conditions. Moreover, in patients with suspected 
CMML and eosinophilia, it is important to exclude rearrangement of the plate-
let-derived growth factor receptor, fibroblast growth factor 1, and PCM-JAK2 
fusions. There should be less than 20% myeloblasts and promonocytes in pe-
ripheral blood or bone marrow since a higher proportion is diagnostic for 
AML. Myeloid dysplasia is a common finding on bone marrow examination, 
but it is not obligatory if the other criterias are met. Acquired cytogenetic or 
molecular abnormalities (TET2, ASXL1, SRSF2 or SETBP1) can support the 
diagnosis. To confirm the diagnosis, all non-clonal and inflammatory causes 
of monocytosis should be excluded. This last point can make diagnosing 
CMML quite a challenge. During recent years, flow cytometry has proven to 
be an important method in distinguishing the monocytosis of CMML from 
reactive monocytosis. A high fraction of classical monocytes is a good marker 
of true CMML131,132. 

Classification 
In 1976 CMML was recognised as a subset of MDS by the French–American–
British (FAB) Group133, and later a dysplastic subtype (MD-CMML) and a 
proliferative subtype (MP-CMML) were described based on a white blood cell 
count (WBC) of ≤13x109/L and >13x109/L, respectively134. In the WHO clas-
sification of 2008, CMML was included in the group of MDS/MPN and sub-
divided into two groups based on percentage of blasts56. The WHO classifica-
tion of 2016 uses three groups of blast percentage as CMML categories: 
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CMML-0 (<2% peripheral blast and <5% marrow blast); CMML-1 (2–4% 
peripheral blasts and/or 5–9% marrow blasts); and CMML-2 (>5% peripheral 
blasts and 10–19% marrow blasts and/or the presence of Auer rods) 54. In the 
WHO classification of 2022, the subgroup of CMML-0 was eliminated64.  

Prognostication 
Whereas there is considerable consensus about using IPSS-R and IPSS-M in 
the prognostication of MDS, there is no consensus regarding prognostic scor-
ing systems for CMML. In the cohorts used to develop IPSS and IPSS-R, there 
were small proportions of patients with CMML, but patients with MP-CMML 
were excluded73,77. In the IPSS-M, 9.5% of patients had MD-CMML, but 
again no patients with MP-CMML were included88. Unfortunately, no sub-
group analysis of CMML-patients has been presented, making the effective-
ness of IPSS-M in MD-CMML difficult to assess. Several CMML-specific 
scoring systems have been developed. The MD Anderson Prognostic Scoring 
System (MDAPS) includes Hb <12 g/dL, absolute lymphocyte count > 
2.5×109/L, circulating immature myeloid cells and bone marrow blasts ≥ 
10%126. The CMML-specific prognostic scoring system (CPSS) includes FAB 
classification (MD-CMML versus MP-CMML), WHO classification 
(CMML-1 versus CMML-2), RBC transfusion dependency, and the Spanish 
cytogenetic risk classification127,135. The Mayo score is based on absolute 
monocyte count  > 10×109/L, circulating immature myeloid cells, Hb < 10 
g/dL and platelet count < 100×109/L136. 
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Figure 7. Survival according to CPSS groups from the SMDSR 2009-2021. Adapted 
from Myelodysplastiskt syndrom (MDS) Rapport för diagnosår 2009-2021 

Somatic mutations are found in more than 90% of patients with CMML, with 
mutations in TET2, ASXL1 and SRSF2 being the most common137,138. Specific 
combinations of mutated genes have been identified as typical for CMML, 
and selected genes appear to provide useful prognostic information139,140. 
There are now at least three scores that include mutational data. Groupe Fran-
çais des Myélodysplasies prognostic score includes ASXL1 status together 
with age, WBC, platelet count and Hb138. In the Mayo Molecular Model, 
ASXL1 is incorporated into the original Mayo Model 141. The CPSS has been 
revised in to the CPSS-molecular, which includes ASXL1, RUNX1, NRAS, and 
SETBP1 mutations142.  

Pathogenesis and comorbidity 
As in MDS, accumulation of mutations in hematopoietic stem cells drives the 
initiation and progression of CMML143. Mutations in TET2 and ASXL1 are 
often early events and these mutations are more common in CMML than in 
MDS139,144. Overall, the mutational spectrum differs between MDS and 
CMML, and the prognostic impact of specific mutations is also specific for 
each condition87,141. Cytogenetic aberrations are found in about 30% of pa-
tients, less than for MDS145.  
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Since the age spectra of CMML and MDS are similar, comorbidity is prob-
ably common in CMML, but studies of comorbidity in general are lacking and 
no validation and comparison of comorbidity indices have been performed for 
CMML130. Several studies have focused on autoimmune conditions and they 
indicate an increased prevalence in patients with CMML146,147. 

Treatment 
If clinical studies and new treatments are lacking in MDS, the picture is even 
darker for CMML. As CMML was considered one of the MDS, patients with 
CMML have been included in many clinical trials in the context of MDS. Un-
fortunately, the percentage of patients with CMML has mostly been small and 
restricted to MD-CMML. In general, the same treatments used for MDS can 
be considered for CMML. As in MDS, patients with mild cytopenias without 
any constitutional symptoms usually only require regular monitoring. The 
only curative treatment is HSCT, and should be considered for all younger 
patients with higher risk CMML without any major comorbidity130. HMAs are 
approved for the treatment of CMML, in Europe the use is restricted to MD-
CMML CMML-2. But in clinical practice it is also considered for selected 
patients with MP-CMML and CMML-1130. Case series and smaller phase 2 
studies have demonstrated overall response rates of around 50%148-151.  

Patients with splenomegaly or proliferative symptoms are usually treated 
with cytoreduction. Larger studies are lacking, but hydroxyurea is the first 
choice after a study showing improved survival compared to Etoposide152. A 
large retrospective cohort study showed a survival benefit for higher-risk 
CMML treated with HMAs as compared to hydroxyurea153. Hydroxyurea has 
been compared with HMAs in one randomised phase III study in MP-CMML 
with no difference in event-free survival154. 

In conclusion, many challenges remain in the diagnosis, prognostication, 
and treatment of CMML. Every aspect of the disease should be treated as an 
entity of its own, separated from MDS. The rarity and heterogeneous nature 
of the condition makes international collaborations essential. 

Therapy-related disease — when the remedy is worse 
than the disease 
Therapy-related MDS (t-MDS) following DNA-damaging chemotherapy 
and/or radiation for a malignant or non-malignant disease, is reported to con-
stitute 10–20% of all MDS cases155. In the WHO 2016 classification, t-MDS 
is included in the entity therapy-related myeloid neoplasms (t-MN), which 
also includes t-AML and t-MDS/MPN54. This separate group was combined 
with germline predisposition into the group secondary myeloid neoplasms in 



 

 30 

the WHO 2022 classification64. In the ICC, therapy-related disease is classi-
fied the same way as de novo disease, but with the statement “therapy-related” 
following the diagnosis59.  

As the number of cancer survivors increases, t-MN numbers are also in-
creasing and will probably increase even more in the future156,157. Cytotoxic 
treatment for almost all types of cancer is reported to increase the risk of t-
MN158, but a prior history of breast cancer or haematological malignancies are 
particularly common primary diseases156. Alkylating agents and topoisomer-
ase II inhibitors are considered especially leukemogenic. Alkylating agents 
are more often associated with t-MDS and a longer latency, while topoisomer-
ase II inhibitors are more frequently associated with t-AML and a shorter la-
tency156. Leukemogenesis via ionising radiation is well described in survivors 
of the atomic bombs159. The risk of t-MN after radiation therapy is controver-
sial and conflicting data exists156. Earlier studies showed poor outcomes,49 but 
more modern studies have suggested a better prognosis and questioned 
whether modern radiation therapy is indeed a risk factor for t-MN160,161.  

Therapy-related MDS represents one of the most severe complication of 
cytotoxic treatment and these patients have a substantially shorter OS and 
more high risk clinical features compared to de novo MDS49,83. In the t-MDS 
group, up to 80% have cytogenetic aberrations, with up to 50% of patients 
having a complex karyotype, high-risk mutations are also more common in t-
MDS than in de novo MDS82 156.  

From an epidemiological point of view, the development of MDS after ex-
posure to chemotherapy or radiation is complex and several possible associa-
tions exist.  

 
 Coincidence: There might be no causal relation, treatment with cy-

totoxic agents is quite common in the general population. 
 The primary disease, not its treatment: The association between 

treatment for the cancer/autoimmune condition in question and t-
MDS might not be driven by exposure to cytotoxic treatment, but ra-
ther by the primary disease itself; for example a chronic inflamma-
tion driven by the primary malignancy or previous autoimmune con-
dition35. 

 Genetic predisposition: There might be a genetic predisposition in-
creasing the risk of both MDS and the previous malignancy/autoim-
mune condition. 

 Common risk factors: Environmental exposures or lifestyle factors 
might increase the risk of both MDS and any previous malignant/au-
toimmune condition. 

 Direct cytotoxic effect: The cytotoxic treatment itself causes MDS, 
representing true therapy-related disease. 
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For each individual case, causality is difficult to prove, but at the group level, 
three out of four t-MN are reported to be truly therapy-related158. The current 
understanding of the pathogenesis of t-MN is that cytotoxic treatment leads to 
a competitive advantage for pre-existing clonal haematopoiesis162-165. These 
clones expand and induce genetic instability, promoting the development of 
subsequent mutations, eventually leading to t-MN. In addition; the cytotoxic 
treatment might induce new mutations. Effects on the bone marrow niche and 
the immune system are also players in the complex pathogenesis of t-MN166. 
There are still substantial knowledge gaps regarding t-MN, but results from 
the last few years will hopefully provide strategies to reduce this dreaded com-
plication of cytotoxic treatment.  

Socioeconomic factors affecting outcome — it´s a rich 
man’s world   
Socioeconomic factors such as income and education are well known to affect 
health outcomes, and are often combined into the term socioeconomic status 
(SES). Some of the differences in morbidity and mortality between socioeco-
nomic groups have been attributed to differences in health behaviours such as 
smoking, lack of exercise, and poor diet167-169, but SES is reported to be asso-
ciated with mortality even when adjusting for these risk factors170,171. Sweden 
has a long history of economic equality, but over the last decades inequalities 
have increased faster than in other comparable countries172. However, Sweden 
still remains one of the world’s most economically equal countries. Since all 
Swedish citizens have access to a universal public healthcare system with min-
imal cost to the patient, direct economic barriers such as not being able to 
afford specialist care and medications are unlikely. 

SES affects mortality in most forms of cancer173, and lower SES has been 
reported to be associated with poorer outcomes in Chronic Myeloid Leukae-
mia174, AML175, Myeloma176, Lymphoma177,178, as well as after HSCT179. 
Lower SES is associated with less chemotherapy and HSCT utilisation for 
both Acute Lymphoblastic Leukaemia and AML180. In a Swedish cohort of 
AML and myeloma, the differences in survival in different groups based on 
SES were reported to have increased from the 1970’s to 2000’s176. 

For MDS, data on the effect of SES on survival and disease characteristics 
is limited. In 2009, Wang et al. published a study using SEER data to evaluate 
the effect of neighbourhood SES on the survival of elderly MDS-patients181. 
They found that MDS patients with lower neighbourhood SES had a shorter 
survival, even after adjusting for comorbidity and other patient characteristics, 
and this effect was more pronounced among patients with low-risk disease. 
Studies from Canada182 and the UK183 failed to show any impact of SES on 
survival, but all of these included a limited number of patients. Furthermore, 
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similar to the study by Wang et al., they did not use individual-level data, but 
rather based the SES on residential neighbourhood. A recent Danish study by 
Bichel Lauritsen et al. used a nationwide population-based approach with in-
dividual-level SES data to evaluate the effect on SES on clinical outcomes for 
MDS patients184. They found that MDS patients with a short education, com-
pared to patients with a long education, had a poorer survival, were more likely 
to be transfusion dependent, and were more likely to be diagnosed with high-
risk disease, and these patients had a markedly lower rate of HSCT. An Amer-
ican study reported that MDS patients with a longer education and a higher 
income were more likely to undergo a HSCT185. Data on the effect of SES on 
quality of care are scarce. One study shoved a minor association between 
household income and quality of care, as measured as the probability of as-
sessment of iron levels before EPO-treatment, but not to the probability of 
baseline cytogenetic testing186. 
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Aims of the thesis 

By using a population-based approach, this thesis aims to expand the epide-
miological knowledge of MDS and the related condition CMML. The thesis 
has a focus on prognostication, and the effect of comorbidity and other patient-
related factors on outcome.  

Paper I 
Validate and compare prognostic scoring systems for MDS.  

To present clinical characteristics including cytogenetics from a nationwide 
population-based cohort. 

To study the effect of these clinical characteristics on survival and transfor-
mation to AML. 

Paper II 
Validate and compare prognostic scoring systems for CMML. 

Validate and compare comorbidity indices in CMML. 

To study the effect of comorbidity and other clinical characteristics on sur-
vival. 

Paper III  
To study whether socioeconomic indices, such as income and education, have 
an effect on survival in MDS.  

To study whether these factors influence diagnostic procedures and treatment 
in MDS. 
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Paper IV 
To present clinical characteristics including type of cytotoxic treatment and 
primary disease in therapy-related MDS. 

To study whether type of cytotoxic treatment and primary disease affects sur-
vival in therapy-related MDS. 

To study whether IPSS-R and the WHO 2016 classification are effective tools 
in prognostication of subgroups of therapy-related MDS. 

To present data on previous malignancies in MDS patients, and compare these 
data with data from the general population.  
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Patients and methods 

Data sources 
Sweden has a population of 10.5 million. Nearly all specialised care and med-
ications are publicly-funded with a low cost to the individual patient, and 
healthcare on equal conditions for the entire population is mandated by law. 
In Sweden, haematology is decentralised and most smaller hospitals have hae-
matologists. The smaller hospitals are organised in greater regions with a uni-
versity hospital in each of these greater regions. In general, there are one or 
several MDS-interested haematologists at each university hospital. All studies 
in this thesis are nationwide, thereby including virtually all individuals with 
MDS or CMML in Sweden diagnosed during the years under study. All cases 
were identified using the SMDSR. Individual-level record linkage between 
registers was made possible by use of the unique personal identity number 
assigned to all residents in Sweden at birth or upon permanent residency.  

Papers I and II are retrospective populations-based cohort studies. In pa-
per I, data from the SMDSR were used. This register is described in detail in 
the background section. During the 5-year study period (2009–2013) a total 
of 1345 patients diagnosed with MDS were reported to the SMDSR. No re-
striction in type of MDS or treatment was made. A total of 16 patients were 
excluded; 14 were considered to have AML or transforming to AML and two 
had died before the reported date of diagnosis. The final study population en-
compassed 1329 subjects. Information was obtained from the Swedish Adult 
Acute Leukemia Registry and the Swedish Cause of Death register to calculate 
transformation to AML.  

In paper II the main data source was a detailed retrospective chart review. 
The study included 359 patients with CMML, representing all CMML cases 
diagnosed between 2009 and 2015 and reported to the SMDSR. Of these, 22 
patients were excluded; 15 patients were considered to have primary AML, 
five did not fulfil the criteria for CMML, and two were diagnosed before 
2009. In addition to data from the chart review, information was obtained from 
the Swedish Adult Acute Leukemia Registry to calculate transformation to 
AML. 

Paper III and paper IV are population-based matched cohort studies using 
national health registers in combination with the SMDSR as data sources.  
For the purpose of these and other studies, a dataset (MDSbase) was generated 
based on individual-level record linkages between the SMDSR and several 
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registers with national coverage at the National Board of Health and Welfare 
(Socialstyrelsen) and Statistics Sweden (SCB) including: 

 

1. The Swedish National Patient Register (NPR). The NPR includes 
hospital discharge diagnoses according to the ICD and covers all 
Swedish in-patient care from 1987 and onwards. Since 2001, diag-
noses from specialised out-patient care (not including primary care) 
are also recorded187. 

2. The Swedish Cancer Register (SCR). The SCR was founded in 
1958, and it is compulsory for both pathologists and clinicians to re-
port all newly detected malignant diseases to the register. The SCR 
contains detailed information coded according to the Systematised 
Nomenclature of Medical–Clinical Terms (SNOMED) and Interna-
tional Classification of Diseases (ICD). All registered cancers are 
classified according to ICD-7, as well as the ICD version (ICD-9 
from 1987, and ICD-10 from 1993) that was used during the time of 
diagnosis. Since 2005, the ICD for Oncology (ICD-O/3) is used. The 
register is reported to be of high quality and has high complete-
ness188. 

3. The Swedish Prescribed Drug Register was established in 2005 and 
includes all dispensed prescribed drugs in the Swedish population, 
however no information on medications given at hospitals is availa-
ble from this register189.  

4. The Swedish Cause of Death register (CDR). Some sort of central 
record regarding causes of death have been recorded since 1749 in 
Sweden. This is now organised in the CDR, a virtually complete reg-
ister of all deaths in Sweden since 1952190. When a person dies, the 
responsible physician is required to complete a mandatory cause of 
death certificate (including the main and contributing causes of 
death, as well as any other significant diseases). At the CDR, a sin-
gle cause of death is selected as the principal underlying cause of 
death, according to international coding guidelines developed by the 
WHO.  

5. Integrated database for labour market research (LISA)191. The LISA 
database is a compilation of data from several registers at SCB and 
other authorities, it contains information on educational background, 
income, sick leave, and several other socioeconomic indicators for 
all Swedish citizens 16 years of age and older from 1990 onwards.  

6. The Population Register (PR) is administered by SCB. The PR in-
cludes all persons registered in Sweden. Survival data for all studies 
was obtained from this register via the SMDSR. 
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Since participation in all government-administered registers is compulsory for 
all persons living in Sweden there is no selection bias from the aforementioned  
registers.  

In paper III, the cohort consisted of all patients in the SMDSR with MDS, 
diagnosed between January 2009 and December 2018. Two patients had no 
registered income or education and were excluded. In all, the cohort included 
2945 patients. The dataset also included 14,724 matched controls from the PR. 
Follow-up data was used to assess treatment with HMA and HSCT. In addi-
tion to the SMDSR, data from the NPR was used to find additional patients 
who had undergone HSCT. The NPR was also used to calculate CCI, estimat-
ing comorbidity. 

In paper IV the cohort consisted of all patients with MDS in the SMDSR 
diagnosed 2009-2017. A total of 2705 patients were included, 423 (16%) of 
whom were classified as having t-MDS. The dataset also included 13,509 
matched controls from the PR. For patients with t-MDS data on primary dis-
ease were obtained from the SCR and PR. As in paper III, comorbidity was 
estimated using CCI, including diagnoses for the NPR 10 years preceding 
MDS diagnosis. Causes of death were obtained from the CDR.  

Methods 
Data on cytogenetics for the period under study in paper I were incomplete 
in the SMDSR. Therefore, the full cytogenetics report was retrospectively re-
trieved from all the six clinical genetics laboratories that perform karyotype 
analyses in Sweden. The karyotype report and IPSS and IPSS-R cytogenetic 
scores were centrally reviewed by a clinical geneticist. This cytogenetic data 
were then uploaded to the SMDSR and used in the subsequent studies. In order 
to calculate transformation to AML, information was obtained from the Swe-
dish Adult Acute Leukemia Registry and the Swedish Cause of Death Regis-
ter. 

For paper II, all 53 hospitals that had reported CMML patients to the 
SMDSR were contacted, and consent from each head of department was ob-
tained for a chart review. The chart review was mainly done on site with ac-
cess to the electronic medical records. In some cases, printed-out copies of the 
chart were used. Through the chart review, laboratory parameters at diagnosis, 
prior history of chemotherapy and radiation, comorbidities, transfusions, di-
agnostic procedures including cytogenetics and bone marrow morphology, 
and treatments were collected. Data was entered in a case report form and 
subsequently into a database. As in paper I, the karyotype report was reviewed 
centrally by a clinical geneticist. Comorbidities were defined the same way as 
they were in each of the original publications of CCI, HCT-CI, and MDS-CI.  



 

 38 

For papers III and IV, the database MDSbase was used. Controls from the 
PR were randomly selected and matched 1:5 on age, sex, and county of resi-
dence.  

MDSbase contains a total of 40,236 individuals (cases and controls), many 
hundreds of variables, and several millions of observations. In both studies 
CCI was used to assess comorbidity, and diagnoses from the NPR 10 years 
preceding MDS diagnosis were included. In paper III, an adjusted version of 
CCI for register data was used192. In paper IV, a recently-published version 
of CCI for Swedish register-based research was used193. Since t-MDS was the 
focus in paper IV, malignancies were excluded in the calculations of CCI to 
be able to compare t-MDS with de novo MDS.  

Regarding SES in paper III, personal and household income was divided 
into quintiles. Data on education were collapsed from the original classifica-
tion into three categories; ≤9 years, 10–12 years and ≥13 years of education.  

Regarding the primary disease in paper IV the SCR was used for patients 
with a malignant primary disease and the NPR was used for non-malignant 
primary diseases. To define the primary disease in cases where there were 
multiple possible primary diseases all data in MDSbase were considered and 
the most likely primary disease was selected based on treatment traditions, 
time span between the primary disease and the diagnosis of MDS, and in some 
cases prescriptions from the Prescribed Drug Register. 

Statistical analyses 
In all studies, basic descriptive techniques were used to assess patient charac-
teristics and describe the cohorts. P-values less than 0.05 were considered to 
indicate statistical significance. Overall survival was estimated using the 
Kaplan–Meier method and compared using the log-rank test. Relative mortal-
ity was analysed with Cox proportional hazards models, yielding hazard ratios 
(HRs) with 95% confidence intervals (CIs).  

In paper I, the effect of additional clinical parameters besides IPSS-R on 
survival was evaluated by constructing a Cox regression model including 
IPSS-R scores, the separate impacts of age, sex, bone marrow fibrosis, lactate 
dehydrogenase (LDH) and t-MDS. The proportional hazards assumption was 
formally tested for each model using Schoenfeld residuals194.  

In paper II, a Cox regression model was constructed to explore the inde-
pendent effect of the comorbidity indices on survival. Comorbidity index 
scores were analysed as a continuous variable. Significant variables from the 
univariate analyses were considered in the multivariable analyses. The final 
variables were chosen using backward elimination and included age, mono-
cyte count, CPSS-group, and CCI-score. To evaluate the Cox model, the 
Akaike information criterion (AIC) was calculated, and including the CCI 
score improved the AIC. The risk of transformation to AML was calculated 
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using the cumulative incidence function to account for the competing risk of 
death.  

To evaluate the prognostic scoring systems in papers I and II and the 
comorbidity indices in paper II the Harrell concordance (C) index was 
used195. The C-index ranges between 0.5 and 1, where 1 stands for perfect 
discrimination and 0.5 for no discrimination at all. Indices were internally val-
idated by bootstrapping, using 1000 samples. When comparing C-indices, the 
approach described by Kang et al was used196. In papers I and II all analyses 
were performed using R version 3.2.2 and 3.5.1 (R Foundation for Statistical 
Computing, Vienna, Austria) and SPSS Statistics for Windows, Version 24 
(IBM, Armonk, NY, USA). 

In paper III potential interactions (such as differences in associations be-
tween cases and population comparator subjects) were analysed by stratified 
analyses and formally tested by adding interaction terms to the proportional 
hazards model. The probabilities of obtaining cytogenetic diagnostics, receiv-
ing HMA treatment or undergoing HSCT were assessed by Poisson regression 
using PROC GENMOD in SAS. All analyses in paper III were performed with 
SAS University Edition statistical software (SAS Inc). 

In paper IV unadjusted logistic regression models were fitted to compare 
the likelihood of previous malignant disease between MDS patients and their 
matched controls, yielding odds ratios (ORs) and 95% CIs. To assess if type 
of cytotoxic treatment and type of primary disease were independently asso-
ciated with OS a Cox regression model including age, type of previous cyto-
toxic treatment, type of primary disease, CCI, and IPSS-R was constructed. 
All analyses were performed using Stata 16 (StataCorp, TX, USA) and SPSS 
Statistics for Windows, Version 28 (IBM, NY, USA). 
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Ethical considerations 

The studies in this thesis were approved by the ethics committee of Uppsala 
University (2014/176), with an amendment for the chart review of paper II 
(2014/176/1). Informed consent was not deemed necessary by the ethics com-
mittee. Many of the participants were diseased at the initiation of the studies 
and contacting their families for consent entails a risk of negative psycholog-
ical impact on them. Asking for consent will also introduce selection bias in 
the studies, risking the population-based approach. The chart review in paper 
II can be considered a breach of personal integrity. This was limited by reduc-
ing the number of researchers involved in the data collection phase and by 
pseudo-anonymising the data during the data analysis. Paper II, as all studies 
in this thesis only contains aggregated data and no single individual can be 
identified from the papers. For inclusion in the SMDSR there is no need for 
written informed consent, but the patients should be informed that information 
is gathered in the register. For MDSbase, record linkages were performed at 
SCB and the National Board of Health and Welfare. The researchers had no 
access to the identity of the participants since all data in MDSbase were 
pseudo-anonymised at the National Board of Health and Welfare where the 
code-key is kept for a limited amount of time. The negative effects on the 
personal integrity of the study participants in the papers of this thesis are in all 
considered small, and by far outweighed by the scientific value of these stud-
ies.  
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Results and discussion 

Paper I 
Main findings and conclusions 
The yearly crude incidence of MDS in Sweden was 2.9 per 100,000 inhabit-
ants. The median OS was 27.8 months. For 973 patients (73% of the total 
population) there was complete data to calculate the IPSS and IPSS-R, and for 
854 (64%) we could calculate the WPSS. Missing data was attributed to the 
lack of karyotyping in 334 patients (25%). Most separate components of the 
scoring systems showed good prognostic discrimination for both OS and pro-
gression to AML. The distribution of risk groups in WPSS, IPSS and IPSS-R 
is shown in table 2. More patients were placed in the higher-risk groups of 
WPSS compared to IPSS-R, 45% and 33% of the patients, respectively. Pa-
tients with t-MDS were more often in the higher-risk groups; 54% were in the 
IPSS-R high- or very high-risk group compared to 29% of patients with de 
novo MDS. When comparing our cohort with the original cohort of IPSS-R 
ours had older patients and more patients in the high risk categories.  

One of the main aims of the study was to compare WPSS, IPSS, and IPSS-
R using C-index, and we found that IPSS-R had better prognostic power for 
OS than IPSS and a trend towards better prognostic power than WPSS, (table 
2). For patients younger than 70 years IPSS-R had significantly higher C-in-
dex of 0.76 as compared to both WPSS and IPSS with a C-index of 0.73. For 
this younger group where HSCT might be considered, correct prognostication 
is of particular importance. The effectiveness of the prognostic scoring sys-
tems was comparable for de novo-MDS and t-MDS.  
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The prognostic effect of additional clinical parameters was analysed (Fig-
ure 8). In addition to IPSS-R; higher age, male gender, elevated LDH and t-
MDS independently reduced OS. 

 
Figure 8. Multivariable analyses of additional characteristics and IPSS-R risk group, 
OS and AML-risk. AML = acute myeloid leukaemia, 25% AML = time (months) 
when 25% of patients had developed AML, CI = confidence interval, d-MDS = de 
novo MDS 

In summary, in a dataset based on a nationwide population-based register, 
WPSS, IPSS and IPSS-R all represent valid and useful tools in predicting OS 
and progression to AML in MDS and in the subgroup of t-MDS. IPSS-R was 
the best prognostic tool.  

Limitations 
A general limitation throughout this thesis is the lack of mutational data. As 
all studies are based on existing data from retrospective sources, no data on 
mutations was available, which is a limitation since mutations have a well-
known independent effect on prognosis.  

Since paper I is based on data from SMDSR the quality of the study is 
highly dependent on the quality of the register. A limitation is that the quality 
of the data in SMDSR has not yet been validated in a formal study. Misclas-
sification bias might occur, as the reporting clinicians might not have followed 
the instructions in the SMDSR, but in general this misclassification should be 
non-differential. There were also missing data, particularly for karyotype. 
Missing data was reduced by actively collecting the cytogenetic reports. How-
ever, these missing data were not random, as patients without a karyotype 
were older and had a shorter survival time. In the vast majority, the missing 
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karyotype data was due to the fact that a cytogenetic examination was never 
performed in the diagnostic work-up and thus reflects the clinical reality. The 
SMDSR has a high completeness compared to the SCR, but as discussed ear-
lier underreporting of MDS might be a problem. How substantial this problem 
is in Sweden has not been studied. From the period under study the SMDSR 
includes no information on comorbidity or performance status, which are fac-
tors known to affect prognosis.  

Paper II 
Main findings and conclusions 
This study included nationwide data from a large cohort of 337 patients with 
CMML. The median OS was 21.3 months. Most patients had a high WBC 
(MP-CMML; 63%) and low blasts (CMML-0; 55%). A history of cytotoxic 
treatment was reported in 24 patients, and these patients were considered to 
have t-CMML. Karyotyping was performed at diagnosis in 242 patients 
(72%). As expected, most patients had a normal karyotype, and only 75 (31%) 
had cytogenetic aberrations. Among those with an available karyotype, 14% 
were in the high-risk group according to the Spanish cytogenetic score, and 
trisomy 8 was the most common aberration. 

The median survival of patients diagnosed at university hospitals was 
23.0 months and at non-university hospitals 19.5 months. In table 3 we pre-
sent the distribution and survival according to risk group for the prognostic 
scoring systems. The 96 patients for which we could not calculate the CPSS 
were older with a median age of 83 years, and had a median survival of 
14.9 months, shorter than for the entire cohort. Kaplan–Meier curves for OS 
are presented in Figure 9. 
Table 3: Risk score classification, survival in months, hazard ratios and discriminative 
power of the scoring systems. 

 Overall survival  
All patients  n Median  HR  95% CI  C-index  
IPPS-R         0.60  

Very low risk 46 25.3 1.00 ref.  
Low risk 95 30.8 1.03 0.68–1.56   
Intermediate risk 56 23.9 1.35 0.86–2.12   
High risk 38 12.4 1.80 1.10–2.93   
Very high risk 6 11.1 3.73 1.43–9.73   
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CPSS         0.69 
Low 46 52.2 1.00 ref.  
Intermediate 1 94 26.3 1.76 1.12–2.75   
Intermediate 2 86 18.7 3.11 1.99–4.87   
High 15 10.4 4.62 2.32–9.22   

MDAPS         0.65 
Low 164 29.7 1.00 ref.  
Intermediate 1 91 21.3 1.42 1.06–1.91   
Intermediate 2 55 12.4 2.51 1.79–3.53   
High 18 10.4 3.43 2.01–5.85   

Mayo         0.66 
Low 98 31.5 1.00 ref.  
Intermediate 122 25.4 1.42 1.04–1.94   
High 115 12.4 2.60 1.89–3.56   

 

 
Figure 9. Overall survival categorised according to risk group in the prognostic scor-
ing systems; IPSS-R, CPSS, MDAPS, and Mayo score. 
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To compare the prognostic scoring systems, C-index was used (table 3). Only 
the difference between CPSS and IPSS-R was significant (P = 0.004). Since 
only MD-CMML was included the original IPSS-R cohort, IPSS-R was also 
tested in this subgroup, but the prognostic power was similar. In a subgroup 
analysis of younger patients (aged <70 years) the C-index of CPSS was 0.78, 
significantly higher than the other scores. As with IPSS-R for MDS in paper 
I, this finding is worth highlighting; as accurate risk scoring is particularly 
important in this age group, where HSCT may be considered. We conclude 
that CPSS is the most powerful prognostic scoring system of the ones studied, 
and that IPSS-R should not be used in CMML.  

As an association between CMML and autoimmune conditions has previ-
ously been reported from smaller or more restricted cohorts, we were inter-
ested in these comorbidities146,147,197. The overall prevalence of autoimmune 
conditions was 25%. Polymyalgia rheumatica was found in 8%, Hashimoto’s 
thyroiditis in 7%, and psoriasis/psoriatic arthritis in 5% of patients. The asso-
ciation with autoimmune conditions raises several interesting research ques-
tions. Previous autoimmune conditions and their relation to possible common 
risk factors and their effect on prognosis merit further study. As discussed in 
the background, chronic inflammation from autoimmune disease may be in-
volved in the pathogenesis of CMML. Moreover, chronic inflammation from 
autoimmune disease might act as a link between cardiovascular disease and 
CMML — in fact, cardiac disease was a common comorbidity in our present 
study, and ischaemic heart disease was the most frequent condition, found in 
17% of patients.  

This study represents the first validation and comparison of comorbidity 
indices in CMML. The C-indices for the CCI, HCT-CI and MDS-CI were 
0.62, 0.61 and 0.59, respectively; these differences were non-significant. In a 
subgroup analysis of lower-risk CMML, the C-index of the CCI and HCT-CI 
improved; in this group the CCI was significantly better than the MDS-CI 
(P = 0.03). It seems like comorbidity has an impact on survival in lower-risk 
disease, whereas the poor prognosis of high-risk CMML makes the additional 
effect of comorbidity less important. Of the three tested comorbidity indices, 
CCI had the highest C-index and was the only comorbidity index significantly 
associated with survival in multivariable analyses including CPSS risk group, 
monocyte count, and age. One reason why the CCI was superior to the MDS-
CI could be that it includes more comorbidities. However, the simplicity of 
the MDS-CI can be an advantage in clinical practice.  

In conclusion, paper II presents data from a large nationwide cohort of pa-
tients with CMML. Comorbidity is prevalent, including a strikingly high prev-
alence of autoimmune conditions. Furthermore, comorbidity adds prognostic 
information in patients with lower-risk CMML, and the CCI gives more prog-
nostic information than the HCT-CI and MDS-CI. Of the tested prognostic 
scoring systems, the CPSS appears to have a slightly better prognostic capac-
ity than the MDAPS and Mayo score. IPSS-R should not be used in CMML.  
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Limitations 
Data in paper II were based on a chart review. This increases the validity of 
data on disease characteristics and treatments as compared to paper I. In regard 
to comorbidity, the completeness of the data is highly dependent on a com-
plete medical history being recorded in the charts. Since patients from all over 
Sweden were included, data were accessed from different systems for elec-
tronic medical records in different hospitals and regions. These systems gave 
access to varying parts of the patients’ medical history, for most patients a 
complete medical history was obtained, but for some the access to, for exam-
ple records from primary care was restricted. This might lead to an underesti-
mation of the burden of comorbidity. Moreover, strict adherence to the defi-
nitions of different comorbidities in the comorbidity indices was not always 
possible. These definitions were sometimes based on outdated diagnostics or 
clinical findings. This introduces a somewhat subjective assessment by the 
researchers collecting the data, there is also a possibility that these assessments 
differ slightly between data collectors. 

Paper III 
Main findings and conclusions 
In paper III, 2945 patients with MDS diagnosed 2009–2018 were analysed in 
regard to the effect of SES on survival, diagnostic procedures, and treatment. 
Both income and education were correlated to OS. When adjusting for prog-
nostic factors (age, sex, WHO subgroup, comorbidity, transfusion depend-
ency, and IPSS-R) the mortality was 50% higher in patients with the lowest 
income compared to the highest income (HR 1.5 95% CI 1.3–1.8) and 40% 
higher among patients with the shortest education compared to the longest 
(HR 1.4, 95% CI 1.2–1.6). As SES is known to affect survival in the general 
population, controls were analysed, and a similar association was found. This 
well-known fact that survival in the general population is associated with SES 
does not explain the finding in MDS patients. Since MDS has a relatively short 
survival, the background survival will have a limited effect on survival for 
MDS patients. 

Regarding treatment, the probability of receiving HMA treatment was 40% 
lower for patients with the lowest income compared to the highest income (RR 
0.6, 95% CI 0.5–0.8) and 20% lower among patients with the shortest educa-
tion as compared to those with the longest (RR 0.8, 95% CI 0.7–1.0)  

Among the 1371 patients younger than 75 years at diagnosis, 242 patients 
(18%) underwent HSCT. In adjusted analyses income (RR 0.3, 95% CI 0.2–
0.5) was strongly associated with the probability of undergoing HSCT. Hav-
ing a cytogenetic evaluation at diagnosis was used as a measurement of the 
quality of the diagnostic work-up, and patients with lower incomes had a 
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higher probability of not undergoing cytogenetic diagnostics (RR lowest com-
pared to highest income 2.1 95% CI 1.5–2.9). 

The finding that lower SES was associated with poorer survival, a less thor-
ough diagnostic work-up, and a less effective treatment needs to be further 
studied regarding the underlying mechanisms behind these inequalities. More 
research is needed to explore which exact risk factors influence the survival 
differences, and how healthcare providers can mitigate these inequalities. 
Raising awareness of health inequality and increasing adherence to guidelines, 
including recently published national guidelines, can hopefully decrease this 
inequality. Information on health-related issues needs to be appropriately de-
signed so that people with a low level of education can understand it and com-
munication by healthcare professionals must be appropriately tailored to the 
level of education and health literacy of the individual patient.  

Limitations 
Data on treatment with HMAs were only collected from the follow-up data in 
the SMDSR. The reliability of treatment data in SMDSR has not yet been 
evaluated. Since the development of MDS is insidious, the time-point when 
the diagnosis is made will have an impact on survival. Some patients will get 
their diagnosis at an early stage and some at a later stage, and in the latter case, 
a shorter life span stems from later diagnosis rather than earlier death. The 
time-point at which a patient is diagnosed is not random and it might be influ-
enced by socioeconomic factors. Richer and more educated persons might 
seek medical attention earlier if symptoms develop, or more often be subjected 
to regular check-ups. This introduces lead time bias, for which there was no 
way to fully control. There are indications of lead time bias in the study, as a 
lower percentage of high-income patients presented with erythrocyte transfu-
sion dependency. However, adjustments for transfusion dependency and 
IPSS/IPSS-R risk class should control this; at least in part. The difference in 
cytogenetic evaluation cannot be explained by lead time bias, as patients with 
a more severe disease at diagnosis should be more likely to go through a full 
diagnostic work-up.  

Comorbidities are affected by SES, and we used CCI to adjust for this. 
However, CCI is just an index and cannot fully account for comorbidity. Other 
health-related factors such as nutritional status, obesity, physical activity, 
smoking, alcohol, and drug use could also influence survival and treatment 
decisions. These factors might also be associated with SES and could con-
found our results. Unfortunately, these factors were not measurable in this ret-
rospective register-based approach. 
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Paper IV 
Main findings and conclusions 
In this first-ever nationwide study on t-MDS based on 2705 MDS patients 
diagnosed between 2009 and 2017, including 423 (16%) with t-MDS, we 
combined the SMDSR with several other national health registers. Patients 
with t-MDS had a shorter median survival as compared to de novo MDS (15.8 
months vs 31.1 months, p < 0.001). Higher proportions of t-MDS patients 
were found in the high (24%) and very high (26%) IPSS-R groups compared 
to de novo MDS (15% and 14%, respectively) (p < 0.001). A major contrib-
uting factor was the large number of t-MDS patients with high-risk cytogenet-
ics (39% with poor or very poor cytogenetic risk groups).  

Treatment with either chemotherapy alone or chemotherapy and radiation 
in combination for the primary disease was associated with significantly 
shorter survival (13.3 and 9.0 months, respectively) than treatment with radi-
ation only (34.8 months) (p < 0.001) (Figure 10a). Having a non-malignant 
disease or a solid tumour as a primary disease was associated with a longer 
OS, (26.1 and 22.3 months, respectively) compared with those with a haema-
tological malignancy (9.0 months) (p < 0.001) (Figure 10b). One reason for 
this poor survival might be death from the primary disease, as patients with a 
previous haematological malignancy had their primary malignancy more of-
ten stated as their cause of death (45%) than patients with a previous solid 
tumour (15%). As MDS patients with a previous hematological malignancy 
seems to constitute a separate group with a dismal prognosis, additional re-
search into the underlying mechanisms and potential treatments for this group 
is warranted.  

 
Figure 10: OS of de novo MDS and subgroups of t-MDS. 
a. OS by type of cytotoxic treatment. b. OS by type of primary disease 
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One of the aims of the study was to validate IPSS-R and the WHO classifica-
tion in t-MDS. IPSS-R effectively discriminated between different risk groups 
in t-MDS overall, as well as in subgroup-analyses based on type of cytotoxic 
treatment. Furthermore, IPSS-R could separate risk groups for patients with 
solid tumours and non-malignant disease, but to a lesser extent for patients 
with haematological malignancy as their primary disease.  

The different disease entities in the WHO classification were combined ac-
cording to their median survival into three groups (good, intermediate, and 
poor). There was a difference in t-MDS survival according to the WHO-based 
risk groups; both good versus intermediate (p < 0.002); and intermediate ver-
sus poor (p < 0.001). In subgroups based on type of cytotoxic treatment, the 
WHO classification could also discriminate between different risk groups. 
The classification was also effective in patients with a previous solid tumour, 
but was less effective for patients with previous haematological malignancies. 

To assess whether the type of cytotoxic treatment and type of primary dis-
ease were independently associated with OS, a multivariable analysis was 
constructed. As shown in Figure 11, age group, type of previous cytotoxic 
treatment, type of primary disease, CCI, and risk group according to IPSS-R 
were independently associated with survival. 

 
Figure 11: Multivariable analysis of the OS of t-MDS patients by patient and disease 
characteristics.  
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Regarding the prior history of cancer among cases and controls, MDS patients 
were more likely to have had a solid tumour than controls (OR = 1.34, 95% 
CI: 1.21–1.49) and for prior haematological malignancies there was a strik-
ingly high six-fold increase in MDS patients (OR = 6.09, 95% CI: 4.87–7.61). 
The long latency between the primary disease and MDS diagnosis suggests 
that they represent separate previous conditions and not misclassification. 
Shared pathophysiological mechanisms and risk factors such as clonal haem-
atopoiesis and intensive treatments with high doses of chemotherapy, repre-
sent possible causes for this strong association.  

The most important finding of this study is that t-MDS patients with previ-
ous cytotoxic treatment in the form of radiation only, have clinical character-
istics and prognoses comparable to patients with de novo MDS. They have 
transfusion dependency, blast counts, and cytogenetic risk profiles with a 
striking resemblance to de novo MDS, in sharp contrast to patients treated 
with chemotherapy or a combination of chemotherapy and radiation who have 
a significantly higher risk profile. Patients previously treated with radiation 
should be viewed as de novo-MDS with regard to prognostication and treat-
ment. Standard risk stratification and morphologic classification is meaningful 
in t-MDS, and it should be classified the same way de novo MDS is classified 
but with recognition that type of prior disease and cytotoxic treatment affects 
the prognosis.  

Limitations 
The main limitation of this study is the limited information on the treatment 
for the primary disease. We did not have information on either doses or field 
of radiation, or on type of chemotherapy. More detailed information on treat-
ment would have made it possible to draw conclusions regarding specific cy-
totoxic agents and radiation doses. In cases with multiple possible primary 
diseases, information on treatments would have made the definition of the pri-
mary disease more precise.   

Mutational data would have allowed assessment of the mutational spectrum 
in different subgroups of t-MDS, and could possibly further clarify the reason 
for the poor prognosis in certain subgroups. Further, mutational data would 
have made validation of the IPSS-M possible, and could have made it possible 
to study the effect on germline predisposition. 

The finding that a prior haematological malignancy was six times more 
frequent in MDS patients than controls might be influenced by diagnostic sus-
picion bias and detection bias. Patients with haematological malignancies will 
be followed by haematologists who might more readily suspect MDS, and 
these patients might be subjected to regular bone marrow examinations, mak-
ing diagnosis of MDS more probable. 
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Concluding remarks and further perspectives 

In this thesis, a population-based approach has expanded the epidemiological 
knowledge of MDS and the related condition CMML. All four papers in this 
thesis are unique in that they provide first-ever nationwide data. In contrast to 
clinical trials and more restricted cohorts, nationwide data is highly general-
isable and findings will apply to MDS patients in general.  

Prognostication with IPSS-R in MDS, and CPSS in CMML, was effective 
in our real-world data. Comorbidity is common in CMML, and assessing it 
with CCI gives prognostic information. Autoimmune conditions are highly 
prevalent in CMML. Socioeconomic factors such as income and education are 
associated with survival in MDS. Patients with a lower SES have shorter sur-
vival, undergo a less thorough diagnostic work-up, and are less likely to re-
ceive effective treatment with hypomethylating agents and HSCT. Therapy-
related MDS has a poor prognosis, but this group is heterogeneous, and prog-
nostication and classification intended for de novo MDS is effective in t-MDS. 
Type of prior disease and cytotoxic treatment have substantial effects on prog-
nosis. The subgroup treated with only radiation for their primary disease is 
similar to patients with de novo MDS, and should be regarded as having de 
novo MDS with regards to prognostication and treatment.  

For this thesis, nationwide registers with high quality data have been a val-
uable research tool. An extensive amount of high-quality research using these 
registers has been published in Sweden but the enormous amount of data is 
still somewhat of a hidden gem for scientists. Automated data entry directly 
from the electronic charts has the possibility to take these registers to the next 
level. It would reduce the workload on reporting clinicians and increase the 
number of variables and follow-ups that are possible to include. Directly-up-
loaded molecular and treatment data would increase the registers’ usefulness 
in clinical work and as well as a research tool. Dynamic prognostic assess-
ments and follow-up on treatments might also be included to aid clinicians in 
their decision making.  

In further research regarding prognostication, disease specific characteris-
tics should be combined with patient specific characteristics such as comor-
bidities and previous exposure to cytotoxic agents. Their interplay and effect 
on prognosis and response to treatment should be studied, and population-
based data provides a solid ground for these future studies. For rare subgroups, 
such as MDS with a previous haematological malignancy or CMML with a 
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prior autoimmune condition, international collaboration, combining several 
population-based cohorts, can be one way forward.  

Many unmet needs remain for MDS-patients, and hopefully the findings 
presented here have contributed to further research and development in MDS 
— a small step towards the long-term goal of prolonging survival and improv-
ing quality of life for patients with MDS.  
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Populärvetenskaplig sammanfattning på 
svenska 

Myelodysplastiska syndrom (MDS) är en grupp blodcancersjukdomar som 
uppstår som en följd av genetiska fel i arvsmassan hos blodstamcellerna i ben-
märgen. Dessa förändringar leder till myelodysplasi, vilket innebär att ben-
märgen inte tillverkar normala blodceller utan istället onormala, dåligt utveck-
lade och dåligt fungerande blodceller. Vanliga symptom är trötthet pga. brist 
på röda blodkroppar, infektioner pga. brist på vita blodkroppar och blödningar 
pga. brist på blodplättar. MDS är relativt ovanligt, i Sverige diagnosticeras 
årligen ca 400 personer med MDS och förekomsten ökar med stigande ålder. 
Medelålder vid diagnos är omkring 75 år. Prognosen vid MDS är mycket va-
rierande och vissa patienter kan leva många år medan andra bara lever några 
månader efter diagnos. I omkring 30 % av fallen övergår sjukdomen i akut 
myeloisk leukemi. Den enda botande behandlingen mot MDS är benmärgs-
transplantation men detta är främst aktuellt hos yngre patienter med högrisk-
sjukdom.  

Kronisk myelomonocytleukemi (KMML) har tidigare räknats som ett av 
de Myelodysplastiska syndromen men är nu en egen sjukdomsentitet. KMML 
är ovanligt och i Sverige insjuknar ca 50 personer varje år, sjukdomen har 
många likheter med MDS. 

Syftet med denna avhandling är att med epidemiologiska metoder studera 
MDS och den närliggande sjukdomen KMML. Grunden för avhandlingen är 
det svenska MDS-registret. Detta register startades 2009 och innehåller nu ca 
5000 patienter. Nästan alla som diagnosticeras med MDS eller KMML inklu-
deras i det svenska MDS-registret vilket gör att studierna och slutsatserna i 
denna avhandling i hög grad kan sägas vara generaliserbara och gälla MDS-
patienter i allmänhet. 

I studie I inkluderade vi samtliga 1329 patienter som diagnosticerats med 
MDS 2009–2013 och rapporterats till svenska MDS-registret. I studien vali-
derade och jämförde vi tre olika prognostiska system (IPSS, IPSS-R och 
WPSS), som inkluderar resultat av blodprover och benmärgsprov för att kunna 
klassificera patienterna avseende prognos. I studien visade vi att IPSS-R hade 
den bästa förmågan att förutsäga överlevnad. 

I studie II granskades journaler från alla 337 patienter med KMML inklu-
derade i svenska MDS-registret med diagnos 2009–2015. Studien syftade till 
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att jämföra de prognostiska systemen IPSS-R, CPSS, MDAPS och Mayo 
score och vi fann att CPSS hade något bättre förmåga att förutsäga överlevnad. 

Eftersom de flesta patienter med KMML är äldre har de ofta andra sjukdo-
mar dvs. samsjuklighet. Denna studie är den första som undersöker sjukdoms-
index för samsjuklighet vid KMML. Vi ville undersöka om de tre sjukdoms-
indexen Charlson Comorbidity Index (CCI), Haematopoietic cell transplan-
tation-specific Comorbidity Index (HCT-CI) och Myelodysplastic Syndrome-
Specific Comorbidity Index (MDS-CI) kunde användas vid KMML och vilket 
som var bäst. Vi fann att samsjuklighet hade prognostisk betydelse främst hos 
de patienter som hade lågrisksjukdom och att CCI var något bättre än de öv-
riga indexen. Vi visade också att autoimmuna sjukdomar var mycket vanligt, 
25 % hade en sådan diagnos innan KMML-diagnosen. 

Studie III omfattade 2945 patienter med MDS inkluderade i det svenska 
MDS-registret 2009–2018. I denna studie ville vi undersökta om socioekono-
miska faktorer som utbildning och inkomst påverkade överlevnad och behand-
ling vid MDS. Om man justerade för ålder, kön, MDS-riskgrupp och samsjuk-
lighet var överlevnaden 50 % kortare hos dem med lägst inkomst jämfört med 
dem med högst inkomst. Överlevnaden var 40 % kortare hos dem med endast 
grundskoleutbildning jämfört med universitetsutbildning. I kontrollgruppen, 
som bestod av patienter utan MDS, fann vi liknande koppling mellan överlev-
nad och inkomst/utbildning. Personer med de högsta inkomsterna genomgick 
oftare benmärgstransplantation. Fullständig utredning med cytogenetik var 
också vanligare bland dem med högre inkomst.  

Studie IV omfattade 2705 patienter med MDS inkluderade i det svenska 
MDS-registret 2009–2017. Fokus var på de 423 patienter (16 %) som hade 
terapirelaterad MDS (t-MDS) och denna studie var den första nationella stu-
dien på t-MDS som gjorts. Terapirelaterad innebär att patienterna tidigare be-
handlats med strålning eller cellgifter mot en cancer eller autoimmun sjuk-
dom. MDS som inte är terapirelaterad kallas för de novo MDS. T-MDS ka-
raktäriseras av sämre prognos och man har tidigare trott att patienter med t-
MDS har varit en homogen grupp med kort överlevnad där prognostisering 
och klassificering som används för de novo MDS inte har någon roll. 

I studien visar vi att prognostiska system och klassificering som används 
vid de novo MDS fungerar bra vid t-MDS. Vi visar vidare att de patienter som 
enbart behandlats med strålning för sin primärsjukdom är mycket lika patien-
ter med de novo MDS. Vi menar därför att dessa patienter ska betraktas som 
de novo MDS och inte som t-MDS. Vi visar att MDS-patienter har en sex 
gånger ökad risk att ha haft en tidigare blodcancer jämfört med matchade kon-
troller, vidare har de en 34 % ökad risk att ha haft en tidigare solid cancer. De 
t-MDS patienter som haft en tidigare blodcancer innan sin MDS-diagnos hade 
en mycket dålig prognos, delvis pga. död i den tidigare blodcancersjukdomen.  

Sammanfattningsvis bidrar denna avhandling med kunskap om MDS och 
KMML genom nationella populationsbaserade studier. Vi visar att prognos-
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tiska system ger viktig information vid MDS, KMML och t-MDS. Vidare vi-
sar vi att sjukdomsindex kan användas vid KMML och att patienter med 
KMML ofta har autoimmuna sjukdomar. Vi visar också att socioekonomiska 
faktorer som utbildning och inkomst påverkar överlevnad och behandlingsbe-
slut vid MDS. Patienter med t-MDS som tidigare enbart behandlats med strål-
ning kan betraktas som de novo MDS.  

Ytterligare forskning baserat på svenska nationella register kommer för-
hoppningsvis fortsätta öka kunskapen om dessa fascinerade sjukdomar och i 
slutändan leda till ett bättre och längre liv hos patienter med MDS och KMML. 
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