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INTRODUCTION 

Acute myeloid leukemia (AML) is a clonal malignant 

hematopoietic disease characterized by accumulation of 

abnormal leukemic blasts primarily in the bone marrow 

leading to impaired production of normal blood cells.
1
 

The incidence of AML has been nearly stable over years 

with two peaks in occurrence, one in early childhood and 

the other in later adulthood. AML has an incidence of 3.7 

per 100,000 persons and an age-dependent mortality of 

2.7 to nearly 18 per 100,000 persons.
2
 The exact etiology 

of AML is not known in most cases, however some risk 

factors like defect in DNA repair mechanism, radiation 

exposure, exposure to benzene, prior treatment with 

alkylating agents such as etoposide, cisplatin, 

procarbazine, etc, exposure to drugs like phenylbutazone 

and chloramphenicol and myelodysplastic disorders all 

have been identified.
3
  

Classification 

Acute myeloid leukemia is not a single disease but a 

group of heterogeneous myeloid neoplasms. The world 

health organization defines AML as blasts more than or 

equal to 20% in bone marrow or in the peripheral blood.
4
 

The diagnosis of AML is specifically confirmed by 

identifying myeloperoxidase activity and characteristic 

expression of cluster differentiating antigens CD34, 

CD13 and CD33 on the blasts.
5,6

 With improved 

understanding of tumor biology WHO now classifies 

AML based on cytogenetics, molecular lesions, disease 

biology, immune-phenotype and clinical features. Based 

on cell morphology, AML was earlier classified into 8 

subtypes by the French-American-British (FAB) co-

operative group (Table 1).
5
 Due to biologic heterogeneity, 

based on cytogenetic abnormalities AML is divided into 

different sub categories that have different prognosis. 
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Table 1: Classification of AML based on gene expression.
5,9,11,16,19,20

 

Class Incidence Morphology` 

M0 - Minimally differentiated AML  4-6% 
Myeloperoxidase negative-resembles myeloblasts 

ultra structurally. 

M1 - AML without differentiation  17-27% 
Blasts 3% are myeloperoxidase positive. Few auer 

rods.  

M2 - AML with maturation 15-29% 
Full range of myeloid maturation. Auer rods present 

in most cells. 

M3 - Acute promyelocytic leukemia  Considered separately 
Hyper granular promyelocytes with many auer rods 

per cells. 

M4 - Acute myelomonocytic leukemia  11-31% 
Myelocytic and monocytic differentiation evident. 

Monoblasts are positive for nonspecific esterase.  

M5 - Acute monocytic leukemia  6-14% 
Monoblasts and promonocytes, organomegaly and 

tissue infiltration present. 

M6 - Acute erythro leukemia  4 % Dysplastic erythroid precursors. 

M7 - Acute megakaryocytic leukemia 1 % 
Megakaryocytic blasts predominate, glycoprotein 

2b/3a positive. 

Table 2: Results of using cytarabine with different treatment regimens and the results. 

Chemotherapy regimen 
No of patients in 

the study group 

Median age 

of patients 

Complete 

remission rate  
Reference 

Cytarabine 
Anthracycline +\- 

another agent 

200 mg/m
2
 for 7 days. 

Daunorubicin 90 mg/m
2
 for 3 

days. 
402 67 64 10 

200 mg/m
2
 for 7 days. 

Daunorubicin 45 mg/m
2
 for 3 

days. 
411 67 54 10 

100 mg/m
2
 for 7 days. 

Daunorubicin 90 mg/m
2
 for 3 

days. 
327 48 70.6 11 

100 mg/m
2
 for 7 days. 

Daunorubicin 45 mg/m
2
 for 3 

days. 
330 48 57.3 11 

200 mg/m
2
 from day 1 to 

day 7 during cycle one 

followed by 1000mg 

(1g)/m
2
 twice daily on days 

1 to day 6 in cycle two. 

Idarubicin 12 mg/m
2
 on days 5, 6 

and 7 in cycle one. In cycle two 

amsacrine 120 mg/m
2
 as one hour 

infusion on days 3, 5 and 7. 

431 49 80 12 

1000 mg (1g)/m
2 
every 12 

hours from day 1 to day 5 in 

cycle one. In cycle two 2000 

mg (2g) /m
2
 twice daily on 

days 1, 2, 4 and 6.  

Idarubicin 12 mg/m
2
 on days 5, 6 

and 7 in cycle one. In cycle two 

amasacrine 120 mg/m
2
 as one 

hour infusion on days 3, 5 and 7. 

429 49 82 12 

200 mg/m
2
 from day 1 to   

day 7. 

Daunorubicin 60 mg/m
2
 from day 

1 to day 3 and cladribine 5 mg/m
2
 

from day 1 to day 5. 

200 45 63.5 13 

200 mg/m
2
 from day 1 to   

day 7. 

Daunorubicin 60 mg/m
2
 from day 

1 to day 3. 
200 45 47 13 

 

Classification based on gene expression: Based on gene 

expression profile, genetically distinct groups have been 

identified.
7-9

 Each group has a distinct gene expression 

profile (eg: CBFβ-MYH11, PML-RARα or AML1-ETO) 

or a particular chromosomal lesion [eg: inv (16), t (15;17) 

or t (8;21)] or an abnormal oncogene expression            

(eg: EVI 1]). Gene expression characteristics of each of 

these groups have been identified, which may reveal 

critical functional pathways involved in the development 

of AML. 

Therapy 

Chemotherapy is the mainstay of treatment. The goal of 

the therapy is to suppress monoclonal leukemic blasts to 

a point that they are unapparent in bone marrow biopsy or 

aspiration so that normal polyclonal haematopoiesis can 

be restored. The treatment can be divided into two 

phases. First, a remission induction therapy which is 

followed by post remission consolidation therapy, also 

called remission maintenance therapy.  
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Remission-induction therapy 

Administration of cytarabine (Ara-C) in combination 

with anthracyclines has been the cornerstone in the 

management of AML for more than 30 years.
14

 Various 

dosage regimens have been followed with varying results 

(Table 2). The variation in the remission rate is not only 

because of the use of different chemotherapy regimens 

but also due to variation in the supportive care the 

patients receive in different treatment centers. 

Bone marrow evaluation is usually done between day 17 

to day 21 to assess the response to chemotherapy. 

Complete remission is defined as normalization of 

neutrophil count (at least 1.5 X109 \L) and platelet count 

(more than 100X109/L) with bone marrow aspirate or 

biopsy having at least 20% cellularity with less than 5% 

blasts with no auer rods and absence of extra medullary 

leukemia.
15

 About 60-70% of patients usually achieve 

complete remission after the first cycle of chemotherapy. 

For patients who do not attain complete remission after 

the first cycle of chemotherapy, a second cycle of 

chemotherapy is given. For the second cycle either the 

regimen used during the first cycle or a new 

chemotherapy regimen can be used. Of patients with 

persistent AML after the first cycle of chemotherapy 

approximately 20% will achieve complete remission after 

receiving the second cycle of chemotherapy. For patients 

not responding to the second cycle of chemotherapy a 

salvage treatment can be suggested. 

Post remission therapy  

It is given after achieving complete remission by 

induction chemotherapy. The goal of post remission 

chemotherapy is to prolong the duration of complete 

remission and to improve overall survival by eradicating 

residual leukemic cells.  

Post-remission treatment options are.
10-12

 

 Bone marrow transplantation (allogenic or 

autologous) after preconditioning. Allogenic bone 

marrow transplantation is preferred because of graft 

versus leukemia effect. 

 High dose cytarabine regimen.  

 Conventional consolidation chemotherapy, where a 

regimen same or different from that used for 

obtaining complete remission is given. 

 Maintenance therapy which is less myelosuppressive 

than that used for obtaining complete remission 

(Mostly used for acute promyelocytic leukemia). 

 Prognosis 

There is no single factor that can reliably predict the 

complete remission or the long-term survival. However, 

there are a few factors that are associated with the 

probability of obtaining complete response to 

chemotherapy. They are age, cytogenetic and antecedent 

hematological disorder.  

Age 

It is the single most significant patient variable that 

correlates inversely with prognosis. This is because a 

greater proportion of older people die of complications 

related to myelosuppressive effects of chemotherapy like 

infections and bleeding before achieving a complete 

remission. Overall, patients less than 65 year age have a 

five year survival rate of 32.7 % and patients above 65 

year age have a 3.8% five-year survival rate. The 

mortality rate for elderly people in different age groups is 

shown in (Table 3). 

Table 3: Mortality rate for elderly people in different 

age groups.
16-19

 

Age in 

years 

Complete 

remission 

Eight week 

mortality (%) 

Median 

survival in 

weeks 

65-69 49 29 29 

70-74 47 32 34 

75-79 39 39 18 

More than 80 37 54 6 

Antecedent hematological disorder 

Patients with prior myeloproliferative disorder, refractory 

anemia with excess blasts, prior cytotoxic drug therapy, 

etc are less likely to respond to the treatment.
17,19,20

 

Performance status of the patient, high leukocyte count 

and splenomegaly (especially in elderly patients) also 

have prognostic significance.
17 

Cytogenetics 

A large number of recurrent balanced and unbalanced 

chromosomal aberrations have been described in 

AML.
19,20

 A strong association has been described 

between cytogenetic abnormality and prognosis. 

Currently pre-treatment cytogenetics has been divided 

into three groups-favourable, intermediate and 

unfavourable.  

FMS like tyrosine kinase 3 (FLT3): The FLT3 gene is 

involved in the regulation of cell cycle and apoptosis. 

High levels of FLT3 expression are seen in up to 30% of 

patients with AML. Internal tandem duplications (ITD) 

and point mutations in the activating loop of tyrosine 

kinase domain (TKD) cause constitutive activation of the 

FLT3 receptor leading to unregulated cell proliferation. 

Expression of FLT-3-ITD is associated with increased 

risk of relapse and decreased overall survival; hence it is 

generally accepted as an independent poor prognostic 

factor.
21,22
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Table 4: Pretreatment cytogenetics and 

prognosis.
16,17,19 

Cytogenetic 

subtype 

Karyotype 

abnormality 

Associated 

subtype 

Five 

year 

Survival 

rate 

Favorable 

t (15:17) M3 63 

t (8:21)  M2 69 

Inv (16) M4E0 61 

Intermediate 

Trisomy 8 M2, M4, and M5 48 

Normal No association 45 

Trisomy 21 No association 47 

Unfavorable 

Deletion 7q No association 10 

Deletion 5q No association 11 

Complex  No association 21 

Other gene mutations 

Assessment of mutational status of several genes and 

microRNA expression has improved the risk stratification 

of the patients, especially in cytogenetically normal AML 

patients who would be otherwise classified to have 

intermediate prognosis.
9,23

 Somatic mutations in the 

DNMT3A gene which encodes for DNA methyl 

transferase have been identified in patients with normal 

karyotype and are independently associated with poor 

outcomes. Nucleophosmin (NPM1) mutations are 

associated with good response to induction chemotherapy 

in patients younger than 60 years. Based on microRNA 

expression cytogenetically normal patients with FLT3-

ITD, wild type NPM1 or both are considered as high risk 

groups and have poor prognosis.
24

 Genome sequencing 

has identified recurrent mutations in IDH 1 gene in 

cytogenetically normal AML patients MLL gene 

translocations are seen in patients with therapy related 

leukemias and are associated with improved response to 

high dose daunorubicin treatment.
24,25

  

Drugs used in the treatment of acute myeloid leukemia 

Cytarabine (cytosine arabinoside, aslo called as Ara-C) 

Cytarabine has been a cornerstone in the treatment of 

acute myeloid leukemia for over 30 years. Cytarabine is 

an important component of both remission induction 

regimens and in remission maintenance regimens. As less 

than 20% of cytarabine is absorbed orally, it is always 

given parenterally. It is usually administered as a 

continuous intravenous infusion or subcutaneously. It can 

also be given intramuscularly and intrathecally (to treat 

leukemic infiltration of brain). Intravenous administration 

exhibits biphasic elimination. It is metabolized in the 

liver into an inactive metabolite (uracil arabinoside) by 

the enzyme cytidine deaminase. About 70-80% of the 

administered dose appears in urine within 24 hours, of 

which 90% is metabolite and 10% is active drug. The 

exact mechanism of anti-leukemic action is not yet 

known. After transportation into the cell by a nucleoside 

carrier it is converted into cytosine triphosphate by 

deoxycytidine kinase. The deoxy cytarabine triphosphate 

(dCTP) when incorporated into DNA inhibits DNA 

synthesis. dCTP also inhibits the enzyme DNA 

polymerase, thus cytarabine is a S phase-specific anti-

cancer drug. Since even a very low dose of cytarabine       

(20 mg/m
2
) evokes an appreciable response, the 

cytotoxicity of cytarabine cannot explain its anti-

leukemic action. Hence, other effects like terminal 

differentiation of leukemic cells by decreasing c myc 

expression, induction of apoptosis by activating 

transcription factor AP-1, etc, have been suggested to be 

responsible for its remission-inducing properties.
32

 The 

sensitivity of cells to cytarabine is determined by the 

expression of the nucleoside carrier and the 

predominance of activity of the activating enzyme 

deoxycytidine kinase over the inactivating enzyme 

cytidine deaminase. The duration of cytarabine 

triphosphate retention has been correlated with 

remission.
26

 Cytarabine has a dose-dependent anti-

leukemic effect, which reaches a ceiling.
12,27,28

 Although 

increasing the dose leads to an increase in remission rate 

and relapse-free survival, toxicity rate also increases with 

increase in dose.
12,29

 Treatment with an intermediate dose 

of cytarabine (200 mg/m
2
 in cycle one and 2 g/m

2
 in 

cycle two) achieves the same complete remission rate and 

relapse-free survival rate as that of high dose cytarabine 

(1000 mg/m
2
 twice daily in cycle one and 2 g/m

2
 twice 

daily in cycle two) with similar treatment related 

toxicity.
12

 Cytarabine is usually administered at a dose of 

100 to 200 mg/m
2
 for 7 days for induction of remission 

along with daunorubicin 90 mg/m
2
 for initial 3 days. 

After achieving complete remission, three cycles of 

cytarabine at dose of 18 g/m
2
 is usually administered as 

post-remission maintenance chemotherapy.
30

 Three 

cycles of cytarabine is an acceptable post remission 

maintenance therapy.
30,31

 In some centers low dose of 

cytosine arabinoside (20 mg/m
2
) is used in elderly 

patients and in patients with poor performance status who 

are unable to tolerate a high myelosuppressive dose. 

Cytarabine causes myelosuppression (dose-limiting toxic 

effect), conjunctivitis, dermatitis (cytarabine hands), 

elevation of liver enzymes, cerebellar toxicity, stomatitis, 

nausea, vomiting and non-cardiogenic pulmonary edema 

as side effects.
12,33

 

Anthracycline antibiotics 

Daunorubicin (also called daunomycin) and idarubicin 

are the most widely used anthracyclines in the treatment 

of AML. Anthracyclines intercalate with DNA. They act 

by inhibiting topoisomerase II, thereby preventing re-

ligation of broken double stranded DNA, leading to 

apoptosis. Anthracyclines are administered by the 

intravenous route because of their vesicant action.
34 

Daunorubicin is used in doses of 45 mg/m
2
 to 90 mg/m

2
 

for 3 days in combination with cytarabine for induction 

of remission. Daunorubicin 90 mg/m
2
 during induction 

therapy is better than conventional dose of 45 mg/m
2
 in 
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improving the complete remission rate and duration of 

overall survival in patients younger than 50 years of age. 

Improved complete remission rate is also seen in elderly 

patients (older than 60 years), but overall survival does 

not improve with increase in the dose in elderly 

patients.
10

 The increase in dose from 45 mg/m
2
 to 90 

mg/m
2
 does not increase the hematologic toxic effects or 

30 day mortality rate or moderate to severe life 

threatening side effects across the patient age group10,11. 

Increasing the dose of daunorubicin does not provide any 

additional benefit for patients with unfavorable 

cytogenetic profile.
12

 Idarubicin is a newer anthracycline 

which is at least as efficacious as daunorubicin. It is used 

in a dose of 12 mg/m
2
 for 3 days. Mitoxantrone has also 

been evaluated because of its less cardiotoxic potential 

but percentage of patients achieving complete remission 

is less than that of those treated with daunorubicin. 

Though P-glycoprotein (Pgp) (an efflux pump which 

actively transports cytotoxic drugs like anthracyclines out 

of the cell) has been implicated in resistance to 

chemotherapy, addition of Pgp inhibitors like 

cyclosporine or zosuquidar (highly selective Pgp 

inhibitor) have failed to improve the complete remission 

rate of the treatment.
35,36

 Acute effects on the 

myocardium like transient tachycardia and reversible 

ECG changes are seen, but chronic cadiotoxicity is not a 

common side effect in patients with AML, as chronic 

cardiotoxicity usually occurs in patients who received a 

total dose at or above 550 mg/m
2
. The total dose of 

anthracyclines used during induction therapy is far less 

than the chronic cardiotoxic dose. However, some 

patients may develop pericarditis-myocarditis syndrome 

which is characterized by congestive heart failure, 

conduction abnormalities and pericardial effusion even 

with low dose of daunorubicin. Myelosupression is the 

acute dose-limiting side effect of daunorubicin with drop 

in neutrophil count reaching the nadir within 10-14 days 

after the drug administration. A transient erythematic 

reaction can be seen along the intravenous line; this is 

sometimes called “adriamycin flare”, and is a benign 

lesion compared to extravasation of adriamycin from the 

intravenous line.  

All trans-retinoic acid (Tretinoin, ATRA) 

Tretinoin induces the differentiation of leukemic cells 

bearing the t (15;17) translocation. ATRA is used in the 

treatment of acute promyelocytic leukemia, which 

characteristically has a PML-RAR translocation due to 

the t (15;17) translocation. Oral dose of 45 mg/m
2
 per 

day, plus concurrent anthracycline chemotherapy is an 

effective treatment for acute promyelocytic leukemia. 

The first 3 weeks of treatment may be complicated by 

“retinoic acid syndrome” or “ATRA syndrome” which is 

characterized by fever, dyspnea, chest pain, pulmonary 

infiltrates, pleural and pericardial effusions, and hypoxia, 

with mortality around 10%. This may be due to adhesion 

of differentiated neoplastic cells to the pulmonary 

vasculature endothelium. The risk of differentiation 

syndrome can be minimized by prior administration of 

dexamethasone.  

Arsenic trioxide 

Arsenic trioxide in combination with ATRA has shown to 

be as effective as ATRA and anthracycline combination 

in patients with low to intermediate risk APL with two 

year event free survival rate of 97%.
37

 This is because of 

synergy: while ATRA binds to the RAR alpha moiety of 

PML-RAR, arsenic binds to the PML moiety. This 

synergy leads to rapid degradation of PML-RAR 

oncoprotein and cell differentiation. The advantage of 

using arsenic trioxide and ATRA combination is that it is 

associated with lower hematological toxicity, hence it has 

a lower risk of severe cytopenias, mucositis, and 

infections, and thus less treatment-related deaths. 

However, arsenic trioxide causes more frequent elevation 

of liver enzymes and prolongation of QTc interval.
37

 Use 

of this combination cures APL without the use of 

cytotoxic chemotherapy. Incorporating arsenic trioxide 

into the ATRA and anthracycline combination improves 

outcomes while decreasing the exposure to 

anthracycline.
38

  

Other conventional cytotoxic drugs 

Various other drugs like etoposide, thioguanine, 

hydroxyurea, fludarabine, etc. have been evaluated either 

in combination with the standard regimen (3+7) or with 

other cytarabine-based regimens to increase complete 

remission rate, but results are either unsatisfactory or 

equivocal.  

FLT3 inhibitors 

Use of FLT3 receptor tyrosine kinase inhibitors like 

midostaurin, lestsutinib, sorafinib, etc. in patients with 

the FLT3-ITD mutation reduces the peripheral blast cells 

and bone marrow blast cells.
21

 The initial results are 

encouraging but in most patients the response was 

incomplete and of short duration. The development of 

resistance during therapy and also the lack of correlation 

between in vitro cytotoxicity with actual clinical 

outcomes have been a challenge in use of these drugs. 

Incorporating FLT3 inhibitors into the salvage regimen 

has shown to improve long term outcomes.
39,40

  

Gemtuzumab ozogamicin  

It is a monoclonal antibody against CD33 conjugated 

with N-acetyl-calicheamicin 1,2-dimethyl hydrazine 

dichloride, a potent enediyne antitumor antibiotic 

approved for treatment of elderly patients with relapse.
41 

Initial study results showed that it improves the 

percentage of complete remission when used in 

combination with cytarabine based therapy and overall 

disease free survival rate at 3 years without an increase in 

treatment related death.
42

 However, CD33 expression 

persisted at relapse in patients who received gemtuzumab 
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in the course of the disease.
43

 Recent phase III clinical 

trials have shown that Gemtuzumab ozogamicin does not 

improve either complete remission rate or overall 

survival, both in younger and elderly patients.
44,45

 Since 

later studies failed to show the survival benefit, on the 

advice of USFDA, the manufacturers withdrew the drug 

from the market.  

Drugs in clinical trial 

Clofarabine, a second generation of purine nucleoside 

analogues which acts by inhibiting the enzymes DNA 

polymerases and ribonucleotide reductase induces 

apoptosis in leukemic cells46. It has shown significant 

efficacy in acute myeloid leukemia.
47,49

 However, there 

are reports of fatal skin and liver toxicity.
48

 

Cloretazine is a novel alkylating agent. A phase II study 

has revealed significant anti-leukemic activity with 

modest extra-medullary toxicity in elderly patients with 

AML.
50

 However it is reported to have minimal activity 

in very high risk patients with relapsed AML.
48 

Demethylating agents like decitabine, 5-azacytidine and 

zebularine and FLT3 inhibitors like SU11248 and 

MLN518 have been evaluated for anti-leukemic action 

especially in elderly. 
51,52 

CONCLUSION 

With better understanding of the pathogenesis, it is now 

possible to assess and stratify patients with AML into 

different categories based on the gene expression profile. 

Conventional cytotoxic drugs still remain the mainstay of 

therapy. Redesigning the treatment regimen by modifying 

the dosage of cytarabine and anthracyclines has improved 

the complete remission rate and overall all survival. 

Increasing the dose of daunorubicin increases the 

complete remission rate without increase in the toxicity 

of the therapy. Newer treatments have been developed 

targeting the specific abnormality in the gene expression 

and are less toxic than conventional treatment. The 

advancement in the understanding of the disease biology 

of this heterogeneous disease may eventually lead to 

development of therapies directed against specific 

abnormalities. 
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