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The treatment landscape of the aggressive haematological malignancy acute myeloid leukaemia
(AML) has expanded but the prognosis is still unsatisfactory poor. Here, we aimed at improving
prognostication and treatment choices in AML by addressing current clinical obstacles to
successful AML treatment.

Acute promyelocytic leukaemia (APL) is an AML subset characterised by a high rate of early
death (ED). In Paper I, we developed a novel risk score for ED in APL. We identified three risk
groups for ED based on regression analyses on first a training cohort from the population-based
Swedish AML Registry (n=301) and later an external validation cohort from a hospital-based
registry (n=129). The presented risk score included age, platelets and white blood cell (WBC)
count. Importantly, already sub-normal to normal WBC counts conferred higher risks of ED.

Molecular studies of elderly AML patients are sparse. In Paper II, we focused on patients
≥65 years to investigate the prognostic effect of molecular markers and to propose an algorithm
for response to intensive chemotherapy (IC) in this patient group. We combined clinical data
with targeted DNA- and RNA-sequencing of 182 patients. Notably, we identified and externally
validated three risk categories for complete remission achievement after IC based on mutational
status of TP53 and gene expression levels of ZBTB7A and EEPD1.

Hypomethylating agents (HMAs) constitute a backbone for AML patients ineligible for IC.
There are limited studies on their effectiveness in the real-world setting. In Paper III, we
compared the utility of HMAs against IC and palliative care in all AML patients ≥60 years in
Sweden (n=3135) during 2008-2018. Propensity score matching in this population-based cohort
showed that HMAs are as effective as IC upfront when patient characteristics were balanced.
Additionally, predictive factors for overall survival in HMA treated patients were different to
IC treated patients.

The HMA azacitidine combined with venetoclax is the current frontline option to AML
patients unfit for IC. Few studies have addressed how this synergism arises. In Paper IV,
we characterised the epigenetic and transcriptomic effects of azacitidine-venetoclax in vitro
and elucidated potential survival/resistance mechanisms in AML blasts including the serine
synthesis pathway and NTRK signaling. Furthermore, we utilised obtained RNA-seq data and in
silico predictions to propose add-ons to azacitidine-venetoclax to further strengthen the synergy.

In summary, the research presented herein contributes to improved personalised medicine
in AML via real-world data, risk stratification algorithms and insights into potential novel
therapeutic approaches.
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Acute promyelocytic leukaemia 
Acute promyelocytic leukaemia (APL) stands as a role model for successful 
precision medicine in the field of AML although it once was described as the 
“most malignant form of acute leukaemia”178,179. This distinct subtype ac-
counts for 5-10% of all AML cases annually180 and harbours specific clinical, 
molecular and prognostic characteristics. 

Clinically, the median age at diagnosis is approximately 58 years181 which 
is clearly lower than for most other AML subtypes and thrombo-haemorrhagic 
manifestations are usually prominent at time of diagnosis182,183. The charac-
teristic consumptive coagulopathy typically presents as skin and mucous 
membrane haemorrhages but pulmonary or intracranial bleedings are not in-
frequent. Consequently, APL is a haematologic emergency and requires a high 
degree of suspicion, especially due to long-term cure rates >90% with current 
treatment regimens184. 

The cytogenetic lesion defining APL involves the rearrangement of the ret-
inoic acid receptor alpha (RARα) gene on chromosome 17(q21). The most 
commonly found aberration is the balanced reciprocal translocation 
t(15;17)(q21;q22) that is seen in >95% of all APL cases185, a translocation also 
involving the promyelocytic leukaemia (PML) gene on chromosome 15. The 
resulting fusion protein PML-RARα causes blockage in myeloid differentia-
tion by acting as a transcriptional repressor on retinoic acid response elements 
including genes such as CDKN1A, C/EBPE and HOXA1186. In addition, PML-
RARα has been shown to cause epigenetic aberrations by recruiting methyl-
ating enzymes to critical domains187. Treatment with all-trans-retinoic acid 
(ATRA) induces differentiation as ATRA nullifies the transcriptional gene re-
pression by PML-RARα188. 

Numerous factors contribute to the phenotypic hyperfibrinolytic and pro-
coagulant state seen in APL. These include an activation of the tissue factor 
promoter by PML-RARα189, the surface expression of annexin II on leukaemic 
promyelocytes190 as well as the release of chromatin and phosphatidylserine 
as APL cells undergo ETosis191. 

Early death 
The above-mentioned thrombo-haemorrhagic state will, if left untreated, re-
sult in ED from bleeding diathesis. ED is usually defined as death within 30 
days of diagnosis. Rates of ED range from 5-10% within clinical trials 
whereas real-world data have reported ED rates of up to 20-30%184. Moreover, 
more than half of all EDs occur within the first week of presentation and most 
of these already within the first 24 h. Hence, a high degree of suspicion, a 
rapid initiation of ATRA and aggressive means to correct the coagulopathy 
are all necessary to abrogate the risk of ED. 
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Different variables associated with a higher risk of ED include higher age, 
worse ECOG PS, high-risk disease (as defined below), concurrent infection 
as well as delays in the administration of ATRA181,192,193,194. In addition, lethal 
bleedings are more frequently seen in APL patients with laboratory perturba-
tions including high levels of WBCs, lactate dehydrogenase and/or creatinine, 
low fibrinogen levels as well as a prolonged prothrombin or activated partial 
thromboplastin time192. 

Risk stratification and induction treatment 
The current widely used risk stratification of APL, known as the Sanz score, 
dates back to 2000 and is based on a total of 217 patients included in two 
clinical trials195. The model was originally developed to predict three-year re-
lapse-free survival after treatment with ATRA and idarubicin. It has hence-
forth been shown useful in distinguishing non-high-risk patients that show 
sustained responses to ATRA and arsenic trioxide (ATO) as compared to 
ATRA and chemotherapy. The model includes three categories: 

 
• Low risk; WBC <10x109/L and platelets >40x109/L 
• Intermediate risk; WBC <10x109/L and platelets <40x109/L 
• High risk; WBC >10x109/L 

 
The recommended induction therapy to APL patients with WBC <10x109/L, 
i.e. the “low” and “intermediate” risk groups, consists of ATRA combined 
with ATO196. This approach results in haematologic CR rates and estimated 
4-year event free-survival rates above 95% and 4-year OS rates of up to 
99%197,198. ATRA in combination with chemotherapy is the current preferred 
treatment for patients with “high” risk disease, mainly due to lack of data sup-
porting ATRA plus ATO for these patients196. 
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