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Abstract
Bergfelt Lennmyr, E. 2020. Registry-Based Studies in Adult Acute Lymphoblastic Leukemia
in Sweden. Survival and Quality of Life. Digital Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Medicine 1630. 69 pp. Uppsala: Acta Universitatis
Upsaliensis. ISBN 978-91-513-0853-1.

Acute lymphoblastic leukemia (ALL), a common child malignancy, also constitutes a minor
fraction of adult cancer with approximately 50 new cases per year in Sweden. While the five-
year overall survival (OS) in pediatric ALL is more than 90%, the prognosis in adults is dismal.
Using the Swedish ALL quality registry, this thesis investigates treatment and outcome of adult
ALL according to national guidelines. In addition, the introduction of patient-reported outcome
in the ALL and Acute Myeloid Leukemia registries is evaluated.

In Paper I, measurement of minimal residual disease by flow cytometry was found to be
feasible but not consistently applied in the 35 patients with Philadelphia (Ph)-negative B-ALL
investigated. In Paper II, treatment, toxicity and outcome of 155 patients, 55-85 years (y) with
ALL diagnosis between 2005 and 2012 were studied in detail by patient charts review. An age-
adopted protocol recommended from 2009 did not result in better outcome. In Paper III, disease
recurrence in the same cohort as Paper II was studied. The median overall survival (OS) after
ALL relapse was 3.6 months. In Paper IV, the whole ALL registry was studied and OS was
estimated in 930 adult patients diagnosed in the periods 1997-2006 and 2007-2015. Five year
OS improved in patients 18-45y from 50% to 65%, in patients 46-65y from 25% to 46%, and in
patients >65y from 7% to 11%. This demonstrates that young patients have the best prognosis, in
part due to the introduction of a dose-intense “pediatric-like” chemotherapy protocol. Compared
to women, middle-aged men were found to have a worse outcome.

Historically, Philadelphia-positive (Ph-pos) ALL has a poor prognosis compared to Ph-
negative ALL. In this material, the frequency of Ph-pos ALL was 34% of examined B-
ALL. Analysis of the whole registry revealed that in 2007-2015, i.e. after the introduction
of the tyrosine kinase inhibitor imatinib, Ph-pos ALL was no longer associated with inferior
OS. In Paper V, ALL and Acute Myeloid Leukemia patients, six months after diagnosis,
completed a web or paper questionnaire regarding quality of life, symptoms and experience
with care. The response rate was 64%. Depression symptoms were frequent (18%), especially
in young women who reported worrying about fertility.

In summary, although OS in adult ALL has improved, more effective and less toxic therapies
in upfront treatment are highly warranted. Collection of patient-reported outcome in a national
quality registry is feasible and can add important aspects of cancer care that are not usually
addressed.
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“I do not wish by any means to infer that 
the disease in question [leukemia] is in-

curable; I hope on the contrary that for it 
too remedies will at length be discovered”  

 
Rudolf Virchow (1821-1902) 

 
”Utan tvivel är man inte riktigt klok” 

 
Tage Danielsson (1928-1985) 
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Abbreviations 

AL Acute Leukemia 
ALL Acute Lymphoblastic Leukemia 
AML Acute Myeloid Leukemia 
BCR Blood Cancer Registry 
BCR/ABL Breakpoint cluster region-Abelson gene 
BFM Berlin-Frankfurt-Münster 
BL Burkitt Lymphoma 
CAR-T Chimeric Antigen Receptor T-cell 
CC Comorbidity Component 
CCR Continuous Complete Remission 
CML Chronic Myeloid Leukemia 
CNS Central Nervous System 
CR Complete Remission 
CR1 First Complete Remission 
CR2 Second Complete Remission 
EFS Event Free Survival 
EORTC European Organization for Research and Treatment of Cancer 
ETP Early T-cell precursor 
EWALL European Working Group for Adult ALL 
FAB French-American-British 
FCM Flow Cytometry 
GMALL German Multicenter Study Group for Adult ALL 
GvHD Graft versus Host Disease 
HD-Mtx High Dose Methotrexate 
HRQoL Health Related Quality of life 
HSCT Hematopoietic Stem Cell Transplantation 
LAIP Leukemia Associated Immunophenotype 
LBL Lymphoblastic Lymphoma 
MRD Minimal/Measurable Residual Disease 
MRD 1 Minimal/Measurable Residual Disease - first time point 
Mtx Methotrexate 
NHL Non-Hodgkin Lymphoma 
NOPHO Nordic Society of Paediatric Haematology and Oncology 
NOS Not Otherwise Specified 
OS Overall Survival 
PCR Polymerase Chain Reaction 



 

Ph Philadelphia Chromosome 
Ph-neg Philadelphia Chromosome negative 
Ph-pos Philadelphia Chromosome positive 
PRO Patient Reported Outcome 
QoL Quality of Life 
qRT-PCR Reverse Transcriptase Quantitative Polymerase Chain Reaction 
RIC Reduced Intensity Conditioning 
RQ-PCR Real Time Quantitative Polymerase Chain Reaction 
R/R Primary Refractory or Relapsed Disease 
SMR Standardized Mortality Ratio 
SVALL Swedish Adult ALL Group 
TBI Total Body Irradiation 
TCR T-cell Receptor 
TKI Tyrosine Kinase Inhibitor 
TRM Transplant Related Mortality 
WHO World Health Organization 
6-MP 6-Mercaptopurine 
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Introduction 

With the development of magnifying lenses during the 17th century and hence 
the possibility to study biological material in a microscope, a new specialty in 
medicine – hematology – was born. Hematologists diagnose and treat blood 
and bone marrow disorders. In the middle of the 19th century, Rudolf Virchow 
(1821-1902) and John Hughes Bennett (1812-1875), independently described 
leukemia (white blood) as an anomalous blood disorder. In 1917, Gordon 
Ward published an epidemiological study that concluded that leukemia mostly 
affected children 0-5 years old and that there was little evidence that leukemia 
was indeed an infectious or hereditary disease. It was later discovered that 
leukemia was a malignant blood disordered sometimes curable with chemo-
therapeutic agents 1.  

Since the 1940s, treatment opportunities for acute leukemia (AL) have 
grown immensely, but has for decades been restricted to chemotherapy. To-
day, many old drugs are effectively used to treat leukemia, but killing fast-
dividing cells comes with many side effects. Patients, clinicians and research-
ers have desired more precise and safe treatments, and only until recently has 
advances in immunological, biochemical, and genetic research rendered new 
possibilities to address this cancer conundrum.  

This thesis evaluates treatment recommendations and outcome of adult Acute 
Lymphoblastic Leukemia (ALL) using the Swedish ALL Quality Registry to 
identify and study patients with a diagnosis since 1997.  
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Background 

Epidemiology and Etiology 
ALL, a lethal but curable hematologic malignancy, affects children and adults 
with a two-tailed incidence maximum and a slight male predominance. Inci-
dence varies between ethnic groups with being highest in Hispanics and low-
est in African Americans 2. In children younger than 15 y, the average age-
standardized incidence in Sweden is 4.1/100 000 children with a maximum at 
2-4 years 3. In adults in Northern Europe the corresponding figure is 0.5-
0.6/100 000 inhabitants reaching 1/100 000 in the seventh decade of life 4-6. 
In Sweden, approximately 50 new cases of adult ALL are diagnosed per year.  

Although ALL has no known common etiological factor, patients with 
Downs’ syndrome have a 20-fold excess risk of ALL (the exact mechanism is 
unclear) 7,8. Other familial diseases such as Li-Fraumeni syndrome (germ line 
mutations in the tumor suppressor gene TP53) also increase the risk of malig-
nancies and in particular hypodiploid ALL 9. While ALL seldom runs in fam-
ilies, first-degree relatives to ALL patients have an increased risk of develop-
ing the disease (still a low life-time risk) 10,11.  

Experimental studies have shown that ionic radiation can cause chromoso-
mal translocations in cells and that children exposed to irradiation in utero 
have an increased incidence of leukemia 12,13. In the 1950s, an excess risk for 
childhood leukemia was reported for survivors of atomic bombings 14. It was 
also hypothesized that irradiation caused leukemia in patients with an inherent 
susceptibility due to existing pre-leukemic clones 15. This hypothesis seems to 
be confirmed by recent research. Studies of twins have shown that in some 
cases initiating pre-leukemic genetic events can happen even in utero and then 
different “second hits” lead to the development of ALL 16. With the advances 
in techniques for genome, exome, and transcriptome sequencing, many ge-
netic changes that are associated with ALL have been discovered. Some genes 
(e.g., ETV6, IKZF1, and PAX5 often with somatic mutations in ALL) are tran-
scription factors involved in hematopoiesis or lymphopoiesis 17. In these 
genes, germ line alterations also seem to predispose to childhood ALL alt-
hough penetrance is low and these changes only account for a small fraction 
of ALL cases 18.  
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Clinical Presentation and Diagnosis Classification 
ALL is characterized by the rapid proliferation of monoclonal, immature 
blood cell precursors called blasts (Figure 1). They are under normal condi-
tions present in a few percentages in the hematopoietic tissues of the body, 
predominantly the bone marrow. Because the expansion of blasts gives rise to 
symptoms related to the lack of a functional hematopoiesis and the insufficient 
production of normal blood cells, patients seek healthcare with symptoms of 
anemia, thrombocytopenia, leukopenia, and hyperviscosity symptoms due to 
leukostasis. In addition, constitutional symptoms such as night sweats, weight 
loss, and fever are common. ALL is also prone to extramedullary involvement 
of the central nervous system (CNS) (about 5% at diagnosis), lymph 
nodes/mediastinal mass (3-47% depending on age/phenotype), liver (15%), 
spleen (30%), and testis 19. 

 

 
Figure 1. A bone marrow biopsy (Hematoxylin-Eosin staining) without normal ar-
chitecture but almost maximal cellularity constituting of immature blast cells, further 
characterized with immunophenotyping as acute lymphoblastic leukemia.  
Courtesy of Rose-Marie Amini. 

ALL diagnosis is defined by the presence of small to medium-sized blast cells 
with an immunophenotype typical for the disease, comprising more than 20% 
of the bone marrow hematopoiesis 20. The entity of bulky disease without 
prominent bone marrow engagement (<25%) is called lymphoblastic lym-
phoma (LBL) and is not discussed further in this thesis.  
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The first modern systematic classification of AL was the French-American-
British (FAB) classification that divided ALL into three morphological sub-
groups 21. Subsequently, the introduction of monoclonal antibodies in im-
munohistochemistry refined the diagnostic possibilities. Using multicolor 
flow cytometry (FCM), hematopathologists could determine Leukemia Asso-
ciated Immuno Phenotype (LAIP) to further improve diagnostic means as well 
as monitor minimal residual disease (MRD). 
 
A summary of terms and phenotypes of ALL is presented in Table 1. 

Table 1. Morphological and Immunophenotypic Subtypes of Acute Lymphoblastic 
Leukemia  
WHO  FAB Terms used in 

(older) literature 
Overview of immunophenotype 

B-ALL L1 B-cell precursor 
ALL 

CD19+, cCD79a+, cCD22+ 
TdT+ 
Often CD10+, sCD22+, CD24+, PAX5+ 
Variable CD20+ and CD34+ 
Co-expression myeloid ag CD13, CD33 

 L1 Pro B-ALL nTdT+ 
 L1 Common B-ALL CD10+ 
 L1 Pre-B-ALL  c-µ chains+ 
    
T-ALL L1 T-ALL cCD3+, CD7+, TdT+,  

Variable CD1a+, CD2+, CD3+, CD4+, CD5+, 
CD8+, CD10+, CD99+, CD34+,  

 L1 Early including  
ETP-ALL 

CD1a-, CD4-, CD8-, MPO-neg 
Co-expression of stem cell and/or myeloid ag  

 L1 Cortical T-ALL CD1a+, CD4+, CD8+ 
    
Burkitt 
Leukemia 

L3 (Mature) B-ALL 
Burkitt leukemia 

TdT-, mIgM+, CD19+, CD20+, CD22+, 
CD20+, BCL6+, CD38+, CD77+, CD43+ 

Ag: antigens; ALL: acute lymphoblastic leukemia; c: cytoplasmic; CD: cluster of 
differentiation; ETP: early T-cell precursor; FAB: French-American-British; m: 
membrane; n: nuclear; WHO: WHO Classification of Tumours of Haematopoietic 
and Lymphoid Tissues, Revised 4th Edition 2017. 
 
In addition to morphology and immunophenotyping, the most frequent genetic 
alterations have their own cytogenetic diagnostic groups in the recently up-
dated “WHO Classification of Tumours of Haematopoietic and Lymphoid 
Tissues” 20,22. A summary of this classification is presented in Table 2. 

Phenotypes and Genotypes in Acute Lymphoblastic Leukemia 
The urge to divide ALL into different subgroups partly emerges from their 
different clinicobiological features and therefore the response to treatment 
leading to different long-term outcomes for different patients. Modern therapy 
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with risk-adapted and response-adapted protocols and targeted drugs have 
made correct diagnosis and classification even more important. As mentioned 
above, morphology was the initial classification followed by immunopheno-
type and then genotype. Much of the research in ALL is done on pediatric 
disease. Although the distribution of leukemia phenotype and genetic altera-
tions differs between children and adults, unfavorable changes seem to be sim-
ilar but more prevalent in adults 23-26. In recent years, the genetic landscape in 
ALL has grown immensely and full coverage is not within the scope of this 
thesis, but this has been reviewed by others 18,27,28. 

Table 2. The WHO Classification of Acute Lymphoblastic Leukemia 
WHO classification Frequency in adults Prognosis 

B-lymphoblastic leukemia  70-85%  
Not Otherwise Specified Age dependent  
t(9;22)(q34.1;q11.2); BCR-ABL1  10-44%, Old	­­ Poor without TKI 
t(v;11q23.3); KMT2A(MLL) rearranged  8-15% Poor in majority of cases 
t(12;21)(p13.2;q22.1); ETV6-RUNX1  1-3% <35y Good 
Hyperdiploidy  7-13% Good or depending on 

chromosomal gain 
Hypodiploidy  6% Poor or intermediate de-

pending on chromosomal 
modal numbers 

t(5;14)(q31.1;q32.1); IGH/IL3 Rare, <1% Poor 
t(1;19)(q23;p13.3); TCF3-PBX1  3-5% Poor or intermediate 
Provisional entity:  
BCR-ABL1–like  

20-28% Poor 

Provisional entity:  
iAMP21  

<1% Poor if not intensively 
treated 

T-lymphoblastic leukemia  5-25% Young ­­ Poor outcome in older 
Provisional entity: Early T-cell precursor 
lymphoblastic leukemia  

20% of T-ALL Poor or intermediated de-
pending on treatment 

Burkitt Leukemia   
(Pure) Burkitt Leukemia 
often with MYC-rearrangement 

5-10% Old	­­ Good in young, Poor in 
old 

TKI; Tyrosine Kinase Inhibitor 

B-cell Lymphoblastic Leukemia 
The majority of ALL is of B-cell origin and comprises 70-85% of cases de-
pending on cohort 4,6,25. Immunophenotyping can determine the maturity of 
the leukemia. Historically, the B-ALL diagnosis was divided depending on 
maturity into pro B-, common B-, and pre-B ALL. The nomenclature has 
changed over the years and between countries, but the general term used today 
is B-ALL (previously B-cell precursor ALL [BCP-ALL]). The WHO classifi-
cation does not separate diagnosis based on maturation but predominantly on 
genetic alterations (Table 2). 

Philadelphia chromosome positive (Ph-pos) ALL is the most prevalent ge-
netic subgroup in adults. The Philadelphia chromosome is a translocation of 
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chromosomal material between chromosome 9 and 22 and was first described 
in Chronic Myeloid Leukemia (CML) in the 1960s and in an adult ALL patient 
in 1970 29. The t(9:22) gives rise to the fusion gene BCR/ABL-1 and a consti-
tutional active tyrosine kinase. The most often found gene transcripts are p190 
and p210; p190 dominates in ALL 30,31. Additional chromosomal abnormali-
ties are described in up to 70% of cases with inferior outcome compared to 
Ph-pos ALL only 32,33. Nevertheless, with the introduction of tyrosine kinase 
inhibitors (TKI) and allogeneic hematopoietic stem cell transplantation 
(HSCT) 34, the former status of Ph-pos ALL as a poor prognostic factor com-
pared to Ph-neg disease is no longer valid 35.  

The KMT2A (or mixed linage leukemia; MLL) gene, located on the long 
arm on chromosome 11, has many different fusion partners described in ALL 
and acute myeloid leukemia (AML). The t(4;11) leading to KMT2A-AFF1, is 
the most common fusion partner. MLL-rearrangement is present in 75% of 
infant ALL (<1y), very rare in older children, and involves almost 13% of 
adult ALL 36. It is associated with a poor prognosis in both pediatric and adult 
ALL.  

Although t(12;21) leading to the ETV6-RUNX1-fusion gene is prevalent in 
young children and associated with excellent outcome, it is extremely rare in 
adults and might be associated with late relapses 37.  

Hyperdiploidi (i.e., chromosomal gain; modal number >50) is present in 
30% of childhood ALL, in about 10% of adults, and associated with a favora-
ble prognosis but depending on which chromosomal gain 38.  

In both children and adults, hypodiploidy is associated with inferior out-
come in an age-dependent manner and is associated with relapse 39. Misclas-
sification due to doubling in chromosomal banding analysis is a diagnostic 
pitfall.  

Another subgroup of pediatric patients with an extreme risk of relapse but 
rescuable with additional therapy was found to have an intrachromosomal am-
plification of chromosome 21 (iAMP21). This aberration is present in 3-5% 
of pediatric patients; although extremely rare in adults, iAMP21 is often in-
cluded as part of risk stratification in childhood protocols 40.  

A new, provisional entity with high prevalence (20-28%) in adolescents 
and adults is the BCR/ABL-like ALL with a gene expression profile similar to 
BCR-ALB1-positive ALL but without its typical Philadelphia chromosome 
and fusion protein 41,42. In a recent study, 88% of adult patients with a BCR-
ABL-like signature had different kinase-activating changes 43. Thus, these can 
be potential targetable alterations with different signal transduction inhibitors. 

T-cell Lymphoblastic Leukemia 
T-ALL, comprising 15-25% of adult ALL, is most prevalent in young males. 
If bone marrow involvement is less than 20%, it is classified as T-LBL. T-
ALL is heterogenous disease and at diagnosis often associated with a high 
leukocyte count (one-third having >100x109/L), mediastinal mass (almost 
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every second young patient), and CNS involvement that is more prevalent than 
in B-ALL 44,45. 

The immunophenotype corresponds to its thymic maturity and differentia-
tion and is sometimes risk stratifying. Early T-cell precursor ALL (ETP) has 
stem cell like properties and has been associated with an impaired outcome 
with a slower MRD response compared to other T-ALL 45,46. Data are con-
flicting whether the chemotherapeutic resistance might be abrogated by al-
logeneic HSCT in adults 47-49. In recent years, numerous genetic alterations in 
both ETP and other T-ALL have been described with potential therapeutic 
implications, and some are risk stratifying in current protocols 50-53. There are 
also rare cases with typical B-ALL alterations such as Ph-pos and MLL-rear-
rranged T-ALL. 

Burkitt Leukemia 
In the FAB classification, the L3 morphology describes medium-sized blasts 
with basophilic cytoplasm and numerous vacuoles21. In older studies and lit-
erature, L3 morphology combined with a mature phenotype is called ALL-L3 
or B-ALL (i.e., mature B ALL in contrast to pro-, common, or pre-B-ALL) 54. 
This combination was eventually classified as a leukemic variant of Burkitt 
Lymphoma (BL), an aggressive lymphoma of which the majority of cases are 
Epstein Barr Virus-driven endemic lymphomas. Sporadic cases of BL are rare. 
The leukemic variant with predominantly bone marrow involvement presents 
clinically as acute leukemia and represents about 5% of adult ALL cases. The 
majority of patients have a translocation of MYC, most often to the IGH gene, 
t(8;14). The disease is highly proliferative with an extreme risk of tumor lysis 
syndrome, but young patients receiving modern therapy now have a favorable 
prognosis 20,55. In the WHO classification, Burkitt Leukemia is categorized as 
a part of BL and not within the ALL spectra. Burkitt Leukemia is reported to 
the Swedish ALL registry, so it is reviewed here. 

Minimal Residual Disease 
Minimal or Measurable Residual Disease (MRD) refers to the level of remain-
ing leukemic blasts not visualized by conventional microscopy and staining in 
a bone marrow sample in complete morphologic remission. MRD is a compo-
site marker for the susceptibility of leukemic cells to treatment in the individ-
ual patient. Thus, MRD reflects not only disease biology but also pharmaco-
kinetics and dynamics. 

In 1981, Bradstock et al. demonstrated low levels of residual leukemia in 
bone marrow with immunofluorescence of terminal deoxynukleotidtransfer-
ase 56. In the early 1990s, prospective trials found MRD measured by FCM or 
real time quantitative (RQ) PCR of the immunoglobulin (Ig) or T-cell-receptor 
(TCR) genes to be a risk factor for relapse in pediatric ALL 57,58. Minimal 
residual disease was shown to be a risk factor in adult ALL as well 59-61. For 
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abundant genomic alterations with fusion gene transcripts, such as the 
BCR/ABL- and MLL-rearrangement, reverse transcriptase quantitative (qRT) 
PCR from RNA was developed and standardized 62-64.  

Later studies confirmed MRD to be an independent risk factor for relapse 
and death in B-, T-, and Ph-pos ALL in children and in adults65-70. Fast MRD 
clearance as well as later responses (1-3 month) have been reported to predict 
outcome 60,61,71. In adult patients without other risk features, those with an 
MRD of >10-4 detected after 16 weeks of treatment had a 3y relapse rate of 
94%, whereas none of the MRD-negative patients had relapsed 61. Comparable 
data have been shown by others 69.  

MRD was primarily introduced for treatment escalation in standard 
risk/non-Ph-pos patients 69,72. However, in a Spanish trial, investigators re-
frained from consolidation with allogeneic HSCT in high-risk patients with 
low or unmeasurable MRD post induction with encouraging results 73. In chil-
dren, most modern protocols have MRD-driven risk stratification with both 
de-escalation and intensification depending on treatment response.  

The methods for MRD assessment depend on disease biology, laboratory 
facilities, and available biomarkers 74,75. In addition, the majority of evidence 
comes from research on childhood B-ALL. In 2008, a consensus document 
for MRD measurement was produced to harmonize the methods and use of 
MRD in clinical trials 76. As the techniques have developed, the differences in 
sensitivity, specificity, and applicability between FCM and PCR have dimin-
ished and are now suggested to be complementary 77. Six-color FCM and RQ-
PCR used for childhood B- and T-ALL analysis have shown comparable re-
sults and were concordant in 95% of cases if a cut-off of 10-4 was applied 78,79. 
Prompt results and the possibility to detect clonal evolution are some of the 
advantages with FCM, but the need for large samples of bone marrow cells 
and the risk, although minor, of false positive results in a regenerating marrow 
are drawbacks. The EuroFlow consortium (www.euroflow.org) has combined 
multi-color flow, new antibodies, and advanced statistics to reach applicability 
in more than 90-95% of cases and with a sensitivity of 10-4 to 10-5 80. Clinical 
validation and standardization between laboratories and quality control are 
now doable 74.  

PCR methods are very labor intensive due to the design of individual pri-
mers (apart from PCR of recurrent fusion-gene transcripts) and are associated 
with false negative results in the case of clonal evolution. The development of 
high throughput PCR with different techniques is ongoing. Without the need 
for patient specific assays, high throughput PCR can also reach even higher 
sensitivity, down to 10-6.  Although time-consuming and requiring complex 
bioinformatic processing, these methods may soon be a part of routine clinical 
practice 81-83.  
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Other Prognostic Factors 
Many clinical prognostic factors are not predictive after the introduction of 
risk-directed and response-directed therapy with improved MRD measure-
ments and genetic profiling. In addition to primary resistant disease/ late CR, 
age is a negative prognostic factor in almost all studies. Age is a marker of 
more high-risk leukemia, intolerance to therapy, and probably other biological 
mechanisms 6,25,35,84-86. A high WHO performance status (WHO-PS) has been 
correlated to induction death and therefore the possibility to reach complete 
remission (CR) 23,87,88. Historically, a high white blood cell count (>30x109/L 
in B-ALL or >100x109/L in T-ALL) has been linked to worse outcome 84,89,90 
and are even with modern response directed therapy sometimes predictive 
87,91. Thrombocytopenia has been associated with inferior OS 6. Phenotype (T-
cell) is a high-risk feature in many protocols, sometimes depending on ma-
turity 66,92. Historically, central nervous relapses have been a problem but with 
high doses of CNS-penetrating drugs and intrathecal prophylaxis diminished93 
94. With modern therapy, CNS recurrence can be prevented without cranial 
irradiation. However, CNS disease at diagnosis has been a negative prognostic 
factor associated with impaired OS and it is often treated with irradiation in 
addition to intensified intrathecal therapy 92,95. 

Treatment and Outcome of Adult Acute Lymphoblastic 
Leukemia 
A Glimpse Into History 
During the second world war, both American and British researchers explored 
the effect of nitrogen mustard gases on hematopoiesis. Further research re-
sulted in the development of alkylating agents such as busulphan, which are 
active in many hematological malignancies. In parallel, folic acid was found 
to be important for hematopoiesis. In 1948, Sidney Farber published the first 
paper from a clinical trial on 16 children with acute leukemia who received 
the folic antagonist aminopterin of which 10 reached a clinical, hematological, 
and pathological remission 96. Aminopterin was later replaced by methotrexate 
and during the 1950s methotrexate’s (Mtx), corticosteroids’ and 6-mercapto-
purine’ (6-MP) effects on lymphocytes were discovered. Also, the Vinca al-
kaloid vincristine was found to have anti-tumor activity in lymphatic tumors 
97. Combinations of these new drugs were subsequently used in treatment of 
childhood leukemia.  

The initial course of chemotherapy, still called induction, aimed to eradi-
cate most of the malignant cells and induce a first complete remission (CR1).  
Because most patients relapsed, consolidation therapy was needed to establish 
disease control. Sometimes the disease was resistant to initial therapy or 
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resistant at the time of relapse. The first reports of successful treatment of ALL 
in two patients with advanced disease using total body irradiation (TBI) and 
bone marrow transplantation, were published 1970 98,99. However, the two pa-
tients succumbed due to cytomegaly virus infection and due to relapse of dis-
ease, respectively.  

It became obvious that young children reaching remission of ALL also had 
a high risk of CNS relapse, so prevention methods were needed. Later, it was 
discovered that craniospinal irradiation could be avoided provided that high-
dose systemic chemotherapy was supplemented with intrathecal administra-
tion of Mtx and/or cytarabine and corticosteroids 94,100,101. Based on preclinical 
data, a randomized study also found that systemic high-dose dexamethasone 
compared to prednisolone decreased the risk of CNS relapse, but was also 
found more toxic 102,103. In a later study dexamethasone during induction was 
beneficial only in a subgroup of T-ALL 104.  

Another important drug explored was the enzyme asparaginase as it de-
pletes tumor cells on the amino acid asparagine, reducing the risk of relapse, 
especially during consolidation/intensification 105. Numerous studies have 
later focused on different types of asparaginase and routes of administration. 

It was also discovered that maintenance with low-dose chemotherapy was 
a cornerstone in relapse prevention and many studies with various regimens 
were conducted. In the 1990s, a Childhood ALL Collaborative Group summa-
rized 42 recent trials of ALL maintenance and reinduction. It was concluded 
that intensive reinduction therapy reduced the risk of relapse and that a couple 
of years of low-dose maintenance was required but sufficient 106. In pilot stud-
ies from the 1970s, the Berlin-Frankfurt-Münster study group (BFM) of child-
hood ALL reported Event Free Survival (EFS) of 55% that improved to 78% 
in studies 20 years later 107. 

In adult ALL, one of the first, large prospective trials included patients 15-
55y and reported a remission frequency of 78% and in the lowest risk group 
an overall survival (OS) at 3y of almost 60% 108. Treatment advances in child-
hood ALL were adopted for adults, and the large study groups in Europe, US, 
and other parts of the world have continued together towards more efficient 
and less toxic treatment of adult ALL. 

Modern Therapy of Adult Acute Lymphoblastic Leukemia 
Modern therapy for adult patients with ALL is not easily defined. Many of the 
efficient therapeutic drugs, described above and introduced in the 1950s, 
1960s, and 1970s are still in use although in different combinations and doses. 
Today, remission rates of >90% are common, but disease recurrence has been, 
and still is the major cause of death. To reduce the risk of relapse, high-dose 
chemotherapy with autologous stem cell rescue or “immunological rescue” 
with allogeneic HSCT was introduced. Following the introduction of risk- and 
response-adapted protocols and in the last two decades with “pediatric 
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inspired” multiagent therapy followed by maintenance, the frequency of 
HSCT in CR1 has become very low in children and probably diminishing also 
in young adults 92,109,110. An overview of drugs commonly used in international 
treatment protocols is displayed in Table 3 including some new drugs cur-
rently on their way into the clinic111. 

Table 3. Drugs common in treatment of acute lymphoblastic leukemia  
Drug Mechanism of action Use Major side effects* 

Asparaginase Enzyme cleaving as-
paragine leading to de-
pletion in tumor cells 

Induction and consol-
idation 

Pancreatitis, Throm-
bosis, Dyslipidemia, 
Allergic reactions 

Cytarabine Antimetabolite, inhibit 
DNA elongation and 
repair 

High systemic doses 
as CNS-prophylaxis. 
Intratechal 

GI-tract, keratitis, 
Cerebellitis, “Ara-C 
syndrome” 

Cyclophosphamide Alkylating agent, cross 
links DNA 

Induction and condi-
tioning regimens 

Hemorrhagic cystitis, 
SIADH, Secondary 
malignancies 

Dasatinib Broad Tyrosine Kinase 
Inhibitor 

(R/R) Ph-pos disease 
continuously 

Edema and pleural 
effusions, GI-tract 

Doxo/Daunorubicin Anthracyclines, dis-
rupting DNA synthesis 

Induction and consol-
idation 

Heart Failure 

Etoposide Topoisomerase II in-
hibitor, DNA cannot 
unwind 

Consolidation, re-
lapse and condition-
ing 

Secondary malignan-
cies 

Fludarabine Antimetabolite, purine 
analogue 

Consolidation, Re-
lapse, conditioning 

Long term T-cell de-
pression 

Imatinib  Tyrosine Kinase Inhibi-
tor 

Ph-pos, BCR/ABL-
like disease 

Liver, GI. Interaction 
with Asparaginase 

Methotrexate Antimetabolite, antifo-
late 

HD in consolidation 
and po maintenance 

Mucositis, Renal, 
CNS, liver 

Mitoxantrone Anthracycline and 
Topoisomerase II in-
hibitor 

Consolidation or re-
lapse 

Less cardiotoxicity,  
Secondary leukemia 

Nelarabine Antimetabolite R/R of T-ALL Neurotoxicity 
Rituximab Chimeric anti CD-20 

Mab 
CD20-pos B-ALL Decreased number of 

B-cell, Hypogam-
maglobulinemia,  

Steroids Glucocorticoid, lym-
pholytic in high doses 

Induction, consolida-
tion and maintenance 

Numerous; diabetes, 
osteoporosis etc. 

Vincristine Vinca alkaloid, disturbs 
microtubuli 

Induction, consolida-
tion and maintenance 

Neuropathy, obstipa-
tion 

6-Mercaptopurine Antimetabolite Consolidation and 
maintenance 

GI and liver. Depend-
ent on TPMT-activity 
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Drug Mechanism of action Use Major side effects* 

New therapies on their way into routine care 
    
Blinatumomab CD19/CD3 

bi-specific Mab 
R/R B-ALL TLS, CRS, neurotox-

icity, hypogammag-
lobulinemia 

Inotuzumab- 
Ozogamicin 

CD22 Mab coupled 
toxin 

R/R B-ALL TLS, Liver toxicity 
including SOS after 
HSCT 

Ponatinib Broad tyrosine kinase 
inhibitor active also in 
T315I-mutated cells 

R/R Ph-pos ALL CVE, Pancreatitis 

Tisagenlekleucel CAR-T cell R/R B-ALL <25y CRS, TLS, neurotox-
icity 

*Excluding myelosuppression.  
ALL; Acute Lymphoblastic Leukemia, CAR-T; Chimeric Antigen Receptor T-cell, 
CNS; Central Nervous System, CRS; Cytokine Release Syndrome, CVE; Cardiovas-
cular Events, HD; High Dose, Mab; Monoclonal antibody, Ph; Philadelphia, R/R; 
primary refractory or relapsed, TLS; tumor lysis syndrome, TPMT; 6-Tiupurine me-
thyltransferase, SIADH; Syndrome of Inappropriate Secretion of Antidiuretic Hor-
mone, SOS: Sinusoidal Obstructive Syndrome 

Population-based Outcome in Adult ALL 
The great achievements in treatment outcome and long-term survival of child-
hood ALL are without parallel. A mortality ratio of 85-90% has been reversed 
to >90% long-term survival. However, most published data on adult ALL are 
from studies performed in referral centers and therefore population-based re-
sults are of great interest. 

In a population-based cohort of Danish patients with ALL diagnosed be-
tween 1998 and 2008 (15-91y, median 47y), OS in the total cohort at 5y was 
34%. In patients 15-35y and 36-65y with curative treatment, 5y OS was 51% 
and 39%, respectively. No patient older than 65y survived 5y after diagnosis 
6. In a more recent population-based registry study from the Netherlands, OS 
had improved over the last decades in all age-groups except in patients over 
70y. In patients diagnosed with B- and T-ALL between 2007 and 2012, OS at 
5y in the age groups 18-24y, 25-39y, 40-59y, 60-69y, and ≥70y were 75%, 
57%, 37%, 22%, and 5%, respectively. None of the patients over 70y were 
included in a clinical trial 4.  

Different registry analyses demonstrate equal trends with modest to great 
improvements in younger patients but almost none in older patients (>70-75y) 
35,112-114. In Ph-pos ALL, the introduction of TKI has change this and Ph-pos 
ALL now has similar or better prognosis than Ph-neg ALL, even in older pa-
tients 35,88. 
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B and T Acute Lymphoblastic Leukemia 
As mentioned above, treatment of adult ALL has evolved from pediatric re-
search and further developed in different parts of the world although no con-
sensus has been established. Since the mid 1980s, in the US most adult ALL 
patients are treated according to the HyperCVAD protocol 115.  This protocol 
is based on a total of eight courses of chemotherapy consisting of fractionated 
cyclophosphamide, vincristine, doxorubicin, and dexamethasone, alternating 
with high dose cytarabine (3g/m2) and intermediate dose of Mtx (1g/m2), fol-
lowed by delayed intensification and maintenance. Today, this treatment is 
modified according to age and subgroup of ALL diagnosis116. In B-ALL, one 
modification includes the addition of rituximab in CD20+ ALL because of its 
previous adverse outcome 90,117,118.  

In Europe and other parts of the world, different ALL groups have run their 
own studies with different protocols. In the 1980s, risk-adapted therapy was 
proposed 108. Simultaneously, autologous and allogeneic HSCT as consolida-
tion therapies were introduced. Initially, allogeneic HSCT was offered to all 
patients with a sibling donor, but this strategy proved more efficient in high-
risk patients at the time constituting predominantly of Ph-pos ALL 119. On the 
contrary, when Ph-neg ALL were randomized depending on donor availabil-
ity, the advantage of HSCT was seen only in standard risk leukemia and that 
chemotherapy with maintenance was better than autologous HSCT 120. With 
the introduction of MRD assessment, it was noted that standard risk, Ph-neg 
ALL patients with a low MRD (<10-4) had a very favorable prognosis without 
allografting 61. On the other hand, if MRD persisted, patients took advantage 
of allogeneic HSCT 72,121. This was later shown also for high risk Ph-neg ALL 
122. 
 
Most T-ALL patients are initially treated as B-ALL patients. The CR rate and 
prognosis have been similar to B-ALL in recent years, although immature 
phenotype has been associated with adverse prognosis. The trend of poorer 
outcome in patients over 35y (or 50y) remains as well 44,45,123,124. In a recent 
publication of patients 1-45y treated according to NOPHO ALL 2008, ETP 
was associated with slower MRD response and therefore treated with more 
intensive chemotherapy but without inferior outcome compared to the total 
cohort, a finding confirmed by others 45,47. Most relapses of T-ALL disease 
occurred early within one year of diagnosis and the prognosis in case of re-
lapse was dismal with isolated patients surviving and none surviving alloge-
neic HSCT in second CR (CR2) 45. Nelarabine, a T-cell specific purine nucle-
oside analogue, has been introduced in relapsed T-ALL/LBL, but in upfront 
treatment this strategy has not yet proved to be more efficient than traditional 
treatment 125-127. 
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For both B- and T-ALL in Europe, the last two centuries of protocol develop-
ment in younger patients has been intensification of treatment but with the 
goal to evade allogeneic HSCT. For older patients, protocol development has 
been adjustment of doses, reduced intensity conditioning regimens in case of 
allogeneic HSCT, and introduction of new compounds in upfront therapy. 

Pediatric-inspired Therapy 
One of the reasons for improved outcome in younger patients is thought to be 
the application of pediatric-inspired regimens. These protocols allocate pa-
tients to different treatment intensities depending on predefined risk factors 
and after response to initial treatment assessed by MRD monitoring. They also 
include high doses of conventional ALL drugs such as steroids and vincristine. 
The use of asparaginase, often already during induction, and intensification 
with high dose (HD) Mtx (3-5g/m2) are other key features. In low-risk groups, 
de-escalation is performed for myelotoxic and cardiotoxic drugs such as an-
thracyclines. Maintenance phase extends to more than two years from diagno-
sis and HSCT is rarely recommended in CR1. 

Substantial improvement was seen when younger adults with Ph-neg B- 
and T-ALL were treated according to these protocols, especially up to the age 
of 25 but was also feasible up to 35y, 40y, 45y, 50y, 55y, or even 65y with 
dose reductions 110,128-138. However, optimal handling of toxicity and how to 
treat the increasing proportion of elderly patients with high-risk disease re-
mains problematic 26. In adults, the incorporation of asparaginase during in-
duction requires precautions, especially if concomitant imatinib is adminis-
trated 139,140. In addition, some adult protocols have kept allogeneic HSCT in 
CR1 in case of different high-risk criteria such as MLL rearrangement 26. 

Philadelphia Positive Acute Lymphoblastic Leukemia 
Historically, Ph-pos ALL has been associated with a miserable prognosis be-
cause of disease recurrence leading to short median OS and few patients sur-
viving three years 30,141. The only chance for long-term remission was with 
allogeneic HSCT 34,119,142,143. With the introduction of TKI, prognosis has im-
proved 35,144-150.  

Imatinib (first generation) and dasatinib (second generation) are the most 
commonly used TKIs in ALL. Imatinib is the only drug registered in upfront 
therapy of adult Ph-pos ALL in Sweden. Available TKIs have different mech-
anism of actions and therefore efficacy depending on mutation in the tyrosine 
kinase. They also have distinctive side effects depending on their respective 
off-target consequences, but imatinib has the narrowest kinase inhibitor spec-
trum. TKI has been used in monotherapy with steroids, on top of standard 
protocols or with reduced intensity chemotherapy in ALL 24,147,151-153. No head-
to-head comparison of different TKI in upfront therapy has been published, 
but a recent review suggests that the third generation TKI, ponatinib, which is 
the only one effective in T315I mutations, might lead to improved long-term 
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outcome 154. ALL patients often harbor TKI-resistant sub clones at diagnosis 
and develop resistance during treatment more frequently than CML patients 
155,156. Due to poor CNS penetration of imatinib, prophylaxis with intrathecal 
chemotherapy is essential to prevent relapses. Dasatinib has been effective in 
CNS relapses but failed to prevent it, at least in retrospective analysis 157,158. 

Outcome after autologous and allogeneic HSCT has been similar in Ph-pos 
ALL in the TKI era, but patients were few, data were analyzed retrospectively, 
and follow-up has been relatively short 151,159,160. Most study groups still rec-
ommend allogeneic HSCT in CR1 in eligible patients but in recent years, this 
approach has been questioned. Following the use of a TKI-based protocol, Ph-
pos patients (n=51) in complete molecular remission (absence of detectable 
transcript <0.01%) at three months from diagnosis had an excellent outcome 
with a 4y OS of 66% without allografting 71.  

Post allografting, both prophylactic and MRD-driven TKI treatment have 
been used. One small randomized study found no difference in OS between 
the two options 161. As TKI has immunomodulatory effects, a lower risk of 
GvHD has been seen in patients receiving TKI post HSCT 162, and this is one 
of the reasons why many centers give TKI prophylactically for one or two 
years.  

Burkitt Leukemia 
Previously, patients with “mature B-ALL”, which is now classified as Burkitt 
Leukemia, were included in ALL studies. In the 1980s, however, patients who 
were treated as if their diagnoses were Burkitt Lymphoma exhibited improved 
results compared to those treated with traditional ALL protocols 163. Long-
term follow-up in a recently published study with intensive courses of chem-
otherapy with rituximab for Burkitt Leukemia and Lymphoma showed an ex-
cellent CR rate of 88%. In patients 26-55y and ≥55y, OS at 5y was 84% and 
62%, respectively, and the treatment (dose-reduced) was well tolerated even 
in older patients 55. Similar results were reported from an Italian group 164. 

Autologous and Allogeneic HSCT 
The above section discusses indications for HSCT in relation to the different 
subgroups of ALL. In younger patients, the overall principle is to avoid relapse 
by eradicating residual disease with high doses of chemotherapy, total body 
irradiation (TBI), and stem cell rescue. Earlier studies could not show that 
autologous HSCT was more effective than chemotherapy with maintenance 
120,165, although its use in Ph-pos ALL is still being investigated.  

Allogeneic HSCT was the first (chemo-radio) immunotherapy for ALL. 
The graft versus leukemia effect is potentially curative, whereas its counter-
part graft versus host disease (GvHD) can be lethal. The reduced risk of re-
lapse and the transplant related mortality (TRM) often counterbalance each 
other with respect to OS 122,166. 
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Regarding donors, all available options are applicable in ALL. A recent 
retrospective analysis found that patients with haploidentical donors had sim-
ilar outcome to matched unrelated donors 167. 

In numerous retrospective analyses, TBI regimens have been superior to 
those based on chemotherapy alone 159,168. Etoposide has been more effective 
in reducing the risk of relapse than cyclophosphamide, but its toxicity means 
it is only recommended in younger adults169,170. For older patients, reduced 
intensity conditioning (RIC) is an option 166,171,172. Prophylaxis of GvHD and 
post-HSCT immunomodulation are usually given according to local routines 
and/or international guidelines. 

Refractory or Relapsed Acute Lymphoblastic Leukemia 
Primary refractory/relapsed (R/R) ALL in adults has a dismal prognosis. In 
studies from the late 1990s, 5y OS after relapse was as low as 7% 173,174. In 
later cohorts of Ph-neg ALL patients treated more intensively, OS improved 
to 25% at 3y, and even higher in younger patients reaching CR2 after first 
salvage175,176. In a retrospective analysis from the Swedish ALL registry, sim-
ilar figures for best outcome were found for young patients (<35y) allografted 
in CR2 177. Relapse regimens have varied from single drugs to multidrug re-
induction with none accepted as standard of care. 

Suddenly, there seems to be light at the end of the tunnel, at least for B-
ALL. The toxin coupled inotuzumab ozogamicin has entered the arena for 
CD22-positive leukemia 178, and the bispecific antibody blinatumomab acti-
vates T-cells for lysis of CD19-positive cells, which are the majority of B-
cells 179. In monotherapy or together with chemotherapy or TKI, they have 
rendered impressive CR rates as salvage regimens in young patients and as 
upfront therapy in older patients180-182. 

In addition to the third generation TKI in Ph-pos ALL 149, the chimeric 
antigen receptor (CAR) T-cells were the major break-through of the last dec-
ade, at least for patients <25y 183,184. In desolate cases CAR-T cell therapy has 
led to long-term remission in CD-19 positive B-ALL. Because toxicity, above 
all cytokine release syndrome, is an unsolved problem, CAR-T cells are hith-
erto only registered for children and young adults. Their role in up-front ther-
apy is now being explored in clinical trials.  

In T-cell ALL, nelarabine has been an effective treatment for R/R disease 
but is associated with dose-limiting neurotoxicity 125,126. Compounds effective 
in multiple myeloma like bortezomib and daratumumab are also studied 185,186. 

Elderly Patients 
Patients not eligible for intensive chemotherapy or allogeneic HSCT are often 
classified as elderly 187; however, different studies use different ages for de-
fining the cut-off age for classification of elderly. Historically, older/elderly 
patients with ALL are rarely included in randomized studies as co-morbidities 
and intolerance to chemotherapy make study design a challenge 188. Efforts 
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have been made to adjust treatment protocol for elderly ALL 146,189-191. In 2002, 
the European Working Group for Adult ALL (EWALL) was established and 
a chemotherapy backbone protocol for adult ALL was suggested 192. To date, 
the most promising results of this backbone have been seen in Ph-pos ALL. 
The first study with the addition of dasatinib to the backbone in 71 patients 
with a median age of 69y led to a CR rate of 96% and 5y OS of 36% 152. 

With the introduction of immunotherapies upfront, better survival is ex-
pected also in older patients with Ph-neg disease. The first report from reduced 
chemotherapy together with inotuzumab ozagamicin are promising. In 52 pa-
tients with Ph-neg B-ALL with a median age of 68y, 2y and 3y OS was 66% 
and 56%, respectively 180. For elderly patients with T-ALL, opportunities are 
still few although new compounds such as gamma secretase inhibitors are in 
clinical studies 193. 

Comorbidity Assessment 
In addition to age-adapted therapy, different methods of comorbidity assess-
ment have been used to evaluate elderly patients. Yet, none of this methods 
have been found to have a major impact on clinical decision making or out-
come. In part, this lack of confirmation can be explained by the high mortality 
in leukemia itself in older patients. The Charlson Comorbidity Index, 
weighted for chronic disease and age 194, has been used in studies of older ALL 
patients but has not been associated with outcome in multivariable analysis 
88,195. In an AML registry study, comorbidities were not associated with short 
term mortality 196. However, in another AML study, diabetes, if investigated 
separately, was associated with increased 30-day mortality 197.  

In addition to comorbidity scores, geriatric assessment is sometimes sug-
gested 187 and this predicted OS in one AML trial 198. In lung cancer, for ex-
ample, geriatric assessment spared frail patients toxicity as the clinician with-
drew chemotherapy in some patients 199.  

Nevertheless, the use of geriatric assessment in leukemia care is not well 
defined but in the transplantation setting, it is valuable to predict non-relapse 
mortality. Sorror et al. developed a comorbidity index that can help clinicians 
and patients in the discussion and risk assessment of allogeneic HSCT when 
comparing other options 200,201. 

Supportive Care 
A cornerstone in the treatment of ALL is supportive care. Although outside 
the scope of this thesis, some remarks can be made.  

At diagnosis, tumor lysis syndrome has been associated with impaired out-
come and can now be prevented with allopurinol or rasburicase in high-risk 
patients – i.e., patients with large tumor burden or highly proliferative disease 
202. 
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Many of the drugs delivered when treating ALL have different side effects 
(Table 3). These side effects increase as patients age or have comorbid condi-
tions. Challenges include HD-Mtx and impaired renal function, steroids and 
diabetes, vincristine in the case of polyneuropathy and anthracyclines that can 
lead to cardiotoxicity. Pegylated asparaginase is associated with specific early 
side effects such as coagulopathy and therefore thrombosis and bleeding, pan-
creatitis, hypertriglyceridemia, and hepatotoxicity accentuated in adults 203,204. 
Thrombosis prophylaxis has not been extensively studied in adults 205,206. In a 
large, randomized, trial, low molecular weight heparin prophylaxis or an-
tithrombin replacement during induction in patients 7-18y were associated 
with a lower incidence of venous thromboembolism compared to a low-dose 
heparin-control arm 207. However, replacement of antithrombin did not result 
in fewer thromboembolic events in a small study of adult ALL 208. In sum-
mary, results indicate that thrombosis prophylaxis is safe and probably effec-
tive and thus could be suggested in adult patients, at least during induction 
205,207,209. 

Although patients still die from infections from bacteria, viruses, or inva-
sive fungal diseases, therapeutic opportunities have expanded, except for pa-
tients with multi-resistant bacteria. During ALL treatment, antiviral prophy-
laxis is given to prevent reactivation of varicella and herpes viruses. Broad 
spectrum antibiotics with Pseudomonas activity in case of neutropenic fever 
are essential for preventing septicemia, and many centers provide oral prophy-
laxis during neutropenic phases. Prophylaxis against fungal infections is under 
debate and has been rarely studied 210,211, but is often recommended in block-
based intensive induction regimens for high-risk disease 92,116. The interaction 
of azoles with vincristine is a pitfall that needs further attention 116,212. Prophy-
laxis against Pneumocystis jirovecii is generally recommended in ALL pa-
tients 213.  

Supportive care of ALL patients after allogeneic HSCT does not diverge 
from other indications. 

Swedish National Guidelines 
Sweden is a large country with a small population (10 million inhabitants). 
Because Sweden is very rural, patients with ALL are treated at numerous cen-
ters across the country. To harmonize treatment, the Swedish Adult ALL 
group (SVALL) was created in 1984. The group consists of at least one mem-
ber from each of the six health care regions in Sweden. The group gives rec-
ommendations about how to diagnose and treat adult ALL patients of different 
ages with B-, T-, or Burkitt Leukemia and with different performance status. 
The first guidelines were published in 1987 and are updated approximately 
every three years. The guidelines also include recommendations about inves-
tigation at diagnosis and follow-up and advice about palliative care. 
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Diagnostic Recommendations 
Investigation at diagnosis has naturally improved since the first guidelines in 
1987. A summary of the recommendations over the studied period in this the-
sis (1997-2015) is presented here.  
 
Initially, hematopathological analyses were decentralized. With the introduc-
tion of the NOPHO ALL 2008 protocol for adult ALL in Sweden, university 
hospital laboratories analyzed most diagnostic samples from patients treated 
with curative intention. Diagnostic recommendations included bone marrow 
morphology with immunophenotyping including LAIP for MRD monitoring 
and PCR in case of T-cell disease or specific transcripts. Recommended cyto-
genetics included conventional karyotyping, fluorescent in situ hybridization 
for at least KTM2A/MLL rearrangement, and BCR-ABL1 translocation, and 
PCR for BCR-ABL1 for all patients with remission inducing intention. After 
the introduction of imatinib, Ph-status was recommended in all patients re-
gardless of age and treatment intention. In recent years, more advanced cyto-
genetic techniques have been used (micro arrays etc.).  

CNS disease was evaluated with lumbar puncture (with intrathecal Mtx) 
and radiology in case of overt symptoms. Chest X-ray was also recommended 
in all patients and further radiology in case of T-ALL or clinical suspicion of 
extramedullary disease. 

Minimal Residual Disease in the National Guidelines 
In 2003, the SVALL group introduced MRD monitoring in the guidelines. 
Because of the NOPHO ALL 2008 study, six laboratories in Sweden used an 
FCM-accredited method with four and, from 2008, six-color FCM. MRD by 
multicolor FCM was recommended for B-ALL, PCR of the TCR for T-ALL, 
and qRT-PCR for Ph-pos ALL. MRD monitoring was recommended after re-
mission induction and after each consolidation as well as before allogeneic 
HSCT and during follow-up. 

Treatment Recommendations 
As the ALL incidence in Sweden is not high enough to enable randomized 
trials within a reasonable timeline, the SVALL group has collaborated with 
international groups to cover the spectrum of ALL diseases. Such collabora-
tions were formed with the Nordic Society of Paediatric Haematology and 
Oncology (NOPHO) group, the EWALL group, and with the German Multi-
center Study Group for Adult ALL (GMALL). 
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Table 4. Overview of treatment recommendations, adapted from Paper IV 
Year of GL 1997-2002 2003-2008 2009-2015 

Age group 
® 

Remission inducing  
therapy intended  
regardless of age 

18-45y 45-60/65y 60-75y >75y or not 
eligible for 
intensive 
therapy 

Diagnosis Treatment protocol 
B-ALL,  
Ph neg 
 

ABCDV ABCDV NOPHO 08 ABCDV EWALL Reduced ** 

B-ALL,  
Ph, pos 
 

ABCDV ABCDV 
+imatinib* 

ABCDV 
+imatinib 

ABCDV 
+imatinib 

EWALL 
+imatinib 

TKI, ster-
oids, Vcr 

T-ALL 
 

ABCDV HCVAD NOPHO 08 ABCDV EWALL Reduced** 

CNS 
 

*** *** *** *** ***  

Burkitt 
Leukemia 

NHL-BFM 
90-proto-
col 

NHL-BFM-
90-protocol/ 
GMALL-B-
ALL/ 
NHL2002 

GMALL-
B-ALL/ 
NHL2002 

GMALL-
B-ALL/ 
NHL2002 

GMALL-
B-ALL/ 
NHL2002 

Reduced ** 

ALL; Acute Lymphoblastic Leukemia, CHOP; Cyclophosphamide, Hydroxydauno-
rubicin, Oncovin, Prednisone, Ph; Philadelphia chromosome, Vcr; Vincristine, GL; 
Guidelines, The protocols NOPHO, EWALL, GMALL, HCVAD, NHL-BFM, 
NOPHO 08; See main text. 
* Initially, only given to patients with resistant disease or persistent minimal residual 
disease after allogeneic stem cell transplantation. Gradually introduced upfront and 
recommended in all Philadelphia positive patients from 2007. 
** Reduced courses of CHOP (75%), VAD, or Vincristine+steroids 
*** Six injections of intrathecal methotrexate as CNS prophylaxis. No prophylactic 
irradiation. Patient treated according to NOPHO-2008/NHL-BFM90 or GMALL-B-
ALL/NHL2002 followed the protocol. 
References in main text. 
 
The Swedish chemotherapy regimen ABCDV/VABA/BCDE was the main re-
mission inducing protocol for B-ALL and T-ALL between 1997 and 2015 214. 
This regimen is an intensive block-based protocol with betamethasone as ster-
oid backbone and high doses (3g/m2) of cytosine arabinoside for central nerv-
ous system penetration. In addition, the regimen includes treating all patients 
with amsacrine and etoposide but does not include asparaginase or HD-Mtx 
in induction or early consolidation. Accordingly, it differs from international 
protocols; however, it resulted in similar results as international protocols at 
the time 214. High-dose methotrexate and asparaginase were added in a high-
risk consolidation arm and since 2012, rituximab was added in case of CD20-
pos B-ALL. In patients not allocated to allogeneic HSCT, reinductions and 
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two years of maintenance are provided. No prophylactic irradiation is included 
in the regimen. 

Between 2003 and 2009, the Hyper-CVAD protocol 115 was recommended 
for T-ALL, but due to poor results this suggestion was withdrawn in 2009 215. 

For younger adults 18-45y with Ph-neg ALL, the pediatric NOPHO ALL 
2008 protocol was, after a pilot study, introduced in the guidelines as standard 
of care from 2009 92. For clinically unfit or elderly patients, the EWALL back-
bone protocol was introduced 152,216. Since October 2009, this protocol was 
recommended for patients older than 55-60y or not eligible for allogeneic 
HSCT in the case of high-risk disease. For patients older than 75y, intensive 
palliation with different low-dose chemotherapy courses such as CHOP or 
VAD was suggested 217.  

Since 1995, Ph-pos disease has been regarded as high-risk leukemia and 
allogeneic HSCT has been recommended in CR1. As imatinib became avail-
able for Ph-pos ALL, it was initially introduced in resistant disease or at re-
lapse and then gradually introduced upfront and officially included in the 
guidelines from 2007. Imatinib was added to the chemotherapy backbone of 
choice or given in addition to steroids and low dose chemotherapy in elderly 
patients. 

Since 2007, the Non-Hodgkin Lymphoma (NHL)/BFM-90 protocol for 
Burkitt Leukemia was replaced by the GMALL-B-ALL/NHL protocol. In 
2009, this protocol was modified with the addition of rituximab and adjust-
ment of doses for elderly 55.  

High-risk Criteria and Allogeneic Stem Cell Transplantation 
In patients treated according to ABCDV or HyperCVAD protocol, high risk 
criteria were: Ph-pos ALL, t(4;11)/MLL-rearrangement, leukocyte count of  
>30x109(B-ALL)L/>100 x109/L (T-ALL), and CR after more than one course 
of chemotherapy. Patients with a high-risk criterion or in later guidelines 
MRD of ³1.0% after remission induction and/or not reaching <0.1% after con-
solidation were recommended allogeneic HSCT in first CR. Since 2009, T-
ALL was considered a high-risk disease as well. Allogeneic HSCT was done 
according to local routines including condition regimens (although suggested 
to be myeloablative and TBI-based in young patients) and GvHD prophylaxis. 
If no donor was found, autologous stem cell transplantation was optional alt-
hough seldom performed. 

Recommendations at Relapse 
During the study period, different regimens at relapse were advocated includ-
ing reinduction with previously used protocol in case of late relapse. Type of 
chemotherapy used was studied in a previous publication 177. Mutational anal-
yses and change of TKI were suggested for cases with resistant or relapsed 
Ph-pos ALL. 
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Patient-Reported Outcome 
When leukemia care goes from surviving to survivors, the cost of treatment 
needs to be addressed, and not only by health economists. Patient-reported 
outcome (PRO) of quality of life (QoL), physical and psychical function, 
symptom burden, and even adverse events are questions that need to be further 
studied. The European Organization for Research and Treatment of Cancer 
(EORTC) tries to standardize PRO in clinical trials and the Federal Drug Ad-
ministration recommends how to use PRO in study design 218 219,220. For acute 
leukemia since the 1990s, Health-related QoL (HRQoL) has been measured 
in different studies, especially after allogeneic HSCT 221-225. To my 
knowledge, PRO has not been included in a population-based quality registry. 

The Swedish Blood Cancer Registry (BCR) decided in 2012 to incorporate 
PRO in the registry and started with a pilot project in the AML and ALL reg-
istries (two of eight diagnose-specific registries in the BCR). The background 
to this introduction is described here. 

PRO can be collected by different means, but the typical method is to use 
questionnaires or telephone interviews. For health economic analysis, generic 
instruments such as the Short Form 36 (SF-36) and The EuroQol-group five-
dimension questionnaire (EQ-5D™) can be used, but these are not suited for 
evaluation of PRO in the individual patient 226. Therefore, disease-specific in-
struments as well as procedure-designed questionnaires have been developed 
227. In the BCR, different diseases are included and therefore a generic but 
malignancy-specific instrument for HRQoL was sought. In clinical oncology 
research, the EORTC Cancer Quality of Life Questionnaire Core 30-item 
(EORTC QLQ-C30) 228 or the questionnaire Functional Assessment of Cancer 
Therapy-General version 229 are generally recommended 230. These two instru-
ments were also the most frequently used in hematological research 231,232.  

As depression has been associated with impaired outcome after allogeneic 
HSCT 233, we were also interested in assessing depressive symptoms in addi-
tion to HRQoL. The Patient Health Questionnaire scale (PHQ-8) has ≥80% 
sensitivity and specificity to identify patients with major depression and has 
been evaluated in cancer patients 234. 

Despite all the knowledge about PRO in hematological care, interventional 
studies are uncommon and how they can improve given care remains to be 
established 235,236.  
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Aims 

The aim of this thesis was to study clinical characteristics, outcomes, and treat-
ment recommendations for adult ALL in a population-based setting using the 
Swedish ALL Registry. In addition, the introduction of patient-reported out-
come in the ALL and AML registries was evaluated. 

 
The specific aims were 
 

- to investigate the use of MRD in clinical practice in patients with Ph-
neg B-ALL treated according to the Swedish ALL protocol with re-
spect to feasibility, cut-off adequacy, and correlation to treatment out-
come (Paper I). 

 
- to evaluate the introduction of an age-adapted protocol in the national 

guidelines in patients 55-85y and to describe disease and patients’ 
characteristics in relation to age, treatment, and outcome (Paper II). 

 
- to study treatment and outcome after first relapse of ALL in patients 

55-85y thus contributing to reference material for future studies of 
new therapies (Paper III). 

 
- to investigate disease characteristics, especially the frequency of Ph 

positive disease in an unselected population-based cohort of adult 
ALL diagnosed between 1997 and 2015 and to study outcome includ-
ing after allogeneic HSCT (Paper IV). 

 
- to introduce patient reported outcome in the Swedish ALL and AML 

Registries and prospectively assess HRQoL, symptoms of depression, 
and patient experiences with cancer care (Paper V). 
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Patients and Methods 

Patients in the Acute Leukemia Registries 
Since 1958, patients diagnosed with cancer are reported to the Swedish Cancer 
Registry. Pathologists and clinicians are obliged to report every newly diag-
nosed cancer to the registry. Dual reporting improves coverage and accuracy.  
Through the Swedish citizen social security identification number, cancer in-
cidence can be vigorously monitored. From the Cancer Registry, diagnose-
specific quality registries evolved.  Since 1997, patients with acute leukemia 
have been monitored in the Acute Leukemia (AL) Registry. In 2007, the AL 
Registry was incorporated in a new web-based registry, the Blood Cancer 
Registry (BCR). The AL Registry was then separated into the AML and ALL-
sub registries. The coverage of these two new registries compared with the 
Cancer Registry has been 98% 237. 

Patients should be informed by their treating physician that their diagnosis 
is reported to the respective quality registry if they do not opt-out, which is 
their right. Clinical and laboratory data are reported in a semi-prospectively 
way by the respective clinicians/hospitals. The initial report includes baseline 
data such as patient and disease characteristics, investigations, and treatment 
intention. A treatment report is then requested. This report includes infor-
mation about given therapy, achievement of CR, and intention of allogeneic 
HSCT. If the patient is allografted, a separate report is written. Follow-up re-
ports are regularly requested, but relapses and cause of death are preferred to 
be reported as soon as possible. By means of the social security identification 
number, vital status is continuously updated. In this thesis, all included pa-
tients were identified by the registry and in Paper II also via the Cause of 
Death Registry. Baseline data were obtained from the registries and were con-
firmed and supplemented as specified below. 

Paper I – Minimal Residual Disease 
Patients >45y with Ph-neg B-ALL diagnosed between 2007 and 2011 and 
treated according to the ABCDV protocol were identified and informed about 
inclusion in the study with informed consent implied by an opt-out option. All 
co-authors confirmed and collected missing data from patient charts. MRD 
levels were then retrieved by E Lennmyr from original hematopathological 
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reports at each laboratory that had performed the analysis. Original FCM plots 
were not scrutinized. Since 2008, all laboratories have measured MRD using 
six-color FCM according to the NOPHO ALL 2008 standards. 

Paper II and III – Coverage, Comorbidities, Treatment, 
and Toxicity 
From the ALL Registry, all patients 55-85y registered between 2005 and 2012 
were included. Patients alive were informed about the study per mail and in-
formed consent was implied by an opt-out option. A registry report from the 
Swedish Cause of Death Registry was collected for the same period to assess 
missing cases in the Swedish Cancer Registry. ALL registry data were con-
firmed by EL and PK from patient charts. The study database was then sup-
plemented with retrospectively collected data of comorbidities, given treat-
ment including dose reductions, and toxicity. Comorbidities were summarized 
as the comorbidity component (CC) from the Charlson Comorbidity Index ex-
cluding ALL as diagnosis in the score 194. Toxicity was graded according to 
the Common Terminology Criteria for Adverse Events v 4.0 238.  

Paper IV – Cytogenetic and Molecular Analysis 
All patients in the registry with ALL diagnosis between 1997 and 2015 were 
included. A study database was created to merge patients with ALL from the 
“old” regionally-based Acute Leukemia Registries (1997-2006) and the 
“new” central ALL registry (2007-2015). Some variables had to be recoded to 
enable overall analysis and some were studied only in the “new” registry co-
hort. Patients were reclassified into B-ALL, T-ALL, Burkitt Leukemia, or 
ALL Not otherwise specified (NOS). In the old registry, ALL phenotype by 
immunohistochemistry or flow cytometry was reported according to the old 
terminology: pro B-ALL, pre pre-B-ALL, pre-B-ALL, mature B-ALL, T-
ALL, and ALL NOS. In addition, one French-American-British (FAB) clas-
sification variable divided ALL morphology into L3 or other ALL. Patients 
with a mature phenotype (former B-ALL) and L3 morphology were consid-
ered Burkitt Leukemia, and all other combinations were considered ALL 
NOS. From 2007, the precision and accuracy in diagnostics was assumed to 
be better with the introduction of the Systematized Nomenclature of Medicine 
– Clinical Terms (SNOMED-CT), and the registry included the numbers 
98363, 98123, 98133, 98143, 98153, 98163, 98173, 98183, 98373, 98353, 
98263, 983536, and 983535. 
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By means of the social security identification number, the database could be 
supplemented with cytogenetic information from the six central genetic facil-
ities performing the analysis. A medical student collected the original reports, 
EL scrutinized the coded paper copies and if borderline results were noted HH 
was consulted. Since 2007, Ph-pos disease was reported in the registry and 
thus validated, but in the “old” registry no such information was present alt-
hough cytogenetic analysis had been done. A pragmatic, clinical classification 
approach was used. To be classified as Ph-pos disease, a confirmatory test 
with only one diagnostic method was required. To be classified as true Ph-
negative disease, patients were judged adequately examined if either a normal 
karyotype with ³ 20 metaphases, another karyotype with clonal abnormality, 
a negative FISH, or a negative PCR for major and minor transcript were doc-
umented (see Paper IV for details). 

Paper V– Patient-Reported Outcome 
In a prospective study, all patients with ALL and AML alive and registered in 
the AL registries six months after a diagnosis from April 2014 were invited to 
participate in the PRO study. This first evaluation included patients diagnosed 
up to the end of December 2016. Patients received an invitation letter sent by 
regular mail with a web site address, an identification code and an electronic 
consent form. If no reply was registered, a reminder was sent after approxi-
mately one month that included a paper version of the questionnaire and a 
prepaid return envelope. The data were coupled to the AL registry but not 
available to clinicians. A study database was then created without the social 
security identification number. To assess HRQoL, the EORTC-QLQ-C30 
questionnaire was chosen and to assess depressive symptoms, the PHQ-8 was 
chosen. Details on additional questions posed are described in Paper V. The 
study stopped inclusion the last of December 2019 and follow-up at two and 
four years from diagnosis is on-going.  

Ethical Permissions 
All studies were done with permission from the Regional Ethics Committee 
and in accordance with the Declaration of Helsinki. In Paper I-III, an infor-
mation letter was sent to all patients alive (unfortunately not so many) with 
informed consent implied by an opt-out option (as they would have been in-
formed about inclusion in the registry at diagnosis). In Paper IV, no informed 
consent was sought as it was judged as completion of genetic data to the ALL 
registry and no access to patient charts was required. In Paper V, patients were 
informed that completing questionnaires digitally or on paper were regarded 



 37 

as informed consent. No verbal information was given as it would have jeop-
ardized study design.  

Statistics 
Comparisons between groups were performed using the Chi2 or Fischer’s Ex-
act test for categorical data and the Mann Whitney U test or Student’s T-test 
for continuous variables. OS was defined as time from date of diagnosis to last 
follow-up or death. Continuous Complete Remission (CCR) was calculated 
from the date of morphologic remission to relapse or last follow-up, censoring 
for death in remission. Event Free Survival (EFS) was measured from date of 
diagnosis to relapse or death, and primary refractory or patients not evaluated 
were considered as an event on day one. OS, CCR, and EFS were estimated 
with the Kaplan-Meier survival method. The log rank test was used for com-
parison between groups. Multivariable analyses were calculated with the Bi-
nary Regression Model for Odds Ratios of variables with binary outcome and 
Cox proportional hazard model for Hazard Ratios of variables for survival.  

Standardized mortality ratio (SMR) in Paper IV was calculated by a pro-
fessional statistician using indirect standardization. Patients who had survived 
five years from ALL diagnosis were compared with the expected number of 
deaths in the Swedish population between 2002 and 2018. Patients were 
matched based on age, gender, and calendar year at risk. When needed, the 
expected number of deaths was adjusted to account for incomplete follow-up 
time at calendar year. 

In Paper V, a professional statistician linearly transformed the item scores 
in the EORTC QLQ-C30 and the summary score was calculated according to 
the scoring manual (the summary score calculated if all of the required 13 
scale scores were available provided that at least 50% of the items in that scale 
had been completed) 239. Mean values with standard deviations were calcu-
lated and compared to the values for a sample from the general Swedish pop-
ulation (40-79 y) 240. Cronbach’s alpha was used to assess internal consistency 
for all scales consisting of two or more items.  

All tests were two-tailed, confidence intervals (CI) were 95%, and a P-
value <0.05 was considered significant; however, tests should be interpreted 
as explorative because no adjustment for multiplicity testing was done. Statis-
tical analyses were performed with SPSS (IBM) v21-v26, SAS 9.4 (SAS In-
stitute Inc., Cary, NC, USA) and R Studio 3.5.0-2 (R Studio, Inc.). 
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Results and Discussion 

Selected results of this thesis are presented and discussed on the following 
pages. Details can be found in the respective Paper at the end of the book. An 
overview of included patients and study periods is presented in Table 5. 

Table 5. Patients in the final cohorts  
Paper Final cohort n Median age in 

years (range) 
Diagnosis period  

in years 
 

I Ph neg B-ALL 35 61 (47-79) 2007 2011 
II B- and T- ALL 155 67 (55-85) 2005 2012 
III Relapses from Paper II 63 66 (55-82) 2005 2012 
IV All patients in ALL registry 933 53 (18-95) 1997 2015 
V ALL and AML patients 255 64 (18-90) 2014 2016 

 
Paper I 
The introduction of MRD monitoring in the Swedish National Guidelines was 
evaluated for 35 patients diagnosed with Ph-neg B-ALL between 2007 and 
2011 and treated with the ABCDV protocol. Their median age was 61y (range 
46-79y), the CR rate was 91%, and the probability of OS at 5y was 47%. These 
figures are impressive in such an old cohort although patients were selected 
for intensive therapy 135,187,188,241. The majority of patients were female (23 
women and 12 men), and we speculated that a selection of healthy B-ALL 
patients might have contributed to the 47% surviving 5y. Allogeneic HSCT 
was performed in five patients in CR1 and five in CR2, and no one in the latter 
group became a long-term survivor. In multivariable analysis, age >65y and 
WHO PS≥2 negatively influenced OS. MRD<0.1% after remission induction 
was associated with a better CCR compared to >0.1% (P = 0.05).  
Concerning the introduction of MRD assessment, all patients had an LAIP to 
follow. MRD was measured in all patients when the result could lead to treat-
ment escalation. A low MRD was associated with good CCR; however, be-
cause there were few patients and samples, robust conclusions about the pre-
dictive potential of MRD in our cohort were not possible. As described earlier, 
several groups have demonstrated that MRD-directed treatment escalation is 
feasible 69,72,73,242.  

In 2017, the Swedish National Guidelines were changed, supported by the 
trends in this study and the overwhelming international data. The clinical cut-
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off for high-risk MRD at the end of consolidation and therefore recommenda-
tion of allogeneic HSCT was reduced from 0.1 to 0.01%. Even if HSCT is 
associated with significant morbidity and mortality, the extreme risk of relapse 
in case of MRD persistence still means there is a chance, although small, for 
long-term cure with allogeneic HSCT.  

Paper II 
To evaluate treatment and outcome for older patients with ALL, 183 patients 
diagnosed between 2005 and 2012 were identified from the ALL registry. 
Eleven patients were excluded and two patients were identified through the 
Swedish Cause of Death Registry, resulting in a high coverage of ALL diag-
nosis. 

In the 174 included patients, the median age was 68y (range 55-85y), and 
82% had B-ALL, 7% T-ALL, and 11% had Burkitt Leukemia (excluded from 
further analyses due to their different treatment). In the final cohort of 155 
patients, 35% had Ph-pos disease, which is in line with one previous study 19. 
The distribution of men and women was equal (48% and 52%), corroborating 
previous findings in elderly ALL 23. The majority of patients were intensively 
treated (80%), a proportion higher than recently published data from the US 
243, a finding that might illustrate the differences between health care insurance 
systems.  

Comorbidities were prevalent: 15% had diabetes; 10% a history of myo-
cardial infarction; 66% had one comorbidity or more; and 75% had a CC of 
0-1. Similar proportions were found in a retrospectively evaluated cohort of 
French elderly patients (>60y) 195. We and others were unable to prove CC to 
be an independent factor for OS 195 88. 

Outcome was evaluated for the whole cohort as well as separately for the 
previously recommended ABCDV protocol and the age adopted EWALL pro-
tocol introduced in 2009. A first (morphological) CR was achieved in 83% of 
intensively treated patients. The ABCDV protocol was applied in 64% and the 
EWALL backbone in 28%. The latter group had a higher median age (63y vs. 
69y). All Ph-pos patients received TKI in addition to chemotherapy. The treat-
ment protocols were modified/adjusted in 30% of cases. Early death rate 
(within 60 days) was 15%, in line with previously published studies 195 244,245, 
and did not differ between the two protocols in patients aged 65-75y.  

We found considerable toxicity regarding septicemia (65%), pneumonia 
(23%), and invasive fungal infections (18%) during remission induction and 
consolidation. Interestingly, the proportion of fungal infections (probable or 
proven) was higher in patients with diabetes (7/16, 44%) compared to non-
diabetic (15/106, 14%) (P<0.05), a finding heretofore undescribed. Fungal 
prophylaxis is now recommended in the Swedish National Guidelines for in-
tensively treated patients together with the caveats of interaction with 
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vincristine and aggravated neurotoxicity 212. The proportion of patients af-
fected by toxicity did not differ between age or comorbidity groups. 

As expected, in intensively treated patients (median age 65y), outcome was 
superior with 3y OS of 32% in contrast to 3% in the palliative cohort (median 
age 79y). These results were in line with a recent publication from the Mayo 
Clinic of 124 patients (median age 67y) and a 3y OS of 37.3% and 0%, re-
spectively 88.  

Twenty patients were allografted in CR1, the majority (N=14) because of 
Ph-pos ALL. OS at 3y was 40%. OS did not differ between 14 Ph-pos patients 
allografted and 35 patients not allografted in CR1, including those treated with 
a palliative approach. This finding leads to the question if Ph-pos patients 
above the age of about 55y should be offered allogeneic HSCT in CR1 in the 
era of TKI-directed therapy 168? In younger patients, life-time cure is war-
ranted; however, when life expectancy is shorter, the drawbacks of allogeneic 
HSCT can be so profound that the possibilities with different generations of 
TKI out weight the potential suffering from HSCT side effects 71. With better 
prediction of TRM and good quality MRD monitoring, we might improve the 
selection of patients who will benefit from allogeneic HSCT.  

The outcome in T-ALL was discouraging as no patient survived two years. 
The reasons for these poor results are unknown. In the UKALL XII study, 
adults 50-59y with T-ALL had a 5y OS of 27% (11-43) 44. The high median 
age, the absence of asparaginase and high-dose methotrexate in ABCDV (and 
HyperCVAD) might have contributed to our poor results. There was also a 
noteworthy difference in overall survival between men and women in the 
whole cohort, becoming statistically significant in the age cohort 55-65y, and 
not explained by conventional risk factors or T-ALL. This finding was further 
explored in Paper IV. 

No patients ≥75y survived 3y. In this group, even the EWALL backbone 
protocol seemed be too intensive. In a previous study using the Swedish AML 
registry, regions with different approaches to remission-inducing therapy in 
elderly patients were compared. A higher rate of intensively treated patients 
versus less intensively resulted in a similar eight-week mortality but longer 
survival for those given more intensive therapy 246. These facts demonstrate 
the importance of registry-based studies and the selection bias often seen in 
clinical trials 247. Because of the limited number of patients, we could not per-
form similar analyses within our study. Nevertheless, dose-reduced chemo-
therapy and in case of Ph-pos ALL treatment with TKI can provide older pa-
tients with disease control and result in less time in hospital 146. 

Paper III 
Because of the lack of knowledge concerning outcome after relapse in elderly 
ALL, patients in Paper II who reached CR1 (n=106) and those who eventually 
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relapsed (n=63) were studied further. Seven patients relapsed after allogeneic 
HSCT. Median time to relapse was nine months (range 1-93). TKI was 
changed in most Ph-pos patients (n=20) and TKI was combined with intensive 
chemotherapy in five patients. Intensive chemotherapy was given to 58% (23 
of 43) of Ph-neg patients and 44% (11/25) reached a second CR. A higher 
proportion of patients attained a second CR if late (>1y) versus early (<1y) 
relapse (11/27 vs. 5/36; P = 0.02). Median OS after relapse was 3.6 months 
and the estimated 2y OS was 14%. 

Surprisingly, these results were in line with a large compiled study cohort 
of R/R Ph-neg B-ALL 248. A median OS of 5.8 months was reported and 1 and 
3y OS were 25% and 11%, respectively. Time to relapse was also associated 
with OS. 

We concluded that older patients’ fit for intensive chemotherapy and 
treated with the intention to reach a second CR had a chance similar to younger 
patients to reach this. At ALL relapse, participation in clinical trials evaluating 
new drugs should be encouraged whenever possible. 

Paper IV 
To obtain population-based data of adult ALL, we studied the characteristics 
and treatment outcome of all patients diagnosed and reported to the ALL reg-
istry between 1997 and 2015. To enable meaningful comparisons of results 
from international trials, information about Ph-status was necessary and there-
fore supplemented for the “old” registry (1997-2006) and verified in the 
“new” registry (2007-2015). 

We identified 937 patients in the registry of which three were excluded due 
blast crisis of CML and one due to relapse of childhood leukemia. Of 933 
patients in the final analysis, B-ALL comprised 68%, T-ALL 15% (most prev-
alent in young males; median age 37y), and Burkitt Leukemia 4%. The ALL 
NOS group diminished from 22% in the old to 5% in the new registry, reflect-
ing better diagnostic methods. These figures were in line with previously re-
ported data but are one of the largest population-based cohorts including pa-
tients from 18 to 95y. This led to a relative lower incidence of T-ALL as it 
diminishes with age. 

Testing for Ph-pos disease increased over time and the frequency of Ph-pos 
disease was 34% of tested B-ALL. The highest incidence was 47% in patients 
50-59y and did not increase further with age as was previously suggested 19,249. 
Of the 111 patients reported as Ph-positive in the new registry, we verified 
106 (95%) and found four Ph-pos patients not (yet) reported. 

Treatment intention did not change between the “old” and “new” registries 
and was remission inducing in 89% (99% in young patients). Death within 60 
days decreased from 11% to 6% between the two registry periods (P < 0.05).  
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Overall Survival in the total cohort (n=930) is presented in Figure 2. 

Figure 2. OS in ALL patients in Sweden (n=930) in 1997-2006 and 2007-2015. 
Five-year OS improved in patients 18-45y from 50% (95% CI 43-57) to 65% (95% 
CI 58-72), in patients 46-65y from 25% (95% CI 18-32) to 46% (95% CI 37-55), 
and in patients >65y from 7% (95% CI 2.6-11) to 11% (95% CI 5.9-16) (P < 0.05, 
log-rank for pairwise comparison).  
European Journal of Haematology, Volume: 103, Issue: 2, Pages: 88-98. 

Allogeneic HSCT in CR1 was applied in 24% of patients and increased in 
middle aged patients between the two periods. Forty-six percent of patients 
allografted had Ph-pos ALL and OS did not differ from Ph-neg ALL. The 
corresponding 5y OS improved for patients 18-45y from 50% to 66% (P=0.01, 
log-rank) and for patients 46-65y from 30% to 60% (P=0.05) log-rank).  

In multivariable analysis, age and WHO-PS were associated with increased 
risk of death, but sex and phenotype were not. Ph-pos disease was associated 
with improved outcome between 2007 and 2015, reflecting the TKI era as 
described by others 35,88. 

However, in view of the results in Paper II, we analyzed the subgroup of 
patients 46-65y and found that males had inferior OS than woman in both 
periods. In the Ph-neg B-ALL cohort (n=130), men had a 5y OS of 20% com-
pared to 52% for women (P < 0.01). The addition of rituximab, better individ-
ualized allografting, and supportive care could have contributed to improved 
survival seen in the age cohort but does not explain the difference between 
sexes. Frequency of CR and treatment with allogeneic HSCT were similar in 
men and women. The reason for this large difference in outcome remains un-
clear and has not been reported in larger studies. In a study of patients >60y 
in Poland, between 1992 and 2002 male sex negatively affected the probabil-
ity of reaching CR, but outcome was generally very poor for both sexes 244. A 
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retrospective analysis of patients 55-65y failed to demonstrate that sex was an 
independent factor for OS in multivariable analysis as it compared outcome 
in 67 patients (42% males) treated intensively to 44 patients (68% males) 
treated with an age-adopted protocol 136. Overall survival was low, 27% at 5y, 
and therefore in parity with the men in our cohort. 

Nevertheless, in view of these results and data indicating that dose-adjusted 
pediatric therapy and HD-Mtx can be delivered to patients up to the age of 60-
65y 136,250, the ABCDV protocol was removed from the 2017 Swedish Na-
tional Guidelines in Ph-neg B- and T-ALL and replaced by a dose-adjusted 
NOPHO ALL 2008 protocol. The results in Ph-pos ALL with the strategy of 
ABCDV induction and allogeneic HSCT in CR1 yielded international com-
parable results and is therefore still recommended. 

To assess the impact of ALL diagnosis (and treatment) on survival, SMR 
was calculated as the number of deaths compared to the age-adjusted expected 
deaths in the general population. The SMR decreased from 6.5 (95% CI 5.8-
7.8) to 3.8 (95% CI 2.8-5.2) between 1997 and 2006 and 2007 and 2015, re-
spectively. This indicates that adults surviving five years after ALL diagnosis 
still have an almost four-fold excess risk of death compared to the general 
population, a finding that highlights the importance of developing less toxic 
therapies for ALL patients of all ages. 

Paper V 
The feasibility and results of PRO reported into the AL registries were evalu-
ated in this first interim analysis. An invitation letter was sent to 398 patients 
alive six months from AL diagnosis. The response rate was 64% (n=255); 60% 
responded digitally and 40% answered a paper-based questionnaire. Respond-
ers were older than non-responders and more AML than ALL patients partic-
ipated. The OS in patients responding and not responding were equal so ex-
treme selection bias was unlikely. The response frequency was as expected 
and in line with clinical trials 231. The number of patients preferring a paper 
form was surprisingly high and must be considered when planning future reg-
istry studies. The time to response from letter sent was diverse with a median 
of 58 days (range 10-316). This illustrates one of the difficulties with data 
collection out of hospital and makes comparison of data between patients and 
with data from other studies more difficult. 

As expected, HRQoL measured with the EORCT-QLQC30 was lower and 
symptom burden higher in AL patients requested six months from diagnosis 
than in the general Swedish population. Role, emotional functioning, and so-
cial functioning were lower in patients <65y compared to older and this find-
ing is believed to reflect the larger impact malignant disease and associate 
treatment has on life 224. Compared to older patients, younger patients also had 
more symptoms and financial difficulties. 
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Depression was assessed with the PHQ-8 screening formula and a score of 
³10 indicated depression 234. A score of ³10 was reported by 18% of the co-
hort: 28% (12 of 43) of ALL and 16% (33 of 210) of AML patients (P = 0.08) 
and without significant differences in median age or sex. Symptoms of de-
pression were about twice the prevalence in a Swedish normal population 251. 
Factors associated with depressive symptoms were difficulties understanding 
information, not having a close friend, and the experience of being of-
fended/mistreated repeatedly. Notably, prescription of antidepressants was re-
ported in 33% (14 of 42) of patients with a score ≥10p compared to 6% (12 
of 193) if <10p (P < 0.01). These results suggest that depression might be 
underdiagnosed and/or untreated in this group of patients. 

As it is known that pre-treatment counselling about the impact of AL treat-
ment on fertility can affect QoL, patients were asked about this 252. The ma-
jority of patients received such information, but young female patients re-
ported a great concern for the risk of impaired fertility and scored high on 
PHQ-8. 

Most patients were very pleased with their leukemia care, but a few (10%) 
had not been informed about their right to a new medical assessment (“second 
opinion”) and only some (27%) were informed about whom to contact in case 
of complaints. Patients were pleased with supportive care, but they requested 
more practical and psychological support. This illustrates that PRO in a regis-
try can be informative, although it is the local staff that have the possibilities 
to change the situation for the individual patient. 

Limitations 
The strengths of these studies are the unselected population-based cohorts, 
given the excellent coverage compared to the Swedish Cancer Registry. Also, 
the equal access to advanced medical care in Sweden regardless of economic 
situation reduces socioeconomic and referral biases. The social security iden-
tification number makes OS calculations undisputable. 

While the advantages include patient coverage thereby minimizing selec-
tion bias, the drawback of registry-based data from a nationwide healthcare 
system is the quality of the data, which is hampered by the lack of systemic 
monitoring and central revision of results as performed in clinical trials. In 
addition, no systematic validation of the entire registry was done. 

In Paper I, we verified MRD measurements, diagnosis, and treatment. The 
pathology departments were already accredited within other diagnostic pro-
jects, but a central review of the MRD plots and diagnostic phenotypes was 
not realistic. Furthermore, a challenge with national guidelines is their ability 
to motivate clinicians to perform more extensive diagnostics and follow-up in 
routine care. MRD was not measured in elderly patients. This makes retro-
spective analysis more difficult due to missing data. 
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In Paper II and III, we retrospectively scrutinized patient records to verify 
registry data and collected information about comorbidity and toxicity. This 
involves the risk of missing events not properly recorded, the risk of misinter-
preting information, and the risk of observation bias (as the observer was 
aware of patient outcome). To minimize misinterpretation, only two physi-
cians scrutinized patient records and discussed borderline cases for proper 
classification. 

In Paper IV, we analyzed data from the whole ALL registry. We knew from 
Paper II that about 5% of patients >55y might not have a proper ALL diagno-
sis, but they were treated as such and reported to the registry, reflecting stand-
ard of care. The collection of genetic data was essential for interpretation of 
results; although no central review was performed, results agreed with inter-
national data. 

In Paper V, the collection of data in an out of hospital-setting was prob-
lematic in terms of timing, so the results should be interpreted with caution. 
Patients wanting to please their care giver can also be a problem but might be 
mitigated if no direct coupling of answers is done as in the present study. As 
a clinician, an important limitation with this type of data collection is the lack 
of possibility to give feedback to patients, especially in case of symptoms of 
depression. Validated forms were used to assess HRQoL, depression, and ex-
periences of cancer care. However, some questions were not validated leading 
to impaired data quality. 
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Conclusions 

Based on the studies in this thesis, the following conclusions were formed 
 

- Minimal residual disease assessed by flow cytometry in Ph-neg B-
ALL is feasible but selectively used as a treatment escalation tool in 
routine care (Paper I). 

 
- The introduction of an age-adopted protocol in the Swedish National 

Guidelines for older patients did not translate into better outcome with 
regard to toxicity or efficacy (Paper II). 

 
- The outcome after relapse of ALL is dismal in older patients, espe-

cially if time to relapse is less than one year (Paper III). 
 
- Overall survival improved in adult ALL patients between the periods 

1997-2006 and 2007-2015. However, older patients and middle age 
men with Ph-neg B-ALL have a poor outcome (Paper II and IV). 

 
- The frequency of Ph-pos ALL was 34% of tested B-ALL. After the 

introduction of TKI, Ph-pos disease was no longer associated with 
poor survival in both younger and older patients (Paper II and IV). 

 
- Allogeneic HSCT was reported in first remission in 24% of patients 

in the ALL registry and OS did not differ between Ph-pos and Ph-neg 
ALL (Paper IV). 

 
- Collection of PRO in the AL registries is feasible and adds infor-

mation otherwise not retrieved. However, proper timing and the ade-
quate selection of questionnaires are challenging (Paper V). 

 
- Depressive symptoms are frequent in patients six months after acute 

leukemia diagnosis, especially in young females worrying about fer-
tility (Paper V). 
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Future Perspectives 

In view of the advances in ALL treatment over the last century, it is easy to 
admire the contributions of patients and physicians taking the first steps to-
wards cure of this disease without modern supportive care, computers, inter-
net, statistics, and other technology. The treatment success in childhood ALL 
has been nothing less than a giant leap in medicine made possible only by 
millions of small steps across the world. 

In contrast to the focus on numbers and statistics in studies, the outcome 
for the individual patient is binary in terms of life and death. However, it is 
also true that refined measures such as PRO add dimensions to the survival 
aspect. Hopefully, more individualized medicine will enable us to avoid many 
of those side effects that hamper quality of life and potentially increase the 
risk of death for ALL survivors. In an optimistic scenario, disease-specific 
drugs can be combined with the ultimate immunotherapy – allogeneic stem 
cell transplantation –to cure leukemia in terms of efficacious graft versus leu-
kemia effect and negligible graft versus host disease. 

While I envision this future scenario, the next large clinical study in north-
ern Europe is about to start. The ALLTogether is a consortium where study 
groups including SVALL have co-operated and designed a uniform backbone 
protocol for children and adults with Ph-neg ALL up to the age of 45y. By 
recruiting patients with a rare disease internationally, study endpoints can be 
evaluated more rapidly and the power to detect changes in relevant outcome 
reached faster. Add on studies with randomizations are planned in different 
phases and patient subgroups. International collaboration has been and still is 
one way of improving leukemia treatment. 

National quality registries also play an important role in evaluating leuke-
mia care. Complementing randomized controlled trials, quality registries can 
be used to identify patients not eligible for studies but with equal medical 
need. The next step must be to reach results for adult patients of all ages com-
parable to childhood ALL. With new drugs such as the T-cell engaging bi-
specific antibody blinatumomab, toxin-coupled antibodies such as ino-
tuzumab ozogamicin, signal transduction inhibitors, and CAR-T cell therapy 
in frontline treatment, long-term cure without long-term toxicity might be 
reachable. The challenge will not only be to choose wisely from many possi-
bilities but also to deal with cost-benefit questions and health economics. I 
hope to have the possibility to focus on the former task in future research and 
patient care. 
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Populärvetenskaplig sammanfattning på 
svenska 

Akut lymfatisk leukemi (ALL) är en elakartad blodsjukdom och den vanlig-
aste cancerformen hos barn. Bland vuxna är det en ovanlig sjukdom med 50 
nya fall per år i Sverige. Överlevnaden för barn har successivt förbättrats - mer 
än 90% av barnen lever numer fem år efter diagnos. Tyvärr har utvecklingen 
för vuxna inte varit lika gynnsam. Chansen att överleva minskar drastiskt med 
stigande ålder.  

I Sverige gör personnummer det möjligt att föra register liksom att koppla 
dessa till varandra. En nyupptäckt cancer måste anmälas till Cancerregistret 
av den patologläkare som ställer diagnos. Om det gäller en ny leukemi skickas 
informationen till Blodcancerregistret och en behandlande läkare måste be-
kräfta diagnosen och komplettera med information givet att patienten inte 
motsäger sig detta. Diagnosspecifika kvalitetsregister som ALL och Akut My-
eloisk Leukemi registren ger forskare en närmast världsunik möjlighet att följa 
upp hur behandling och överlevnad utvecklas i ett land som helhet.  

Den här avhandlingen består av fem delarbeten som återfinns i slutet av 
boken. Det övergripande syftet med avhandlingen var att, med hjälp av det 
svenska ALL registret, studera vuxna patienter med ALL i Sverige sedan 1997 
med avseende på behandling och överlevnad. 

ALL kan delas upp i olika undergrupper där B-ALL och T-ALL är två hu-
vudgrupper liksom om leukemicellerna har en genetisk (ej medfödd) avvi-
kelse som kallas Philadelphiakromosom (Ph-pos) eller ej (Ph-neg).  

Patienter med ALL behandlas med komplicerade cytostatika-protokoll un-
der lång tid (upp till 2,5 år). Ibland behöver man istället genomgå en blod-
stamcellstransplantation (benmärgstransplantation) för undvika återfall i leu-
kemisjukdomen. Både cytostatikabehandling och blodstamcellstransplantat-
ion är behäftade med allvarliga och ibland dödliga biverkningar. Nationella 
riktlinjer om behandling tillhandahålls av den svenska ALL-gruppen, 
SVALL. Flera internationella samarbeten ligger till grund för rekommendat-
ionerna. 
 
I delarbete I studerades införandet av en ny mätmetod av kvarvarande leu-
kemisjukdom (minimal residual disease, MRD). I riktlinjerna föreslogs att 
man skulle kontrollera MRD efter bland annat första cellgiftskur. Resultatet 
kunde sedan ge vägledning om fortsatt behandling. MRD eftersökes därför för 
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35 patienter som var över 45år, hade Ph-negativ B-ALL, fick diagnos 2007-
2011 och behandlades enligt det svenska protokollet ABCDV. Eftersom anta-
let patienter visade sig vara så litet kunde inga säkra slutsatser dras om MRDs 
förmåga att förutsäga behandlingsutfall. Vi kunde däremot konstatera att 
MRD oftast var teknisk möjligt att genomföra. MRD togs när det fanns förut-
sättningar för att kunna ge mer intensiv behandling men man verkade avstå 
från provtagning om omhändertagandet inte skulle påverkas av svaret. Ett lågt 
värde på MRD var associerat med lång tid av sjukdomskontroll. I ljuset av 
denna studie och de internationella resultat som snabbt växte fram så beslutade 
SVALL att sänka gränserna för när MRD talar för att en patienten bör ge-
nomgå blodstamcellstransplantation. 
 
I delarbete II studerades äldre patienter i detalj med hjälp av information från 
ALL-registret kompletterad med journalgranskning. Behandling och biverk-
ningar studerades för 155 patienter 55-85 år. Majoriteten (80%) behandlades 
intensivt och 83% av dessa uppnådde en första komplett remission (ingen syn-
lig sjukdom vid undersökning av benmärg i mikroskop). Alla patienter med 
Ph-positiv sjukdom fick behandlingstillägg med ett skräddarsytt läkemedel, 
imatinib. Femton procent av de intensivt behandlade patienterna dog inom 60 
dagar från diagnos. Tre år från diagnos var 32% av de intensivt behandlade 
patienterna vid liv jämfört med endast 3% av dem där man redan vid diagnos 
var tvungen att välja reducerad eller ingen behandling. Philadelphia-positiv 
sjukdom som tidigare varit associerat med mycket dålig prognos var inte 
längre förknippat med sämre överlevnad. Slutligen kunde vi inte se någon för-
bättring av resultat efter införandet av ett åldersspecifik protokoll år 2009 och 
därför togs rekommendationen bort från 2017. 
 
I delarbete III studerades överlevanden efter återfall i ALL hos äldre. Av de 
patienter som i delarbete II nått en första komplett remission var det slutligen 
63 som drabbades av återfall. Medianöverlevnaden efter återfall var 3,6 må-
nader. Efter 1 år var 19% vid liv och efter 2 år endast 14%. Återigen gjorde 
det ringa antalet patienter att man inte kan dra några säkra slutsatser. Om man 
däremot detaljstuderade de patienter som behandlats mer intensivt vid återfal-
let så fanns ändå en chans jämförbar med yngre vuxna att få sjukdomskontroll. 
Behandlingsalternativen i händelse av återfall i leukemi är få men nya läke-
medel är på väg in i klinisk rutin. 
 
I delarbete IV studerades alla patienter i ALL-registret med diagnos 1997-
2015 (933st). Rapporter om leukemisjukdomens genetiska avvikelser (ej med-
födda) kompletterades och verifierades från de laboratorier i klinisk genetik 
eller kemi som utfört analyserna vid diagnos. På så sätt kunde frekvensen av 
Ph-positiv sjukdom fastställas till 34% av undersökta patienter med B-ALL. 
Överlevnaden fem år från diagnos förbättrades mellan 1997-2006 och 2007-
2015 för patienter 18-45 år från 50% till 65%, för patienter 46-65 år från 25% 
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46% och för patienter över 65 år från 7% till 11%. Män med Ph-negativ B-
ALL 46-65 år hade sämre överlevnad jämfört med kvinnor med samma dia-
gnos och ålder. Blodstamcellstransplantation användes i behandlingen för 
24% av patienterna. De behandlingsförändringar som gjorts för yngre patien-
ter har således lett till förbättrad överlevad men det återstår stora utmaningar 
vid behandling av äldre patienter. Detta ledde till att SVALL från 2017 års 
riktlinjer rekommenderar att alla patienter till och med ca 65 år behandlas med 
ett dosjusterat, barnleukemi-inspirerat behandlingsprotokoll. För dem över 65 
år med Ph-positiv sjukdom finns god chans till flera år av sjukdomskontroll 
med nya, skräddarsydda läkemedel.  Internationella studier med nya läkeme-
del pågår. Vi ser fram emot när dessa är utvärderade och förhoppningsvis kan 
användas med förbättrade resultat vid diagnos av ALL. 
 
I delarbete V studerades slutligen hur patientrapporterade utfallsmått kan sam-
las in och användas i ALL och AML-registret. Sex månader efter diagnos 
skickades ett brev ut till patienter vid liv med inbjudan att deltaga i studien. 
Av 398 tillfrågade så svarade 64% (255 st); 60% svarade digitalt och 40% 
besvarade ett pappersformulär vilket i sig var förvånande många. Det visade 
sig att symptom på depression var vanligt (18%) hos patienterna och särskilt 
hos unga kvinnor med stor oro för påverkan av behandling på framtida fertili-
tet. Man var generellt nöjd med vården men en del önskade mer hjälp med 
praktiska saker och mer psykologiskt stöd. Vi upptäckte också att endast 10% 
av patienterna uppgav att de fått information om förnyad medicinsk bedöm-
ning (second opinion). Slutsatsen blev också att man måste man fundera nog-
grant på hur och när man ska samla in patientrapporterade symptom och upp-
levelser och på vilket sätt man ska analysera och förbättra vården med vägled-
ning av resultaten. 

Avslutningsvis så kan man sammanfatta att även om överlevnaden vid ALL 
hos vuxna har förbättrats så är det alltjämt är en mycket allvarlig sjukdom där 
det återstår stora utmaningar. Nya läkemedel med helt andra verkningsmek-
anismer än cellgifter studeras just nu i kliniska studier. Om de visar sig effek-
tiva vid initial behandling av ALL blir de förhoppningsvis snart därefter till-
gängliga för våra patienter. Jag hoppas få vara en del av den framtiden. 

 



 51 

Acknowledgements 

I would like to express my sincere gratitude to all patients and colleagues con-
tributing with time and effort to the Swedish Acute Leukemia Registries.  
I would also like to thank those who helped me completing this thesis. I will 
do this in Swedish. 
 
De varmaste Tack till 
 
Heléne Hallböök, min huvudhandledare. En mer kompetent, minutiös och 
omtänksam handledare kan jag inte tänkta mig. Tack för ändlösa telefonsamtal 
och möten om rådande evidensläge, datahantering, statistiska resultat och me-
toder, kliniska frågeställningar och ibland bara om livet som sådant. Jag kom-
mer att sakna att vara din doktorand men ser nu fram emot att hinna ta del av 
dina stora kliniska kunskaper och fortsätta samarbetet kring patienter med 
ALL. 
 
Martin Höglund, min bihandledare. Med ditt sakliga, konstruktiva och re-
spektfulla sätt att föra frågor framåt är du en stor förebild. Jag är så glad att få 
vara förmånstagare inom både forskning och klinik. 
  
Bengt Smedmyr, min första chef på Hematologen, 50C. Tack för att du lärde 
mig ta anamnes och status (på min första patient), ta benmärgsprov, anställde 
mig som ST-läkare, och presenterade mig för Heléne. Men framför allt – tack 
för allt du gjorde för mig när jag var nära att sluta på läkarutbildningen. 
 
Honar Cherif, min nuvarande chef och kliniska handledare på Hematologen, 
snart avdelning 101. Du inspirerar mig med din skicklighet, ditt ödmjuka sätt 
och positiva attityd. Tack för att jag fått möjlighet att forska och för ett flexi-
belt schema under en snuvig höst med litet barn. 
 
Svenska ALL-gruppens tidigare och nuvarande medlemmar för gott sam-
arbete vid forskning, registerarbete och rutinsjukvård när vi diskuterar svåra 
fall och förbättrar våra riktlinjer. Ett särskilt tack till Karin Karlsson, min 
inofficiella bihandledare för din stringens, klara blick och kloka kommentarer. 
Anna Lübking för att du tagit över som registerhållare efter Karin och alltid 
är lika entusiastisk, drivande och lätt att samarbeta med. 



 52 

Tack alla medförfattare; Lucia Ahlberg, Per Bernell, Hege Garelius, Erik 
Hulegårdh, Hans Hägglund, Holger Karbach, Antonio Izarra, Joel Joels-
son, Piotr Kozlowski, Andreea Moicean, Alicja Markuszewska-
Kuczymska, Beata Tomaszewska-Toporska och Maria Åström. Särskilt 
tack till Gunnar Juliusson, registerhållare för Blodcancerregistret och AML-
registret och Marie Abrahamsson och Fereshte Ebrahim för era formidabla 
insatser gällande PRO i AL registren och därmed också tack till RCC Stock-
holm för resurser liksom personalen på RCC Syd som administrerar ALL 
registret. 
 
Rose-Marie Amini för bilder och hjälp med tolkning av flödescytometri.  
Hanna Rhodin för din noggrannhet, ditt engagemang och hjälp med in-
samling av cytogenetikdata. Tack också till Alla kollegor på klinisk genetik 
och kemi i landet för hjälpen med detsamma. 
 
Mina tidigare och nuvarande kollegor på en unik arbetsplats där man alltid får 
fråga, delges nya kunskaper och inkluderas i arbetet. Särskilt tack för att ni 
ställt upp i höst; Daniel Moreno Berggren, Kristina Carlson, Elisabeth 
Ejerblad, Anna Eriksson, Torbjörn Karlsson, Gunnar Larfors, Karin 
Larsson, Sören Lehmann, Mattias Mattsson, Sara Rosengren, Ulla Ols-
son Strömberg, Stina Söderlund, Tobias Tolf och Albin Österroos.  
Tack till Linnéa Foo för all administrativ support. Tack alla sköterskor, un-
dersköterskor och övrig personal på Hematologen för att ni ger en sådan 
fantastisk vård. Det är ni som både tröstar och botar våra patienter. 
 
Blodcancerförbundet, Lions Cancerfond Uppsala och Selanders Stiftelse 
för generösa bidrag som gjort denna forskning möjlig. 
 
Alla vänner, ingen nämnd (men alla tänkt på) och ingen glömd - för att ni 
finns och förgyller tillvaron utanför sjukhusets väggar. Ami, min kära moster 
och min svåger Michael och lilla Henry. Tack för att ni finns där med er 
omtanke, skarpa analyser, goda middagar och rolig lek. Allra käraste syster 
Stina. För allt vi delat. För att du ger mig nya perspektiv på det som hör livet 
till, försöker hålla mitt yttre uppdaterat och förser mig med rynkkräm. 
Mamma och Pappa. För att ni givit mig de allra bästa förutsättningar i livet 
och alltid stöttat mig och Stina i stort och smått. Tack för all tid ni på sistone 
lagt ned på målning, strykning, barnpassning eller vad än som behövt göras.  
 
Edvin och Sixten. För att ni gör mig stolt, får mig att skratta och håller mig 
uppdaterad om världen. Tack för all hjälp den senaste tiden och för att ni är 
sådana fantastiska storebröder till Erik, allas vårt lilla busfrö. 
 
Fredrik. För din kärlek. För att vi gör vardag till fest. Och tack för all under-
hållning, dimskalor och jazzackord under detta avhandlingsarbete. 



 53 

References 

1. Piller G. Leukaemia - a brief historical review from ancient times to 1950. Br 
J Haematol 2001; 112(2): 282-92. 

2. Dores GM, Devesa SS, Curtis RE, Linet MS, Morton LM. Acute leukemia 
incidence and patient survival among children and adults in the United States, 
2001-2007. Blood 2012; 119(1): 34-43. 

3. Gustafsson GK, P.; Heyman, M. Childhood Cancer Incidence and Survival in 
Sweden 1984-2010. 2013. 
https://cceg.ki.se/documents/ChildhoodCancerIncidenceandSurvivalinSwede
n1984_2010.pdf (accessed 2019-12-03. 

4. Dinmohamed AG, Szabo A, van der Mark M, et al. Improved survival in adult 
patients with acute lymphoblastic leukemia in the Netherlands: a population-
based study on treatment, trial participation and survival. Leukemia 2015. 

5. Juliusson G, Karlsson K, Hallböök H. Population-based analyses in adult acute 
lymphoblastic leukemia. Blood 2010; 116(6): 1011-2. 

6. Toft N, Schmiegelow K, Klausen TW, Birgens H. Adult acute lymphoblastic 
leukaemia in Denmark. A national population-based retrospective study on 
acute lymphoblastic leukaemia in Denmark 1998-2008. Br J Haematol 2012; 
157(1): 97-104. 

7. Hasle H, Clemmensen IH, Mikkelsen M. Risks of leukaemia and solid tumours 
in individuals with Down's syndrome. Lancet 2000; 355(9199): 165-9. 

8. Lee P, Bhansali R, Izraeli S, Hijiya N, Crispino JD. The biology, pathogenesis 
and clinical aspects of acute lymphoblastic leukemia in children with Down 
syndrome. Leukemia 2016; 30(9): 1816-23. 

9. Holmfeldt L, Wei L, Diaz-Flores E, et al. The genomic landscape of 
hypodiploid acute lymphoblastic leukemia. Nat Genet 2013; 45(3): 242-52. 

10. Crump C, Sundquist J, Sieh W, Winkleby MA, Sundquist K. Perinatal and 
familial risk factors for acute lymphoblastic leukemia in a Swedish national 
cohort. Cancer 2015; 121(7): 1040-7. 

11. Kharazmi E, da Silva Filho MI, Pukkala E, Sundquist K, Thomsen H, 
Hemminki K. Familial risks for childhood acute lymphocytic leukaemia in 
Sweden and Finland: far exceeding the effects of known germline variants. Br 
J Haematol 2012; 159(5): 585-8. 

12. Holmberg M, Jonasson J. Preferential location of x-ray induced chromosome 
breakage in the R-bands of human chromosomes. Hereditas 1973; 74(1): 57-
67. 

13. Doll R, Wakeford R. Risk of childhood cancer from fetal irradiation. Br J 
Radiol 1997; 70: 130-9. 

14. Folley JH, Borges W, Yamawaki T. Incidence of leukemia in survivors of the 
atomic bomb in Hiroshima and Nagasaki, Japan. Am J Med 1952; 13(3): 311-
21. 



 54 

15. Nakamura N. A hypothesis: radiation-related leukemia is mainly attributable 
to the small number of people who carry pre-existing clonally expanded 
preleukemic cells. Radiat Res 2005; 163(3): 258-65. 

16. Greaves M. A causal mechanism for childhood acute lymphoblastic leukaemia. 
Nat Rev Cancer 2018; 18(8): 471-84. 

17. Mullighan CG, Goorha S, Radtke I, et al. Genome-wide analysis of genetic 
alterations in acute lymphoblastic leukaemia. Nature 2007; 446(7137): 758-
64. 

18. Gocho Y, Yang JJ. Genetic defects in hematopoietic transcription factors and 
predisposition to acute lymphoblastic leukemia. Blood 2019; 134(10): 793-7. 

19. Chiaretti S, Vitale A, Cazzaniga G, et al. Clinico-biological features of 5202 
patients with acute lymphoblastic leukemia enrolled in the Italian AIEOP and 
GIMEMA protocols and stratified in age cohorts. Haematologica 2013; 
98(11): 1702-10. 

20. Swerdlow SH CE, Harris NL, Jaffe ES, Pileri SA, Stein H, Thiele J. WHO 
Classification of Tumours of Haematopoietic and Lymphoid Tissues (Revised 
4th edition): International Agency for Research on Cancer (IARC); 2017. 

21. Bennett JM, Catovsky D, Daniel MT, et al. Proposals for the classification of 
the acute leukaemias. French-American-British (FAB) co-operative group. Br 
J Haematol 1976; 33(4): 451-8. 

22. Arber DA, Orazi A, Hasserjian R, et al. The 2016 revision to the World Health 
Organization classification of myeloid neoplasms and acute leukemia. Blood 
2016; 127(20): 2391-405. 

23. Legrand O, Marie JP, Marjanovic Z, et al. Prognostic factors in elderly acute 
lymphoblastic leukaemia. Br J Haematol 1997; 97(3): 596-602. 

24. Brandwein JM, Gupta V, Wells RA, et al. Treatment of elderly patients with 
acute lymphoblastic leukemia--evidence for a benefit of imatinib in BCR-ABL 
positive patients. Leuk Res 2005; 29(12): 1381-6. 

25. Moorman AV, Chilton L, Wilkinson J, Ensor HM, Bown N, Proctor SJ. A 
population-based cytogenetic study of adults with acute lymphoblastic 
leukemia. Blood 2010; 115(2): 206-14. 

26. Toft N, Birgens H, Abrahamsson J, et al. Risk group assignment differs for 
children and adults 1-45 yr with acute lymphoblastic leukemia treated by the 
NOPHO ALL-2008 protocol. Eur J Haematol 2013; 90(5): 404-12. 

27. Iacobucci I, Mullighan CG. Genetic Basis of Acute Lymphoblastic Leukemia. 
J Clin Oncol 2017; 35(9): 975-83. 

28. Liu Y, Easton J, Shao Y, et al. The genomic landscape of pediatric and young 
adult T-lineage acute lymphoblastic leukemia. Nat Genet 2017; 49(8): 1211-8. 

29. Propp S, Lizzi FA. Philadelphia chromosome in acute lymphocytic leukemia. 
Blood 1970; 36(3): 353-60. 

30. Westbrook CA, Hooberman AL, Spino C, et al. Clinical significance of the 
BCR-ABL fusion gene in adult acute lymphoblastic leukemia: a Cancer and 
Leukemia Group B Study (8762). Blood 1992; 80(12): 2983-90. 

31. Gleissner B, Gokbuget N, Bartram CR, et al. Leading prognostic relevance of 
the BCR-ABL translocation in adult acute B-lineage lymphoblastic leukemia: 
a prospective study of the German Multicenter Trial Group and confirmed 
polymerase chain reaction analysis. Blood 2002; 99(5): 1536-43. 

32. Aldoss I, Stiller T, Cao TM, et al. Impact of Additional Cytogenetic 
Abnormalities in Adults with Philadelphia Chromosome-Positive Acute 
Lymphoblastic Leukemia Undergoing Allogeneic Hematopoietic Cell 
Transplantation. Biol Blood Marrow Transplant 2015; 21(7): 1326-9. 



 55 

33. Seol CA, Cho YU, Jang S, et al. Prognostic significance of recurrent additional 
chromosomal abnormalities in adult patients with Philadelphia chromosome-
positive acute lymphoblastic leukemia. Cancer Genet 2017; 216-217: 29-36. 

34. Barrett AJ, Horowitz MM, Ash RC, et al. Bone marrow transplantation for 
Philadelphia chromosome-positive acute lymphoblastic leukemia. Blood 1992; 
79(11): 3067-70. 

35. Igwe IJ, Yang D, Merchant A, et al. The presence of Philadelphia chromosome 
does not confer poor prognosis in adult pre-B acute lymphoblastic leukaemia 
in the tyrosine kinase inhibitor era - a surveillance, epidemiology, and end 
results database analysis. Br J Haematol 2017; 179(4): 618-26. 

36. Lafage-Pochitaloff M, Baranger L, Hunault M, et al. Impact of cytogenetic 
abnormalities in adults with Ph-negative B-cell precursor acute lymphoblastic 
leukemia. Blood 2017; 130(16): 1832-44. 

37. Burmeister T, Gokbuget N, Schwartz S, et al. Clinical features and prognostic 
implications of TCF3-PBX1 and ETV6-RUNX1 in adult acute lymphoblastic 
leukemia. Haematologica 2010; 95(2): 241-6. 

38. Chilton L, Buck G, Harrison CJ, et al. High hyperdiploidy among adolescents 
and adults with acute lymphoblastic leukaemia (ALL): cytogenetic features, 
clinical characteristics and outcome. Leukemia 2014; 28(7): 1511-8. 

39. Ribera J, Granada I, Morgades M, et al. The poor prognosis of low 
hypodiploidy in adults with B-cell precursor acute lymphoblastic leukaemia is 
restricted to older adults and elderly patients. Br J Haematol 2019; 186(2): 
263-8. 

40. Moorman AV. The clinical relevance of chromosomal and genomic 
abnormalities in B-cell precursor acute lymphoblastic leukaemia. Blood Rev 
2012; 26(3): 123-35. 

41. DeBoer R, Koval G, Mulkey F, et al. Clinical impact of ABL1 kinase domain 
mutations and IKZF1 deletion in adults under age 60 with Philadelphia 
chromosome-positive (Ph+) acute lymphoblastic leukemia (ALL): molecular 
analysis of CALGB (Alliance) 10001 and 9665. Leuk Lymphoma 2016; 57(10): 
2298-306. 

42. Mullighan CG, Su X, Zhang J, et al. Deletion of IKZF1 and prognosis in acute 
lymphoblastic leukemia. N Engl J Med 2009; 360(5): 470-80. 

43. Roberts KG, Gu Z, Payne-Turner D, et al. High Frequency and Poor Outcome 
of Philadelphia Chromosome-Like Acute Lymphoblastic Leukemia in Adults. 
J Clin Oncol 2016: Jco2016690073. 

44. Marks DI, Paietta EM, Moorman AV, et al. T-cell acute lymphoblastic 
leukemia in adults: clinical features, immunophenotype, cytogenetics, and 
outcome from the large randomized prospective trial (UKALL XII/ECOG 
2993). Blood 2009; 114(25): 5136-45. 

45. Quist-Paulsen P, Toft N, Heyman M, et al. T-cell acute lymphoblastic 
leukemia in patients 1-45 years treated with the pediatric NOPHO ALL2008 
protocol. Leukemia 2019. 

46. Coustan-Smith E, Mullighan CG, Onciu M, et al. Early T-cell precursor 
leukaemia: a subtype of very high-risk acute lymphoblastic leukaemia. Lancet 
Oncol 2009; 10(2): 147-56. 

47. Bond J, Graux C, Lhermitte L, et al. Early Response-Based Therapy 
Stratification Improves Survival in Adult Early Thymic Precursor Acute 
Lymphoblastic Leukemia: A Group for Research on Adult Acute 
Lymphoblastic Leukemia Study. J Clin Oncol 2017; 35(23): 2683-91. 



 56 

48. Jain N, Lamb AV, O'Brien S, et al. Early T-cell precursor acute lymphoblastic 
leukemia/lymphoma (ETP-ALL/LBL) in adolescents and adults: a high-risk 
subtype. Blood 2016; 127(15): 1863-9. 

49. Genesca E, Morgades M, Montesinos P, et al. Unique clinico-biological, 
genetic and prognostic features of adult early T cell precursor acute 
lymphoblastic leukemia. Haematologica 2019. 

50. Weng AP, Ferrando AA, Lee W, et al. Activating mutations of NOTCH1 in 
human T cell acute lymphoblastic leukemia. Science 2004; 306(5694): 269-71. 

51. Zhang J, Ding L, Holmfeldt L, et al. The genetic basis of early T-cell precursor 
acute lymphoblastic leukaemia. Nature 2012; 481(7380): 157-63. 

52. Trinquand A, Tanguy-Schmidt A, Ben Abdelali R, et al. Toward a 
NOTCH1/FBXW7/RAS/PTEN-based oncogenetic risk classification of adult 
T-cell acute lymphoblastic leukemia: a Group for Research in Adult Acute 
Lymphoblastic Leukemia study. J Clin Oncol 2013; 31(34): 4333-42. 

53. Bond J, Touzart A, Lepretre S, et al. DNMT3A mutation is associated with 
increased age and adverse outcome in adult T-cell acute lymphoblastic 
leukemia. Haematologica 2019; 104(8): 1617-25. 

54. Moorman AV, Harrison CJ, Buck GA, et al. Karyotype is an independent 
prognostic factor in adult acute lymphoblastic leukemia (ALL): analysis of 
cytogenetic data from patients treated on the Medical Research Council (MRC) 
UKALLXII/Eastern Cooperative Oncology Group (ECOG) 2993 trial. Blood 
2007; 109(8): 3189-97. 

55. Hoelzer D, Walewski J, Dohner H, et al. Improved outcome of adult Burkitt 
lymphoma/leukemia with rituximab and chemotherapy: report of a large 
prospective multicenter trial. Blood 2014; 124(26): 3870-9. 

56. Bradstock KF, Janossy G, Hoffbrand AV, et al. Immunofluorescent and 
biochemical studies of terminal deoxynucleotidyl transferase in treated acute 
leukaemia. Br J Haematol 1981; 47(1): 121-31. 

57. van Dongen JJM, Seriu T, Panzer-Grümayer ER, et al. Prognostic value of 
minimal residual disease in acute lymphoblastic leukaemia in childhood. The 
Lancet 1998; 352(9142): 1731-8. 

58. Coustan-Smith E, Behm FG, Sanchez J, et al. Immunological detection of 
minimal residual disease in children with acute lymphoblastic leukaemia. 
Lancet 1998; 351(9102): 550-4. 

59. Brisco J, Hughes E, Neoh SH, et al. Relationship between minimal residual 
disease and outcome in adult acute lymphoblastic leukemia. Blood 1996; 
87(12): 5251-6. 

60. Vidriales MB, Perez JJ, Lopez-Berges MC, et al. Minimal residual disease in 
adolescent (older than 14 years) and adult acute lymphoblastic leukemias: 
early immunophenotypic evaluation has high clinical value. Blood 2003; 
101(12): 4695-700. 

61. Brüggemann M, Raff T, Flohr T, et al. Clinical significance of minimal 
residual disease quantification in adult patients with standard-risk acute 
lymphoblastic leukemia. Blood 2006; 107(3): 1116-23. 

62. Cimino G, Elia L, Rapanotti MC, et al. A prospective study of residual-disease 
monitoring of the ALL1/AF4 transcript in patients with t(4;11) acute 
lymphoblastic leukemia. Blood 2000; 95(1): 96-101. 

63. Gabert J, Beillard E, van der Velden VH, et al. Standardization and quality 
control studies of 'real-time' quantitative reverse transcriptase polymerase 
chain reaction of fusion gene transcripts for residual disease detection in 
leukemia - a Europe Against Cancer program. Leukemia 2003; 17(12): 2318-
57. 



 57 

64. Pfeifer H, Cazzaniga G, van der Velden VHJ, et al. Standardisation and 
consensus guidelines for minimal residual disease assessment in Philadelphia-
positive acute lymphoblastic leukemia (Ph + ALL) by real-time quantitative 
reverse transcriptase PCR of e1a2 BCR-ABL1. Leukemia 2019; 33(8): 1910-
22. 

65. Raff T, Gökbuget N, Lüschen S, et al. Molecular relapse in adult standard-risk 
ALL patients detected by prospective MRD monitoring during and after 
maintenance treatment: data from the GMALL 06/99 and 07/03 trials. Blood 
2007; 109(3): 910-5. 

66. Holowiecki J, Krawczyk-Kulis M, Giebel S, et al. Status of minimal residual 
disease after induction predicts outcome in both standard and high-risk Ph-
negative adult acute lymphoblastic leukaemia. The Polish Adult Leukemia 
Group ALL 4-2002 MRD Study. Br J Haematol 2008; 142(2): 227-37. 

67. Conter V, Bartram CR, Valsecchi MG, et al. Molecular response to treatment 
redefines all prognostic factors in children and adolescents with B-cell 
precursor acute lymphoblastic leukemia: results in 3184 patients of the 
AIEOP-BFM ALL 2000 study. Blood 2010; 115(16): 3206-14. 

68. Schrappe M, Valsecchi MG, Bartram CR, et al. Late MRD response 
determines relapse risk overall and in subsets of childhood T-cell ALL: results 
of the AIEOP-BFM-ALL 2000 study. Blood 2011; 118(8): 2077-84. 

69. Bassan R, Spinelli O, Oldani E, et al. Improved risk classification for risk-
specific therapy based on the molecular study of minimal residual disease 
(MRD) in adult acute lymphoblastic leukemia (ALL). Blood 2009; 113(18): 
4153-62. 

70. Bassan R, Bruggemann M, Radcliffe HS, Hartfield E, Kreuzbauer G, Wetten 
S. A systematic literature review and meta-analysis of minimal residual disease 
as a prognostic indicator in adult B-cell acute lymphoblastic leukemia. 
Haematologica 2019; 104(10): 2028-39. 

71. Short NJ, Jabbour E, Sasaki K, et al. Impact of complete molecular response 
on survival in patients with Philadelphia chromosome-positive acute 
lymphoblastic leukemia. Blood 2016; 128(4): 504-7. 

72. Gokbuget N, Kneba M, Raff T, et al. Adult patients with acute lymphoblastic 
leukemia and molecular failure display a poor prognosis and are candidates for 
stem cell transplantation and targeted therapies. Blood 2012; 120(9): 1868-76. 

73. Ribera JM, Oriol A, Morgades M, et al. Treatment of high-risk Philadelphia 
chromosome-negative acute lymphoblastic leukemia in adolescents and adults 
according to early cytologic response and minimal residual disease after 
consolidation assessed by flow cytometry: final results of the PETHEMA 
ALL-AR-03 trial. J Clin Oncol 2014; 32(15): 1595-604. 

74. van Dongen JJ, van der Velden VH, Bruggemann M, Orfao A. Minimal 
residual disease diagnostics in acute lymphoblastic leukemia: need for 
sensitive, fast, and standardized technologies. Blood 2015; 125(26): 3996-
4009. 

75. Fossat C, Roussel M, Arnoux I, et al. Methodological aspects of minimal 
residual disease assessment by flow cytometry in acute lymphoblastic 
leukemia: A french multicenter study. Cytometry B Clin Cytom 2015; 88(1): 
21-9. 

76. Bruggemann M, Schrauder A, Raff T, et al. Standardized MRD quantification 
in European ALL trials: proceedings of the Second International Symposium 
on MRD assessment in Kiel, Germany, 18-20 September 2008. Leukemia 
2010; 24(3): 521-35. 



 58 

77. Gaipa G, Cazzaniga G, Valsecchi MG, et al. Time point-dependent 
concordance of flow cytometry and RQ-PCR inminimal residual disease 
detection in childhood acute lymphoblasticleukemia. Haematologica 2012. 

78. Denys B, van der Sluijs-Gelling AJ, Homburg C, et al. Improved flow 
cytometric detection of minimal residual disease in childhood acute 
lymphoblastic leukemia. Leukemia 2013; 27(3): 635-41. 

79. Garand R, Beldjord K, Cave H, et al. Flow cytometry and IG/TCR quantitative 
PCR for minimal residual disease quantitation in acute lymphoblastic 
leukemia: a French multicenter prospective study on behalf of the FRALLE, 
EORTC and GRAALL. Leukemia 2013; 27(2): 370-6. 

80. Kalina T, Flores-Montero J, van der Velden VH, et al. EuroFlow 
standardization of flow cytometer instrument settings and 
immunophenotyping protocols. Leukemia 2012; 26(9): 1986-2010. 

81. Ladetto M, Bruggemann M, Monitillo L, et al. Next-generation sequencing and 
real-time quantitative PCR for minimal residual disease detection in B-cell 
disorders. Leukemia 2014; 28(6): 1299-307. 

82. Pulsipher MA, Carlson C, Langholz B, et al. IgH-V(D)J NGS-MRD 
measurement pre- and early post-allotransplant defines very low- and very 
high-risk ALL patients. Blood 2015; 125(22): 3501-8. 

83. Gokbuget N, Dombret H, Giebel S, et al. Minimal residual disease level 
predicts outcome in adults with Ph-negative B-precursor acute lymphoblastic 
leukemia. Hematology 2019; 24(1): 337-48. 

84. Hoelzer D, Thiel E, Loffler H, et al. Prognostic factors in a multicenter study 
for treatment of acute lymphoblastic leukemia in adults. Blood 1988; 71(1): 
123-31. 

85. Larson RA, Dodge RK, Burns CP, et al. A five-drug remission induction 
regimen with intensive consolidation for adults with acute lymphoblastic 
leukemia: cancer and leukemia group B study 8811. Blood 1995; 85(8): 2025-
37. 

86. Brandwein JM, Atenafu EG, Schuh AC, et al. Predictors of outcome in adults 
with BCR-ABL negative acute lymphoblastic leukemia treated with a 
pediatric-based regimen. Leuk Res 2014; 38(5): 532-6. 

87. Issa GC, Kantarjian HM, Yin CC, et al. Prognostic impact of pretreatment 
cytogenetics in adult Philadelphia chromosome-negative acute lymphoblastic 
leukemia in the era of minimal residual disease. Cancer 2017; 123(3): 459-67. 

88. Miller KC, Al-Kali A, Shah MV, et al. Elderly acute lymphoblastic leukemia: 
a Mayo Clinic study of 124 patients. Leuk Lymphoma 2018: 1-10. 

89. Rowe JM, Buck G, Burnett AK, et al. Induction therapy for adults with acute 
lymphoblastic leukemia: results of more than 1500 patients from the 
international ALL trial: MRC UKALL XII/ECOG E2993. Blood 2005; 
106(12): 3760-7. 

90. Thomas DA, O'Brien S, Jorgensen JL, et al. Prognostic significance of CD20 
expression in adults with de novo precursor B-lineage acute lymphoblastic 
leukemia. Blood 2009; 113(25): 6330-7. 

91. Ravandi F, Jorgensen JL, O'Brien SM, et al. Minimal residual disease assessed 
by multi-parameter flow cytometry is highly prognostic in adult patients with 
acute lymphoblastic leukaemia. Br J Haematol 2015. 

92. Toft N, Birgens H, Abrahamsson J, et al. Results of NOPHO ALL2008 
treatment for patients aged 1-45 years with acute lymphoblastic leukemia. 
Leukemia 2018; 32(3): 606-15. 



 59 

93. Thomas X, Boiron JM, Huguet F, et al. Outcome of treatment in adults with 
acute lymphoblastic leukemia: analysis of the LALA-94 trial. J Clin Oncol 
2004; 22(20): 4075-86. 

94. Cortes J, O'Brien SM, Pierce S, Keating MJ, Freireich EJ, Kantarjian HM. The 
value of high-dose systemic chemotherapy and intrathecal therapy for central 
nervous system prophylaxis in different risk groups of adult acute 
lymphoblastic leukemia. Blood 1995; 86(6): 2091-7. 

95. Lazarus HM, Richards SM, Chopra R, et al. Central nervous system 
involvement in adult acute lymphoblastic leukemia at diagnosis: results from 
the international ALL trial MRC UKALL XII/ECOG E2993. Blood 2006; 
108(2): 465-72. 

96. Farber S, Diamond LK. Temporary remissions in acute leukemia in children 
produced by folic acid antagonist, 4-aminopteroyl-glutamic acid. N Engl J Med 
1948; 238(23): 787-93. 

97. Carbone PP, Bono V, Frei E, 3rd, Brindley CO. Clinical studies with 
vincristine. Blood 1963; 21: 640-7. 

98. Graw RG, Jr., Brown JA, Yankee RA, et al. Transplantation of HL-A identical 
allogeneic bone marrow to a patient with acute lymphocytic leukemia. Blood 
1970; 36(6): 736-47. 

99. Buckner CD, Epstein RB, Rudolph RH, Clift RA, Storb R, Thomas ED. 
Allogeneic marrow engraftment following whole body irradiation in a patient 
with leukemia. Blood 1970; 35(6): 741-50. 

100. Aur RJ, Hustu HO, Verzosa MS, Wood A, Simone JV. Comparison of two 
methods of preventing central nervous system leukemia. Blood 1973; 42(3): 
349-57. 

101. Sullivan MP, Chen T, Dyment PG, Hvizdala E, Steuber CP. Equivalence of 
intrathecal chemotherapy and radiotherapy as central nervous system 
prophylaxis in children with acute lymphatic leukemia: a pediatric oncology 
group study. Blood 1982; 60(4): 948-58. 

102. Hurwitz CA, Silverman LB, Schorin MA, et al. Substituting dexamethasone 
for prednisone complicates remission induction in children with acute 
lymphoblastic leukemia. Cancer 2000; 88(8): 1964-9. 

103. Mitchell CD, Richards SM, Kinsey SE, Lilleyman J, Vora A, Eden TO. Benefit 
of dexamethasone compared with prednisolone for childhood acute 
lymphoblastic leukaemia: results of the UK Medical Research Council ALL97 
randomized trial. Br J Haematol 2005; 129(6): 734-45. 

104. Moricke A, Zimmermann M, Valsecchi MG, et al. Dexamethasone vs 
prednisone in induction treatment of pediatric ALL: results of the randomized 
trial AIEOP-BFM ALL 2000. Blood 2016; 127(17): 2101-12. 

105. Silverman LB, Gelber RD, Dalton VK, et al. Improved outcome for children 
with acute lymphoblastic leukemia: results of Dana-Farber Consortium 
Protocol 91-01. Blood 2001; 97(5): 1211-8. 

106. Duration and intensity of maintenance chemotherapy in acute lymphoblastic 
leukaemia: overview of 42 trials involving 12 000 randomised children. Lancet 
1996; 347(9018): 1783-8. 

107. Schrappe M, Reiter A, Zimmermann M, et al. Long-term results of four 
consecutive trials in childhood ALL performed by the ALL-BFM study group 
from 1981 to 1995. Berlin-Frankfurt-Munster. Leukemia 2000; 14(12): 2205-
22. 

108. Hoelzer D, Thiel E, Loffler H, et al. Intensified therapy in acute lymphoblastic 
and acute undifferentiated leukemia in adults. Blood 1984; 64(1): 38-47. 



 60 

109. Hough R, Rowntree C, Goulden N, et al. Efficacy and toxicity of a paediatric 
protocol in teenagers and young adults with Philadelphia chromosome 
negative acute lymphoblastic leukaemia: results from UKALL 2003. Br J 
Haematol 2016; 172(3): 439-51. 

110. Seftel MD, Neuberg D, Zhang MJ, et al. Pediatric-inspired therapy compared 
to allografting for Philadelphia chromosome-negative adult ALL in first 
complete remission. Am J Hematol 2016; 91(3): 322-9. 

111. Perry MC DD, Freter CE. The Chemotherapy Source Book, Fifth Edition: 
Lippincott Williams & Wilkins; 2012. 

112. Geyer MB, Hsu M, Devlin SM, Tallman MS, Douer D, Park JH. Overall 
survival among older US adults with ALL remains low despite modest 
improvement since 1980: SEER analysis. Blood 2017; 129(13): 1878-81. 

113. Sant M, Minicozzi P, Mounier M, et al. Survival for haematological 
malignancies in Europe between 1997 and 2008 by region and age: results of 
EUROCARE-5, a population-based study. Lancet Oncol 2014; 15(9): 931-42. 

114. Pulte D, Gondos A, Brenner H. Improvement in survival in younger patients 
with acute lymphoblastic leukemia from the 1980s to the early 21st century. 
Blood 2009; 113(7): 1408-11. 

115. Kantarjian HM, O'Brien S, Smith TL, et al. Results of treatment with hyper-
CVAD, a dose-intensive regimen, in adult acute lymphocytic leukemia. J Clin 
Oncol 2000; 18(3): 547-61. 

116. Rausch CR, Jabbour EJ, Kantarjian HM, Kadia TM. Optimizing the use of the 
hyperCVAD regimen: Clinical vignettes and practical management. Cancer 
2019. 

117. Maury S, Huguet F, Leguay T, et al. Adverse prognostic significance of CD20 
expression in adults with Philadelphia chromosome-negative B-cell precursor 
acute lymphoblastic leukemia. Haematologica 2010; 95(2): 324-8. 

118. Thomas DA, O'Brien S, Faderl S, et al. Chemoimmunotherapy with a modified 
hyper-CVAD and rituximab regimen improves outcome in de novo 
Philadelphia chromosome-negative precursor B-lineage acute lymphoblastic 
leukemia. J Clin Oncol 2010; 28(24): 3880-9. 

119. Gupta V, Yi QL, Brandwein J, et al. The role of allogeneic bone marrow 
transplantation in adult patients below the age of 55 years with acute 
lymphoblastic leukemia in first complete remission: a donor vs no donor 
comparison. Bone Marrow Transplant 2004; 33(4): 397-404. 

120. Goldstone AH, Richards SM, Lazarus HM, et al. In adults with standard-risk 
acute lymphoblastic leukemia, the greatest benefit is achieved from a matched 
sibling allogeneic transplantation in first complete remission, and an 
autologous transplantation is less effective than conventional 
consolidation/maintenance chemotherapy in all patients: final results of the 
International ALL Trial (MRC UKALL XII/ECOG E2993). Blood 2008; 
111(4): 1827-33. 

121. Patel B, Rai L, Buck G, et al. Minimal residual disease is a significant predictor 
of treatment failure in non T-lineage adult acute lymphoblastic leukaemia: 
final results of the international trial UKALL XII/ECOG2993. Br J Haematol 
2010; 148(1): 80-9. 

122. Dhedin N, Huynh A, Maury S, et al. Role of allogeneic stem cell 
transplantation in adult patients with Ph-negative acute lymphoblastic 
leukemia. Blood 2015; 125(16): 2486-96; quiz 586. 

  



 61 

123. Vitale A, Guarini A, Ariola C, et al. Adult T-cell acute lymphoblastic 
leukemia: biologic profile at presentation and correlation with response to 
induction treatment in patients enrolled in the GIMEMA LAL 0496 protocol. 
Blood 2006; 107(2): 473-9. 

124. Huguet F, Chevret S, Leguay T, et al. Intensified Therapy of Acute 
Lymphoblastic Leukemia in Adults: Report of the Randomized GRAALL-
2005 Clinical Trial. J Clin Oncol 2018; 36(24): 2514-23. 

125. DeAngelo DJ, Yu D, Johnson JL, et al. Nelarabine induces complete 
remissions in adults with relapsed or refractory T-lineage acute lymphoblastic 
leukemia or lymphoblastic lymphoma: Cancer and Leukemia Group B study 
19801. Blood 2007; 109(12): 5136-42. 

126. Gokbuget N, Basara N, Baurmann H, et al. High single-drug activity of 
nelarabine in relapsed T-lymphoblastic leukemia/lymphoma offers curative 
option with subsequent stem cell transplantation. Blood 2011; 118(13): 3504-
11. 

127. Abaza Y, H MK, Faderl S, et al. Hyper-CVAD plus nelarabine in newly 
diagnosed adult T-cell acute lymphoblastic leukemia and T-lymphoblastic 
lymphoma. Am J Hematol 2017. 

128. Huguet F, Leguay T, Raffoux E, et al. Pediatric-inspired therapy in adults with 
Philadelphia chromosome-negative acute lymphoblastic leukemia: the 
GRAALL-2003 study. J Clin Oncol 2009; 27(6): 911-8. 

129. Storring JM, Minden MD, Kao S, et al. Treatment of adults with BCR-ABL 
negative acute lymphoblastic leukaemia with a modified paediatric regimen. 
Br J Haematol 2009; 146(1): 76-85. 

130. Ben Abdelali R, Asnafi V, Leguay T, et al. Pediatric-inspired intensified 
therapy of adult T-ALL reveals the favorable outcome of NOTCH1/FBXW7 
mutations, but not of low ERG/BAALC expression: a GRAALL study. Blood 
2011; 118(19): 5099-107. 

131. Hallbook H, Gustafsson G, Smedmyr B, et al. Treatment outcome in young 
adults and children >10 years of age with acute lymphoblastic leukemia in 
Sweden: a comparison between a pediatric protocol and an adult protocol. 
Cancer 2006; 107(7): 1551-61. 

132. Rijneveld AW, van der Holt B, Daenen SM, et al. Intensified chemotherapy 
inspired by a pediatric regimen combined with allogeneic transplantation in 
adult patients with acute lymphoblastic leukemia up to the age of 40. Leukemia 
2011; 25(11): 1697-703. 

133. Hayakawa F, Sakura T, Yujiri T, et al. Markedly improved outcomes and 
acceptable toxicity in adolescents and young adults with acute lymphoblastic 
leukemia following treatment with a pediatric protocol: a phase II study by the 
Japan Adult Leukemia Study Group. Blood Cancer J 2014; 4: e252. 

134. DeAngelo DJ, Stevenson KE, Dahlberg SE, et al. Long-term outcome of a 
pediatric-inspired regimen used for adults aged 18-50 years with newly 
diagnosed acute lymphoblastic leukemia. Leukemia 2015; 29(3): 526-34. 

135. Martell MP, Atenafu EG, Minden MD, et al. Treatment of elderly patients with 
acute lymphoblastic leukaemia using a paediatric-based protocol. Br J 
Haematol 2013; 163(4): 458-64. 

136. Ribera JM, Garcia O, Gil C, et al. Comparison of intensive, pediatric-inspired 
therapy with non-intensive therapy in older adults aged 55-65 years with 
Philadelphia chromosome-negative acute lymphoblastic leukemia. Leuk Res 
2018; 68: 79-84. 

  



 62 

137. Toft N, Birgens H, Abrahamsson J, et al. Toxicity profile and treatment delays 
in NOPHO ALL2008-comparing adults and children with Philadelphia 
chromosome-negative acute lymphoblastic leukemia. Eur J Haematol 2016; 
96(2): 160-9. 

138. Al-Khabori M, Minden MD, Yee KW, et al. Improved survival using an 
intensive, pediatric-based chemotherapy regimen in adults with T-cell acute 
lymphoblastic leukemia. Leuk Lymphoma 2010; 51(1): 61-5. 

139. Sancho JM, Ribera JM, Xicoy B, et al. Results of the PETHEMA ALL-96 trial 
in elderly patients with Philadelphia chromosome-negative acute 
lymphoblastic leukemia. Eur J Haematol 2007; 78(2): 102-10. 

140. Patel B, Kirkwood AA, Dey A, et al. Pegylated-asparaginase during induction 
therapy for adult acute lymphoblastic leukaemia: toxicity data from the 
UKALL14 trial. Leukemia 2017; 31(1): 58-64. 

141. Cytogenetic abnormalities in adult acute lymphoblastic leukemia: correlations 
with hematologic findings outcome. A Collaborative Study of the Group 
Francais de Cytogenetique Hematologique. Blood 1996; 87(8): 3135-42. 

142. Hallböök H, Hägglund H, Stockelberg D, et al. Autologous and allogeneic 
stem cell transplantation in adult ALL: the Swedish Adult ALL Group 
experience. Bone Marrow Transplant 2005; 35(12): 1141-8. 

143. Dombret H, Gabert J, Boiron JM, et al. Outcome of treatment in adults with 
Philadelphia chromosome-positive acute lymphoblastic leukemia--results of 
the prospective multicenter LALA-94 trial. Blood 2002; 100(7): 2357-66. 

144. Druker BJ, Sawyers CL, Kantarjian H, et al. Activity of a specific inhibitor of 
the BCR-ABL tyrosine kinase in the blast crisis of chronic myeloid leukemia 
and acute lymphoblastic leukemia with the Philadelphia chromosome. N Engl 
J Med 2001; 344(14): 1038-42. 

145. Thomas DA, Faderl S, Cortes J, et al. Treatment of Philadelphia chromosome-
positive acute lymphocytic leukemia with hyper-CVAD and imatinib 
mesylate. Blood 2004; 103(12): 4396-407. 

146. Vignetti M, Fazi P, Cimino G, et al. Imatinib plus steroids induces complete 
remissions and prolonged survival in elderly Philadelphia chromosome-
positive patients with acute lymphoblastic leukemia without additional 
chemotherapy: results of the Gruppo Italiano Malattie Ematologiche 
dell'Adulto (GIMEMA) LAL0201-B protocol. Blood 2007; 109(9): 3676-8. 

147. Ottmann OG, Wassmann B, Pfeifer H, et al. Imatinib compared with 
chemotherapy as front-line treatment of elderly patients with Philadelphia 
chromosome-positive acute lymphoblastic leukemia (Ph+ALL). Cancer 2007; 
109(10): 2068-76. 

148. Talpaz M, Shah NP, Kantarjian H, et al. Dasatinib in imatinib-resistant 
Philadelphia chromosome-positive leukemias. N Engl J Med 2006; 354(24): 
2531-41. 

149. Cortes JE, Kim DW, Pinilla-Ibarz J, et al. A phase 2 trial of ponatinib in 
Philadelphia chromosome-positive leukemias. N Engl J Med 2013; 369(19): 
1783-96. 

150. Ribera JM, Garcia O, Fernandez-Abellan P, et al. Lack of negative impact of 
Philadelphia chromosome in older patients with acute lymphoblastic 
leukaemia in the thyrosine kinase inhibitor era: comparison of two prospective 
parallel protocols. Br J Haematol 2012; 159(4): 485-8. 

151. Chalandon Y, Thomas X, Hayette S, et al. Randomized study of reduced-
intensity chemotherapy combined with imatinib in adults with Ph-positive 
acute lymphoblastic leukemia. Blood 2015; 125(24): 3711-9. 



 63 

152. Rousselot P, Coude MM, Gokbuget N, et al. Dasatinib and low-intensity 
chemotherapy in elderly patients with Philadelphia chromosome-positive 
ALL. Blood 2016; 128(6): 774-82. 

153. Jabbour E, Kantarjian H, Ravandi F, et al. Combination of hyper-CVAD with 
ponatinib as first-line therapy for patients with Philadelphia chromosome-
positive acute lymphoblastic leukaemia: a single-centre, phase 2 study. Lancet 
Oncol 2015; 16(15): 1547-55. 

154. Jabbour E, DerSarkissian M, Duh MS, et al. Efficacy of Ponatinib Versus 
Earlier Generation Tyrosine Kinase Inhibitors for Front-line Treatment of 
Newly Diagnosed Philadelphia-positive Acute Lymphoblastic Leukemia. Clin 
Lymphoma Myeloma Leuk 2018; 18(4): 257-65. 

155. Jones D, Thomas D, Yin CC, et al. Kinase domain point mutations in 
Philadelphia chromosome-positive acute lymphoblastic leukemia emerge after 
therapy with BCR-ABL kinase inhibitors. Cancer 2008; 113(5): 985-94. 

156. Soverini S, Vitale A, Poerio A, et al. Philadelphia-positive acute lymphoblastic 
leukemia patients already harbor BCR-ABL kinase domain mutations at low 
levels at the time of diagnosis. Haematologica 2011; 96(4): 552-7. 

157. Porkka K, Koskenvesa P, Lundan T, et al. Dasatinib crosses the blood-brain 
barrier and is an efficient therapy for central nervous system Philadelphia 
chromosome-positive leukemia. Blood 2008; 112(4): 1005-12. 

158. Ravandi F, O'Brien SM, Cortes JE, et al. Long-term follow-up of a phase 2 
study of chemotherapy plus dasatinib for the initial treatment of patients with 
Philadelphia chromosome-positive acute lymphoblastic leukemia. Cancer 
2015; 121(23): 4158-64. 

159. Giebel S, Labopin M, Potter M, et al. Comparable results of autologous and 
allogeneic haematopoietic stem cell transplantation for adults with 
Philadelphia-positive acute lymphoblastic leukaemia in first complete 
molecular remission: An analysis by the Acute Leukemia Working Party of the 
EBMT. Eur J Cancer 2018; 96: 73-81. 

160. Wetzler M, Watson D, Stock W, et al. Autologous transplantation for 
Philadelphia chromosome-positive acute lymphoblastic leukemia achieves 
outcomes similar to allogeneic transplantation: results of CALGB Study 10001 
(Alliance). Haematologica 2014; 99(1): 111-5. 

161. Pfeifer H, Wassmann B, Bethge W, et al. Randomized comparison of 
prophylactic and minimal residual disease-triggered imatinib after allogeneic 
stem cell transplantation for BCR-ABL1-positive acute lymphoblastic 
leukemia. Leukemia 2013; 27(6): 1254-62. 

162. Brissot E, Labopin M, Beckers MM, et al. Tyrosine kinase inhibitors improve 
long-term outcome of allogeneic hematopoietic stem cell transplantation for 
adult patients with Philadelphia chromosome positive acute lymphoblastic 
leukemia. Haematologica 2015; 100(3): 392-9. 

163. Hoelzer D, Ludwig WD, Thiel E, et al. Improved outcome in adult B-cell acute 
lymphoblastic leukemia. Blood 1996; 87(2): 495-508. 

164. Intermesoli T, Rambaldi A, Rossi G, et al. High cure rates in Burkitt lymphoma 
and leukemia: a Northern Italy Leukemia Group study of the German short 
intensive rituximab-chemotherapy program. Haematologica 2013; 98(11): 
1718-25. 

165. Ribera JM, Oriol A, Bethencourt C, et al. Comparison of intensive 
chemotherapy, allogeneic or autologous stem cell transplantation as post-
remission treatment for adult patients with high-risk acute lymphoblastic 
leukemia. Results of the PETHEMA ALL-93 trial. Haematologica 2005; 
90(10): 1346-56. 



 64 

166. Mohty M, Labopin M, Volin L, et al. Reduced-intensity versus conventional 
myeloablative conditioning allogeneic stem cell transplantation for patients 
with acute lymphoblastic leukemia: a retrospective study from the European 
Group for Blood and Marrow Transplantation. Blood 2010; 116(22): 4439-43. 

167. Shem-Tov N, Peczynski C, Labopin M, et al. Haploidentical vs. unrelated 
allogeneic stem cell transplantation for acute lymphoblastic leukemia in first 
complete remission: on behalf of the ALWP of the EBMT. Leukemia 2019. 

168. Candoni A, Rambaldi A, Fanin R, et al. Outcome of Allogeneic Hematopoietic 
Stem Cell Transplantation in Adult Patients with Philadelphia Chromosome-
Positive Acute Lymphoblastic Leukemia in the Era of Tyrosine Kinase 
Inhibitors: A Registry-Based Study of the Italian Blood and Marrow 
Transplantation Society (GITMO). Biol Blood Marrow Transplant 2019. 

169. Giebel S, Marks DI, Boissel N, et al. Hematopoietic stem cell transplantation 
for adults with Philadelphia chromosome-negative acute lymphoblastic 
leukemia in first remission: a position statement of the European Working 
Group for Adult Acute Lymphoblastic Leukemia (EWALL) and the Acute 
Leukemia Working Party of the European Society for Blood and Marrow 
Transplantation (EBMT). Bone Marrow Transplant 2018. 

170. Czyz A, Labopin M, Giebel S, et al. Cyclophosphamide versus etoposide in 
combination with total body irradiation as conditioning regimen for adult 
patients with Ph-negative acute lymphoblastic leukemia undergoing allogeneic 
stem cell transplant: On behalf of the ALWP of the European Society for Blood 
and Marrow Transplantation. Am J Hematol 2018. 

171. Rosko AE, Wang HL, de Lima M, et al. Reduced intensity conditioned 
allograft yields favorable survival for older adults with B-cell acute 
lymphoblastic leukemia. Am J Hematol 2017; 92(1): 42-9. 

172. Roth-Guepin G, Canaani J, Ruggeri A, et al. Allogeneic stem cell 
transplantation in acute lymphoblastic leukemia patients older than 60 years: a 
survey from the acute leukemia working party of EBMT. Oncotarget 2017; 
8(68): 112972-9. 

173. Fielding AK, Richards SM, Chopra R, et al. Outcome of 609 adults after 
relapse of acute lymphoblastic leukemia (ALL); an MRC UKALL12/ECOG 
2993 study. Blood 2007; 109(3): 944-50. 

174. Tavernier E, Boiron JM, Huguet F, et al. Outcome of treatment after first 
relapse in adults with acute lymphoblastic leukemia initially treated by the 
LALA-94 trial. Leukemia 2007; 21(9): 1907-14. 

175. Desjonqueres A, Chevallier P, Thomas X, et al. Acute lymphoblastic leukemia 
relapsing after first-line pediatric-inspired therapy: a retrospective GRAALL 
study. Blood Cancer J 2016; 6(12): e504. 

176. Gokbuget N, Stanze D, Beck J, et al. Outcome of relapsed adult lymphoblastic 
leukemia depends on response to salvage chemotherapy, prognostic factors, 
and performance of stem cell transplantation. Blood 2012; 120(10): 2032-41. 

177. Kozlowski P, Astrom M, Ahlberg L, et al. High curability via intensive 
reinduction chemotherapy and stem cell transplantation in young adults with 
relapsed acute lymphoblastic leukemia in Sweden 2003-2007. Haematologica 
2012; 97(9): 1414-21. 

178. Kantarjian H, Thomas D, Jorgensen J, et al. Inotuzumab ozogamicin, an anti-
CD22-calecheamicin conjugate, for refractory and relapsed acute lymphocytic 
leukaemia: a phase 2 study. Lancet Oncol 2012; 13(4): 403-11. 

  



 65 

179. Topp MS, Kufer P, Gokbuget N, et al. Targeted therapy with the T-cell-
engaging antibody blinatumomab of chemotherapy-refractory minimal 
residual disease in B-lineage acute lymphoblastic leukemia patients results in 
high response rate and prolonged leukemia-free survival. J Clin Oncol 2011; 
29(18): 2493-8. 

180. Kantarjian H, Ravandi F, Short NJ, et al. Inotuzumab ozogamicin in 
combination with low-intensity chemotherapy for older patients with 
Philadelphia chromosome-negative acute lymphoblastic leukaemia: a single-
arm, phase 2 study. Lancet Oncol 2018. 

181. Jabbour EJ, DeAngelo DJ, Stelljes M, et al. Efficacy and safety analysis by age 
cohort of inotuzumab ozogamicin in patients with relapsed or refractory acute 
lymphoblastic leukemia enrolled in INO-VATE. Cancer 2018; 124(8): 1722-
32. 

182. King AC, Pappacena JJ, Tallman MS, Park JH, Geyer MB. Blinatumomab 
administered concurrently with oral tyrosine kinase inhibitor therapy is a well-
tolerated consolidation strategy and eradicates measurable residual disease in 
adults with Philadelphia chromosome positive acute lymphoblastic leukemia. 
Leuk Res 2019; 79: 27-33. 

183. Lee DW, Kochenderfer JN, Stetler-Stevenson M, et al. T cells expressing 
CD19 chimeric antigen receptors for acute lymphoblastic leukaemia in 
children and young adults: a phase 1 dose-escalation trial. Lancet 2015; 
385(9967): 517-28. 

184. Park JH, Riviere I, Gonen M, et al. Long-Term Follow-up of CD19 CAR 
Therapy in Acute Lymphoblastic Leukemia. N Engl J Med 2018; 378(5): 449-
59. 

185. Horton TM, Whitlock JA, Lu X, et al. Bortezomib reinduction chemotherapy 
in high-risk ALL in first relapse: a report from the Children's Oncology Group. 
Br J Haematol 2019; 186(2): 274-85. 

186. Bonda A, Punatar S, Gokarn A, et al. Daratumumab at the frontiers of post-
transplant refractory T-acute lymphoblastic leukemia-a worthwhile strategy? 
Bone Marrow Transplant 2018; 53(11): 1487-9. 

187. Gökbuget N. How I treat older patients with ALL. Blood 2013; 122(8): 1366-
75. 

188. Daenen S, van der Holt B, Dekker AW, et al. Intensive chemotherapy to 
improve outcome in patients with acute lymphoblastic leukemia over the age 
of 40: a phase II study for efficacy and feasibility by HOVON.  Leukemia. 
England; 2012: 1726-9. 

189. Bassan R, Di Bona E, Lerede T, et al. Age-adapted moderate-dose induction 
and flexible outpatient postremission therapy for elderly patients with acute 
lymphoblastic leukemia. Leuk Lymphoma 1996; 22(3-4): 295-301. 

190. Delannoy A, Cazin B, Thomas X, et al. Treatment of acute lymphoblastic 
leukemia in the elderly: an evaluation of interferon alpha given as a single 
agent after complete remission. Leuk Lymphoma 2002; 43(1): 75-81. 

191. O'Brien S, Thomas DA, Ravandi F, Faderl S, Pierce S, Kantarjian H. Results 
of the hyperfractionated cyclophosphamide, vincristine, doxorubicin, and 
dexamethasone regimen in elderly patients with acute lymphocytic leukemia. 
Cancer 2008; 113(8): 2097-101. 

192. Gökbuget N, Bassan R, Dekker A, et al. Developing a European network for 
adult ALL. Hematol J 2004; 5 Suppl 3: S46-52. 

  



 66 

193. Papayannidis C, DeAngelo DJ, Stock W, et al. A Phase 1 study of the novel 
gamma-secretase inhibitor PF-03084014 in patients with T-cell acute 
lymphoblastic leukemia and T-cell lymphoblastic lymphoma. Blood Cancer J 
2015; 5: e350. 

194. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of 
classifying prognostic comorbidity in longitudinal studies: development and 
validation. J Chronic Dis 1987; 40(5): 373-83. 

195. Saillard C, Etienne A, Charbonnier A, et al. Evaluation of comorbidity indexes 
in the outcome of elderly patients treated for acute lymphoblastic leukemia. 
Leuk Lymphoma 2014; 55(9): 2211-2. 

196. Ostgard LS, Norgaard JM, Sengelov H, et al. Comorbidity and performance 
status in acute myeloid leukemia patients: a nation-wide population-based 
cohort study. Leukemia 2015; 29(3): 548-55. 

197. Tawfik B, Pardee TS, Isom S, et al. Comorbidity, age, and mortality among 
adults treated intensively for acute myeloid leukemia (AML). J Geriatr Oncol 
2016; 7(1): 24-31. 

198. Klepin HD, Geiger AM, Tooze JA, et al. Geriatric assessment predicts survival 
for older adults receiving induction chemotherapy for acute myelogenous 
leukemia. Blood 2013; 121(21): 4287-94. 

199. Corre R, Greillier L, Le Caer H, et al. Use of a Comprehensive Geriatric 
Assessment for the Management of Elderly Patients With Advanced Non-
Small-Cell Lung Cancer: The Phase III Randomized ESOGIA-GFPC-GECP 
08-02 Study. J Clin Oncol 2016; 34(13): 1476-83. 

200. Sorror ML, Maris MB, Storb R, et al. Hematopoietic cell transplantation 
(HCT)-specific comorbidity index: a new tool for risk assessment before 
allogeneic HCT. Blood 2005; 106(8): 2912-9. 

201. ElSawy M, Storer BE, Pulsipher MA, et al. Multi-centre validation of the 
prognostic value of the haematopoietic cell transplantation- specific 
comorbidity index among recipient of allogeneic haematopoietic cell 
transplantation. Br J Haematol 2015; 170(4): 574-83. 

202. Durani U, Hogan WJ. Emergencies in haematology: tumour lysis syndrome. 
Br J Haematol 2019. 

203. Aldoss I, Douer D, Behrendt CE, et al. Toxicity profile of repeated doses of 
PEG-asparaginase incorporated into a pediatric-type regimen for adult acute 
lymphoblastic leukemia. Eur J Haematol 2016; 96(4): 375-80. 

204. Rank CU, Wolthers BO, Grell K, et al. Asparaginase-Associated Pancreatitis 
in Acute Lymphoblastic Leukemia: Results From the NOPHO ALL2008 
Treatment of Patients 1-45 Years of Age. Journal of clinical oncology : official 
journal of the American Society of Clinical Oncology 2019: JCO1902208-
JCO. 

205. Grace RF, DeAngelo DJ, Stevenson KE, et al. The use of prophylactic 
anticoagulation during induction and consolidation chemotherapy in adults 
with acute lymphoblastic leukemia. J Thromb Thrombolysis 2018; 45(2): 306-
14. 

206. Sibai H, Seki JT, Wang TQ, et al. Venous thromboembolism prevention during 
asparaginase-based therapy for acute lymphoblastic leukemia. Curr Oncol 
2016; 23(4): e355-61. 

207. Greiner J, Schrappe M, Claviez A, et al. THROMBOTECT - a randomized 
study comparing low molecular weight heparin, antithrombin and 
unfractionated heparin for thromboprophylaxis during induction therapy of 
acute lymphoblastic leukemia in children and adolescents. Haematologica 
2019; 104(4): 756-65. 



 67 

208. Chen J, Ngo D, Aldoss I, Shayani S, Tsai NC, Pullarkat V. Antithrombin 
supplementation did not impact the incidence of pegylated asparaginase-
induced venous thromboembolism in adults with acute lymphoblastic 
leukemia. Leuk Lymphoma 2019; 60(5): 1187-92. 

209. Rank CU, Toft N, Tuckuviene R, et al. Thromboembolism in acute 
lymphoblastic leukemia: results of NOPHO ALL2008 protocol treatment in 
patients aged 1 to 45 years. Blood 2018; 131(22): 2475-84. 

210. Mariette C, Tavernier E, Hocquet D, et al. Epidemiology of invasive fungal 
infections during induction therapy in adults with acute lymphoblastic 
leukemia: a GRAALL-2005 study. Leuk Lymphoma 2017; 58(3): 586-93. 

211. Cornely OA, Leguay T, Maertens J, et al. Randomized comparison of 
liposomal amphotericin B versus placebo to prevent invasive mycoses in acute 
lymphoblastic leukaemia. J Antimicrob Chemother 2017; 72(8): 2359-67. 

212. van Schie RM, Bruggemann RJ, Hoogerbrugge PM, te Loo DM. Effect of 
azole antifungal therapy on vincristine toxicity in childhood acute 
lymphoblastic leukaemia. J Antimicrob Chemother 2011; 66(8): 1853-6. 

213. Maertens J, Cesaro S, Maschmeyer G, et al. ECIL guidelines for preventing 
Pneumocystis jirovecii pneumonia in patients with haematological 
malignancies and stem cell transplant recipients. J Antimicrob Chemother 
2016; 71(9): 2397-404. 

214. Hallbook H, Simonsson B, Ahlgren T, et al. High-dose cytarabine in upfront 
therapy for adult patients with acute lymphoblastic leukaemia. Br J Haematol 
2002; 118(3): 748-54. 

215. Kozlowski P, Astrom M, Ahlberg L, et al. High relapse rate of T cell acute 
lymphoblastic leukemia in adults treated with Hyper-CVAD chemotherapy in 
Sweden. Eur J Haematol 2014; 92(5): 377-81. 

216. Hunault-Berger M, Leguay T, Huguet F, et al. A Phase 2 study of L-
asparaginase encapsulated in erythrocytes in elderly patients with Philadelphia 
chromosome negative acute lymphoblastic leukemia: The 
GRASPALL/GRAALL-SA2-2008 study. Am J Hematol 2015; 90(9): 811-8. 

217. Kantarjian HM, O'Brien S, Smith T, et al. Acute lymphocytic leukaemia in the 
elderly: characteristics and outcome with the vincristine-adriamycin-
dexamethasone (VAD) regimen. Br J Haematol 1994; 88(1): 94-100. 

218. Basch E, Dueck AC, Rogak LJ, et al. Feasibility of Implementing the Patient-
Reported Outcomes Version of the Common Terminology Criteria for Adverse 
Events in a Multicenter Trial: NCCTG N1048. J Clin Oncol 2018: 
JCO2018788620. 

219. Bottomley A, Pe M, Sloan J, et al. Analysing data from patient-reported 
outcome and quality of life endpoints for cancer clinical trials: a start in setting 
international standards. Lancet Oncol 2016; 17(11): e510-e4. 

220. Bottomley A, Pe M, Sloan J, et al. Moving forward toward standardizing 
analysis of quality of life data in randomized cancer clinical trials. Clin Trials 
2018; 15(6): 624-30. 

221. Andrykowski MA, Greiner CB, Altmaier EM, et al. Quality of life following 
bone marrow transplantation: findings from a multicentre study. Br J Cancer 
1995; 71(6): 1322-9. 

222. Grulke N, Albani C, Bailer H. Quality of life in patients before and after 
haematopoietic stem cell. Bone Marrow Transplant 2012; 47(4): 473-82. 

223. Gupta V, Panzarella T, Li L, et al. A prospective study comparing the outcomes 
and health-related quality of life in. Biol Blood Marrow Transplant 2012; 
18(1): 113-24. 



 68 

224. Alibhai SM, Breunis H, Timilshina N, et al. Quality of life and physical 
function in adults treated with intensive chemotherapy for acute myeloid 
leukemia improve over time independent of age. J Geriatr Oncol 2015; 6(4): 
262-71. 

225. Kurosawa S, Yamaguchi T, Mori T, et al. Patient-reported quality of life after 
allogeneic hematopoietic cell transplantation or chemotherapy for acute 
leukemia. Bone Marrow Transplant 2015; 50(9): 1241-9. 

226. Kaplan SH, Kravitz RL, Greenfield S. A critique of current uses of health status 
for the assessment of treatment effectiveness and quality of care. Med Care 
2000; 38(9 Suppl): II184-91. 

227. Scherber R, Dueck AC, Johansson P, et al. The Myeloproliferative Neoplasm 
Symptom Assessment Form (MPN-SAF): international prospective validation 
and reliability trial in 402 patients. Blood 2011; 118(2): 401-8. 

228. Aaronson NK, Ahmedzai S, Bergman B, et al. The European Organization for 
Research and Treatment of Cancer QLQ-C30: a quality-of-life instrument for 
use in international clinical trials in oncology. J Natl Cancer Inst 1993; 85(5): 
365-76. 

229. Cella DF, Tulsky DS, Gray G, et al. The Functional Assessment of Cancer 
Therapy scale: development and validation of the general measure. J Clin 
Oncol 1993; 11(3): 570-9. 

230. Basch E, Abernethy AP, Mullins CD, et al. Recommendations for 
incorporating patient-reported outcomes into clinical comparative 
effectiveness research in adult oncology. J Clin Oncol 2012; 30(34): 4249-55. 

231. Buckley SA, Kirtane K, Walter RB, Lee SJ, Lyman GH. Patient-reported 
outcomes in acute myeloid leukemia: Where are we now? Blood Rev 2018; 
32(1): 81-7. 

232. Goswami P, Khatib Y, Salek S. Haematological malignancy: Are we 
measuring what is important to patients? A systematic review of quality-of-life 
instruments. Eur J Haematol 2019; 102(4): 279-311. 

233. Loberiza FR, Jr., Rizzo JD, Bredeson CN, et al. Association of depressive 
syndrome and early deaths among patients after stem-cell transplantation for 
malignant diseases. J Clin Oncol 2002; 20(8): 2118-26. 

234. Kroenke K, Spitzer RL, Williams JB, Lowe B. The Patient Health 
Questionnaire Somatic, Anxiety, and Depressive Symptom Scales: a 
systematic review. Gen Hosp Psychiatry 2010; 32(4): 345-59. 

235. Efficace F, Cottone F, Abel G, et al. Patient-reported outcomes enhance the 
survival prediction of traditional disease risk classifications: An international 
study in patients with myelodysplastic syndromes. Cancer 2018; 124(6): 1251-
9. 

236. Efficace F, Cottone F. Time for patient reported outcomes assessment in 
routine hematology practice: the case of chronic myeloid leukemia. Expert Rev 
Hematol 2019; 12(1): 1-3. 

237. Juliusson G, Antunovic P, Derolf A, et al. Age and acute myeloid leukemia: 
real world data on decision to treat and outcomes from the Swedish Acute 
Leukemia Registry. Blood 2009; 113(18): 4179-87. 

238. CTCAE. CTCAE Common Terminology Criteria of Adverse Events v 4.0. 
2009. http://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-
14_QuickReference_5x7.pdf. 

239. Fayers P AN, Bjordal K, Groenvold M, Curran D, Bottomley A. EORTC QLQ-
C30 Scoring Manual. 3rd ed. Brussels: European Organisation for Research 
and Treatment of Cancer; 2001. 



 69 

240. Derogar M, van der Schaaf M, Lagergren P. Reference values for the EORTC 
QLQ-C30 quality of life questionnaire in a random sample of the Swedish 
population. Acta Oncol 2012; 51(1): 10-6. 

241. Sive JI, Buck G, Fielding A, et al. Outcomes in older adults with acute 
lymphoblastic leukaemia (ALL): results from the international MRC UKALL 
XII/ECOG2993 trial. Br J Haematol 2012; 157(4): 463-71. 

242. Bassan R, Spinelli O, Oldani E, et al. Different molecular levels of post-
induction minimal residual disease may predict hematopoietic stem cell 
transplantation outcome in adult Philadelphia-negative acute lymphoblastic 
leukemia. Blood Cancer J 2014; 4: e225. 

243. Kim C, Molony JT, Chia VM, Kota VK, Katz AJ, Li S. Patient characteristics, 
treatment patterns, and mortality in elderly patients newly diagnosed with 
ALL. Leuk Lymphoma 2019; 60(6): 1462-8. 

244. Robak T, Szmigielska-Kaplon A, Wrzesien-Kus A, et al. Acute lymphoblastic 
leukemia in elderly: the Polish Adult Leukemia Group (PALG) experience. 
Ann Hematol 2004; 83(4): 225-31. 

245. Ribera JM, Garcia O, Oriol A, et al. Feasibility and results of subtype-oriented 
protocols in older adults and fit elderly patients with acute lymphoblastic 
leukemia: Results of three prospective parallel trials from the PETHEMA 
group. Leuk Res 2016; 41: 12-20. 

246. Juliusson G, Billstrom R, Gruber A, et al. Attitude towards remission induction 
for elderly patients with acute myeloid leukemia influences survival. Leukemia 
2006; 20(1): 42-7. 

247. Juliusson G, Lazarevic V, Horstedt AS, Hagberg O, Hoglund M, Swedish 
Acute Leukemia Registry G. Acute myeloid leukemia in the real world: why 
population-based registries are needed. Blood 2012; 119(17): 3890-9. 

248. Gokbuget N, Dombret H, Ribera JM, et al. International reference analysis of 
outcomes in adults with B-precursor Ph-negative relapsed/refractory acute 
lymphoblastic leukemia. Haematologica 2016; 101(12): 1524-33. 

249. Secker-Walker LM, Prentice HG, Durrant J, Richards S, Hall E, Harrison G. 
Cytogenetics adds independent prognostic information in adults with acute 
lymphoblastic leukaemia on MRC trial UKALL XA. MRC Adult Leukaemia 
Working Party. Br J Haematol 1997; 96(3): 601-10. 

250. Sakura T, Hayakawa F, Sugiura I, et al. High-dose methotrexate therapy 
significantly improved survival of adult acute lymphoblastic leukemia: a phase 
III study by JALSG. Leukemia 2018; 32(3): 626-32. 

251. Johansson R, Carlbring P, Heedman A, Paxling B, Andersson G. Depression, 
anxiety and their comorbidity in the Swedish general population: point 
prevalence and the effect on health-related quality of life. PeerJ 2013; 1: e98. 

252. Letourneau JM, Ebbel EE, Katz PP, et al. Pretreatment fertility counseling and 
fertility preservation improve quality of life in reproductive age women with 
cancer. Cancer 2012; 118(6): 1710-7. 

 



Acta Universitatis Upsaliensis
Digital Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Medicine 1630

Editor: The Dean of the Faculty of Medicine

A doctoral dissertation from the Faculty of Medicine, Uppsala
University, is usually a summary of a number of papers. A few
copies of the complete dissertation are kept at major Swedish
research libraries, while the summary alone is distributed
internationally through the series Digital Comprehensive
Summaries of Uppsala Dissertations from the Faculty of
Medicine. (Prior to January, 2005, the series was published
under the title “Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Medicine”.)

Distribution: publications.uu.se
urn:nbn:se:uu:diva-401431

ACTA
UNIVERSITATIS

UPSALIENSIS
UPPSALA

2020


	Abstract
	List of Papers
	Contents
	Abbreviations
	Introduction
	Background
	Epidemiology and Etiology
	Clinical Presentation and Diagnosis Classification
	Phenotypes and Genotypes in Acute Lymphoblastic Leukemia
	Minimal Residual Disease
	Other Prognostic Factors

	Treatment and Outcome of Adult Acute Lymphoblastic Leukemia
	A Glimpse Into History
	Modern Therapy of Adult Acute Lymphoblastic Leukemia
	Supportive Care

	Swedish National Guidelines
	Diagnostic Recommendations
	Treatment Recommendations

	Patient-Reported Outcome
	Aims
	Patients and Methods
	Patients in the Acute Leukemia Registries
	Paper I – Minimal Residual Disease
	Paper II and III – Coverage, Comorbidities, Treatment, and Toxicity
	Paper IV – Cytogenetic and Molecular Analysis
	Paper V– Patient-Reported Outcome
	Ethical Permissions
	Statistics

	Results and Discussion
	Paper I
	Paper II
	Paper III
	Paper IV
	Paper V
	Limitations

	Conclusions
	Future Perspectives
	Populärvetenskaplig sammanfattning på svenska
	Acknowledgements
	References
	Acta Universitatis Upsaliensis



