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Abstract

Acute erythroleukemia (AML-M6) is an uncommon subtype of acute myeloid leukemia (AML); it 

is considered to have a poor prognosis. From January 1st, 1980 to May 21st, 2008, 108 patients 

with newly diagnosed AML-M6 were seen at the University of Texas – M.D. Anderson Cancer 

Center (UT-MDACC). Half (50%) had a history of myelodysplatic syndrome (MDS), compared to 

41% in our control group (patients with other AML subtypes) (p=0.05). Poor risk cytogenetics 

was more common in patients with AML-M6 (69% versus 46%, p<0.001). Complete remission 

rates were 63% for patients with AML-M6, comparing to 58% for the control group (p = 0.285). 

Median disease free survival (DFS) for patients with AML-M6 was 31 weeks, versus 49 weeks for 

the control group (p = 0.004). Median overall survival (OS) of patients with AML-M6 was 33 

weeks, compared to 42 weeks for the control group (p = 0.13). On multivariate analysis for DFS 

and OS, AML-M6 was not an independent risk factor. Acute erythroleukemia is commonly 

associated with a previous diagnosis of MDS and poor risk karyotype. The diagnosis of AML-M6 

does not impart by itself a worse prognosis, and treatment decisions on this disease should be 

guided by well know AML prognostic factors.
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Introduction

Acute erythroleukemia was first described in 1912 by Copelli1, but it was Giovanni Antonio 

Di Guglielmo who coined the term ‘eritroleucemia’, describing an abnormal proliferation of 

erythroid cells, myeloblasts and megakaryocytes2,3. In 1923 Di Guglielmo described a case 

of pure erythroleukemia characterized by pure proliferation of erythroid immature elements, 

akin to acute leukemia4. Finally, in 1953 Dameshek proposed the term ‘Di Guglielmo's 

Syndrome’, which describes three phases of alterations in the bone marrow: an erythremic 

phase, an erythromyeloblastic phase and a myeloblastic phase, similar to acute myeloid 

leukemia5.

The French-American-British (FAB) classification in 1976 established the first set of criteria 

for the diagnosis of acute erythroleukemia, which was called Acute Myeloid Leukemia-M6 

(AML-M6)6. A revision of the FAB classification defined AML-M6 as the presence of more 

than 50% erythroid cells with more than 30% blasts of non-erythroid bone marrow nucleated 

cells7. The WHO classification recognizes the FAB criteria plus the presence of pure 

erythroleukemia cases, where there is an isolated proliferation of immature erythroid 

elements8.

Acute erythroleukemia has been considered to be a subtype of acute myeloid leukemia with 

a worse prognosis9-13. It is very uncommon in children14,15, and it corresponds to 3-5% of 

adult acute myeloid leukemia cases12. Familial and congenital forms have been 

described16,17. It is often associated with an antecedent diagnosis of myelodysplastic 

syndrome (MDS) and the presence of poor chromosome abnormalities9,18-20. Due to its 

rarity, the clinical experience with AML-M6 is limited. It is also not clear if the pathological 

diagnosis of AML-M6 is associated with a worse prognosis or if the worse prognosis 

reported with this leukemia is due to its frequent association with poor-risk karyotype and 

other poor-risk features.

We sought to describe the clinical experience at the UT-MDACC with patients diagnosed 

with AML-M6. The objective of this study is to describe the clinical and biological 

characteristics of these patients and to compare them with non-M6 AML patients. We also 

sought to evaluate the impact of the diagnosis of AML-M6 in complete remission rates and 

survival independent of other risk factors.

Patients and Methods

Patients

Adult patients with newly diagnosed AML-M6 seen at UT-MDACC between January 1st, 

1980 and May 21st, 2008 were compared with patients with other AML subtypes, except 

those with acute promyelocytic leukemia (APL). Charts were manually reviewed. Patients 

were treated on studies conducted at UT-MDACC. Studies were approved by the 

Institutional Review Board and conducted in accordance with the Declaration of Helsinki. 

All patients provided written informed consent prior to study entry
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A diagnosis of AML-M6a (mixed erythroid/myeloid) was considered if more than 50% of 

the total nucleate cells were of erythroid lineage and more than 20% of non-erythroid cells 

were blasts8. We defined pure erythroid leukemia (AML-M6b) as patients with an increased 

number of blasts (>30%) demonstrating aberrant erythroblast-like morphology, positivity by 

immunophenotyping for glycophorin A and/or coarse block positivity for periodic acid-

Schiff (PAS) stain (in the absence of other lineage specific markers, such as 

myeloperoxidase (MPO), terminal deoxynucleotyidyl transferase (TdT) and CD41/61)21-25.

Laboratory Data

Bone marrow reports were reviewed for information about dysplasia in one or more 

hematopoietic lineages. Cytogenetic data was stratified into three subgroups (modified from 

previous reports26-28): Poor-risk (-5, -7, 11q abnormalities, +8, miscellaneous abnormalities 

and complex karyotype – defined as more than 3 cytogenetic abnormalities), good-risk 

(t(8;21) or Inv(16), t(16;16)) and intermediate-risk (diploid or -Y).

Treatment

Patients received different treatment regimens according to the period of diagnosis and 

prevailing studies. The treatment regimens were divided into: Group 1 – Regimens with 

Ara-C and Anthracyclines. Group 2 – Regimens with Ara-C and Fludarabine, without 

anthracyclines. Group 3 – Regimens with Ara-C plus Topotecan. Group 4 – Other Ara-C 

containing regimens. Group 5 – Miscellaneous intensive chemotherapy regimens.

Criteria for Response, Definition of Disease Free Survival and Overall Survival

Complete remission (CR) was defined by the presence of less than 5% blasts in the bone 

marrow (BM) with more than 1×109/L neutrophils and more than 100×109/L platelets in the 

peripheral blood29,30. A relapse was defined by more than 5% blasts in a bone marrow 

aspirate unrelated to bone marrow recovery or by the presence of extramedullary disease. 

Disease-free survival (DFS) was calculated from the time of CR until relapse, death in CR 

or last follow-up. Event free survival (EFS) was calculated from the beginning of treatment 

until an event or last follow-up. An event was defined as relapse, death during induction or 

death in CR. Overall survival (OS) was calculated from the time of diagnosis until death or 

last follow-up.

Statistical analysis

Categorical and continuous variables were compared by the Chi-Square/Fischer exact test 

and Mann-Whitney U Test, respectively31. The survival curves were estimated using Kaplan 

Meier plots and compared by the log rank test32. Clinical and biological characteristics were 

analyzed for their association with survival using multivariate Cox proportional hazards 

models33. All computations were done in SAS (Cary, NC) and Statistica, version 6.0 (Tulsa, 

OK).
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Results

Clinical and Biological Features

There were 2,992 patients with newly diagnosed AML seen at the UT-MDACC during the 

specified period, and 108 had the diagnosis of AML-M6, corresponding to 3.6% of all 

patients with AML. The characteristics of patients with AML-M6 are summarized in Table 

1. They were different from with other AML subtypes in a number of characteristics. There 

was a slight male predominance (65% vs 55%, P= 0.05). They were older (P = 0.009), most 

often had previously received chemotherapy or radiotherapy for other neoplastic diseases 

(25% vs 15%, P = 0.003), and had a higher prevalence of antecedent hematologic disorder 

(AHD)/MDS (50% vs 41%, P = 0.05). They also had, at presentation, lower hemoglobin 

(Hb) levels (P < 0.001), lower white blood cell (WBC) count (P < 0.001), lower platelet 

count (P < 0.001), lower circulating blasts (P < 0.001), lower β2-microglobulin level 

(P=0.004), lower lactate dehydrogenase (LDH) level (P=0.01) and a higher prevalence of 

poor-risk cytogenetic abnormalities (69% vs 46%, P<0.001), including complex karyotypes 

(52% vs 23%, P<0.001). BM dysplasia of all three lineages was also more frequent in 

patients with AML-M6. Seventy-eight percent of evaluable patients with AML-M6 had 

erythroid lineage dysplasia (vs 31% in non-M6 AML, p < 0.001), 45% had granulocytic 

lineage dysplasia (vs 33% in non-M6 AML, p = 0.026) and 42% had megakaryocytic 

lineage dysplasia (vs 19% in non-M6 AML, p < 0.001).

Among these 108 patients, 78 (72%) presented with mixed proliferation of myeloid and 

erythroid blasts (AML-M6a). The median number of erythroblasts was 60% (43%-87%). 

One case had 43% erythroblasts on the bone marrow aspirate, but sheets of immature 

erythroblast were seen on biopsy. The median number of myeloid blasts (out of non-

erythroid cells) was 45% (range 19-90.3%). One case had 19% blasts seen on aspirate, but 

the number of immature myeloid cells was estimated to be 30% by the biopsy. Thirty 

patients (28%) presented with isolated proliferation of erythroid series alone (AML-M6b). 

The median number of blasts was 69% (31-94.6%). Twelve patients were tested for 

glycophorin A; it was positive in 11 (92%). The PAS stain was performed in 28 patients and 

was positive in 27 cases (96%), demonstrating coarse block-positivity, which is 

characteristic of erythroleukemias. There was a high correlation between PAS and 

glycophorin A positivity, with both tests being positive in 10 out of 12 samples (83%). Also, 

one patient was positive for CD71 (transferrin receptor), two patients were positive for 

CD36 and in one case iron was detected in blast cells. In one case the diagnosis was 

confirmed by electron microscopy. Iron stains were performed in 57 cases, and the median 

number of ringed sideroblasts was 3% (range 0-89%).

The two subgroups of AML-M6 (M6a and M6b) had different clinical and biological 

features, which are summarized in Table 2. Patients with pure erythroid leukemia (M6b) 

more often had history of prior treatment for other malignancies (p = 0.01). They also had 

lower platelet counts (p = 0.01), higher β2-microglobulin (p = 0.01), higher LDH (p = 0.004) 

and higher incidence of poor-risk karyotype abnormalities (p=0.03).
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History of AHD/MDS or Previous Therapy

The details of the previous diagnosis of hematological diseases and other neoplasms in 

patients with AML-M6 are summarized in Table 3. Fifty-four patients (50%) had a previous 

history of MDS or other AHD. Fifty (46%) had MDS and/or cytopenias, with a median 

duration of 3.5 months (1-72) prior to the diagnosis of AML-M6. Three patients had a prior 

diagnosis of myeloproliferative disorder (one patient with polycythemia vera, one with 

essential thrombocythemia and one with both polycythemia vera and MDS), and one case 

chronic lymphocytic leukemia as well as MDS. Twenty-seven patients had received 

previous chemotherapy and/or radiotherapy. The most common non-hematological 

malignancy was breast cancer in 7 patients (6.5%). Two additional patients had a history of 

solid tumors but had only received surgical treatment (one had lung cancer and one had 

prostate cancer).

Cytogenetic Analysis

The details of the cytogenetic analysis in patients with AML-M6 are summarized in table 4. 

Cytogenetic data was available in 106 patients (98%). In one case there were insufficient 

metaphases and in the second pre G-banding technique was used, and it was not considered 

in the final analysis. Overall, cytogenetic abnormalities were detected in 77 patients (71%). 

The most common abnormality was deletion of chromosome 5 and/or 7, which occurred in 

50 patients (46%). The karyotype was diploid in 29% of patients, and trisomy 8 was present 

in 8.3%. No patient with AML-M6 presented with good-risk cytogenetics. Also, 56 patients 

(52%) presented with a complex karyotype. Among these, 48 had deletion of chromosome 5 

and/or 7. There were 13 cases of chromosome 3 abnormalities (12%), including three 

monosomies and three translocations – one t(3;3)(q24;29), one t(3;5)(q23;q31) and one 

t(3;21)(q26;q22). Most of these patients had other associated poor chromosome 

abnormalities (12 patients, 11%). There were five patients (4.6%) with 19q13 abnormalities, 

including one translocation t(11;19)(q11;q13.3). All of these patients had other poor 

chromosome abnormalities with complex karyotypes.

Treatment Response and Survival

Patients were treated using different regimens of intensive induction chemotherapy, 

according to the time of diagnosis and the prevailing protocols. There was no difference in 

the proportions of patients with AML-M6 and non-M6 AML in the different treatment 

groups (data not shown).

Response and survival outcomes for all patients are summarized in table 5 and figure 1. The 

median follow-up for the entire cohort is 322 weeks. The CR rate for AML-M6 was 63% 

(versus 58% for non-M6 AML, p = 0.28). Seventeen patients with AML-M6 were refractory 

(15.7%) and 23 (21.3%) died at induction. The median OS was 33 weeks for AML-M6 

versus 43 weeks for non-M6 AML (p=0.13). The median EFS was 16 weeks for AML-M6 

versus 20 weeks for non-M6 AML (p=0.33). For those patients who achieved CR, the 

median DFS was 31 weeks for AML-M6 versus 49 weeks nor non-M6 AML (p=0.004).

Twenty-four patients with AML-M6 received a stem cell transplantation (SCT). Their 

median age was 50 years (compared to 62 years for those who didn't receive a SCT, P < 
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0.001). The stem cell source was a matched related donor in 13 patients, a matched 

unrelated donor in 9 patients, a haploidentical related donor in one patient and a cord blood 

unit in one patients. Transplants were performed in first remission in 13 patients, in second 

remission or first relapse in 6 patients and for refractory disease in 5 patients. The median 

time to SCT was 24 weeks (range 12-80 weeks). Thirteen patients have died after SCT 

(relapse = 7, infection = 4, GVHD = 2). The median OS after SCT was 37 weeks (range 

1-1,130+).

The treatment response and outcome of patients with AML-M6a and AML-M6b are 

summarized in Table 6. The two groups were treated similarly with a few notable 

exceptions. There was a lower proportion of patients with M6a receiving treatment group 2 

(Fludarabine + Ara-C) than those with M6b (2.5% versus 20%, p =0.005). There was a 

higher proportion of patients in the AML-M6a who underwent induction therapy in the 

protected environment (77% vs 53%, p = 0.02). There were no difference in the response 

rate, with a CR rate of 64% and 60% in AML-M6a and AML-M6b cohorts, respectively (p 

= 0.82). The median OS for AML-M6a was 39 weeks versus 15 weeks for AML-M6b (p = 

0.007). The median EFS was 24 weeks for AML-M6a versus 10 weeks for AML-M6b (p = 

0.02). The median DFS for AML-M6a was 35 weeks versus 8 weeks for AML-M6b (p = 

0.02) (Figure 2). As more patients with AML-M6a group underwent a SCT (23 patients with 

M6a were transplanted compared to one with M6b), we repeated the analysis comparing 

survival outcomes for the cohorts, including only with patients who did not receive a stem 

cell transplant. We found similar differences in OS, EFS and DFS (data not shown).

Treatment outcome also differed between patients with intermediate and poor-risk 

karyotype. The median DFS and OS were 51 (range 3-1,158+) and 117 (range 1-1,170+) 

weeks, respectively, for patients with intermediate risk karyotype. The same parameters 

were 20 (range 3-218) and 17 (range 0-677) weeks for patients in the poor karyotype 

subgroup (p < 0.001 for both) (Figure 3).

Prognostic Factors Associated with Survival

The following factors were associated with a worse disease-free survival by multivariate 

analysis: age, intermediate and poor-risk cytogenetics (versus good-risk cytogenetics), 

induction outside the protected environment, performance status greater than two, lower 

hemoglobin, and the presence of antecedent hematological disease/chemotherapy (Table 7). 

The diagnosis of AML-M6 was not an independent predictive factor for worse disease free-

survival (p=0.39). Similar results were found in the multivariate analysis for overall survival 

(Table 8). The subtype of AML-M6 (M6a and M6b) was also not an independent prognostic 

factor for disease-free and overall survival (data not shown).

Discussion

Acute myeloid leukemia is a heterogeneous disease34, and its outcome is directed by the 

presence or absence of several prognostic factors13,35. The most important ones include age, 

cytogenetics, performance status and response to treatment13,35. Most recently, molecular 

abnormalities such as mutations of NPM1 and FLT3 genes have been identified that are 

associated with a worse or better prognosis in patients with diploid AML36. The perception 
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that genetic and molecular abnormalities define unique subtypes of leukemias with 

important clinical and prognostic features has lead to an overall change of direction in the 

classification of AML, going from a pure morphological classification to a more genetic and 

molecular-based one, as seen in the most recent WHO classification. In this context, it is 

important to assess what is the independent prognostic value of the FAB morphological 

classification. Some subtypes (M0, M7) have a worse prognosis37-39, while others (M5) do 

not40.

In this report we analyzed the clinical and laboratory characteristics and survival outcomes 

of 108 patients with acute erythroleukemia and compared them with other patients with 

AML diagnosed and treated at the same time. We did not find a worse response to treatment 

or OS for these patients compared to patients with non-M6 AML. We did, however, note 

that AML-M6 is associated with a shorter DFS. In the multivariate analysis, the diagnosis of 

AML-M6 was not an independent prognostic factor, indicating that the shorter DFS of these 

patients is accounted for by the presence of other covariates, such as poor cytogenetic 

characteristics (which were more common in AML-M6 patients).

The classification of the erythroleukemias has always been fraught with controversy. Since 

their initial description, this group of patients have been variably considered as having 

leukemia, myelodysplastic syndrome and myeloproliferative disorders21. Di Guglielmo 

described two subtypes of erythroleukemias2,4. Di Guglielmo's syndrome is a mixed 

proliferation of myeloid blasts and erythroid elements. Di Guglielmo's disease is a pure 

proliferation of immature erythroid cells. The FAB classification in 1976 established the 

first set of criteria for AML-M6, which required the presence of abnormal erythroid cells 

accounting for more than 50% of total nucleate cells, as well as more than 30% blasts and 

promyelocytes6. The FAB recommendations were revised in 1985, and the requirement for 

diagnosis included abnormal erythroid cells being more than 50% of total nucleate cells and 

more than 30% of non-erythroid elements being blasts7. Both sets of criteria acknowledged 

Di Guglielmo's syndrome but excluded Di Guglielmo's disease. Many subsequent reports 

described patients presenting with a proliferation of immature erythroid cells without the 

presence of myeloid blasts, and suggested that those patients had a worse prognosis than the 

‘mixed’ subtype of AML-M624,25,41-46. The availability of glycophorin-A antibodies and 

other monoclonal antibodies for erythroid antigens (such as ABH antigens) permitted the 

recognition that some cases of ‘undifferentiated’ acute leukemia were actually minimally 

differentiated erythroleukemias25,45,47,48. Others have advocated a sub-classification of 

AML-M6 based on the percentage of pronormoblasts in the erythroid compartment49,50. The 

WHO classification in 2001 subdivided AML-M6 into two subgroups: one corresponding to 

the classic FAB, ‘mixed’ type (only now the lower threshold for myeloid blasts was 20%) 

and the other corresponding to the pure erythroid leukemia subtype, in which more than 

80% of bone marrow cells are immature cells (with an undifferentiated or pronormoblastic 

appearance) committed exclusively to the erythroid lineage8. Others, however, have 

described patients with clinical and pathological features similar to the WHO “pure 

erythroid leukemia” in which the percentage of erythroid blasts did not reach 80%51,52. In 

our series, we found 30 patients with characteristics suggestive of pure erythroid leukemia, 

but not all of them fulfilled the WHO criteria. These patients commonly had dysplastic 

features in the erythroid series and a high rate of PAS-positivity. PAS is not specific for 
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AML-M6, and can be positive in other leukemias including acute lymphoblastic leukemia53. 

However, the presence of coarse block-like PAS staining in blasts with absence of other 

markers (such as MPO and TdT) is suggestive of AML-M6. Glycophorin A is a 

sialoglycoprotein of the red cell surface which contains the antigen for the MN system54. It 

is a specific red cell marker, but it can be negative in AML-M648. The patients with AML-

M6b in our series had a worse outcome than the AML-M6a patients, confirming previous 

data50. In the multivariate analysis, however, the subtype of AML-M6 did not emerge as an 

independent risk factor.

Other reports of adult AML-M6 are summarized in Table 811,19,55. Our series confirm some 

of the findings in previous reports. In particular, the presence of pancytopenia, with low 

circulating blasts is typical of AML-M6, with very few patients presenting with elevated 

WBC (only six cases in our series had more than 12×109/L). No recurrent chromosomal 

abnormalities have been reported. Abnormalities of chromosome 5 and/or 7 with a complex 

karyotype were the most common cytogenetic aberration detected in our series, as well as in 

previous reports9,18,20,56. Abnormalities of chromosome 3 were also frequent in our series as 

well as other reports57. Approximately one-third of our patients had a normal karyotype, and 

this was associated with a higher DFS and overall survival. No cases of core binding factor 

(CBF) translocations (t(8;21) and Inv(16)/t(16;16)) were identified in our series. A recent 

study reported a high rate (10%) of chromosome 19 aberrations, in band 19q13.158. Five 

patients in our series had abnormalities of chromosome 19 at the same band, confirming this 

data.

The role of allogeneic SCT in acute erythroleukemia has been the subject of two 

reports59,60. In a recent report by the European Group of Blood and Marrow Transplantation 

(EBMT), among 207 patients with AML-M6 in first CR, 103 underwent an autologous and 

104 an allogeneic SCT. At 5 years, OS was 34 +/- 5% for patients receiving an autologous 

SCT, and 57+/- 5% for patients undergoing allogeneic SCT. DFS at 5 years was 26+/- 5% 

for autologous SCT and 57+/-5% for allogeneic SCT. However, only patients with de novo 

AML-M6 in first CR were included in this study, and cytogenetics data was available in 

only 79 patients. Among them, only 12 patients (15%) had poor-risk cytogenetics. In our 

report, patients who underwent allogeneic stem cell transplantation had a high survival rate 

after transplant (median 37 weeks). Furthermore, among the 10 patients who had long-term 

survival (> 3 years), 5 had undergone a stem cell transplant.

The most recent criteria for diagnosis of acute myeloid leukemia re-classify most cases of 

AML-M6 as other subtypes61. According to the recently published 4th edition of the WHO 

classification of hematologic and lymphoid tissues neoplasms61, cases of AML with 

complex karyotype and/or other cytogenetic abnormalities similar to those found in MDS 

(such as -5 and/or -7 abnormalities) are classified as ‘acute myeloid leukemia, 

myelodysplasia-related’. Cases of AML who had previously received chemotherapy and/or 

radiotherapy for other malignancies are classified as ‘therapy-related acute myeloid 

leukemia’. Approximately 50-60% of patients in our series would not be classified as AML-

M6 according to these criteria. Nevertheless, we sought to describe our clinical experience 

with this subtype of AML following the historical definition in order to better define its 

prognostic impact.

Santos et al. Page 8

Leukemia. Author manuscript; available in PMC 2014 November 03.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



In conclusion, our results confirm the importance of classic prognostic factors (especially 

cytogenetics) in the outcome of patients with AML-M6. The pathological diagnosis of 

AML-M6 does not impart by itself a worse outcome. There is need for more studies to 

define the specific pathological features of the two subgroups of this disease, in special the 

pure erythroid leukemia subtype. Treatment decisions for patients with AML-M6 (including 

the decision to do a stem cell transplant) should be guided by well established risk factors.
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Figure 1. 
Overall survival (A) and DFS (B) for Patients with AML-M6 versus AML-Other.
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Figure 2. 
Overall survival (A) and DFS (B) for AML-M6a patients versus AML-M6b.
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Figure 3. 
Overall survival (A) and DFS (B) for Patients with AML-M6 with intermediaterisk 

karyotype versus those with poor-risk karyotype.
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Table 1
Characteristics of AML-M6 vs AML-Other Patients (excluding APL)

Characteristics AML-M6 AML-Other P

No. Patients 108 2,884

Male Sex, no. (%) 70 (65) 1,600 (55) 0.05

Median Age, years (range) 60 (17-85) 59 (14-89) 0.009

PS 3-4, no. (%) 7 (6) 259 (9) 0.37

Prior AHD/MDS, no. (%) 54 (50) 1,169 (1,169) 0.05

Prior Chemo or XRT, no. (%) 27 (25) 423 (15) 0.003

Median WBC, ×109/L (range) 2.4 (0.34-45.1) 9.7 (0.2-433) < 0.001

Median Hb, g/dL (range) 7.7 (2.5-12.6) 8.3 (2-16.1) < 0.001

Median Platelets, × 109/L (range) 38 (3-222) 49 (1-2,292) < 0.001

Median PB Blasts, % (range) 3 (0-78) 24 (0-99) < 0.001

Median BM Blasts, % (range) 22 (2-92) 53 (0-99) < 0.001

Median Beta 2 Microglobulin, mg/L (range) 2.3 (1.2-13.3) 2.8 (0-31.3) 0.004

Median LDH, IU/L (range) 739 (226-25,980) 916 (66-58,586) 0.019

Cytogenetics < 0.001

 • Poor 75 (69) 1,329 (46)

 • Intermediate 31 (29) 1,129 (39)

 • Favorable 0 (0) 255 (9)

 • Complex 56 (52) 654 (23) < 0.001

BM Dysplasia* 85 1830

 • Granulocytic 38 (45) 605 (33) 0.026

 • Erythroid 66 (78) 563 (31) < 0.001

 • Megakaryocytic 36 (42) 353 (19) < 0.001

Protected Environment 66 (61) 1,713 (59) 0.71

*
There were 85 evaluable patients in the AML-M6 group and 1,830 patients in the AML-Other group. BM – bone marrow; Chemo – 

chemotherapy; PB – peripheral blood; PS – performance status; XRT – radiotherapy
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Table 2
Characteristics of AML-M6a versus AML-M6b patients

Characteristics AML-M6a AML-M6b P

No. Patients 78 30

Sex: Male, no. (%) 53 (68) 17 (55) 0.36

Median Age, Years (range) 57 (17-76) 61 (18-85) 0.07

Prior AHD/MDS, no. (%) 37 (47) 17 (57) 0.51

Prior Chemo or XRT, no. (%) 14 (18) 13 (43) 0.01

Median WBC, ×109/L (range) 2.1 (0.5-45.1) 3.6 (0.3-21.8) 0.07

Median Hb, g/dL (range) 7.7 (2.5-12.6) 7.7 (5.3-11.8) 0.33

Median Platelets, × 109/L (range) 45 (3-222) 21 (3-119) 0.01

Median β2 Microglobulin, mg/L (range) 2.1 (1.2-8.1) 3.2 (1.7-13.3) 0.01

Median LDH, IU/L (range) 677 (226-25,980) 1087 (399-17,313) 0.004

Cytogenetics*, no. (%)

 Poor 50 (65) 25 (86) 0.03

 Intermediate 27 (35) 4 (14)

BM Dysplasia**, no. (%) 56 (80) 14 (93) 0.28

Protected Environment, no. (%) 60 (77) 16 (53) 0.02

*
there were 77 available patients in M6a group and 29 in M6b

**
there were 71 available patients in M6a group and 14 in M6b
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Table 3
History of AHD/MDS and Chemotherapy/Radiotherapy in Patients with AML-M6

Disease Number (%)

AHD/MDS

MDS 45 (41.6)

Cytopenias 5 (4.6)

Polycythemia Vera 1 (0.9)

Essential Thrombocythemia 1 (0.9)

Polycythemia Vera + MDS 1 (0.9)

Chronic Lymphocytic Leukemia + MDS 1(0.9)

Previous Chemotherapy and/or Radiaton Therapy

Breast Cancer 7 (6.5)

Non-Hodgkin's Lymphoma 4 (3.7)

Multiple Myeloma 3 (2.7)

Hodgkin's Lymphoma 2 (1.8)

Prostate Cancer 2 (1.8)

Head and Neck Cancer 2 (1.8)

Acute Lymphoblastic Leukemia 2 (1.8)

Chronic Lymphocytic Leukemia 1 (0.9)

Lung Cancer 1 (0.9)

Osteosarcoma 1 (0.9)

Ovarian Cancer 1 (0.9)

Allogeneic SCT for MDS 1 (0.9)
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Table 4
Cytogenetic Data of Patients with AML-M6

Affected Chromosome Number (%)

Chromosome 3

Monosomy 3 3 (2.7)

t(3;3)(q24;q29) 1 (0.9)

t(3;5)(q23;q31) 1 (0.9)

t(3;21)(q26;q22) 1 (0.9)

Chromosome 5 and/or 7

-5 and/or -7 50 (46)

Chromosome 8

Trisomy 8 9 (8.3)

Chromosome 11

11q abnormalities 1 (0.9)

Chromosome 19

19q13 abnormalities 5 (4.6)

CBF Translocations

t(8;21) 0 (0)

Inv(16) or t(16;16) 0 (0)

Diploid or –Y 31 (28.7)

Complex Karyotype* 56 (69)

Other

Miscellaneous 15 (14)

Pre-banding techniques 1 (0.9)

Insufficient metaphases 1 (0.9)

*
Included in this group are 48 of the 50 patients with -5/-7
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Table 5
Response and Survival Data – AML-M6 versus AML-Other

Parameter AML-M6 AML-Other P

CR rate, no. (%) 68 (63) 1666 (58) 0.25

Median DFS, weeks (range) 31 (3-1,158+) 49 (0-1,281+) 0.004

Median EFS, weeks (range) 16 (0-1,170+) 20 (0-1,285+) 0.33

Median OS, weeks (range) 33 (0-1,170+) 43 (0-1,285+) 0.13
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Table 6
Response and Survival Data – AML-M6a versus AML-M6b

Parameter AML-M6a AML-M6b P

Complete Response, no. (%) 50 (64) 18 (60) 0.82

Median DFS, weeks (range) 35 (3-822+) 8 (3-1,158+) 0.02

Median EFS, weeks (range) 24 (1-831+) 10 (0-1,170+) 0.02

Median OS, weeks (range) 39 (1-831+) 15 (0-1,170+) 0.007
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Table 7
Multivariate analysis for Disease Free Survival

Characteristic Hazard Ratio P-value

Age 1.012 < 0.0001

Protective Environment 0.867 0.02

Hemoglobin 0.952 0.001

PS 2-4 1.34 0.02

Cytogenetics

 Intermediate vs Favorable 1.42 <0.0001

 Poor vs Favorable 2.34 <0.0001

AHD/MDS 1.17 0.009

AML-M6 1.13 0.39
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Table 8
Multivariate analysis for Overall Survival

Characteristic Hazard Ratio P-value

Age 1.02 < 0.0001

Protective Environment 0.70 < 0.0001

Hemoglobin 0.95 0.0001

PS 2-4 2.31 < 0.0001

Cytogenetics

 Intermediate vs Favorable 1.45 <0.0001

 Poor vs Favorable 2.49 <0.0001

AHD/MDS 1.21 <0.0001

Prior Chemotherapy 1.34 <0.0001

AML-M6 1.13 0.39
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Table 9
Selected Reports of AML-M6

MDACC Colita et al.55 Olopade et al.11 Atkinson et al.19

Time Period 1981-2006 1976-1999 1969-1991 1977-1990

Number 108 54 26 15

Median Age, years (range) 60 (17-85) 59 (19-84) 66 (6-85) 65 (16-85)

Male, no. (%) 70 (65%) 40 (74%) 16 (62%) 7 (47%)

AHD/MDS, no. (%) 54 (50%) NR NR 3 (20%)

Treatment-related, no. (%) 27 (25%) NR NR 4 (27%)

Median WBC, ×109/L (range) 2.4 (0.3-45.1) 3.24 (0.4-367) 3.7 (0.8-10.6) 2.9 (1.2-6.2)

Median Hb, g/dL (range) 7.7 (2.5-12.6) 8.5 (4.7-13.4) 6.5 (1.0-10.1) 7.2 (2.4-14.7)

Median Platelet count, ×109/L (range) 38 (3-222) 47 (6-334) 48 (12-819) 48 (3-259)

Median Erythroblasts, % (range) 61 (31-95) NR 64 (40-84) NR

Poor-risk Karyotype, no. (%) 75 (69%) 18 (33%) 17 (65%) 4/6 (66%)

CR Rate, % 63 54 62 30

OS, months (range) 8.2 (0-292+) 9 (NR) 5.7 (0.5-73.5) 3.2 (1-84+)

NR – not reported
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