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ABSTRACT 

Background: The growth of acute myeloid leukemia (AML) cells not only depends on cell-intrinsic factors but is also 

supported by tumor microenvironment (TME), which can be reflected by Peripheral blood monocytes. This study 

was aimed to assess the role of peripheral blood monocytes as a marker for TME on the AML outcome exclusively in 

the non-M4/M5 subtypes to limit the confounding effect of the accompanying monocytosis. Patients and Methods: 

We prospectively analyzed the impact of absolute monocyte count (AMC) on the outcome of 44 adults with de novo 

non-M4/M5 AML. The AMC values were obtained at diagnosis by hematology automatic analyzer and patients were 

classified based on their AMC level generated by the ROC curve into two groups: low (≤0.4x10 9 /L) and high 

(>0.4x10 9 /L); including 16 (36.4%) and 28 (63.6%) patients, respectively. Results: The Median duration for follow-

up was 8.2 (range 0.8-34.9) months, death, and relapse rates were significantly higher in the high AMC group, 

(P=0.028 and 0.001, respectively). There was no significant difference as regards complete remission, primary 

induction failure, or early death rates between both groups. Moreover, no statistical difference in 3-year Overall 

survival (OS) between low and high AMC groups except after ruling out early deaths (P=0.366 and 0.008, 

respectively). However, a statistically significant better Leukemia-Free Survival (LFS) was found in the low AMC 

group, (P=0.026). Conclusion: Peripheral blood monocytosis at the time of diagnosis, carries worse LFS and OS 

(only in patients without induction-related mortality) rates in non-M4/M5 AML patients. 

Keywords: Monocytosis, Acute Myeloid Leukemia, Tumor Microenvironment, Survival, Outcome. 
 

INTRODUCTION  

 Despite the marked improvement of survival, 

acute leukemia is associated with significant mortality 

risk 
(1)

. The growth of AML is supported by tumor 

microenvironment (TME), among them Leukemia-

associated Macrophages (LAMs) which are involved 

in the progression of leukemia
 (2)

.  

Peripheral blood monocytes are reflective of the 

TME status, particularly the immune status which 

facilitates immune evasion and affects patient clinical 

outcome 
(3)

. Moreover, Absolute monocyte count 

(AMC) was found to be linked with survival in acute 

myeloid leukemia with monocytic differentiation 
(4)

, 

various types of lymphoma 
(5-7)

 and chronic 

lymphocytic leukemia 
(8)

.  

Conversely, their relationship with myeloid 

malignancies including acute myeloblastic leukemia 

remains under-studied and controversial. So, this study 

was conducted to assess the impact of monocytosis as 

a marker for TME on the AML outcome exclusively 

on non-M4/M5 subtypes to evaluate the extreme 

monocytosis in these subtypes.      

This study was aimed to assess the role of 

peripheral blood monocytes as a marker for Tumor 

Microenvironment on the AML outcome exclusively 

in the non-M4/M5 subtypes to limit the confounding 

effect of the accompanying monocytosis.   
       

PATIENTS AND METHODS  

          This prospective cohort study included a total of 

44 patients with primary AML, aged ≥ 18 years, and 

all of them were chemotherapy naïve, treated at 

Clinical Hematology Unit, Zagazig university 

Hospital, Egypt, from January 2017 to February 2020. 

Ethical consent: 
         This study was ethically approved by the 

Institutional Review Board of the Faculty of Medicine, 

Zagazig University (ZU- IRB #2899). Written informed 

consent was taken from all participants. The study was 

conducted according to the Declaration of Helsinki.  

Enrollment criteria also included good performance 

status (PS) according to the Eastern Cooperative 

Oncology Group (ECOG) criteria, French American-

British (FAB); M0-2 with ruling out acute 

promyelocytic and monocytic differentiation AML. 

The diagnosis of AML and its subtypes was based on 

the morphological, immunophenotypic, and 

cytogenetic features of leukemic blast cells as stated in 

FAB 
(9)

, the WHO 2016 criteria 
(10)

 and the 

International System for Human Cytogenetic 

Nomenclature 
(11)

.  We used the clinico-laboratory 

information to determine age, sex, white blood cell 

(WBC) count with AMC, hemoglobin level, platelet 

count, and the percentage of peripheral and bone 

marrow blast cells. The WBC as well as AMC values 

were obtained by either manual differential method (in 

cases flagged for abnormal values) or the hematology 

automatic analyzer Sysmex XN-2000 (Sysmex, Kobe, 

Japan). A monoclonal mouse anti human CD34 

antibody (Thermo Fisher Scientific Invitrogen: Catalog 

# MA1-19119) was used for I immunohistochemical 

detection of CD34 in the bone marrow biopsy (BMB) 

on certain cases. Immunostaining was conducted on an 

automated immunostainer (Tec mate 500 plus, DAKO) 



https://ejhm.journals.ekb.eg/ 

 

6631 

utilizing a DAB-peroxidase based detection system 

after 20 minutes of microwave pretreatment of 

dewaxed formalin-fixed paraffin sections in citrate 

buffer (pH 6.0). (K5001, DAKO.). The percentage of 

CD34+ cells with immunoreactivity (membranous 

staining) was estimated by dividing the number of 

stained CD34+ cells by the total number of invading 

cells (stained and non-stained) Internal positive 

controls were human reactive peripheral blood cells. 

Sections incubated without primary antibodies served 

as a negative control, as in Figure 1.  

 
Figure (1): Bone marrow biopsy with 

immunohistochemical stained CD34+ blast cells 

Treatment plan and outcomes: 

 Standard anthracycline-based induction 

chemotherapy was given to all patients (3+7)   

followed by post-induction chemotherapy in the form 

of four courses of high dose Cytarabine
 (12)

. After one 

or two cycles, assessment was done; complete 

remission (CR) was defined as presence of ˂5% blasts 

in bone marrow (BM) aspirates/biopsies with 

maturation criteria and peripheral blood (PB) normal 

counts restoration with no extramedullary 

involvement
(13)

. 

Primary induction failure (PIF) was described as, 

failure to achieve CR after 2 chemotherapy cycles. 

While early death (ED): death within 30 days of 

chemotherapy initiation as an induction-related 

mortality 
(14)

. Appearance of ≥ 5% blast cells in the 

BMA/BMB or extra medullary leukemia was clinical 

criteria for relapse. While early relapse is considered 

within 6 months after CR. Leukemia free survival 

(LFS) was calculated from time of CR till relapse or 

death, and overall survival (OS) from the first date of 

diagnosis till the death or last follow-up. 

Follow-up: Once consolidation was completed, 

assessment was performed clinically and laboratory; 

CBC, with blood films were done periodically till the 

end of the study. BMA/BMB were done only if 

peripheral smear showed abnormality or development 

of cytopenia to exclude relapse as recommended by the 

NCCN guidelines 
(15). 

 Censoring was completed for 

patients who were indicated for allogeneic 

hematopoietic cell transplantation (HCT).                                                                 

Statistical analysis 

The pretreatment AMC was initially treated as a 

continuous variable and a receiver operating 

characteristic curve (ROC) depicted that the maximum 

value of the sum of sensitivity in addition to specificity 

obtained when 0.4x109/L used as a cutoff for survival 

outcome as binary endpoints. Therefore, an AMC 

cutoff of 0.4x109/L subsequently classified patients 

into low AMC (≤0.4x109/L) or high AMC 

(>0.4x109/L) groups. Data were tested for normal 

distribution using Kolmogorov test. Qualitative 

variables were compared using the chi-square or 

Fisher's exact test and the Mann Whitney test was used 

to calculate the difference between nonparametric 

quantitative variables. Spearman’s Rho correlation test 

was used for linear correlation. The OS and LFS were 

calculated using Kaplan-Meier method and compared 

by the log-rank test. All tests were 2-sided and a p-

value ≤0.05 equals a statistically significant difference. 

All statistical analyses were carried out by Statistical 

Package for Social Sciences (SPSS 20 Inc. Chicago, 

IL, USA).                                                                                                                 

RESULTS 

Forty-Four treatment-naive, adults with de novo 

M0-2 AML, were divided using their baseline AMC 

(by using ROC curve) (Figure 2A) into two groups low 

(≤0.4 x109/L) and high (>0.4 x109/L); including 16 

(36.4%) and 28 (63.6%) patients, respectively. 

1. Baseline characteristics 

Cohort features are reported in Table 1; Median 

age was 41 years (range, 17-73 years). All of them had 

ECOG-PS range from 0-1. There were 32 males and 

12 females with percentages (72.7%), (27.3%) 

respectively and a ratio of [2.6:1]. At the time of 

diagnosis, the median WBC count of the whole cohort 

was 14x109/L (2.4 ± 0.41) on admission, 7.5 g/dL for 

hemoglobin [8 ± 1.71], and 34x109/L [17 ± 4.12] for 

platelets. Meanwhile, the median BM blasts were 80% 

(78 ± 17.22and PB blast cells were 76% (79 ± 18.71). 

For all patients at diagnosis, the median AMC 

was 1x109/L, with range [0.1-25.5x109/L]. According 

to the FAB classification, four cases were M0 (9.1%), 

eight (18.2%) M1, and 32 (72.7%) were M2. 

Chromosomal analysis revealed that a favorable 

cytogenetic profile was present in patients six (13.6%) 

patients and 26 (59.1%) had an intermediate profile, 

while unfavorable cytogenetics was detected in only 

two patients (4.5%). cytogenetics couldn’t be obtained 

for 10 (22.7%) patients. Furthermore, the difference 

was statistically significant between groups in terms of 

ECOG-PS, P=0.039, and a higher frequency of M1 and 

M2 in the high AMC group, compared to the low 

AMC group where M2 was the most frequent FAB 

subtype, P=0.003. Moreover, a higher WBC and 

platelets were significantly correlated with the high 

AMC group (p<0.001 and p=0.008, respectively). 

However, there was no substantial statistical difference 

concerning age, sex, cytogenetic risk, BM or PB 

blast%, or hemoglobin level.       
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Table (1): Patient characteristics [median (range) or n (%)] in both groups 

Characteristics  

Initial AMC 
Total 

N=44 
P-value ≤0.4x10

9
/L 

N=16 

>0.4x10
9
/L 

N=28 

Age, Years 43 (17-58) 40 (22-73) 41 (17-73) 0.525 

Sex 
Female 2 (12.5%) 10 (35.7%) 12 (27.3%) 

0.096 
Male 14 (87.5%) 18 (64.3%) 32 (72.7%) 

ECOG-PS 
0 12 (75.0%) 12 (42.9%) 24 (54.5%) 

0.039 
1 4 (25.0%) 16 (57.1%) 20 (45.5%) 

FAB subtype 

M0 4 (25.0%) 0 (0.0%) 4 (9.1%) 

0.003 M1 0 (0.0%) 8 (28.6%) 8 (18.2%) 

M2 12 (75.0%) 20 (71.4%) 32 (72.7%) 

Cytogenetic Risk 

Failed 2 (12.5%) 8 (28.7%) 10 (22.7%) 

0.193 
Favorable 4 (25.0%) 2 (7.1%) 6 (13.6%) 

Intermediate 10 (62.5%) 16 (57.1%) 26 (59.1%) 

Unfavorable 0 (0.0%) 2 (7.1%) 2 (4.5%) 

WBCx10
9
/L at diagnosis 2.4 ± 0.41 28 ± 6.42 14 ± 3.31 <0.001 

AMCx10
9
/L at diagnosis 0.2 ± 0.31 3.1 ± 0.84 1 ±0.42 <0.001 

HB, g/dL at diagnosis 8 ± 1.71 7 ± 1.51 7.5 ± 1.61 0.921 

PLTx10
9
/L at diagnosis 17 ± 4.12 42 ± 10.21 34 ± 8.34 0.008 

PB. Blast % at diagnosis 79 ± 18.71 75 ± 17.11 76 ± 15.61 0.337 

BM Blast % at diagnosis 78 ± 17.22 84 ± 19.51 80 ± 18.44 0.617 
AMC: absolute monocyte count; ECOG-PS: Eastern Cooperative Oncology Group- performance status; FAB: French-American-

British; BM: bone marrow; PB: peripheral blood; WBC, white blood cell count; Hb; hemoglobin; PLT: platelets 

                   

2. Disease outcome: 

Twenty-eight (63.6%) patients achieved CR, while 16 (36.4%) patients didn’t, after at least two full doses of 

induction chemotherapy (PIF). Whereas early death within the first month of induction therapy was recorded in 10 

patients (22.7%). At the end of follow-up, the total deaths recorded were 26/44 (59.1%). 

Observation of the cases that achieved CR revealed that12/28 (42.9%) cases were relapsed, and 8 (18.2) patients 

got HCT either after CR1 in those with abnormal cytogenetics or CR2 in relapsed patients. Moreover, both death and 

relapse rates were significantly higher in the high AMC group, 20 (71.4%), and 12 (66.7%) versus 6(37.5%) and 0 

(0.0%) in the low AMC group, P= 0.028 and p= 0.001, respectively. However, there was no significant difference in 

CR rates, PIF, ED or those who underwent HCT, Table 2.   

 

Table (2): Patients clinical outcome according to the initial AMC  

Outcome  

Absolute Monocyte Count at Diagnosis 
Total 

 

(N=44) 

P-value 
≤0.4 10

9
/L 

N (%) 

>0.410
9
/L 

N (%) 

N=16 N=28 

Response to 

Treatment 

CR 10 (62.5%) 18 (64.3%) 28 (63.6%) 
0.906 

NR 6 (37.5%) 10 (35.7%) 16 (36.4%) 

ED 
Yes 6(37.5%) 4(14.3%) 10 (22.7%) 

0.077 
No 10(62.5%) 24(85.7%) 34 (77.3%) 

PIF 
Yes 6(37.5%) 10(35.7%) 16(36.4%) 

0.906 
No 10(62.5%) 18(64.3%) 28(63.6%) 

Underwent HCT 
Yes 4 (25.0%) 4 (14.3%) 8 (18.2%) 

0.375 
No 12 (75.0%) 24 (85.7%) 36 (81.8%) 

Death 
Yes 6 (37.5%) 20 (71.4%) 26(59.1%) 

0.028 
No 10 (62.5%) 8 (28.6%) 18(40.9%) 

Relapse* 

(Within Responders) 

 N=10 N=18 Total N=28 

0.001 Yes 0 (0.0%) 12 (66.7%) 12 (42.9%) 

No 10 (100.0%) 6 (33.3%) 16 (57.1%) 
AMC: absolute monocyte count; CR: complete remission, NR: no remission, PIF: primary induction failure, ED: early death, 

HCT: hematopoietic cell transplantation, ED: early relapse. (*) relapse calculated among patients who achieved CR. 
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3. Correlation between different study parameters: 

            There was a direct major linear correlation 

between the initial AMC and ECOG-PS, PB blast% 

(Figure 2E) and TLC (Figure 2F); (P= 0.019, P= 0.021 

and P<0.001, respectively). However, correlation was 

not statistically significant between AMC and the other 

parameters, Table 3.  

 

Table (3): Correlation between Absolute Monocyte 

Count at Diagnosis and other studied parameters  

Variables 
AMC at diagnosis 

r P-value 

Age, years -0.029 0.849 

ECOG-PS 0.353 0.019 

PB Blast % at diagnosis 0.385 0.021 

BM blast% at diagnosis 0.160 0.325 

WBCs10
9
/L at diagnosis 0.874 <0.001 

HB, g/dL at diagnosis 0.186 0.226 

PLTx10
9
/L at diagnosis 0.280 0.066 

r=correlation coefficient, AMC: absolute monocyte count; ECOG-

PS: Eastern Cooperative Oncology Group- performance status; 

BM: bone marrow; PB: peripheral blood; WBC, white blood cell 

count; Hb; hemoglobin; PLT: platelets. 

 

 

4. Survival analysis: 

The Median duration for follow-up was 8.2 

months for all patients with a range from 0.8-34.9 

months. The 3-year OS was 29.5% with a mean of 

14.0±2.2 months (95% CI; 9.6-18.5 months); and the 

median was 10.5±2.4 (95% CI; 3.9-17.1months); 

while, the 3-year LFS rate was 27.3% with a mean of 

15.6±2.6 months (95% CI; 10.6-20.7), and the median 

was 10.7±1.1 months (95% CI; 8.6-12.8); Table 4. 

Based on the Kaplan-Meier analysis summarized 

in Table 4, there was no statistical difference in 3-year 

OS between low and high AMC group (p=0.366); 

(Figure 2C). 

Besides, there was a statistical difference of 3-

year LFS in favor of the low AMC group (p=0.026); 

(Figure 2B). Because of the clear connection shown in 

our analysis between AMC and TLC, we can conclude 

that the adverse effects of proliferative leukemia with 

hyperleukocytosis in the high AMC patient group 

might cause a difference in OS. Thus, after exclusion 

of early deaths that occurred within the induction 

course, we found that low initial AMC had better OS 

when compared to high initial AMC, P=0.008;               

(Figure 2D). 

       Finally, the sample size in our analysis was 

relatively inadequate to run a multivariate cox-

regression model. 

 

Table (4): Overall and Leukemia-Free survival of the studied population in both groups 

Initial AMC 
Survival Rate 

% 
P-value 

Survival time, Months 

Mean (95% CI) Median (95% CI) 

The 3-years OS% 

≤0.4 62.50% 
0.366 

21.1 (13.4-28.8) NR 

>0.4 21.80% 9.8 (6.9-12.7) 9.6 (2.2-17) 

Overall 29.50% 
 

14 (9.6-18.5) 10.5 (3.9-17.1) 

The 3-years LFS% 

≤0.4 100% 
0.026 

No statistics are computed 

because all cases are censored. >0.4 14.60% 

Overall 27.30% 
 

15.6 (10.6-20.7) 10.7 (8.6-12.8) 

The 3-years OS% on ruling-out ED 

≤0.4 100% 
0.008 

No statistics are computed 

because all cases are censored. >0.4 25.40% 

Overall 38.20% 
 

17.9 (12.9-22.9) 14.3 (10.5-18.1) 

 

OS: overall survival, SE: Standard Error, 95% CI: 95% Confidence Interval, LFS: Leukemia-Free survival, ED: Early Deaths 
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Figure (2): [A] Receiver operating characteristic curve (ROC) for AMC (absolute monocyte count) at diagnosis for 

survival analysis, [B] Leukemia-free survival as regard the AMC level at diagnosis, [C] Overall Survival of the 

studied population as regard the AMC level at diagnosis, [D] Overall Survival of the studied population as regard the 

AMC level at diagnosis after ruling-out early deaths, [E] Linear correlation between the AMC and peripheral blood 

blast cells% at diagnosis. [F] Linear correlation between the AMC and WBC at diagnosis. 
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DISCUSSION  

Advances in AML management have led to 

enormous prognostic amelioration; particularly among 

younger patients. Yet, it still has poor survival rates as 

compared to other leukemia types 
(16)

.
 
 

Extreme monocytosis commonly takes place 

with certain hematopoietic malignancies including 

monocytic/myelomonocytic leukemia 
(17).

 However, 

the discrimination between promonocytes and 

abnormal or dysplastic monocytes can be quite 

challenging and difficult 
(18)

. 

 So, we excluded this category of patients 

from our cohort and studied the AMC obtained from 

the routine CBC and blood smear to delineate its 

prognostic impact and reflecting its role for the first 

time in patients having AML without monocytic 

differentiation.  

Our main findings revealed that, high AMC 

as categorized using the ROC curve; those with AMC 

level >0.4x109/L, found in 28(63.6%) patients, was 

significantly associated with higher death, relapse as 

well as, lower LFS rates. 

However, no difference was noticed with 

other response parameters, OS rate as regard the 

pretreatment AMC values. But, on ruling-out early 

deaths that occurred within the induction course to 

adjust monocytosis associating leukocytosis that 

subsequently can worsen the survival secondary to 

tumor lysis syndrome or leukostasis as a part of 

induction-related mortality, we found that high initial 

AMC was associated with a lower OS rate. Few 

studies investigate the significance of AMC in acute 

leukemia.                                  

     Feng et al.
 (19)

, reported that elevated 

initial AMC was associated with poor OS. These 

different findings might be due to several factors like 

they used 0.80 x 10
9
/L as the cut-off point of AMC for 

survival outcome of AML patients, and enrolled 

patients with different FAB subtypes including AML 

with monocytic differentiation (M4/M5), unlike our 

study where we focused on Non-M4/M5 subtypes to 

alleviate the extreme monocytosis in these subtypes. 

Also, different ethnicity which was found as, they 

included Chinese populations, causing possible 

differences in AML survival rates and the monocyte 

immune activity, might explain this discrepancy. 

Although their study was retrospective causing 

possible selection bias, they used a larger sample size 

as well as a longer follow-up period. However, the 

main agreement with Feng and his colleagues
(19)

 was 

the absence of any statistically significant difference in 

OS that was detected in non-M4/M5 subpopulation.                                                                                                                                     

Furthermore, in a different retrospective 

study elevated AMC was linked to inferior CR and OS 

rates 
(1)

. They used the same AMC cutoff point used by 

Feng and his colleagues
(19)

 with inclusion of 

monocytic/myelomonocytic leukemia subtypes within 

the study population.                                                                                                    

    Meanwhile, Bar and others found that the 

initial monocytes’ level didn’t significantly affect the 

DFS rate 
(20)

. Unlike in our study, their cohort included 

secondary AML cases and they didn’t specify the FAB 

subtype of the selected patients in addition to the 

retrospective nature of the study.                                                                                                                                                            

      Monocytes are crucial inflammatory 

response constituents and major inflammatory 

cytokines sources like IL-1, IL-6, and TNF-α. 

Typically, the prolonged inflammatory response 

potentiates neoplastic proliferation 
(21)

. Tumor-derived 

cytokines and growth factors incite impaired 

hematopoiesis that alters the myeloid cell 

differentiation process, enhancing myeloid-derived 

suppressor cells (MDSCs) proliferation and expansion 

which are similarly associated with monocyte 

phenotype but with added immunosuppressive effect 
(22)

. Both T-cells and NK cells, as well as antigen-

presenting cells, can be suppressed by MDSCs causing 

suppression of the beneficial immune reaction 
(23)

 and 

potentiation of cancer progression
 (24)

.
                                                                                                                                                                                                       

 

In addition, the recruitment of MDSCs 

promoted by monocytes-released inflammatory 

cytokines with their mentioned inhibitory properties in 

the BM of newly diagnosed adult AML. An increase of 

MDSCs was found to relate to lower remission and 

higher extra-medullary involvement rates, which could 

explain the adverse outcome of monocytosis in AML 
(25,26)

.
    

 
Furthermore, the evolution of monocytes 

into tumor-associated macrophages (TAMs) could be 

induced by tumor-cell derived cytokines and 

chemokines, like monocyte chemoattractant protein-1 

(MCP-1) and vascular endothelial growth factor 

(VEGF) 
(27)

, potentiating systemic immunosuppression 

and impacting tumor angiogenesis, invasion, and 

migration 
(28). 

TAMs that exist in the microenvironment of 

different types of leukemia are called LAMs, 

Accordingly, a high peripheral blood monocyte count 

could reflect a high leukemia tumor burden 
(3)

. 

      The main limitations of our study were the 

relatively small number of patients who were included 

in our cohort leading to univariate analysis alone 

besides being a single-center observation. However, to 

the best of our knowledge, we are the first to 

prospectively assess AMC role in this peculiar AML 

subtype to be confirmed in future studies.                                                             

 

CONCLUSIONS 

           It could be concluded that peripheral blood 

monocytosis at the time of diagnosis, may carry worse 

survival outcome in non-M4/M5 AML patients. 

However, being a simple, cheap, and readily available 

marker, further prospective studies on a larger scale 

are required to validate its prognostic significance in 

these populations considering the monocyte subsets. 
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