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Zusammenfassung 

Einleitung: Akute myeloische Leukämie (AML) ist eine heterogene maligne Erkrankung, die durch 

eine Veränderung der hämatopoetischen Stamm- und Vorläuferzellen ensteht. Zurzeit besteht die 

potentiell kurative Therapie aus einer Induktion mit Cytarabin und Anthrazyklinen, gefolgt von einer 

Postremissionstherapie. Bei zweiterem kann unter Miteinbeziehung von leukämie- und 

patientenspezifischen Faktoren entweder eine allogene Stammzelltransplantation oder eine 

konventionelle chemotherapeutische Konsolidierungstherapie durchgeführt werden. Jedoch 

bleiben die Fragen offen, was dabei die optimale Cytarabin-Dosis ist und wie viele Therapiezyklen 

optimalerweise appliziert werden. Dieser systematische Review inklusive Meta-Analyse untersucht 

den Vergleich der verschiedenen Cytarabin Dosen (hoch / mittel / niedrig), die optimale Anzahl an 

Konsolidierungszyklen, sowie den Vergleich zwischen Mono- und Kombinationstherapie in Bezug 

auf jüngere (≤65 Jahre) und ältere PatientInnen (>65 Jahre). 

Methodik: Um diese Forschungsfrage zu klären, wurde ein systematischer Review, der eine Meta-

Analyse inkludiert, laut PRISMA Statement durchgeführt. Die Datenbanken von Pubmed und 

Cochrane Library im Zeitraum von 1990 bis 2014, sowie die Archive der „American Society of 

Hematology“ und die „NCCN Guidelines for AML“ wurden durchsucht. Originalarbeiten, die 

randomisierte Studien mit mindestens 100 PatienInnen unter konventioneller 

Konsolidierungstherapie einschlossen, wurden ausgewählt. Die relevanten Daten wurden 

extrahiert, beschrieben und in die Meta-Analyse inkludiert. 

Ergebnisse: Von 38,814 potentiell relevanten Arbeiten wurden schließlich 18 Studien, die unsere 

Einschlusskriterien erfüllten und insgesamt 14,572 PatientInnen umfassten, in diesen 

systematischen Review eingeschlossen. Fünfzehn der Studien konnten für die primäre Meta-

Analyse von PatientInnen unter 65 Jahren analysiert werden. Der Vergleich von niedriger/mittlerer 

Dosis mit einer hohen Dosis von Cytarabin zeigte einen Hinweis darauf, dass das Disease Free 

Survival (DFS) durch eine Hochdosistherapie sich verbessern kann (HR 0.90 [0.80; 1.02]), aber es 

war deutlich weniger ausgeprägt für das Overall Survival (OS) (HR 0.96 [0.87; 1.06]). Unsere 

Ergebnisse ermittelten keine signifikanten Unterschiede zwischen Langzeit- und Kurzzeittherapie in 

Bezug auf OS (HR 1.06 [0.89; 1.25]), jedoch fand sich ein signifikantes Ergebnis, dass weniger 

Therapiezyklen zu einem schlechter DFS führen können (HR 1.16 [1.03; 1.29]). Auch zeigte sich 

kein signifikanter Unterschied, ob Mono- oder Kombinationstherapie besser ist, sowohl beim DFS 

(HR 1.02 [0.93; 1.11]) als auch beim OS (HR 1.08 [0.97; 1.20]). 

Schlussfolgerung: Dieser systematische Review inklusive Meta-Analyse demonstriert, dass 

Hochdosis Cytarabin das DFS, jedoch nicht das OS, bei einer konventionellen 

Konsolidierungstherapie für PatientInnen mit AML verbessern kann. In Bezug auf die 

Therapiezyklen konnten wir zeigen, dass eine vermehrte Anzahl an Zyklen mit Chemotherapie das 

DFS im Gegensatz zum OS erhöhen kann. Es gab keinen Vorteil, wenn man weitere 

Chemotherapeutika zur Cytarabin Basistherapie hinzufügte. Eine weitere Auswertung wird diese 

Parameter in Anbetracht bestimmter AML Subgruppen, vor allem in Bezug auf zytogenetische 

Anomalien, untersuchen. 
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Abstract 

Background: Acute myeloid leukemia (AML) is a heterogenous malignancy caused by 

transformation of hematopoietic stem and precursor cells. Current therapies applied with curative 

intention consist of induction using cytarabine and anthracycline followed by post-remission 

treatment. The latter can be either allogeneic stem cell transplantation (HSCT) or conventional 

consolidation chemotherapy according to leukemia and patient-related factors. However, the 

question of the optimal cytarabine dose and number of treatment cycles remains open. This 

systematic review and meta-analysis aims to investigate the comparison of the different doses of 

cytarabine (high / intermediate / low), the optimal number of consolidation cycles and whether 

mono- or combination therapy is of advantage with respect to younger patients (≤65 years) and 

elderly patients (>65 years). 

 

Methods: To investigate this research question, a systematic review including a meta-analysis was 

performed according to the PRISMA Statement. The databases of Pubmed and Cochrane Library 

from 1990 to 2014 as well as the archives of the American Society of Hematology and the NCCN 

guidelines for AML were screened. Original articles reporting randomized clinical trials that at least 

included 100 patients undergoing conventional consolidation therapy were identified. Relevant data 

were extracted, described and processed by a meta-analysis. 

 

Results: Of 38,814 potentially relevant articles, 18 were finally included in this systematic review 

fulfilling our inclusion critera reporting on a total of 14,572 patients with AML. Fifteen matched to 

the primary goal of the systematic review and meta-analysis of patients aged 65 years and 

younger. The comparison of low/intermediate versus high dose cytarabine indicated that disease 

free survival (DFS) may be improved by high dose administration (HR 0.90 [0.80; 1.02]) but was 

less pronounced for overall survival (OS) (HR 0.96 [0.87; 1.06]). Our results did not show any 

significant differences between long term and short term therapy with respect to OS (HR 1.06 

[0.89; 1.25]) either, but there was a significant result that less cycles may lead to worse DFS (HR 

1.16 [1.03; 1.29]). Evaluating whether monotherapy or combination therapy is of advantage, no 

significant results could be found for both, DFS (HR 1.02 [0.93; 1.11]) and OS (HR 1.08 [0.97; 

1.20]). 

 

Conclusion: This systematic review and meta-analysis demonstrate that high dose cytarabine may 

improve DFS but not OS used as conventional consolidation treatment for patients with AML.. 

Concerning the number of cycles, we could show that an increased number of consolidation 

chemotherapy cycles enhance DFS but not OS. There was no benefit in adding other 

chemotherapy drugs to the cytarabine treatment schedule. Further work will focus on assessing 

these parameters in certain AML subgroups, most importantly those based on cytogenetic 

aberrations. 
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1 Introduction 

1.1 Acute Myeloid Leukemia 

1.1.1 Definition and basic information of AML 

 

Acute myeloid leukemia, in short AML, is a hematological malignancy, 

which is characterized by infiltration of the bone marrow, blood, and other tissues 

by proliferative, clonal, abnormally differentiated, and occasionally poorly 

differentiated blast cells of the hematopoietic system (Döhner, Weisdorf & 

Bloomfield 2015). The significant amount of those blast cells of the myeloid 

lineage that leads to the diagnosis of AML can be encountered by 20% and more, 

except for AML with t(15;17), t(8;21), inv(16) or t(16;16), and some cases of 

erythroleukemia (Döhner et al. 2010). As the European LeukemiaNet expert panel 

mentions, myeloblasts, monoblasts as well as megakaryocytic blasts are included 

in the blast count. They also state that in AML with monocytic or myelomonocytic 

differentiation, monoblasts and promonocytes, but not abnormal monocytes, can 

be counted as blast equivalents, whereas erythroblasts are not counted as blasts 

except in case of pure erythroid leukemia, which is very rare. Acute myeloid 

leukemia is typical of a rapid proliferation in neoplastic clones mainly in bone 

marrow or peripheral blood and a following arrest in their growth. 

 

With an incidence of 3 – 4 per 100,000 men and women per year AML can 

be considered as the most common acute leukemia in adults (Schlenk 2014). 

About 18,300 new cases occur in Europe each year (Smith et al. 2004b) and 

around 12,000 new patients are diagnosed with acute myeloid leukemia in the 

United States annually (Juliusson et al. 2012). The generic patient population 

affected with this sort of cancer can be observed with a median age at 

presentation that has been steadily increasing over the past few decades and now 

is approaching around 70 years (Rowe 2009). Particular statistical analyses were 

carried out within the framework of the Surveillance, Epidemiology, and End 

Results (SEER) paper, which have pointed out the global differences among the 

incidence of AML: among males in the United States the incidence is higher than 
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in Sweden for all age groups and particularly higher in men older than 50 years 

and women than 75 years, whereas the United Kingdom incidence appears to be 

lower (Juliusson et al. 2012). The explanation for these differences is still unknown 

but has a big potential to be a subject of further study. 

 

1.1.2 Symptoms 

 

The clinical presentation of acute myeloid leukemia is determined by the 

increasing hematopoietic insufficiency due to the infiltration of the bone marrow. 

The normal bone marrow is replaced with malignant leukemic blast cells which 

leads to decrease of the normal cell lines, like platelets, red and white blood cells. 

In further consequence patients suffer from symptoms of anaemia like primarily 

paleness, fatigue and reduced physical performance, as well as symptoms of 

neutropenia, such as an increased number of opportunistic bacterial infections, 

especially in the pharynx, the skin or systemic mycosis. Besides, there can be 

thrombopenia symptoms, for example petechiae, easy bruising and bleeding or 

epistaxis (Smith et al. 2004b). The bleeding tendency is also caused by 

disseminated intravascular coagulation and hyper fibrinolysis. In case of 

exceeding leucocytosis, patients with hematopoietic failure can sustain a 

leukostasis, which causes hypoxia, pulmonary opacities, retinal bleedings and 

neurological symptoms. The state of a leukostasis constitutes a severe 

hematological emergency and can be treated with immediate decrease of 

leucocytes by chemotherapy or leukapharesis. The opportunistic infections 

mentioned before are still one of the most common reasons for death in patients 

with hematological malignancies. Besides hematological patients present general 

symptoms, like loss of appetite, bone and joint pain and unwanted weight loss. In 

addition, most common extramedullary infiltrations occur in skin infiltration, 

meningeosis leukaemica, gingival hyperplasia, as well as infiltration of the spleen 

and liver. Without any therapy this disease constitutes a life-threatening condition, 

leading to death within a few months. 
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1.1.3 Diagnosis 

 

The first step of the diagnostic process, after performing standard physical 

examination and basic routine laboratory reports, is to examine the bone marrow 

aspirate and further trephine biopsy in patients with a dry tap (punctio sicca) 

(Döhner et al. 2010). 

 

The principle method for the diagnosis of AML and its further sub 

classification consists of light microscopy supplemented by cytochemistry. 

Therefore the bone marrow and peripheral blood samples are stained with Wright 

Giemsa or May-Grünwald-Giemsa (MGG) to distinguish blast cells from normal 

blood cells. The pathological myeloblasts appear as large cells with a low nuclear-

cytoplasmic ratio, a finely stippled nuclear chromatin pattern and frequently 

multiple prominent nucleoli. Approximately over one third of cases present so-

called Auer rods in the cytoplasmic azurophilic granules, which are irregular cell 

organelles containing lysosomal enzymes and point out an abnormal maturation 

as well as proliferation of the cell. 

 

Another mandatory diagnostic tool is immunophenotyping. This procedure 

is essential to identify the leukemic origin, whether the blast cells are myeloid or 

lymphoid, or when cytochemistry is uninformative or equivocal. Two possibilities to 

analyse immunophenotypically is by flow cytometry (commonly 3- to 4 colour) or 

by immunocytochemistry. Moreover, immunophenotyping assists to identify 

evidence of monocytic, erythroid, or megakaryocytic differentiation (Swerdlow et 

al. 2008). According to the European LeukemiaNet expert panel some AMLs with 

recurrent genetic abnormalities are associated with characteristic 

immunophenotyping. For instance, AMLs with t(8;21) frequently express the 

lymphoid markers CD19, CD7 or CD56; AMLs with inv(16) tend to express the T 

lineage-associated marker CD2, whereas AMLs with NPM1 mutation typically 

show high CD33 but low CD43 expression (Kita et al. 1992, Baer et al. 1997, 

Adriaansen et al. 1993). 
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Last, but not least, there is another mandatory diagnostic instrument, 

namely, cytogenetics: on the one hand, there is conventional cytogenetic analysis 

and on the other hand, there is molecular cytogenetics. Cytogenetics is definitely 

one of the most important criteria in diagnosis as it leads to the main classification 

of the different types of AML and in further consequence to the different risk 

groups of patients according to the chromosomal abnormalities and karyotypic 

changes. One of the most common numerical cytogenetic abnormalities that can 

be seen is trisomy 8, for example. Furthermore, typical structural chromosomal 

translocations are: t(8;21), t(15;17), inv(16), abnormalities of 11q23, t(6:9), inv(3) 

or t(8;16) (Smith et al. 2004b). According to the European LeukemiaNet expert 

panel a minimum of 20 metaphase cells analysed from bone marrow is considered 

mandatory to establish the diagnosis of a normal karyotype, and recommended to 

define an abnormal karyotype. This investigation can be diagnosed from blood 

specimens. Concerning molecular cytogenetics, cell pellets fixed in 

methanol/acetic acid should be stored. In case conventional cytogenetic analysis 

fails, fluorescence in situ hybridization (FISH) is an option to detect gene 

rearrangements, for instance RUNX1-RUNX1T1 or loss of chromosome 5q and 7q 

material (Fröhling et al. 2002). 

 

Furthermore, molecular diagnosis should especially focus on analysis of 

DNA and RNA extraction by reverse transcriptase-polymerase chain reaction (RT-

PCR) for the recurring gene fusions NPM1, CEBPA and FLT3 at least among 

patients with cytogenetically normal AML (CN-AML) who will receive treatment 

other than low-dose chemotherapy or best supportive care (Döhner et al. 2010). 

The most common recurrent gene mutations are NPM1 with a frequency of 25-

35% of patients, CEBPA in 6-10% of patients, RUNX1 in 5-15% of patients and 

FLT3-ITD mutation in approximately 20% of patients. Further frequent mutations 

can be observed in KIT, TET2, and NRAS as well as in DNMT3A (Döhner, 

Weisdorf & Bloomfield 2015). 
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1.1.4 WHO Classification 

 

Acute myeloid leukemia is classified according to the World Health 

Organization (WHO) Classification of Tumours of Haematopoietic and Lymphoid 

Tissues and this classification was last updated in 2008 (Swerdlow et al. 2008). 

Previously the main classification was constituted of the French-American-British 

(FAB) classification of Bennett et al in 1985 (Table 1), which divides AML into 8 

subgroups, varying from M0 to M7 type according to appearance of cancer cells 

under the microscope and cytochemistry. Swerdlow et al. speak of major 

categories of the current WHO classification including AML with recurrent genetic 

abnormalities, AML with myelodysplasia-related changes, therapy-related AML, 

and AML not otherwise specified. This categorization has been more established 

because it provides more reliable prognostic information than the FAB 

classification. As the number of acute leukemias categorized by cytogenetics or 

molecular genetic abnormalities is steadily increasing, the WHO was forced to 

reorganize their classification in different new subgroups. They define acute 

myeloid leukemia by a leukemic blast count of 20% or higher in the bone marrow 

and/or in the peripheral blood. Morphology and cytochemistry, but also 

immunological as well as cytogenetic analyses count as the mandatory diagnostic 

tools (Swerdlow et al. 2008). 

 

The subgroup “AML with recurrent genetic abnormalities” includes a 

number of primary AML entities. In this subgroup the focus was on mutations in 

molecular genetic lesions, like for example RUNX1-RUNX1T1, MLLT3-MLL or 

DEK-NUP214. The mutation in RUNX1-RUNX1T1 and CBFB-MYH11 are 

considered as acute myeloid leukemia regardless of bone marrow blast counts. 

Two new provisional entities should be mentioned in this category as well, namely, 

NPM1 and CEBPA. The former subgroup termed “AML with multilineage 

dysplasia” is now renamed “AML with myelodysplasia-related changes”. Patients 

who belong to this entity are typical of prior myelodysplastic syndrome or 

myeloproliferative disease that developed into AML. “Therapy-related myeloid 

neoplasms” is still a distinct subgroup. But it is very difficult to reproduce which 

therapies patients had before, so a division according to the type of previous 
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therapy is often not feasible (Sill et al. 2011). Myeloid leukemia associated with 

Down syndrome is now listed as a distinct entity. The last main category of the 

WHO classification is “AML not otherwise specified”. A detailed list of all relevant 

AML subgroups is quoted in Table 2. (Döhner et al. 2010) 

 

 

Table 1. French-American-British (FAB) classification of AML 

Type Name (% of cases) Cytogenetics 

M0 
Acute myeloblastic leukemia with minimal 

differentiation (3%) 
inv(3q26) and t(3;3) 

M1 
Acute myeloblastic leukemia, without maturation 

(15-20%) 
 

M2 Acute myeloblastic leukemia, with maturation (25-30%) t(8;21), t(6;9) 

M3 Acute promyelocytic leukemia (5-10%) t(15;17), t(11;17), t(5;17) 

M4 

M4eo 

Acute myelomonocytic leukemia (20%) 

Acute myelomonocytic leukemia with abnormal 

eosinophils (5-10%) 

11q23, inv(3q26) and t(3;3), 

t(6;9) 

inv(16), t(16;16) 

M5 Acute monocytic leukemia (2-9%) 11q23, t(8;16) 

M6 Erythroleukemia (3-5%)  

M7 Acute megakaryocytic leukemia (3-12%) t(1;22) 
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Table 2. WHO classification of AML 2008 

 Acute myeloid leukemia with recurrent genetic abnormalities 

- AML with t(8;21)(q22;q22); RUNX1-RUNX1T1 

- AML with inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB-MYH11 

- APL with t(15;17)(q22;q12); PML-RARA 

- AML with t(9;11)(p22;q23); MLLT3-MLL 

- AML with t(6;9)(p23;q34); DEK-NUP214 

- AML with inv(3)(q21q26.2) or t(3;3)(q21;q26.2); RPN1-EVI1 

- AML (megakaryoblastic) with t(1;22)(p13;q13); RBM15-MKL1 

- Provisional entity: AML with mutated NPM1 

- Provisional entity: AML with mutated CEBPA 

 Acute myeloid leukemia with myelodysplasia-related changes 

 Therapy-related myeloid neoplasms 

 Acute myeloid leukemia, not otherwise specified (NOS) 

- Acute myeloid leukemia with minimal differentiation 

- Acute myeloid leukemia without maturation 

- Acute myeloid leukemia with maturation 

- Acute myelomonocytic leukemia 

- Acute monoblastic/monocytic leukemia 

- Acute erythroid leukemia 

 Pure erythroid leukemia 

 Erythroleukemia, erythroid/myeloid 

- Acute megakaryoblastic leukemia 

- Acute basophilic leukemia 

- Acute panmyelosis with myelofibrosis (syn.: acute myelofibrosis; acute 

myelosclerosis) 

 Myeloid sarcoma 

 Myeloid proliferations related to Down syndrome 

- Transient abnormal myelopoiesis (syn.: transient myeloproliferative disorder) 

- Myeloid leukemia associated with Down syndrome 

 Blastic plasmacytoid dendritic cell neoplasm 

 Acute leukemias of ambiguous lineage 

- Acute undifferentiated leukemia 

- Mixed phenotype acute leukemia with t(9;22)(q34;q11.2); BCR-ABL1 

- Mixed phenotype acute leukemia with t(v;11q23); MLL rearranged 

- Mixed phenotype acute leukemia, B/myeloid, NOS 

- Mixed phenotype acute leukemia, T/myeloid, NOS 

- Provisional entity: Natural killer (NK)–cell lymphoblastic leukemia/lymphoma 
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1.1.5 Prognostic Index 

 

The prognostic index results from mainly two sub categories: on the one 

hand, there are the patient-related factors and on the other hand, there are AML-

related factors. These various prognostic factors can assist the clinicians to predict 

the risk of disease recurrence as well as the most probable progression of disease 

and they are important tools guiding treatment decisions. 

 

Age is one of the most important patient-related prognostic factors within 

this leukemic disease leading to a major impact on the management and outcome 

for patients with AML (Appelbaum et al. 2006, Juliusson et al. 2009). According to 

the SEER Medicare database over half of patients diagnosed with acute myeloid 

leukemia are 65 years or older. Other relevant patient-related prognostic factors 

are comorbidities, which are mostly related to a higher age, and poor performance 

status (Appelbaum et al. 2006). Medeiros et al showed in a retrospective study 

with a patient population of 8336 patients, where 40% received chemotherapy 

within 3 months of diagnosis and 60% did not, that treated patients suffered 33% 

less from risk of death compared to untreated patients. In addition they observed 

increasing age, increasing comorbidity score (measured by the National Cancer 

Institute comorbidity index) and poor performance status were significantly 

associated with higher mortality risks (Medeiros et al. 2015). Appelbaum et al 

reported AML as less proliferative disease with lower white blood cell counts and 

peripheral blast percentages in the elderly, however, the range of cytogenetic 

abnormalities changed with a much higher incidence of abnormalities involving 

chromosomes 5, 7, and 17 and a lower incidence of the translocations related to 

favourable treatment outcomes. The reasons for the association of increasing age 

with these specific chromosomal abnormalities are still in the dark and could be 

further object of study (Appelbaum et al. 2006). 

 

According to Döhner et al AML-related prognostic factors include white 

blood count (WBC), existence of prior MDS, previous cytotoxic therapy for another 

disease, and cytogenetic and molecular genetic changes in the leukemic cells at 
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diagnosis. Less common prognostic factors are splenomegaly and elevated serum 

lactate dehydrogenase (LDH), however, the significance of a prognostic factor 

always depends on the type of therapy given to a patient (Döhner et al. 2010). 

One of the strongest disease-related factors is the cytogenetic aspect (Mrozek, 

Heerema & Bloomfield 2004, Grimwade 2001). As per advice of the British Journal 

of Haematology guidelines cytogenetic examination at diagnosis allows patients to 

be divided into three groups with relapse risks varying from 35% to 76%. The 

standardized categorization results into the three main groups: favourable risk, 

intermediate risk (with respect to molecular genetics further division into 

intermediate-I and intermediate-II) and adverse risk (Table 3) (Grimwade et al. 

1998, Byrd et al. 2002). These risk groups have a remarkable effect on deciding 

the therapy process. Even though a number of rarer cytogenetic abnormalities, for 

instance del(7q) or isolated trisomy 8, remain uncertain in categorization, a 

complex karyotype, which occurs in 10% to 12% of patients, has consistently been 

associated with a poor outcome or rather adverse risk (Mrozek 2008). Döhner et al 

define complex karyotype as the presence of 3 or more chromosome 

abnormalities in the absence of t(8;21), inv(16) or t(16;16) and t(15;17). AML with 

t(9;11), t(v;11), inv(3) or t(3;3), as well as t(6;9) should be excluded, because 

these groups build up separate entities according to the WHO classification 

(Vardiman et al. 2009). It should be noted that for elderly patients several other 

risk classifications have been proposed as the incidences of the different 

cytogenetic abnormalities vary from the incidences in younger patients (Leith et al. 

1997, Bacher et al. 2005). The research group of Mrozek et al points out the 

differences in distribution of the genetic groups in younger and older adults, where 

in younger patients 41% belong to the favourable risk group, 18% intermediate-I, 

19% intermediate-II and 22% adverse risk group, but in older patients only 20% 

allocated to the favourable risk group, 19% intermediate-I, 30% intermediate-II and 

31% adverse risk group. Basically patients with core-binding factor AML (CBF-

AML) with t(8;21)(q22;q22) or inv(16)(p13.1q22)/t(16;16)(p13.1;q22) can be 

classified in the favourable risk group, those with cytogenetically normal AML (CN-

AML) in the intermediate risk group, and those with complex karyotype belong to 

the adverse risk group (Mrozek et al. 2012). 
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Last but not least molecular genetics figure prominently in AML-related 

prognostic factors. Molecular genetic lesions have been especially important for 

patients with CN-AML. The intermediate risk group mentioned before in aspect of 

cytogenetics can be separated into two subgroups with respect to the inclusion of 

molecular analysis, namely intermediate-I and intermediate-II (Mrozek et al. 2012) 

According to the European LeukemiaNet expert panel prognostic significance 

within CN-AML has been shown for mutations in the NPM1, CEBPA and FLT3 

genes alone or in combination in younger adults (Schlenk 2014). 

 

Even though remaining an active field of investigation, monitoring of 

minimal residual disease by RT-PCR detecting leukemia-specific targets or by flow 

cytometry is potentially useful to assess response to therapy according to risk 

stratification and guidance of postremission therapy (Freeman, Jovanovic & 

Grimwade 2008). 

 

 

Table 3. Standardized reporting for correlation of cytogenetic and molecular genetic data in 

AML with clinical data 

 

Genetic group Subsets 

Favourable 

t(8;21)(q22;q22); RUNX1-RUNX1T1 

inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB-MYH11 

Mutated NPM1 without FLT3-ITD (normal karyotype) 

Mutated CEBPA (normal karyotype) 

Intermediate-I 

Mutated NPM1 and FLT3-ITD (normal karyotype) 

Wild-type NPM1 and FLT3-ITD (normal karyotype) 

Wild-type NPM1 without FLT3-ITD (normal karyotype) 

Intermediate-II 
t(9;11)(p22;q23); MLLT3-MLL 

Cytogenetic abnormalities not classified as favourable or adverse 

Adverse 

inv(3)(q21q26.2) or t(3;3)(q21;q26.2); RPN1-EVI1 

t(6;9)(p23;q34); DEK-NUP214 

-5 or del(5q); -7; abnl(17p); complex karyotype 
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1.1.6 Treatment 

 

The treatment of acute myeloid leukemia consists of a therapy strategy 

which has not changed substantially for more than 30 years (Döhner, Weisdorf & 

Bloomfield 2015). The main cornerstones of treating AML are divided into three 

options: first of all there is the curative intention consisting of intensive 

chemotherapy with or without stem cell transplantation. This intensive 

chemotherapy involves induction therapy to potentially defeat the leukemic cells 

and postremission therapy, separated into consolidation therapy and maintenance 

therapy, to reduce the risk of relapse of acute myeloid leukemia. The second 

option for an AML patient is to get treated with demethylating low dose agents 

such as azacitidine or decitabine. On a final note, for patients with very bad 

prognostic factors, best supportive care appears to be the best treatment option in 

their given situation. 

 

1.1.6.1 Response criteria 

 

To understand how patients with acute myeloid leukemia respond to their 

treatment, it is important to define the different states of their health status after the 

accomplishment of their therapy. Basically, a response assessment of each 

patient is carried out after the conventional induction therapy with three days of an 

anthracycline and seven days of cytarabine (“3+7”) or therapies of comparable 

intensity between day 21 and 28 after the start of treatment (Döhner et al. 2010). 

 

The therapeutic target is to reach a complete remission so that the patient is 

amenable for further treatment to avoid relapse of the disease. Complete 

remission (CR) is defined as a state where the bone marrow blasts occur less 

than 5%, absence of blasts with Auer-rods, absence of extramedullary disease, 

absolute neutrophil count >1.0 x 109/l, platelet count >100 x 109/l and 

independence of red cell transfusions. A complete remission with incomplete 

recovery includes all CR criteria except for residual neutropenia (<1.0 x 109/l) or 

thrombocytopenia (<100 x 109/l). Partial remission (PR) means the patient has a 

bone marrow blast count between 5% and 25% or rather a bone marrow blast 
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decrease of at least 50%. Furthermore, there is a cytogenetic CR (CRc) defined 

as a reversion to a normal karyotype at the time of morphologic CR or CRi in 

cases with an abnormal karyotype at the time of diagnosis (this has to be based 

on the evaluation of at least 20 metaphase cells from bone marrow). Finally, 

patients can suffer from a resistant disease (RD) which means a failure to 

achieve CR, CRi or PR. (Cheson et al. 2003) 

 

1.1.6.2 AML specific treatment options 

1.1.6.2.1 Cytarabine 

 

Cytarabine or rather chemically 1-β-D-arabinofuranosylcytosine is an 

antineoplastic analog of pyrimidine that is implemented into the DNA and in further 

consequence it leads to the replication of specific DNA segments. In addition, 

cytarabine inhibits the synthesis of glycoproteins and glycolipids, changes the 

membrane structure and finally, it induces the synthesis of ceramids and 

transcriptions factors. Though the exact mechanism of action of cytarabine has 

remained an open question. It is expected to be effective by its cytotoxicity and 

induction of apoptosis. This odorless, white to off-white crystalline powder which is 

freely soluble in water and slightly soluble in alcohol and in chloroform, can be 

administered intravenous, intrathecal or subcutaneous to the patient (the 

application depends very much on the given dose of cytarabine). (Bashir et al. 

2015) 

 

1.1.6.2.2 Demethylating agents 

 

The demethylating agents azacitidine and decitabine appear to be two 

promising alternative options for AML patients who are not amenable for intensive 

therapy due to their poor performance status and / or high age. Azacitidine and 

decitabine are implemented as DNA-methyltransferase inhibitors into the DNA 

which results in a demethylation of the DNA, differentiation of the cell and finally, a 

p53-independent apoptosis takes place (Montalban-Bravo, Garcia-Manero 2015). 

These cytosine analogs have been approved for the treatment of high-risk MDS by 
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the Food and Drug Administration (FDA) and the European Medicine Agency 

(EMEA) (Döhner et al. 2010). According to a phase 3 randomized trial, azacitidine 

prolonged overall survival compared with conventional treatment in patients with 

intermediate-II or high-risk MDS, although one-third of these patients were 

classified to have AML according to the WHO criteria (blast counts between 20% 

and 30%). Therefore, based on these study results, azacitidine has been approved 

for AML in elderly patients with a blast count varying from 20% to 30% (Fenaux et 

al. 2009, Fenaux et al. 2010). The recommended dose of decitabine is 20mg/m2 

per day for 5 days every 4 weeks and for azacitidine, it is 75mg/m2 for 7 days, also 

every 4 weeks (Al-Ali, Jaekel & Niederwieser 2014). 

 

1.1.6.2.3 Molecularly targeted therapy 

 
In the past few years, there was a rapidly increasing research activity about 

the molecular pathogenesis of acute myeloid leukemia. Genetic alterations, like for 

instance FLT3, KIT, RAS, NPM1 and many more, have been verifiably associated 

with AML. With this knowledge about the genetic modifications that are linked to 

this sort of cancer, latest research was able to develop some promising 

molecularly targeted therapy. 

 

A quite recent area of induction therapy research concerns the evaluation of 

gemtuzumab ozogamicin (GO) given with conventional chemotherapy. This 

humanized anti-CD33 antibody is linked to the cytotoxic agent calicheamicin that 

leads to inhibition of DNA synthesis and finally induces apoptosis (Zein et al. 1988, 

Sievers et al. 2001, van Der Velden et al. 2001). However, gemtuzumab 

ozogamicin is only approved in the United States and Japan so far, but not in 

Europe, for patients with relapsed AML and not for standard induction therapy. 

Therefore, GO appears to be an interesting field for further study. 

 

In addition, several FLT3-selective tyrosine kinase inhibitors (e.g. 

midostaurin (Weisberg et al. 2002) or lestaurtinib (Levis et al. 2002)) have been 

tested positively for in vitro cytotoxicity to leukemic blast cells. FLT3-inhibitors 

have demonstrated promising response rates in treatment of, especially relapsed, 



 

 14 

AML with FLT3 mutations in pilot studies and in further consequence, randomized 

phase 3 trials are planned to evaluate the targeted therapy method as frontline 

therapy in younger adults (Stone et al. 2005, Smith et al. 2004a) 

 

1.1.6.3 Induction therapy 

 

The standard induction therapy remains continuous-infusion cytarabine with 

an anthracycline and its aim is to produce the maximal tumour destruction in order 

to restore normal haemopoiesis. This conventional induction therapy is given in 

the so-called “3+7 combination” – that means the patient is given 3 days of an 

anthracycline and 7 days of cytarabine (Schlenk 2014). Induction therapy is often 

put on a level with potentially curative AML therapy. It should be noted that doses 

vary from age group to age group. Younger patients (mostly defined as patients 

less than 65 years) receive a cytarabine dose of 100-200mg/m2 continuously with 

daunorubicin in a dose of 60mg/m2 in short infusion in the first cycle of induction 

(Burnett et al. 2013). If the first cycle does not lead to complete remission, an 

attempt of a second induction cycle with cytarabine 100-200mg/m2 continuously 

with a dose of 45mg/m2 of daunorubicin in short infusion can be given (Smith et al. 

2004b). Smith et al state from analysing several international studies that 

daunorubicin turned out to be the best anthracycline for combination with 

cytarabine as it is less toxic than doxorubicin and idarubicin. Even though 

idarubicin is claimed to be superior to daunorubicin in patients less than 50 years 

by achieving more cases of complete remission after one course and the duration 

of this remission is longer, it is more myelosuppressive and hepatotoxic (Smith et 

al. 2004b). Furthermore, several other studies compared the efficacy of 

daunorubicin at a dose of 45-60 mg/m2 with other anthracyclines, such as 

idarubicin (Berman et al. 1991, Wiernik et al. 1992, Vogler et al. 1992) or 

aclarubicin (Hansen et al. 1991), with amsacrine (Berman et al. 1989), or with 

mitoxantrone (Arlin et al. 1990) and they have shown that none of those agents is 

superior to daunorubicin at equivalent doses. 

 

However, treatment of acute myeloid leukemia in elderly is much more 

complicated due to their poor performance status and/or comorbidities, but also 
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genetic complications. Patients over 65 years can be given a “3+7” induction 

therapy of cytarabine continuously in a dose of 100-200mg/m2 combined with 

daunorubicin 45mg/m2 as short infusion (Löwenberg et al. 2009) or idarubicin 

12mg/m2 also as short infusion (Berman et al. 1991). According to Smith et al 

there has been interest in adding a third drug to an anthracycline and cytarabine 

combination, for example 6-thioguanine (6-TG) or etoposide, but these attempts 

failed to show significant improvements in remission induction, remission duration 

or overall survival. With the “3+7 conventional induction regimen” complete 

remission is achieved in 60% to 80% in younger adults, while older patients with 

good performance status and little comorbidity reach complete remission in about 

only maximum 50% (Sekeres et al. 2009). Therefore, for elderly patients with a 

poor performance status and / or many comorbidities a low dose cytarabine 

treatment can be targeted as an alternative induction therapy rather than best 

supportive care (Montalban-Bravo, Garcia-Manero 2015). 

 

As mentioned before, it is mandatory to conduct a response assessment 

after conventional induction therapy with 3 days of an anthracycline and 7 days of 

cytarabine. This evaluation should be performed between day 21 and day 28 after 

start of therapy (Döhner et al. 2010). The European LeukemiaNet expert panel 

recommends an early response assessment in investigational studies made at 7 to 

10 days after chemotherapy to assess the antileukemic efficacy of the 

chemotherapy. According to the National Cancer Institute criteria the relevant 

clinical definition of complete remission for the response assessment is a bone 

marrow blast amount under 5%, absence of blast cells with Auer rods and 

extramedullary infiltrations, granulocytes more than 1.5x109/l, a platelet count of 

more than 100x109/l and no need of red cell transfusions (Farag et al. 2005, 

Cheson et al. 2003). 

 

1.1.6.4 Postremission therapy 

 

Postremission therapy can be seen as continuation therapy for patients in 

complete remission and it has become standard practice as the median remission 

duration without postremission therapy lasts only 4 months (Smith et al. 2004b). 
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According to Rowe et al the need for any postremission therapy was established in 

the landmark study conducted by the ECOG in 1983 which prospectively included 

an observation arm as part of postremission strategy. But it should be noted that 

clearly, this study could not have been carried out according to the ethical policies 

nowadays (Rowe 2009). Various types of postremission therapy strategies are 

available including intensive conventional chemotherapy, prolonged maintenance 

therapy, and high-dose treatment followed by autologous or allogeneic 

haematopoietic stem cell transplantation (HSCT) (Estey, Döhner 2006, 

Löwenberg, Griffin & Tallman 2003). 

 

It is important to mention the relevance of the cytogenetic and molecular 

genetic risk groups as two of the most influencing factors for the decision on 

continuation therapy. 

 

1.1.6.4.1 Consolidation therapy 

 

According to Döhner et al consolidation with intensive chemotherapy is the 

preferred postremission treatment in adults of 60 years and younger, but with 

respect to the individual risk group. The most exact appropriate dose and number 

of therapy cycles remains objective of further research and study. A landmark 

study performed by Cancer and Leukemia Group B (CALGB), published in 1994 

and still valid, pointed out that 4 cycles of high-dose cytarabine with a dose of 

3g/m2 per 12 hours on days 1, 3 and 5 are superior to 4 courses of intermediate 

(400mg/m2 continuous infusion on days 1 to 5) or standard dose (100mg/m2 

continuous infusion) of cytarabine (Mayer et al. 1994). Even though other study 

groups, for example the French ALFA-group, showed no beneficial effect on 

survival end points with the treatment schedule of CALGB, this kind of 

consolidation therapy has been established (Thomas et al. 2011). Patients of 

CALGB study also received 4 courses of monthly maintenance therapy, whereas 

the positive effect of the chemotherapy dose intensification was restricted to 

patients with CBF AML and, to a lesser extent, to patients with CN-AML 

(Bloomfield et al. 1998, Elonen et al. 1998). 
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Patients with a favourable genetic risk profile tend to benefit significantly 

from intensive chemotherapy as cure rates of 60% to 70% for this risk group are 

reported (Döhner, Weisdorf & Bloomfield 2015). However, randomized trials 

comparing single-agent cytarabine therapy with multi-agent chemotherapy in 

adults younger than 60 years have not shown a relevant difference in survival data 

(Schlenk 2014). A study by the German-Austrian AML Study Group (AMLSG) 

stated that favourable risk patients could even have a bigger disadvantage rather 

than a benefit from allogeneic HSCT, even though in rare individual cases, if the 

acute myeloid leukemia is refractory, high dose cytarabine in combination with 

stem cell transplantation could be an alternative treatment option (Schlenk et al. 

2008). 

 

In case a patient belongs to the intermediate-I or intermediate-II risk group, 

which represents the majority of AML patients, repetitive cycles of high dose 

cytarabine are a common therapy strategy, even though the outcome remains 

unsatisfactory (Cornelissen et al. 2007, Koreth et al. 2009, Meijer, Cornelissen 

2008). For patients with a high risk of relapse, therefore, allogeneic HSCT is an 

attractive alternative with respect to the individual situation of each concerning 

patient. 

 

Patients with an adverse genetic risk profile are the primary candidates for 

allogeneic HSCT as their outcome with conventional chemotherapy is dismal 

(Koreth et al. 2009, Bloomfield et al. 1998). The allogeneic haematopoietic stem 

cell transplantation from a matched related donor is currently considered the 

treatment of choice for patients with unfavourable cytogenetics in complete 

remission (Suciu et al. 2003, Basara et al. 2009). However, the outcome after 

allogeneic HSCT from fully matched unrelated donors seems to be not much 

varying from the outcome after allogeneic HSCT from matched related donors 

(Tallman et al. 2007). Basically, the combination of allogeneic HSCT with intensive 

postremission therapy is considered to have the strongest anti-leukemic effect in 

acute myeloid leukemia (Koreth et al. 2009). Unfortunately, the treatment option of 

HSCT is limited by non-relapse, treatment-related mortality (TRM). Thus, the 

decision whether a patient should receive stem cell transplantation is up to the risk 

of relapse after intensive chemotherapy versus allogeneic HSCT, TRM of 
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allogeneic HSCT and last but not least patient and transplant specific parameters 

such as comorbidity, donor type (HLA-matched related, unrelated and 

haploidentical donors, umbilical cord stem cell grafts), performance status and age 

(Cornelissen et al. 2015). At the end, it should be noted that TRM may vary 

between less than 15% and up to 50% (Harousseau et al. 1997, Cassileth et al. 

1998, Burnett 2002). 

 

Autologous haematopoietic stem cell transplantation is recommended as an 

alternative option for postremission treatment in patients with favourable or 

intermediate risk profiles, whereas it is not recommended in high-risk patients 

(Slovak et al. 2000, Schlenk et al. 2003, Breems, Löwenberg 2007). For the most 

part, autologous HSCT appears to be at least as good as conventional 

chemotherapy in specific subsets of AML (Breems, Löwenberg 2007). 

 

1.1.6.4.2 Maintenance Therapy 

 

Maintenance therapy in acute myeloid leukemia appears to be typically less 

aggressive or rather intensive and myelosuppressive than standard consolidation 

treatment (Smith et al. 2004b). The European LeukemiaNet is mentioning studies 

that show no benefit at all on the one hand, and on the other hand studies that 

show a superior outcome on disease free survival data (Buchner et al. 2003). Still 

maintenance chemotherapy has not been generally established as a routine 

strategy outside of clinical trials for patients with AML (Döhner et al. 2010). Smith 

et al speak of a maintenance treatment schedule which usually consists of short 

courses of mostly subcutaneously given cytarabine combined with oral agents 

such as thiopurine or etoposide given for 2 to 3 years. However, the opinion is 

deeply divided on this issue. 

 

1.1.6.5 Best supportive care 

 

In case a patient has many negative or high-risk factors and his or her 

medical condition is as severe as chemotherapy, demethylating agents or stem 

cell transplant can not be administered, best supportive care constitutes the 
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treatment of choice. Best supportive care is defined as assisting treatment which is 

not disease-related and which can not lead to remission of the cancer. 

 

Patients with acute myeloid leukemia often suffer from neutropenia within 

their course of disease exposing them to a severe risk of getting an infection that 

they could not handle on their own due to lack of their immune system. This is why 

fungal and antibiotic prophylaxis as well as antiviral treatment is very important. 

Invasive fungal infections are a major reason for morbidity and mortality in patients 

with prolonged neutropenia (Enoch, Ludlam & Brown 2006). Regarding the 

antibiotic prophylaxis, it is recommended to be given after chemotherapy, because 

at that point bacterial infections are a common and dangerous cause of morbidity 

and mortality in neutropenic patients (Leibovici et al. 2006). 

 

In individual cases growth factors, like GM-CSF or G-CSF, can be 

considered. Even though numerous studies have shown that myeloid growth 

factors have positive effects, for example acceleration of neutrophil recovery by 2 

to 5 days, reduction of antibiotic use, duration of fever or numbers of days spent in 

hospital, it is not recommended in general as it did not lead to have a significant 

benefit on survival (Zittoun et al. 1996, Stone et al. 1995, Dombret et al. 1995, 

Rowe et al. 1995). 

 

Last but not least, transfusion support is a very important part of best 

supportive care. The introduction of platelet transfusions has led to a huge 

reduction of mortality from haemorrhage in AML (Freireich 2000). The American 

Society of Clinical Oncology guidelines recommend a threshold of 10 x 109/l for 

prophylactic platelet transfusions (Schiffer et al. 2001). According to the European 

LeukemiaNet expert panel, besides the platelet count, mucosal bleeding, infection, 

severe mucositis, and fever should be considered in the assessment of bleeding 

risk and should increase the transfusion threshold. 
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1.1.7 AML management in the elderly 

 

Acute myeloid leukemia presents at all age groups, but it can be mainly 

seen as a disease of the elderly, especially as the median age increases steadily 

(varying from 66 to 70 years and older according to different studies) (Luger 2010). 

Over half of patients diagnosed with AML are 65 years or older, yet still the 

majority of 60% of elderly patients remain untreated in the United States (Medeiros 

et al. 2015). Older patients also tend to suffer more often from relapse of AML and 

mostly, have a lower survival rate (Tallman, Gilliland & Rowe 2005). The median 

survival of patients over 65 years with acute myeloid leukemia rests with 7.4 

months and their five-year survival rate is only 10% (Montalban-Bravo, Garcia-

Manero 2015). 

 

Treatment management of acute myeloid leukemia has been established on 

clinical studies that are published based on data of younger patients. Thus, studies 

on older AML patients involve only few and highly selected patient populations. 

Most clinical trials elect older patients with higher performance status and less 

comorbidities which leads to a selection bias in the results. This is one of the main 

issues why there is no internationally agreed “standard treatment” for elderly 

patients. 

 

The European LeukemiaNet expert panel basically divides older patients in 

two main age groups: patients 60 to 74 years and patients age 75 or older. Elderly 

are known to be more likely to suffer treatment related early death, to have more 

comorbidities, a worse performance status and a higher risk of relapse in disease. 

According to Döhner et al older age, per se, however, should not be a reason to 

withhold intensive therapy. Different studies have shown that remission induction 

chemotherapy provides better quality of life as well as longer overall survival than 

supportive care only (de Lima et al. 1997). 

 

The same “3+7” induction therapy can be given to older adults (age group 

60 to 74 years) as given to younger adults as long as their performance status is 

less than 2 and they have no severe comorbidities, wheras, patients 75 years and 
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older with performance status 2 or 3, suffering from comorbidities, or organ 

dysfunction should receive an alternative low dose induction (Burnett et al. 2007). 

The most suitable exact dose and cycles for induction as well as postremission 

treatment schedule remains despite several studies an open issue. 

 

Wang et al presented an therapeutic approach for the consolidation 

treatment of older adults with AML. They state, in general, individuals without life-

threatening organ failure or hyperleukocytosis may safely delay their therapy to 

allow an exact cytogenetic classification. This may lead to an overall better 

treatment outcome. Patients with good performance status and belonging to a 

favourable risk group should be offered intensive chemotherapy with cytarabine 

combined with anthracycline for 2 to 4 courses. Fit older patients with 

intermediate-risk AML may receive upfront intensive chemotherapy or 

hypomethylating therapy followed by the possibility of HSCT. Last but not least 

elderly with an adverse AML risk, who are unlikely to benefit from chemotherapy 

alone, should, as far as they reach CR, be referred as main candidates for 

allogeneic stem cell transplantation. It should be noted that any decision on 

treatment should be taken involving the older patients as for most of them AML will 

be a life-ending disease and so they should decide individually, with respect to 

quality of life and personal interest rather than a defined therapeutic algorithm, 

what kind of treatment schedule they want to go through.(Wang 2014) 

 

Concerning the outcome data of elderly with acute myeloid leukemia, there 

are two main studies showing real world data. The first one is a data analysis of 

the Surveillance, Epidemiology and End Results (SEER) – Medicare database of 

the United States (Juliusson et al. 2009). Altogether, they analysed 8336 patients 

who met all study criteria, 40% of them received chemotherapy treatment within 3 

months of diagnosis, the rest of them, 60%, did not receive any therapy. They 

state that increasing age, increasing comorbidity score and poor performance 

indicators were significantly associated with higher mortality risks. In their outcome 

data, with a median age of 66 years, it was clear that patients receiving intensive 

therapy were younger (mean age 73 vs. 78 and 81), were more likely male, were 

married and had less secondary AML as well as a lower comorbidity score 

compared to those receiving less intensive or no therapy. Patients treated with 
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intensive chemotherapy showed a 67% reduction in mortality. Among the treated 

patients there was only 8% of all patients undergoing HSCT therapy who also 

showed a 21% lower risk of death due to their therapy compared to elderly without 

any therapy. Medeiros et al believe these real-world data provide further support 

that age alone should not deter the use of guideline-recommended therapies 

particularly because of the high disparities in outcomes between treatment receipt 

and palliative care. However, it should be noted that the SEER Medicare data has 

several strengths on the one hand, as for instance the large patient population in 

their registry, but on the other hand, this analysis should be interpreted with 

caution due to the big amount of missing data like for example exact dose 

selection.(Medeiros et al. 2015) 

 

The second important real world study that should be mentioned is the 

analysis of the Swedish Acute Leukemia Registry. Their investigations were based 

on 2767 adult patients over 16 years with non-APL AML, where the median age 

was 72 years. Juliusson et al compared patients receiving induction or palliation 

with or without chemotherapy. Patients with intensive chemotherapy showed 

higher CR rates (65% in patients with de Novo AML and 41% with secondary 

AML) as well as higher overall survival data compared to patients with less 

intensive treatment. (Juliusson et al. 2009) 
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1.2 Aim of the systematic review and meta-analysis 

As mentioned in the first part of the introduction acute myeloid leukemia is 

an aggressive malignancy of the hematopoietic system and a heterogeneous 

disorder with respect to clinical as well as genetic parameters. Current therapies 

applied with curative intention consist of induction therapy using cytarabine and an 

anthracycline and post-remission treatment. The latter is either allogeneic stem 

cell transplantation (HSCT) or conventional consolidation treatment in good-risk 

subtypes or patients not eligible for HSCT. However, the optimal number of 

conventional treatment cycles remains a matter of debate. The aim of this 

systematic review including a meta-analysis is to determine the optimal number of 

post-remission (consolidation) therapies in adult acute myeloid leukemia according 

to so far published randomised controlled trials. Here we propose a systematic 

review on this topic, which has not been published yet by other groups. The results 

may facilitate clinical patient management and give rise to further clinical trials. 

The outcome is equally important for male and female patients. 
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2 Material and methods 

2.1 What is a systematic review? 

 

A systematic review can be defined as a quantitative or qualitative (or both 

involving) summary of evidence to a particular research question. Nowadays, 

there is an explosion in medical healthcare publishing so that it is difficult to keep 

up with primary research evidence for clinicians, therapists, healthcare managers 

and other people working in medical fields. Most of them have the problem of lack 

of time to go through all the mass of information provided online or in journals as 

well as they have other conflicts with their busy clinical or professional workload. 

At that point a systematic review helps to obtain up-to-date good quality 

information concerning the effectiveness, meaningfulness, feasibility and 

appropriateness of a specific healthcare matter. (Moher et al. 2009) 

 

Systematic reviews are steadily more of importance and tend to replace the 

classic narrative reviews by their well-structured designing methods to package 

and transfer information that is understood and used in decision-making (Pearson 

et al. 2005). By comparison, a systematic review is much more detailed, based on 

a comprehensive plan and search strategy and it is trying to reduce bias by 

including all relevant studies on the research question, whereas a narrative review 

is mainly written in a descriptive style, has no systematic search of literature and 

last but not least it is often focused on the authors specific interest. This may 

cause selection and/or reporting bias and also lead to confusion of the reader as 

similar studies can have different results and conclusions that can not be 

replicated by the reader in most of the cases. 

 

Signs of quality of a systematic review are a focused research question, a 

comprehensive literature search strategy, exactly defined inclusion and exclusion 

criteria, reproducible quality evaluation of the selected studies, examination of 

heterogeneity of the selected studies and last but not least the meta-analysis of 

the results, if possible. 
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2.1.1 The definition and role of meta-analysis 

 

A meta-analysis is a statistical summary which synthesizes the data of the 

results of a systematic review into a single quantitative estimate or summary effect 

size and it depends on the quality or rather applicability of included studies 

(Petticrew, Roberts 2008). This statistical analysis, which is not mandatory for 

each systematic review, offers a certain security against bias and supports 

transparency as well as accuracy of the implemented structured review. It should 

be noted that a meta-analysis depends strongly on sensitivity analysis and the 

rigor of the carried out systematic review. 

 

2.2 The PRISMA Statement 

 

The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-

Analyses) Statement is a further development of the previously existing QUOROM 

(Quality of Reporting of Meta-analysis) guideline that includes a 27-item checklist 

and a four-phase flow diagram to support transparent reporting of a systematic 

review. (Moher et al. 2009) 

 

2.2.1 Historical development 

 

The QUOROM Statement was developed in 1996 and published in 1999 

and its aim was to represent a reporting guideline for authors reporting a meta-

analysis of randomized controlled trials. As the scientific world is steadily 

changing, this “Statement” had to be renewed and adapted. The “new version” of 

the QUOROM Statement, the PRISMA Statement, was designed by 29 people 

from different sections, such as review authors, medical editors, clinicians and 

consumers, in 2005. (Liberati et al. 2009) 
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2.2.2 Scope of Prisma 

 

The PRISMA Statement itself focuses on details of the background and 

development of a systematic review and on methods for authors to ensure the 

transparent and complete reporting of systematic reviews and meta-analyses. Also 

from a viewpoint of a reader, this guideline leads to better understanding and 

replicating the results of the structured review (Atkins et al. 2005, Helfand, 

Balshem 2010). 

 

2.2.3 The PRISMA checklist 

 

The checklist of the PRISMA Statement consists of 27 items concerning the 

six main sections of an article: title, abstract, introduction, methods, results and 

discussion. The Prisma 2009 checklist, applied to the systematic review and meta-

analysis performed here, is annexed in the appendix. (Moher et al. 2015). 

 

The aim of the title is to state a clear description of the research question or 

topic with respect to the identification of the report as a systematic review, meta-

analysis, or both. Liberati et al advise authors to use informative titles that make 

key information easily accessible to readers and they believe a title reflecting the 

PICOS approach (participants, interventions, comparators, outcomes, and study 

design) may help the readers to get an overview, too. 

 

Providing a structured summary in the abstract should include background, 

objectives, data sources, study criteria, participants, interventions as well as 

results, limitations, conclusions, implications of key findings and funding for the 

systematic review. 

 

The reader can enter the topic of the review easily by a good introduction 

that describes what is already known and again states in more detail the research 

topic according to the PICOS approach. 
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One of the most important parts of a systematic review is the methods 

section. It presents the whole process of how the review was conducted, starting 

from the study protocol over the eligibility criteria, information sources, search 

strategy details, study selection process up to the data collection process, risk of 

bias in selected studies, risk of bias across the studies, additional analyses as well 

as the evaluation of the quality of studies. 

 

Study selection, study characteristics, risk of bias within studies, results of 

the individual studies, synthesis of results, and risk of bias across studies in further 

details come within the result’s part. Also, additional analyses can be carried out. 

 

For the discussion it is important to mention the summary of evidence and 

specific limitations of the systematic review. An outlook how to proceed on this 

topic in the future should also be included. Finally, sources of funding for the 

review and other support as for example supply of data should be noted, too. 

 

2.3 Performing the systematic review 

 

The systematic review and meta-analysis have been carried out and 

reported according to the PRISMA Statement and the quality of studies has been 

evaluated using the quality assessment tool of the Cochrane Collaboration. 

 

2.3.1 Formulating the research question 

 

Starting from landmark papers, such as the study by Mayer et al. or the 

recommendations of the European LeukemiaNet expert panel, we realized there 

was a lack of clarity concerning the question what dose of cytarabine and how 

many cycles of conventional chemotherapy in consolidation therapy should be 

given as the optimal solution for patients with acute myeloid leukemia. We decided 

to conduct a systematic review and a meta analysis on this topic. Therefore, we 

got on to this subject with the precise title: “Conventional consolidation therapy in 

adult acute myeloid leukemia – a systematic review / meta-analysis”. 
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2.3.2 Literature search 

 

To find all available relevant data we designed a literature search which 

included original papers, research letters and reviews in English or German that 

have been peer-reviewed within a time period from 1990 until the end of 2014. 

Furthermore, we checked the references of these publications for further articles. 

 

At the first step we went through the databases Pubmed / MedLine and the 

Cochrane Library. Further literature search was done by hand search scouring the 

American Society of Hematology archive from 2005 to 2014 as well as all the 

references of the “NCCN guidelines for acute myeloid leukemia 2015”. 
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2.3.3 Search strategy 

 

Our search strategy consisted of composing a determined list of search 

terms (Table 4) and according to the hits we went through titles and abstracts to 

find out whether the study would match the research question and our inclusion / 

exclusion criteria. After removing duplicates and excluding non-relevant studies we 

went through the full texts to further specify inclusion or exclusion of the material. 

One example for a search term combination is presented in Figure 1. 

 

 
Table 4. Search terms 

 

acut* leukem*/leukaem*/leucem*/leucaem* 

consolidation chemotherapy 

complete remission AML/aml 

non-lympho*/non lympho* myelo* 

 

 

Figure 1. Search strategy 

 

 

  

AML 

treatment 

therapy 

therapy 
method* 

myelo* 

nonlympho 

non-lympho 

non lympho 

consolidation 
therapy 

chemotherapy 
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therapy 

complete 
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remission 
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2.3.4 Trial characteristics 

Each of our selected studies were screened in their titles, abstracts and 

fulltexts whether they fulfill our inclusion / exclusion criteria. 

 

In the list below (Figure 2), there is a summary of all criteria that were considered: 

Figure 2. Inclusion and exclusion criteria for the selected studies 

 

 

 

2.3.5 Selection process 

 

According to the PRISMA Statement, we created our own flow diagram 

(Figure 3) which presents a visualisation of our search process. It should also be 

noted that each step of our search strategy as well as our selecting process was 

undertaken by two reviewers (Kinkini Magina, Heinz Sill) independently and was 

well discussed afterwards. This should avoid any selection or reporting bias for our 

systematic review. 

  

Inclusion criteria 
• de Novo AML 

• secondary AML (post-MDS / MPN) 

• therapy related AML 

• age over 18 years 

• conventional-dose chemotherapy without 
stem cell transplantation support 

• randomized controlled clinical trials 

• at least 100 patients per study 

• 1990 until end of 2014 

 

Exclusion criteria 
• acute promyelocytic 

leukemia 

• patients with relapsed or 
refractory AML 
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2.3.6 Appraisal of identified studies 

 

After the final selection of studies for our work, we first extracted the 

relevant data according to the basic study information, like first author, publication 

year, period of enrollment, etc. and according to the specific study information due 

to our types of outcome measures, overall survival and disease free survival. In 

unclear cases, the authors were contacted via e-mail and asked for missing data. 

 

Our target outcome measures in AML therapy for analysing our research 

questions were disease free survival (DFS) and overall survival (OS). We applied 

the definitions of the European LeukemiaNet expert panel for our systematic 

review and meta-analysis. “Disease free survival”, also designated “Relapse free 

survival” (RFS), is defined only for patients achieving complete remission, 

measured from the date of achievement of remission until the date of relapse or 

death from any cause and patients not known to have relapsed or died at last 

follow-up are censored on the date they were last examined, while overall survival 

is regarded the time frame for all patients of a trial, measured from the date of 

entry into a study to the date of death from any cause and patients not known to 

have died at last follow-up are censored on the date they were last known to be 

alive. (Döhner et al. 2010) 

 

Furthermore, we evaluated the quality of a study with respect to the quality 

assessment tool of the Cochrane Collaboration. This assessment tool considers 

six aspects: random sequence generation, allocation concealment, blinding of 

participants and personnel, blinding of outcome assessment, incomplete outcome 

data and last but not least selective reporting. 

 

2.3.7 Measures of treatment effect 

 

Since we are dealing with survival data we used the hazard ratio (HR) with 

95% confidence intervals as measure of treatment effect. If they are not available 

directly in the selected studies they are derived according to Parmar (Parmar, Torri 
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& Stewart 1998), using an Excel spreadsheet made available by Tierney et al 

(Tierney et al. 2007). 

 

2.3.8 Assessment of heterogeneity 

 

For the assessment of heterogeneity we used Higgins I2 (Higgins, 

Thompson 2002, Higgins et al. 2003). In case of substantial heterogeneity (I2 

greater than 50%), we planned to perform subgroup and sensitivity analyses for 

the following items: age groups and study quality. 

 

2.3.9 Data synthesis 

 

Data are combined using the generic inverse-variance approach. We 

considered both fixed-effect and random-effects models for the meta-analyses. 

Fixed-effect models assume that all studies included in the systematic review 

estimate the same treatment effect; random-effects models assume a random 

distribution of treatment effects. Therefore, in a fixed-effect model all observed 

variation is assumed to be due to sampling variation but in a random-effects model 

variation is assumed to come from two sources, namely sampling variation and 

random variation owing to the fact that each study treatment effect is a sample 

from a distribution, Whereas fixed-effect models aim to provide an estimate of the 

‘true’ underlying treatment effect, random-effects models aim to estimate the mean 

treatment effect and its standard deviation. Because of this subtle difference, 

fixed-effect models assign more weight to large studies than random-effects 

models (Borenstein et al. 2009). Unless there was good evidence for 

homogeneous effects across studies, we primarily summarised the data by means 

of a random-effects model. All analyses are depicted by forest plots. The analyses 

were performed using the R package ‘meta’ (R version 3.2.2). 
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3 Results 

After an intensive search of overall 38,739 potentially relevant articles 

identified via PubMed database and 75 potentially relevant articles identified by 

hand search of the reference list of “Proceedings of the American Society of 

Hematology (ASH)” and of the “National Comprehensive Cancer Network (NCCN)” 

the two investigators (Kinkini Magina, Heinz Sill) independently went through the 

articles by title and abstracts to remove duplicates and exclude non-relevant 

papers. After that step 633 articles were further evaluated for compliance with the 

inclusion criteria stated. In further consequence these records were screened for 

further inclusion criteria. Finally, 18 studies were included in this systematic 

review, 15 of which matched our primary research questions (13 studies with 

patients aged 65 years and younger and 2 studies with patients above 65 years). 

The remaining 3 studies are enclosed in a cytogenetic subanalysis that is not part 

of this diploma thesis. Our whole search process is presented in the flow diagram 

in Figure 3 and the basic information of the selected studies is mentioned in Table 

5. 

 

Table 5 shows the source (first author and year of publication), study 

acronym (as far as available), study period or rather period of enrollment, n total / 

n in CR (total amount of patients versus patients in complete remission), median 

age and age range in years, induction therapy (whether there was low dose 

cytarabine or high dose cytarabine or both administered), consolidation treatment, 

follow-up in years and last but not least whether the treatment schedule included 

concomitant cytotoxic medication and / or maintenance therapy. 

 

Cytarabine was combined with several different concomitant (cytotoxic) 

drugs such as daunorubicin, amsacrine, azathioprine, aclarubicin, etoposide, 

vincristine, prednisolone, cyclophosphamide, diaziquone, mitoxantrone, idarubicin 

and vindesine. 
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Figure 3. Flow diagram of our systematic review 
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Table 5. Characteristics of included studies for consolidation therapy 
 

Source Study ID Study 
period 

n total 
/ n in 
CR 

Median 
age 
[range] (in 
years) 

Ind Consolidation therapy Follow 
Up 
(in 
years) 

Mono 
/comb. 
Tx 

Maint. 
Tx 

Mayer RJ, 
1994 

CALGB 1985 - 
1990 

1088 / 
693 

52 (16 - 
86) 

LD Ara-c 100mg/m
2
x5 cont. 4 courses; 

Ara-c 400mg/m
2
x4 cont. 4 courses; 

Ara-c 3000mg/m
2
x6 short 4 courses 

4.3 mono yes 

Vogler 
WR, 
1995 

na 1981 - 
1986 

406 / 
219 

na (15 - 
50) 

LD Ara-c 200mg/m
2
x7 cont. 3 courses + DNR; 

Ara-c 200mg/m
2
x7 cont. 1 course + DNR/AMSA/AZA; 

Ara-c 100mg/m
2
x10 short 3 courses + DNR 

na comb. yes 

Weick JK, 
1996 

SWOG 1986 - 
1991 

723 / 
361 

na (15 - 
64) 

HD Ara-c 200mg/m
2
x7 cont. 2 courses + DNR; 

Ara-c 2000mg/m
2
x10 short 1 course + DNR 

4.3 comb. no 

Fopp M, 
1997 

SAKK 1985 - 
1992 

276 / 
169 

45 (16 - 
64) 

LD Ara-c 100mg/m
2
x7 cont. 1 course + DNR; 

Ara-c 3000mg/m
2
x12 short 1 course + DNR 

6.0 comb. no 

Elonen E, 
1998 

na 1986 - 
1992 

248 / 
192 

46 (16 - 
65) 

LD Ara-c 3000mg/m
2
x4 short 1 course + AMSA, Ara-c 

2000mg/m
2
x10 short 1 course + DNR; 

Ara-c 3000mg/m
2
x4 short 1 course + AMSA, Ara-c 

2000mg/m
2
x10 short 1 course + DNR/Acla/Eto/Vincr/Pred 

5.7 comb. no 

Bloomfield 
C, 
1998 

CALGB 1985 - 
1990 

826 / 
321 

na (16 - 
64) 

LD Ara-c 100mg/m
2
x5 cont. 4 courses; 

Ara-c 400mg/m
2
x4 cont. 4 courses; 

Ara-c 3000mg/m
2
x6 short 4 courses 

7.0 mono yes 

Byrd JC, 
1999 

CALGB 
8461 

1984 - 
1995 

50 / 
50 

35 (18 - 
68) 

LD Ara-c 3000mg/m
2
x6 short 4 courses; 

Ara-c 3000mg/m
2
x6 short 3 courses; 

Ara-c 3000mg/m
2
x6 short 1 course + 

Eto/Cyclo/AZQ/Mitox/GCSF 

5.0 mono & 
comb. 

yes 

Stone RM, 
2001 

na 1990 - 
1993 

388 / 
205 

>60 LD Ara-c 100mg/m
2
x5 cont. 4 courses; Ara-c 500mg/m

2
x6 

short 2 courses + Mitox 
7.7 comb. no 

Byrd JC, 
2004 

CALGB 
8461 

1984 - 
1995 

48 / 
48 

36 (17 - 
58) 

LD Ara-c 3000mg/m
2
x6 short 4 courses; 

Ara-c 3000mg/m
2
x6 short 3 courses; 

Ara-c 3000mg/m
2
x6 short 1 course + 

Eto/Cyclo/AZQ/Mitox/GCSF 

7.8 mono & 
comb. 

yes 

Bradstock 
KF, 
2005 

na 1995 - 
2000 

292 / 
234 

43 (15 - 
60) 

HD Ara-c 3000mg/m
2
x8 short 1 course + IDR/Eto; 

Ara-c 100mg/m
2
x5 cont. 2 courses + IDR/Eto 

3.8 comb. no 

Moore JO, 
2005 

CALGB 
9222 

1992 - 
1995 

473 / 
342 

43 (17 - 
59) 

LD Ara-c 3000mg/m
2
x6 short 3 courses; 

Ara-c 3000mg/m
2
x6 short 1 course + Eto/Cyclo/AZQ/Mitox 

8.3 comb. no 
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Gardin C, 
2007 

ALFA 
9803 

1999 - 
2006 

416 / 
236 

72 (65 - 
85) 

LD Ara-c 60mg/m
2
x5 cont. 6 courses + DNR or IDR; 

Ara-c 200mg/m
2
x7 cont. 1 course + DNR or IDR 

2.8 comb. no 

Burnett 
AK, 
2009 

MRC 
AML12 

1994 - 
2002 

2934 / 
2173 

41 (0 - 68) LD Ara-c 200mg/m
2
x5 cont. 1 course + AMSA/Eto, Ara-c 

1000mg/m
2
x6 short 1 course + Mitox; 

Ara-c 200mg/m
2
x5 cont 1 course + AMSA/Eto, Ara-c 

100mg/m
2
x10 cont. 1 course + IDR/Eto, Ara-c 

1000mg/m
2
x6 short 1 course + Mitox 

8.4 comb. no 

Thomas X, 
2011 

ALFA 
9802 

1999 - 
2006 

459 / 
408 

na (15 - 
50) 

LD Ara-c 3000mg/m
2
x6 cont. 4 courses; 

Ara-c 500mg/m
2
x3 cont. 1 course + Mitox, 500mg/m

2
x3 

short 1 course + Eto 

5.0 mono & 
comb. 

no 

Miyawaki 
S, 2011 

JALSG 
AML201 

2001 - 
2005 

1057 / 
823 

47 (15 - 
64) 

LD Ara-c 2000mg/m
2
x10 short 3 courses; 

Ara-c 200mg/m
2
x5 cont. 4 courses + 

Mitox/DNR/Aclarub/Eto/Vincr./Vind 

2.0 comb. no 

Hengeveld 
M, 2012 

AML 8B 1986 - 
1993 

603 / 
367 

52 (13 - 
60) 

LD Ara-c 500mg/m
2
x12 cont. 1 course + AMSA, Ara-c 

2000mg/m
2
x8 1 course + DNR; 

Ara-c 200mg/m
2
x7 cont. 1 course + DNR, Ara-c 

100mg/m
2
x10 cont. 6 courses + DNR 

7.5 comb. yes 

Schaich M, 
2013 

AML2003 2003 - 
2009 

1179 / 
696 

48 (16 - 
60) 

LD Ara-c 3000mg/m
2
x6 short 3 courses; 

Ara-c 1000mg/m
2
x12 short 2 courses + Mitox, Ara-c 

1000mg/m
2
x10 short 1 course + AMSA 

4.3 mono & 
comb. 

no 

Burnett 
AK, 2013 

AML15 2002 - 
2009 

3106 
/1440 

49 (0 -73) LD 
/HD 

Ara-c 200mg/m
2
x5 cont. 1 course + AMSA/Eto, Ara-c 

1000mg/m
2
x6 short 1 course + Mitox; 

Ara-c 1500mg/m
2
x6 short 2 courses; 

Ara-c 3000mg/m
2
x6 short 2 courses 

5.6 mono & 
comb. 

no 

 
Abbreviations: Ind, Induction therapy; LD, Low dose cytarabine; HD, high dose cytarabine; na, not available; Mono, Mono therapy; Comb., combination 

therapy; Tx, therapy; Maint., Maintenance therapy; Ara-c, Cytarabine; DNR, Daunorubicin; AMSA, Amsacrine; AZA, Azathioprine; Acla, 
Aclarubicin; Eto, Etoposide; Vincr., Vincristin; Pred, Prednisolon; Cyclo, Cyclophosphamide; AZQ, Diaziquone; Mitox, Mitoxantrone; GCSF, 
Granulocyte-colony stimulating factor; IDR, Idarubicin; Vind., Vindesine 
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3.1 Application of the Cochrane Collaboration’s tool for 
assessing risk of bias on our selected studies 

 

For evaluating the risk of bias we used the Cochrane Collaboration’s Tool 

for assessing risk of bias as the Prisma Statement requires a screening of the risk 

of bias within the selected studies. The quality of the included studies is judged 

according to 7 main categories: the random sequence generation (selection bias), 

the allocation concealment (selection bias), the blinding of participants and 

personnel (performance bias), blinding of outcome assessment (detection bias), 

incomplete outcome data (attrition bias), selective reporting (reporting bias) and 

other bias. Each category can be identified as “high risk of bias” (-), “low risk of 

bias” (+) or “unclear risk of bias”. A brief explanation of each category including an 

example for low risk and high risk bias is given in Table 6. (Hartling L, Hamm M, 

Milne A, et al. 2012) 

 

Table 6. Explanation of the risk of bias categories 

Category Explanation 

Random sequence generation (selection 

bias) 

Procedure of adequate allocation generation 

 choosing patients randomly by a 

computer 

 choosing patients by date of birth 

Allocation concealment (selection bias) Procedure of adequate allocation concealment 

 central allocation (web-based, by 

telephone) 

 assignment envelopes were used 

without appropriate safeguards 

Blinding of participants and personnel 

(performance bias) 

 

Blinding of outcome assessment (detection 

bias) 

Prevention of knowledge of the allocated 

interventions adequately during the study 

 blinding ensured or no blinding, but has 

no effect on outcome 

 incomplete blinding 

Incomplete outcome data (attrition bias) Clarification of incomplete data with reasons 

 no missing outcome data 

 potentially inappropriate application of 

simple imputation 
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Selective reporting (reporting bias) Evaluation of selective reporting of outcome 

data 

 study protocol is available 

 Not all of the study's pre-specified 

primary outcomes have been reported 

Other Bias Other bias that is not included in the categories 

mentioned before 

 

 

Based on our analysis we can generally speak of a very low risk of bias 

within our selected studies. The random sequence generation as well as the 

blinding of participants, personnel and outcome assessment was 100% low risk in 

overall for all ages summarized. This led to low selection bias, low performance 

bias and low detection bias for our systematic review and meta-analysis. 

 

Allocation concealment was assessed with about 74% of low risk bias and 

26% of unclear risk of bias. The concerning studies with unclear risk of bias were 

mostly old studies (Fopp et al. 1997, Gardin et al. 2007, Mayer et al. 1994, Vogler 

et al. 1992, Bradstock et al. 2005). It is safe to assume that the standard of 

performing a clinical trial in the 90s was not as precise as it is today. Surprisingly, 

the study of Gardin et al as well as the study by Bradstock et al did not report the 

procedure of allocation concealment although these were two quite new studies 

published in 2007 and 2005. 

 

The aspect of incomplete data presented about 84% low risk of bias and 

16% high risk of bias. The high risk of attrition bias of Hengeveld et al was at the 

basis of the fact that for the cytogenetic outcome data only 53% of the patients 

were mentioned. However, our standard for a low risk of attrition bias was defined 

by including 80% or more of the patients in outcome data in the trial. Besides, both 

studies by Byrd et al (1999, 2004) did not provide all necessary information. 
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Selective reporting was allocated 76% low risk of bias and 24% high risk of 

bias. Burnett et al (2013) had a high risk of reporting bias as some of the outcome 

was not comprehensible for our systematic review. Further studies that did not 

report correctly the full content of the trial were Bloomsfield et al and again, both 

studies by Byrd et al. Other bias could not be compiled in our selected studies. 

The assessment tool overview for comprising all age groups is reflected in Figure 

4 and Figure 5. 

 

Figure 4. Risk of bias for all ages in summary 
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Figure 5. Risk of bias for all ages in detail 
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3.2 Main research questions 

 
Our main research questions concerning this systematic review and meta-

analysis were as following and they were done within two different patient groups, 

a group of younger patients (patients aged 65 years and younger) and elderly 

patients (patients above 65 years). 

 

3.2.1 Intensity of the cytarabine dose in relation to the outcome of the patients 

a. High dose versus intermediate dose cytarabine in consolidation 

treatment 

b. High dose versus low dose cytarabine in consolidation treatment 

3.2.2 Comparison of the number of consolidation cycles that were independently 

of the cytarabine dose administered 

3.2.3 Comparison of monotherapy versus combination consolidation therapy 

 

First of all, the definitions of the different doses of cytarabine should be 

explained as this has been the most important drug in consolidation treatment, 

there are three different levels of cytarabine that are used in hospitals based on 

international classification. Low dose cytarabine means a cytarabine dose 

between 100 mg/m2 and 200 mg/m2, intermediate dose cytarabine is a dose 

varying from 1.0 g/m2 to 1.5 g/m2, whereas high dose cytarabine is defined by a 

dose between 2.0 g/m2 and 3.0 g/m2. However, we extended our analysis and 

included an assessment of the cumulative dose of cytarabine administered during 

the whole consolidation treatment period. 

 

  



 

 42 

We report on a population of a total of 14,572 patients with acute myeloid 

leukemia, of these 8977 patients reached a status of complete remission (equals 

61.6% of all patients). All studies included minors under the age of 18 years, 

except two studies that only focused on elderly patients (Stone et al. 2001, Gardin 

et al. 2007). The oldest patient was 86 years old and the youngest patient was an 

infant under the age of one year. 

 

The selected studies were published between 1994 (Mayer et al. 1994) and 

2013 (Burnett et al. 2013). The median follow-up time varied between 2.0 years 

(Miyawaki et al. 2011) and 8.4 years (Burnett et al. 2009). 

 

Most of the trials used a combination therapy, only two used monotherapy 

(Mayer et al. 1994, Bloomfield et al. 1998) and five studies administered mono- 

and combination therapies (Byrd et al. 1999, Byrd et al. 2004, Thomas et al. 2011, 

Burnett et al. 2013, Schaich et al. 2013). Maintenance therapy was described in 

six studies (Mayer et al. 1994, Volger et al. 1995, Byrd et al. 1999, Byrd et al. 

2004, Bloomfield et al. 1998, Hengeveld et al. 2012). The majority of trials used 

low dose cytarabine in induction treatment except two studies that used high dose 

cytarabine (Bradstock et al. 2005, Weick et al. 1996) and one study administering 

both (Burnett et al. 2013).  
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3.2.1 Intensity of the cytarabine dose in relation to the outcome of the 
patients 

 

Regarding the question about the intensity of cytarabine “high dose” versus 

“intermediate dose” a statistical calculation could not be performed as there was 

only one study directly addressing this particular comparison (Thomas et al. 2011). 

However, we performed a statistical analysis of the comparison “high dose” versus 

“low dose”, where we added the intermediate dose therapy to the low dose 

treatment to get an overall comparison of all studies available. Our cut-off level 

between high and low / intermediate dose cytarabine was defined by the 

cumulative dose of 20.000 mg/m2 of cytarabine. This implies that all doses less 

than 20.000 mg/m2 were classified as low / intermediate dose cytarabine, whereas 

greater or equal 20.000 mg/m2 was assigned as high dose cytarabine. The lowest 

dose applied in all studies was a cumulative dose of 700 mg/m2 (Fopp et al. 1997) 

and the highest cumulative dose administered was 72.000 mg/m2 (Mayer et al. 

1994, Thomas et al. 2011). We were able to determine 9 studies from the younger 

patient group (Mayer et al. 1994, Weick et al. 1996, Fopp et al. 1997, Thomas et 

al. 2011, Miyawaki et al. 2011, Hengeveld et al. 2012, Burnett et al. 2013, Moore 

et al. 2005, Bradstock et al. 2005) that compare high dose cytarabine with low / 

intermediate dose cytarabine in consolidation therapy. There was no study 

available in the elderly patient group addressing this question.  

 

The comparison of low / intermediate dose versus high dose cytarabine with 

respect to disease free survival showed a hazard ratio (HR) of 0.90 [0.80; 1.02] 

using a random effects model. There is a trend that high dose cytarabine may 

improve disease free survival. Two rather old studies, Mayer et al (HR 0.67 [0.53; 

0.85]) and Fopp et al (HR 0.61 [0.38; 1.00]), had significant results preferring high 

dose treatment with cytarabine. The test of heterogeneity gave an overall P value 

of 0.048 (I2 = 48.7%) showing that there is heterogeneity among the selected 

studies. The relevant data are presented in Figure 6. 

 



 

 44 

Figure 6. Disease free survival benefit in the comparison of low / intermediate dose versus 

high dose cytarabine treatment

 

We analysed the comparison of low / intermediate dose versus high dose 

cytarabine on overall survival. We did not get any significant difference between 

the administration of low / intermediate dose versus high dose treatment which 

means that there is no preference if low / intermediate dose or high dose 

consolidation should be favoured to improve overall survival. The overall random 

effects model gave an HR of 0.96 with a 95% confidence interval between 0.87 

and 1.06. The only significant study tending to use high dose cytarabine was 

performed by Mayer et al (HR 0.74 [0.57; 0.96]). The studies by Thomas et al and 

Fopp et al had to be excluded from this analysis as we did not have all relevant 

data. The test of heterogeneity gave a P value of 0.4 (I2 = 2.6%) showing almost 

no heterogeneity among the selected studies. The relevant data is shown in Figure 

7. 
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Figure 7. Overall survival benefit in the comparison of low / intermediate dose versus high 

dose cytarabine treatment
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3.2.2 Comparison of the number of cycles administered independently 
of cytarabine dose 

 

For the comparison of the number of cycles that were administered 

independently from dose of cytarabine we compared a long term consolidation 

therapy with more than 2 cycles against a short term consolidation therapy with 

two or less than 2 cycles of chemotherapy. Our results concerning disease free 

survival did not show significant differences between long term and short term 

therapy looking at both age groups separately. The analysis within our younger 

patients revealed that 3 of 4 analysed studies favoured the long term therapy 

concept. In our elderly patient group we were able to analyse two studies and both 

of them preferred a long term therapy. However, the study by Gardin et al was the 

only significant study (HR 1.51 [1.06; 2.14]). In the overall (both age groups 

combined) random effects model, a HR of 1.15 [1.03; 1.29]) was obtained which 

confirms the benefit long term therapy. The test of heterogeneity gave a P value of 

0.56, and Higgins I2 indicated overall no heterogeneity (I2 = 0%). The 

corresponding data for this issue is pictured in Figure 8. 

 



 

 47 

Figure 8. Disease free survival benefit according to the number of cycles of cytarabine with 

respect to the age group

 

 

Considering overall survival with reference to the number of cycles of 

consolidation chemotherapy, our results did not show any significant differences in 

the comparison of long term and short term treatment. Thomas et al had to be 

excluded from this analysis as there was not all relevant data provided. However, 

Gardin et al (HR 1.58 [1.07; 2.34]) was the only significant study preferring a long 

term therapy. The overall random effects model amounted to a HR of 1.06 [0.89; 

1.25] (Figure 9). The test of overall heterogeneity gave a P value of 0.13 (I2 = 

43.5%). 
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Figure 9. Overall survival benefit according to the number of cycles of cytarabine with 

respect to the age group
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3.2.3 Monotherapy versus combination consolidation therapy 

 

Our results of the evaluation whether monotherapy or combination 

consolidation chemotherapy was of advantage with respect to disease free 

survival showed no significant differences in both age groups with an overall HR of 

1.02 [0.93; 1.11] for the random effects model. All enclosed trials with younger 

patients (Miyawaki et al. 2011, Schaich et al. 2013, Burnett et al. 2013, Thomas et 

al. 2011) were illustrating that it did not matter for disease free survival if they had 

used mono- or combination consolidation treatment. For analysing the elderly 

patients regarding this research question we could only include one study (Stone 

et al. 2001). The test of heterogeneity gave a P value of 0.83 (I2 = 0%). Figure 10 

refers to the relevant data for the disease free survival with respect to the 

comparison of monotherapy and combination therapy. 

 

Figure 10. Disease free survival benefit according to comparison of mono- and combination 

consolidation therapy with respect to the age group 
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We assessed the comparison of monotherapy versus combination therapy with 

respect to the overall survival. As a consequence we were not able to observe any 

significant differences between the two treatment options either which is based on 

an overall HR of 1.08 [0.97; 1.20] for the random effects model for both age 

groups combined. In our younger patient group the study of Thomas et al had to 

be excluded once again due to lack of data. For the elderly patient group, there 

was just one study available, Stone et al showed a HR of 0.98 [0.70; 1.37]. The 

test of overall heterogeneity gave a P value of 0.71 (I2 = 0%). The corresponding 

data is presented in Figure 11. 

 

Figure 11. Overall survival benefit according to comparison of mono- and combination 

consolidation therapy with respect to the age group 
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4 Discussion 

Acute myeloid leukemia can be considered as the most common acute 

leukemia in adults with an incidence of 3 – 4 per 100,000 men and women per 

year (Schlenk 2014). The generic affected patient population concerns mostly 

elderly people, with a median age approaching almost 70 years (Rowe 2009). In 

light of the fact that age represents a significant prognostic parameter, this 

systematic review and meta-analysis analysed all patients in the selected studies 

according to two age groups: younger patients (aged 65 years and younger) and 

elderly patients (patients above 65 years). 

 

Treatment with curative intention of this malignancy is based on an 

induction therapy followed by a post-remission treatment. The current major drug 

used for the therapy of AML has been cytarabine for the past three decades 

(Döhner, Weisdorf & Bloomfield 2015), which is in the center of this systematic 

review. Further best supportive care is the alternative therapy for patients, albeit 

with dismal outcome prediction. 

 

Cytarabine combined with an anthracycline in the “3+7 combination” (3 days 

of anthracycline and 7 days of cytarabine) represents the standard induction 

therapy (Schlenk 2014). Younger patients mostly receive low dose cytarabine for 

induction, varying from 100 - 200 mg/m2 continuously with mostly daunorubicin in 

a dose of 60 mg/m2 in short infusion (Smith et al. 2004b). As elderly patients often 

have a poor performance status and/or comorbidities the induction dose of 

cytarabine is adapted to 100 – 200 mg/m2 continuously in combination with a short 

infusion of daunorubicin 45 mg/m2 (Löwenberg et al. 2009) or idarubicin 12 mg/m2 

(Berman et al. 1991). Alternatively, in case an elderly patient is not amenable for a 

chemotherapy due to poor performance status or too many comorbidities best 

supportive care can be carried out. Nevertheless, in our selected studies we 

observed the administration of high dose cytarabine in induction in three studies 

(Weick et al. 1996, Bradstock et al. 2005, Burnett et al. 2013). 

 

Post-remission treatment of AML as continuation therapy for patients in 

complete remission shows mainly two different options. On the one hand, there is 
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intensive conventional chemotherapy and on the other hand, high dose treatment 

followed by haematopoietic stem cell transplantation can be performed. Beyond 

that, maintenance therapy is a further strategy which is not regarded an evidence-

based approach. This systematic review and meta-analysis focused on 

conventional chemotherapy without any stem cell support. As AML can be seen as 

a disease of the elderly, the treatment of patients aged above 65 years is a very 

important aspect of consolidation therapy. We also tried to explore statistically the 

optimal treatment schedule for elderly patients. 

 

In order to compare the different dose levels of cytarabine, we extended our 

analysis and included an assessment of the cumulative dose of cytarabine 

administered during the entire consolidation treatment period instead of using at 

single-dose approach of this drug. Our cut-off level between high and 

low/intermediate dose therapy was defined by a total cumulative dose of 20.000 

mg/m2 of cytarabine. All doses less than 20.000 mg/m2 were classified as 

low/intermediate dose cytarabine, whereas greater or equal 20.000 mg/m2 was 

assigned as high dose cytarabine. 
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4.1 Discussion of the results 

 

We performed a statistical analysis of the comparion “high dose” versus 

“low dose cytarabine”, where we added the intermediate dose therapy to the low 

dose treatment according to the definitions outlined to get an overall comparison of 

all studies available. It was possible to determine 9 studies from the younger 

patient group for this research question, but no study with elderly patients was 

available. Our results showed that regarding the outcome “disease free survival” 

patients may benefit from high dose cytarabine administration, whereas overall 

survival was not improved by any specific dose of cytarabine. The landmark study 

of Mayer et al was one of two significant studies in our analysis preferring a high 

dose schedule. They showed that 4 courses of high dose cytarabine (3000 mg/m2 

short infusion x 6, cumulative dose 72.000 mg/m2) are superior to 4 courses of 

intermediate or low dose of cytarabine (400 mg/m2 continuously x 4, cumulative 

dose 8.000 mg/m2; 100 mg/m2 continuously x 5, cumulative dose 2.000 mg/m2) 

(Mayer et al. 1994). The other significant study showing a benefit with high dose 

cytarabine was carried out by Fopp et al. They used one cycle of low dose 

cytarabine (100 mg/m2 continuously x 7, cumulative dose 700 mg/m2) against one 

cycle of high dose cytarabine (3000 mg/m2 short infusion x 12, cumulative dose 

36.000 mg/m2) and they suggested that cytarabine intensity may be more 

important than total dosage. On a final note, it should be mentioned that we 

observed the issue of high toxicity of cytarabine in all our selected studies that 

used a high dose regimen. Therefore, the side effects of cytarabine should be 

considered, too, when it comes to a treatment decision. Toxic reactions can vary 

from severe neutropenia, thrombocytopenia over infections, fever up to 

involvement of other organ systems such as for instance cerebral, cardiac, 

gastrointestinal or renal toxicities which, in a substantial number are severe or life-

threatening (Bradstock et al. 2005). 

 

Concerning the comparison of the number of cycles that were administered 

independently from the dose of cytarabine we compared a long term consolidation 

therapy with more than 2 cycles against a short term consolidation therapy with 

two or less cycles of chemotherapy. No significant difference with respect to 

overall survival was found if long term or short term therapy was used in both age 
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groups. Though, it can be stated that there is a trend that less cycles of 

consolidation therapy may lead to worse disease free survival. The only study that 

significantly revealed a preference of long term treatment for disease free survival 

as well as for overall survival was performed by Gardin et al. Their administration 

of very low dosed cytarabine in long term schedule (60 mg/m2 continuously x 5 for 

6 courses) was superior to short term schedule (200 mg/m2 continuously x 7 for 1 

course), both therapy arms were combined with either daunorubicin or idarubicin 

(Gardin et al. 2007). As this study was performed on elderly patients only, it is not 

possible to generalize this result for the whole patient population which includes 

also younger patients. Furthermore, the applied dose of cytarabine is a very low 

dose that would not have been normally administered on patients younger than 65 

years since the recommended dose of cytarabine is substantially higher for them 

(Döhner et al. 2010). 

 

We further compared monotherapy versus combination therapy with respect 

to disease free survival and overall survival. In both cases it did not matter if they 

had used mono- or combination consolidation treatment. Therefore, it can be 

stated that it does not have any benefit to add other drugs to the basic cytarabine 

therapy in the setting of consolidation therapy for AML. On the contrary, several 

studies reported on increased toxic side effects (Volger et al. 1995, Weick et al. 

1996, Stone et al. 2001, Moore et al. 2005, Thomas et al. 2011, Miyawaki et al. 

2011, Schaich et al. 2013). 

 

Even though the cytogenetic subanalysis has not been carried out yet a 

trend of a benefit for certain cytogenetic risk groups is predictable according our 

selected studies. Patients with core-binding factor AMLs showed a superior 

outcome compared with AML patients with normal karyotype or other abnormality 

karyotype (Bloomfield et al. 1998). Furthermore, patients with t(8; 21)(q22;q22) as 

well as patients with inv(16) / t(16;16) seemed to benefit from a sequential high-

dose cytarabine regimen with a decreased likelihood of relapse (Byrd et al. 1999, 

Byrd et al. 2004). The results of our selected studies mostly confirm the 

recommendation of the European LeukemiaNet expert panel stating that intensive 

conventional chemotherapy may have a beneficial effect on favourable risk group 

patients (Bloomfield et al. 1998, Byrd et al. 1999, Byrd et al. 2004, Miyawaki et al. 
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2011, Burnett et al. 2013). However, we also observed studies showing no 

evidence of benefit for any specific cytogenetic risk group by using intensive 

conventional chemotherapy (Bradstock et al. 2005, Moore et al. 2005). One study 

revealed a trend that was in favour of high dose cytarabine among patients with 

intermediate cytogenetic risk (Thomas et al. 2011). There was no data regarding 

outcome parameters available for the risk group stratified analysis of elderly 

patients. On a final note, it should be mentioned that all our selected studies agree 

with the recommendation of the European LeukemiaNet expert panel by reporting 

that an allogeneic stem cell transplantation from a matched related donor is 

currently considered the treatment of choice for patients with adverse / 

unfavourable cytogenetics (Döhner et al. 2010, Koreth et al. 2009)  

 

In a recent meta-analysis the role of cytarabine in acute myeloid leukemia 

treatment has also been assessed regarding the optimal dose (Li et al. 2014). In 

contrast to our systematic review and meta-analysis, Li et al investigated not only 

conventional consolidation treatment, but also induction therapy and they included 

bone marrow transplantation in their treatment options. Furthermore, their 

selection of studies was undertaken with other inclusion criteria. Our systematic 

review includes only randomized controlled clinical trials with adult patients and 

our time period of literature search gathered papers published from 1990 until the 

end of 2014. Besides, our analysis included elderly patients over 65 years which 

was not a subject of the systematic review of Li et al. Another important difference 

is that Li et al investigated only the comparison of “high dose” cytarabine versus 

“low dose” cytarabine. However, we analysed not only the question of the intensity 

of cytarabine dose, but also the comparison of consolidation cycles as well as the 

effect of mono- versus combination therapy. In contrast to Li et al, our meta-

analysis is based on the cumulative dose of cytarabine which seemed to be more 

precise to us for a comparison. Though, altogether we had 7 studies in common. 

As far as it concerns the results of both systematic reviews, we were able to agree 

on the fact that there was a benefit for disease free survival by administering high 

dose cytarabine, but no significant difference in overall survival. Considering the 

stratified cytogenetic subanalysis they observed a significant benefit in disease 

free survival in the favourable risk group. This particular subanalysis remains open 

in our meta-analysis as the statistical evaluation has not been performed yet. 
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4.2 Limitations 

 

One limitation we had to face while performing this systematic review was 

that a majority of our selected studies included minors under the age of 18 years 

(Mayer et al. 1994, Volger et al. 1995, Weick et al. 1996, Fopp et al. 1997, Elonen 

et al. 1998, Bradstock et al. 2005, Moore et al. 2005, Thomas et al. 2011, 

Miyawaki et al. 2011, Schaich et al. 2013, Burnett et al. 2013). Though, these 

studies were all included in our meta-analysis because the proportion of patients 

younger than 18 years was very low and did not have a crucial impact on our 

evaluation. Our literature search was restricted from a number of 38,814 potential 

hits to finally 18 relevant studies as there were many duplicates and just a few 

studies directly addressing our research topic as randomized controlled trials. 

Furthermore, we found a minority of studies with elderly patients due to the fact 

that most clinical trials are based on data of younger patients or only few and 

highly selected elderly patients which cause a selection bias. Therefore, it is 

difficult to make a general statement regarding conventional consolidation therapy 

in elderly patients. Two studies had to be excluded from the cytogenetic 

subanalysis (Byrd et al. 1999, Byrd et al. 2004), which still is being evaluated. 

However, we did not want to exclude them from our systematic review as a whole 

as they demonstrated important results for specific cytogenetic subgroups. One of 

the most serious limitations we had to deal with was the fact that we were not able 

to gather all relevant statistic information for our meta-analysis. Thomas et al did 

not provide the required outcome data concerning the overall survival as well as 

Burnett et al did not supply the relevant outcome data either since we were not 

able to contact the lead authors. On a final note, it should be mentioned that on 

grounds of several different treatment strategies used in the selected studies we 

received a considerably inhomogenous variety of treatment regimens. This led us 

to the decision that we should compare the trials according to the cumulative dose 

rather than the single dose of cytarabine. 
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4.3 Outlook 

 

This systematic review and meta-analysis emphasizes how difficult it is to 

determine the optimal dose of cytarabine in conventional consolidation treatment 

as well as the most appropriate number of courses that should be applied. In 

addition, we observed how challenging the therapy can especially be in elderly 

patients aged above 65 years. However, our results showed that there is a certain 

benefit of high dose cytarabine for the improvement of disease free survival, even 

if the overall survival is not affected. Also, it can be stated that there is a trend that 

less cycles of consolidation therapy may lead to worse disease free survival, 

wheras overall survival is not touched. We found out that it does not have any 

benefit to add other drugs to the basic cytarabine therapy. For elderly patients we 

could not clarify an exact therapy recommendation either, but it was obvious that 

lower doses of cytarabine in an prolonged treatment schedule could lead to a 

positive effect on the outcome. Though, conventional chemotherapy should only 

be offered to elderly patients with a good performance status and less 

comorbidities. With respect to cytogenetic risk groups we noted that conventional 

consolidation treatment may be beneficial to patients with favourable cytogenetics 

and in particular cases patients with intermediate risk cytogenetics can also benefit 

from this therapy regimen, whereas the treatment of choice for patients with 

adverse risk cytogenetics remains the allogeneic haematopoietic stem cell 

transplantation. However, caution should be taken when high dose cytarabine is 

administered due to its high toxicity as mentioned before. In conclusion, 

individualized consolidation approaches for patients with acute myeloid leukemia 

considering the patient-related and AML-related prognostic factors appear to be 

the most reasonable strategy to find an optimal treatment. In the future, it will be 

an aim of further studies to evaluate more precisely the clinical use of cytarabine in 

larger patient populations with acute myeloid leukemia. Especially more studies 

focusing on elderly patients are essential to establish a proper satisfying therapy. 
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6 Appendix 
 

The Prisma 2009 Checklist applied on our systematic review and meta-analysis 

Section/topic  # Checklist item  
Reported on 

page # 

TITLE   

Title  1 Identify the report as a systematic review, meta-analysis, or both.  cover page 

ABSTRACT   

Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study 
eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results; 
limitations; conclusions and implications of key findings; systematic review registration number.  

IV 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what is already known.  1 ff. 

Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, 
comparisons, outcomes, and study design (PICOS).  

23 

METHODS   

Protocol and 
registration  

5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, 
provide registration information including registration number.  

- 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years 

considered, language, publication status) used as criteria for eligibility, giving rationale.  

28 

Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to 
identify additional studies) in the search and date last searched.  

28 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it 
could be repeated.  

29 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if 
applicable, included in the meta-analysis).  

30 
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Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any 
processes for obtaining and confirming data from investigators.  

31 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any 
assumptions and simplifications made.  

30 

Risk of bias in individual 
studies  

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether 
this was done at the study or outcome level), and how this information is to be used in any data 
synthesis.  

37 ff. 

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  31 

Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of 

consistency (e.g., I
2
) for each meta-analysis.  

32 

Risk of bias across 
studies  

15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, 
selective reporting within studies).  

37 ff. 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if 
done, indicating which were pre-specified.  

- 

RESULTS   

Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for 
exclusions at each stage, ideally with a flow diagram.  

33 

Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up 
period) and provide the citations.  

35 – 36 

Risk of bias within 
studies  

19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  37 ff. 

Results of individual 
studies  

20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for 
each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  

43 ff. 

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  43 ff. 

Risk of bias across 
studies  

22 Present results of any assessment of risk of bias across studies (see Item 15).  37 ff. 

Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see 
Item 16]).  

- 

DISCUSSION   
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Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their 
relevance to key groups (e.g., healthcare providers, users, and policy makers).  

51 ff. 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete 
retrieval of identified research, reporting bias).  

56 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future 
research.  

57 

FUNDING   

Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of 
funders for the systematic review.  

- 
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