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Abstract: Background: Acute Myeloid Leukemia (AML) is a malignant clonal disorder of immature hematopoietic 

cells. Leukemic blasts may express abilities for maturation to a variable degree, which leads to morphologic 

heterogeneity. AIM: This study aimed at detection of PML-RAR by real-time quantitative polymerase chain reaction
 

(RQ-PCR) for monitoring minimal
 
residual disease (MRD) in patients with acute promyelocytic

 
leukemia (APL),and 

to study the clinical application of RQ-PCR  of  APL for detection of risk of
 
relapse  in different phases of treatment,

 

comparing these data with those yielded by conventional qualitative
 
reverse transcriptase-PCR.PATIENTS AND 

METHODS: Twenty one consecutive patients diagnosed as acute myeloid leukemia (M3) were included in this  

prospective study. Patients with cardiac and respiratory diseases were excluded. All patients were subjected to the 

following: full  history taking, complete clinical examination, some laboratory tests(complete blood picture &serum 

creatinine &serum alanine aminotransferase and serum bilirubin).Bone marrow asprite (BMA)for morphology and 

imunophenotyping (IPT) and cytogenetic studies as well as Real –time Qualitative PCR (RT-PCR)for detection of 

PML-RAR α gene in BMA  at diagnosis and after consolidation were done.Quantitative PCR ( RQ-PCR) in BMA 

sample  after induction phase and consolidation phase to detect normalized copy number (NCN) of PML-RAR α 

was also done. Samples were taken after informed consent, bone marrow (BM) samples were collected from APL 

patients into tubes containing EDTA anticoagulant before treatment for RT-PCR, after the induction therapy and 

after consolidation therapy for RQ-PCR. All patients received AML M3 protocol in the form of Induction phase: 

ATRA: 45mg\m2 divided into two doses orally till complete remission or maximally for 90 days; and Dounroubicin 

or doxorubicin: 60 mg/m2 I.V. for 3days (1 course). 
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Introduction 

Acute promyelocytic leukemia (APL) represents 10 to 15 percent
 
of the cases of acute myeloid 

leukemia in adults. This disease
 
is characterized by a specific cytogenetic abnormality i.e. balanced 

reciprocal translocation between chromosomes 15 and 17, that disrupt the retinoic
 
acid receptor α 

gene(RAR-α) on chromosome 17 and the promyelocytic
 
leukemia gene (PML), which encodes a 

transcription factor and
 
is located on chromosome 15.

1
 

The resulting fusion gene,
 
PML–RAR- , encodes a chimeric protein that causes an arrest

 
of 

maturation at the promyelocyte stage of myeloid cell development.
2
 

Patients with APL represent a marked hemorrhagic diathesis caused by disseminated intravascular 

coagulation (DIC) and excessive primary fibrinolysis. Introduction of all-trans retionoic acid (ATRA) has 

been the major breakthrough in the treatment of APLsince 1990s , doubled the survival rate expected
 
with 

chemotherapy and the complete remission rate was raised up to 90% to 95% and 5-year disease free 

survival (DFS) to 74% .
3
  

ATRA is currently recognized as the molecular targeted therapy directed at the chimeric protein 

generated by the specific chromosomal translocation in APL.
4
 

          Also, the use of arsenic trioxide (ATO) since early 1990s further improved the clinical 

outcome of refractory or relapsed as well as newly diagnosed APL. Because of the excellent response 

with ATRA plus chemotherapy, stem cell transplantation generally is not indicated in the first CR but 

might be considered for the high-risk patients.
5
 

Currently, patients with APL should be treated with ATRA, and anthracycline for induction, 

followed by chemotherapy consolidation. The role of ATRA during consolidation is not established. 

Maintenance therapy should include oral mercaptopurine, methotrexate and intermittent ATRA for up to 
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2 years. However, it is not clear whether maintenance chemotherapy actually prevents relapse in APL 

patients treated with ATRA and chemotherapy, especially after they have become negative for the PML-

RAR  transcript at the end of intensive consolidation chemotherapy. If short-term therapy without 

maintenance shows DFS rates identical to those for long-term therapy with maintenance, it would be 

beneficial for patients' quality of life as well as for medical costs.
5 

The specific PML-RARα transcripts permit not only a precise diagnosis but also provide markers for 

the identification of residual or recurrent disease.
6,7

 

It has become evident that PML-RARα-positive by qualitative nested reverse transcription-

polymerase chain reaction (RT-PCR) after consolidation or reappearance of a positive PCR during follow 

up are associated with a subsequent overt hematological relapse. However, a negative result does not 

guarantee persistence of remission.
7,8

  

A quantification of the leukemia burden by real-time quantitative RT-PCR (RQ-PCR) at diagnosis 

followed by a close monitoring after each treatment course and during follow up might improve the 

comparability of the different treatment approaches in APL and might give information on the individual 

prognosis.
9,10

 

 

Aim of the Work 

 This study aimed at:Detection of PML-RAR by real-time quantitative polymerase chain reaction
 

(RQ-PCR) for monitoring minimal
 
residual disease (MRD) in patients with acute promyelocytic

 
leukemia 

(APL) and to study the clinical application of RQ-PCR   of  APL for detection of risk of
 
relapse  in 

different phases of treatment. 

 

2. Patients &Methods 

Twenty one consecutive patients diagnosed as acute myeloid leukemia (M3) were included in this 

study.Their ages were ≥18 years with morphological  and immunophenotypic diagnosis of AML M3. 

Patients had positive PML-RAR α by qualitative PCR (RT-PCR) at time of diagnosis .Patients with 

cardiac and respiratory diseases were excluded.All patients were subjected to the following: complete 

history taking,full clinical examination, complete blood picture, serum creatinine,ALT and serum 

bilirubin. Bone marrow asprite (BMA) for morphology, imunophenotyping (IPT) and cytogenetic studies 

was done. Also, Real –time Qualitative PCR (RT-PCR) was done (for detection of PML-RAR α gene in 

BMA at diagnosis and after consolidation therapy) and quantitative PCR (RQ-PCR) in BMA sample(after 

induction phase and consolidation phase) was done to detect normalized copy number (NCN) of PML-

RARα. 

Sample:After informed consent, bone marrow (BM) samples were collected from APL patients into 

tubes containing EDTA anticoagulant before treatment for RT-PCR , after the induction therapy and after 

consolidation therapy for RQ-PCR.
11

 

All patients received AML M3 protocol in the form of :  A-Induction phase: 

1-ATRA: 45mg\m2 divided into two doses orally till complete remission or maximally for 90 

days.2-Dounroubicin or doxorubicin: 60 mg/m2 I.V. for 3days (1 course).B-Consolidation phase: Two 

courses of dounrobicin or doxorubicin : 60 mg/m2 IV for 3 days every month for two months.  According 

to RQ-PCR results after consolidation phase ;patients were divided into two groups :Group (A): NCN OF 

PML-RAR α ≤1.These patients were kept on follow up without treatment with ATRA.Group (B): NCN of 

PML –RAR α >1 or leukocyte count at diagnosis >10000/cmm.These patients received maintenance 

treatment in the form of oral mercaptopurine, methotrexate and intermittent ATRA for up to 2 years. 

During this period: Patients were kept on follow up for detection of relapse or remission which is defined 

as:Hematological remission: Normalization of peripheral blood and BMA<5%blasts and no promyelocyte 

in peripheral blood and BMA<5% blasts. Hematological relapse was considered if reappearance of 

>5%blasts in BMA or promyelocytes happened. 

 Statistical analysis 
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All tests were carried out with the SPSS 12.0 program (SPSS, USA). For univariate analyses, 
2
 and 

Fisher’s
 
exact test were performed to evaluate factors associated with

 
relapse. Relapse-free survival (RFS) 

for analysis after consolidation
 
therapy was defined as the time between the achievement of complete

 

remission and relapse or last follow-up. OS was defined as the time from achievement of complete 

remission
 
to death or last follow-up.

12
  

3. Results 

The present study included 21 patients diagnosed with acute myeloid leukemia M3.They were 

divided according post consolidation NCN (NCN2) into two groups:Group (A): NCN2 ≥1 and Group (B): 

NCN2 >1. 

There was no statistical significant difference between the two groups as regarding gender (Table1), 

Age (Table 2); Hb levels(g/dl), platelet count ((x10
3
/ccm), TLC(x10

3
/ccm) and PB promyelocyte (%) 

(Table3). BM promyelocyte (Table4 & Figure1), serum fibrinogen levels(Table5).There was statistical 

significant difference between the two groups as regarding OS, in group A it was  (13±17.8) and in group 

B it was (7.39±13)(Table 6 & Figure 2). 

There was statistical significant difference between the two groups as regarding DFR: in group A it 

was (122±4.00) and in group B was (8.014±2). There was no statistical significant correlation between 

OS & DFR and hemoglobin levels or platelets count (Table 8).There was statistical significant correlation 

between OS& DFR and TLC (Table 7). There was no statistical significant correlation between OS& 

DFR and PB promyelocyte (%) (Table 7 & Figs. 3a and b). There was no statistical significant correlation 

between OS& DFR and BM promyelocyte (Table 9). There was no statistical significant correlation 

between OS& DFR and mean serum fibrinogen level (Table10). 

Post induction: there was no statistical significant correlation between OS & DFR and NCN 1(Table 

11); and postconsolidation, there was statistical significant correlation between OS& DFR and NCN2 

(Table 12& Figs. 4a and 4b). There was no statistical significant correlation between NCN1 (post 

induction) and NCN2 (post consolidation) and hemoglobin levels, TLC count, platelets count or PB  

promyelocytes (Table13). There was no statistical significant correlation between NCN1 and NCN2 and 

BM promyelocytes (Table 14). There was no statistical significant correlation between NCN1 and NCN2 

and serum fibrinogen (Table 15). 

 

Table 1: Statistical comparison between group (A) and group (B) as regarding gender: 
 Group A (n=14) Group B (n=7) Total X2 p 

No. % No. % No. % 

Female 7 50.0% 4 57.1% 11 52.4% 0.1 >0.05 

Male 7 50.0% 3 42.9% 10 47.6% 

Total 14 100.0% 7 100.0% 21 100.0% 

 

Table 2: Statistical comparison between group (A)  and group (B) as regarding Age(years): 

 
Group A (n=14) Group B (n=7) 

Test of significance P 
Mean ±SD Mean ±SD 

Age 34.0714 8.73071 28.4286 8.14160 1.5 >0.05 

 
Table3: Statistical comparison between group (A) and group (B) as regarding CBC: 

 
Group A (n=14) Group B (n=7) Test of 

significance 
p 

Mean ±SD mean ±SD 

Hb (g/dl) 7.6286 1.74991 9.2286 2.28890 1.8 >0.05 

Platelets((x103ccm). 116.7141 77.672 73.714 63.27 1.3 >0.05 

TLC(ccm) 32821.4286 27288.15405 40542.8571 37618.34026 0.5 >0.05 

PB promyelocyte (%) 66.8571 17.29765 72.7143 18.49067 0.7 >0.05 

 

Table 4: Statistical comparison between group (A) and group (B )as regarding BM promyelocyte%: 
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Group A (n=14) Group B (n=7) Test of 

significance 
p 

mean ±SD mean ±SD 

BM promyelocyte 81.2857 12.30027 91.1429 7.35818 0.3 >0.05 
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91.1429

Group A Group B

 
(Figure 1) 

 

Table 5: Statistical comparison between group (A ) and group (B) as regarding  mean serum 

fibrinogen(mg%): 

 
Group A (n=14) Group B (n=7) 

Test of significance p 
Mean ±SD mean ±SD 

S.Fibrinogen  224.5000 69.81046 258.5714 88.58679 0.9 >0.05 

 

Table 6: Statistical comparison between group ( A) and group (B ) as regarding OS: 

     
Group A (n=14) Group B (n=7) 

Test of significance p 
Mean ±SD Mean ±SD 

OS(months) 13 17.8462 7.39196 13 3.002 <0.05 

0

5

10

15

OS(months) DFR (months) 

13 12

7.39196 8.0145

Group A Group B

 
Figure 2: Statistical comparison between group (A) and group (B) as regarding OS & DFR. 

 

Table 7: Correlation between OS & DFR and TLC (/ccm) and PB promyelocyte (%): 

 
OS DFR 

r p r p 

TLC -0.552 <0.05 -0.588 <0.05 

PB promylocyte  0.2790 >0.05 -.019 >0.05 

               

Table 8:Correlation between OS & DFR and blood hemoglobin level & platelets counts: 

 
OS DFR 

r p r p 
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Hb (gm/dl) 0.117 >0.05 -0.335 >0.05 

Platelets (x103ccm) -0.080 >0.05 -0.440 >0.05 

    

 
(Figure3a) 

   
(Figure 3b)

 

Table 9:Correlation between OS & DFR and BM promyelocyte (%): 

 
OS DFR 

r p r p 

BM promyelocyte -0.242 >0.05 0.035 >0.05 

       

Table10:Correlation between OS & DFR and mean serum fibrinogen levels(mg%): 

 
OS DFR 

r p r P 

S.Fibrinogen  -0.067 >0.05 0.088 >0.05 

 

Table11:Correlation between OS & DFR(months) and NCN 1(post induction):  

 . 
NCN1 

r p 

DFR 0.421 >0.05 

OS 0.048 >0.05 

 

Table 12:Correlation between OS& DFR(months) and NCN 2 (post consolidation): 

 
NCN2 

r p 

DFR -0.94 <0.001 

OS 0.62 <0.05 
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(Figure4a) 

 

 
(Figure 4b)  
Table13: Correlation between NCN1 (post induction) and NCN2 (post consolidation) and CBC: 

 
NCN1 NCN2 

r p r p 

Hb(gm%) 0.286 >0.05 0.328 >0.05 

Platelets(x103ccm). -0.250 >0.05 -0.265 >0.05 

TLC(ccm) 0.208 >0.05 0.172 >0.05 

PB promylocyte(%) 0.220 >0.05 0.193 >0.05 

 

 

Table14:Correlation between NCN1 and NCN2 and BM promyelocyte (%): 

 
NCN1 NCN2 

r p r p 

BM promylocyte  0.338 >0.05 0.353 >0.05 

 

Table15:Correlation between NCN1 and NCN2 and mean serum fibrinogen(mg%): 

 
NCN1 NCN2 

r p r p 

S.Fibrinogen  0.129 >0.05 0.108 >0.05 

 

4. Discussion 

Combined treatment with anthracycline- based chemotherapy and all trans retinoic acid (ATRA) are 

highly successful in acute promyelocytic leukemia (APL), providing long-lasting remissions and probable 

cures in up to 70% of newly diagnosed patients
6,15,17

.Nevertheless, the persistence of resistant clones 

causing relapse and low survival still represents a problem in 15–25% of patients
18,19

.   

Currently, detection of PML/RAR α transcripts by molecular techniques constitutes an important tool 

for monitoring MRD and predicting evolution in APL patients
20,21

.   
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Conventional qualitative reverse transcriptase polymerase chain reaction (RT-PCR) has been widely 

used for genetic diagnosis and therapeutic monitoring of APL. Several reports have shown that RT-PCR 

positivity after consolidation treatment predicts hematologic relapse, whereas persistent RT-PCR 

negativity test is associated with long-term survival and a low relapse rate
8,22

.  

Using conventional reverse transcription-polymerase chain reaction (RT-PCR) assays, it was evident 

that PCR positivity after consolidation completion is a strong predictor of subsequent hematologic 

relapse
23

.  

Recently, quantification of the PML/RARα copy number based on Real-time PCR approaches (RQ-

PCR) has become a new alternative for monitoring disease outcome. Although this approach suffers from 

some of the same problems as conventional RT-PCR, it has several advantages such as being highly 

sensitive, facilitating assessment of kinetics and being highly reproducible. Although several protocols 

have been developed for quantitative monitoring in APL
24-28

. In our study,  no correlation between DFR  

&OS and mean hemoglobin  level and mean platelets count (p>0.05); which is in agreement with Seok et 

al., and  Carlos et al.,
29,30

 who stated that  Hb levels and  platelets counts had no prognostic impact on 

relapse risk  in patients with acute promyelocytic leukemia.  

In this study,  there was a significant  correlation between DFR &OS and mean total  leukocytes 

count (TLC)  (p<0.05) i.e the greater number of TLC  at diagnosis was inversely proportional to OS & 

DFR, which is in agreement with Carlos et al.,
30

 who found that WBC count higher than 10000/µL 

(p=0.021)  at diagnosis were the only parameter associated with a shorter DFR and OS
30

.  

In the present study, there was no correlation between DFR &OS and peripheral blood 

promyelocytes or bone marrow promyelocyte, this is in agreement with studies  that stated parameters 

such as the number of blast cells in bone marrow or peripheral blood, had no prognostic impact on relapse 

risk or OS
30,31

.  

In this study ,there was  no correlation between NCN after induction (NCN1) & NCN after 

consolidation(NCN2) and   mean hemoglobin level or platelets count or peripheral blood promyelocyte 

,bone marrow promyelocyte or mean serum fibrinogen level,which is  in agreement with ZHU et al.,
32

 

who stated that there was no association of PML-RARα transcript type with sex, hemoglobin, platelet 

count, the percentage of promyelocytes or bone marrow or signs of clinically diagnosed 

coagulation/bleeding disorders.   

In our study, there was  no correlation between NCN after induction(NCN1) DFR  or  OS i.e NCN 1 

has no impact on OS or DFR, which is in agreement  with  studies those obtained by the GIMEMA2 and   

PETHEMA5 groups 
33

who observed no influence of PCR positivity after induction on treatment outcome 

or OS  .Also, it is in agreement with with many authors15,21,34,35
 who stated that there is no correlation was 

found between a positive test immediately after induction  therapy and outcome i.e actually, no significant 

differences in PML-RARα NCN values post-induction were observed between relapsed patients and those 

who remained in continuous complete remission
36

. 

In this study, there is correlation between NCN after consolidation (NCN2) DFR or OS  i.e the greater 

the value of NCN 2 more than 1 was associated with shorter OS &DFR and the less value of NCN 2  less 

than 1 was associated with more favorable outcome. This is in agreement with many authors
6,27,37 

who 

stated that regarding post-consolidation test of PCR, there was correlation between positive RQ-PCR assays 

and a high risk of relapse. However; in their series, as well as in other studies, the low number of positive 

cases detected at the end of consolidation limits the utility of this parameter
38

.   

Also ,Cassinat et al.,
10

 suggested that the MRD level after first consolidation may reflect the presence 

of resistant leukemic clones and, thus, that the magnitude of MRD reduction at this stage is related to 

clinical outcome . 

In this study, there was statistical difference between the two groups as regarding   OS  in group A  

and group B. In this study also, there was statistical difference between the two groups as regarding   DFR  

in group A  and group B  i.e 14 % relapsed in group( A) but 71 % patients were relapsed in group 

(B).This is in agreement with Miguel et al.
 30

 who found two groups with different probabilities of DFR 



Journal of Engineering Technology   
Volume 1, Jan. 2013, Pages 32-41 

 

 

and OS in patients with AML 3 who could be established based on the PML/RAR α  NCN: <1 NCN and  

1–10 NCN. And the two groups had 5-year DFR probabilities of 100%, 67% respectively.  

Also, this is in agreement with other studies
10,39

 who stated that  the 5-year probabilities of relapse 

and disease-free survival were 17.3±5.4% and 81.5±5.4%, respectively in group(1) which depend on 

NCN post consolidation  ≤1 and group (2) which depend on NCN  post consolidation > 1,  this is 

translated into a better outcome in terms of the probabilities of relapse (85.7±13.2% versus 7.3±4.1%, 

p<0.001) and disease-free survival (14.3±13.2% versus 91.2±4.3%, p<0.001).  

Also, this is in agreement with one study
40

, who stated that  patients with <1 NCN had a very 

favorable DFR especially when the test was performed during follow-up, post-maintenance therapy. By 

contrast, patients with >10 NCN had a very poor prognosis since all these patients finally relapsed 
40

.  

In conclusion, these data suggest that RT-PCR could be used as a complementary assay for the RQ-

PCR approach, especially within the subgroup with 1–10 NCN.Furthermore, it is important to note that 

the relatively high specifity of RT-PCR assay is not reason enough to substitute a highly sensitive, 

standarized and high through-put technology such as RQ-PCR.  
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