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Background and Aims: Significance of absolute number of CD34+ cells in the peripheral blood of patients with less than 1% 
myeloblasts by manual differential count is unknown and our aim is to study its relevance in clinical practice.
Methods: We studied 138 peripheral bloods flow cytometric analyses in patients with less than 1% myeloblasts by manual 
differential, when CD34+ events were present in the gate that encompassed lymphocytes, monocytes, stem cells, and blasts.
Results: The average absolute number of CD34+cells in the peripheral blood was 11 CD34+cells/µL ranging from less than 1 cell/µL 
to 147 cells/µL. The average absolute number of CD34+ cells in patients with an abnormal expansive process involving bone marrow 
(metastases, myelodysplasia, granulomas, marrow infections) or if bone marrow biopsy not performed, presumed expansive marrow 
process was 25 cells/µL, and in patients without an expansive marrow process (or presumed negative) was 4 cells/µL (P<0.00007). 
Cutoff 12 CD34+ cells/μL had 93% positive predictive value for bone marrow involvement by an expansive process and 78% negative 
predictive value.
Conclusion: Flow cytometric testing of the peripheral blood is extremely sensitive method for enumerating CD34+ cells and can 
detect fewer than one CD34+ cell/µL. The absolute number of CD34+ cells in the peripheral blood is a useful parameter in determining 
marrow involvement by an expansive process and may provide guidance with respect to the necessity for bone marrow biopsy.
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Introduction
Although numerous advances in characterization of myeloid neoplasms largely derived from gene expression analysis 
and next generation sequencing are now available, the percentage of myeloblasts in the bone marrow and peripheral 
blood remains the most important parameter in diagnosing acute myeloid leukemia, myelodysplastic syndrome, and 
myeloproliferative neoplasms.1 When myeloblasts are detected by microscopic examination of the peripheral blood 
smear, a subsequent bone marrow study is typically necessary to determine the significance of this finding. Microscopic 
examination of the peripheral blood with a differential count of 100 white blood cells, as a method of detecting blasts, is 
of limited accuracy and sensitivity. For example, one percent myeloblasts in a patient with a white blood cell count of 
7,000 WBC/µL (white blood cells/microliter of blood) indicates that there are already 70 myeloblasts/µL in the 
peripheral blood. The sensitivity at such low percentages may only be improved upon by counting increasing numbers 
of cells. Flow cytometric analysis of peripheral blood usually counts 20,000 leukocytes (ie, events) and is thus about 200 
times more sensitive than manual counting for detecting the low-level presence of myeloblasts in the peripheral blood. 
Enumeration of the absolute number of CD34+ cells in the peripheral blood by flow cytometry has been performed for 
more than 28 years.2 Basal levels of CD34+ cells in peripheral blood differ between individuals and are typically stable 
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for 18 months.3 The CD34+ cells, which most frequently represent myeloblasts co-expressing CD34 and CD33, are 
present in the circulation in about one-tenth the concentration seen in the bone marrow (0.2% vs 1.8%).4 According to the 
medical literature3,5 and our study, flow cytometric analysis of the peripheral blood can accurately detect and enumerate 
even less than one myeloblast/µL.

At the time of this study, there are no reports in the medical literature concerning the absolute number of CD34+ cells 
in the peripheral blood in patients with various peripheral blood hematological abnormalities and with less than 1% 
myeloblasts obtained by manual count on glass slide smear. Our study determined the significance of enumerating these 
low-level myeloblast percentages in the peripheral blood by comparing them to the bone marrow pathology. We found 
that the absolute number of CD34+ cells (as well as percentage) determined from these flow cytometry studies of 
peripheral blood, may provide a reasonable guide in determining the need for bone marrow biopsy.

Materials and Methods
Flow Cytometry
We analyzed 138 peripheral blood flow cytometric studies (133 patients, 62 women and 71 men) in whom CD34+ cells 
were recorded in a mononuclear gate that encompassed lymphocytes, monocytes, stem cells, and blasts on right angle 
scatter/forward scatter dot plot. Institutional Review Board approval for this study was obtained. Inclusion criterium was 
the presence of CD34+ events (cells) forming distinct cloud or cluster of bright dots comprising at least 0.1% of events on 
CD34/CD19 dot plot in a mononuclear gate. Patients in whom such CD34+ events were not detected were excluded from 
the study.

The lowest percentage of CD34+ cells in the targeted gate that our Beckman Coulter Navios flow cytometer was able to 
detect was 0.1%. Peripheral blood for flow cytometric study was collected in citric acid medium. Forward-light scatter versus 
side scatter (FSC vs SSC) gating strategy was used to select region that encompasses all mononuclear leukocytes (Figure 1) 
including stem cells, lymphocytes, blasts, and monocytes.6 This gate ensured that blasts and other progenitor cells that vary in 
size from small lymphocytes to monocytes would be included and that nonviable cells and residual nonlysed erythrocytes will 
be excluded. The absolute number of CD34+ cells in the peripheral blood was then obtained by using the same calculation 
sequence (formula) as is typically employed to determine the absolute number of T-lymphocytes in human immunodeficiency 
virus (HIV) infected patients.7 Multiparameter (six-color) flow cytometric analysis of the peripheral blood was carried out on 
the Beckman Coulter Navios flow cytometer. The CD34 antibody was conjugated with the allophycocyanin (APC) fluor-
ochrome and CD34 positive events were regarded as real only when they formed a cloud or cluster of dots in the mononuclear 
gate and if their percentage was at least 0.1% (Figure 1). Scattered CD34+ dots were regarded as nonspecific staining (dust-like 

Figure 1 Flow cytometric peripheral blood forward-angle light scatter (FS)/right-angle light scatter (SS) dot plot and CD19/CD34 dot plot. Gate A (area inside black line in 
a trapezoid form) encompasses lymphocytes, stem cells, blasts and monocytes and excludes dead cells and nonspecific particles. 
Abbreviations: FS, forward scatter; SS, side scatter; ECD, PE-Texas red tandem; APC, allophycocyanin.
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artifacts) and such finding was regarded as negative for the presence of CD34+ cells and excluded from the study. The CD1a+ 

(coupled with APC fluorochrome) events in the targeted gate were also examined in all patients to further exclude artifacts of 
nonmyeloblast/stem cell events. All patients included in our study were required to show essentially no CD1a+ co-expressing 
events. This selection process was used, rather than attempting to subtract CD1a+ cells from CD34+ cells, to prevent the 
introduction of false positive data. Patients with T-lymphoblastic leukemia (T-ALL) were excluded from our study because 
they all had more than 1% blasts by manual count on the peripheral blood smear. Patients with other types of acute leukemia 
were also excluded because they all had at least 1% of blasts in the peripheral blood at the time when flow cytometric analysis 
of the peripheral blood was performed. Our panel for flow cytometric study of the peripheral blood used markers with 
fluorochromes as follows: Tube 1: Isotype IgG1 (FITC fluorochrome), Isotype IgG1 (Pe fluorochrome), isotype IgG1 (ECD 
fluorochrome), isotype IgG1 (Pc5.5 fluorochrome), CD45 (Pc7 fluorochrome), isotope IgG1 (APC fluorochrome); Tube 2: 
CD5 (FITC fluorochrome), CD10 (Pe fluorochrome), CD19 (ECD fluorochrome), CD20 (Pc5.5 fluorochrome), CD45 (Pc7 
fluorochrome), CD22 (APC fluorochrome); Tube 3: CD Kappa (FITC fluorochrome), CD Lambda (Pe fluorochrome), CD19 
(ECD fluorochrome), CD20 (Pc 5.5 fluorochrome), CD45 (Pc7 fluorochrome), CD34 (APC fluorochrome); Tube 4: CD33 
(FITC fluorochrome), CD10 (Pe fluorochrome), CD13 (ECD fluorochrome), CD117 (Pc5.5 fluorochrome), CD45 (Pc7 
fluorochrome), CD34 (APC fluorochrome); Tube 5: CD7 (FITC fluorochrome), CD15 (Pe fluorochrome), CD14 (ECD 
fluorochrome), CD HLA-DR (Pc 5.5 fluorochrome), CD45 (Pc7 fluorochrome), CD1a (APC fluorochrome), Tube 6: CD8 
(FITC fluorochrome), CD4 (Pe fluorochrome), CD2 (ECD fluorochrome), CD56 (Pc5.5 fluorochrome), CD45 (Pc7 fluor-
ochrome), CD3 (APC fluorochrome). All of these antibody (CD) markers are ASRs (analyte specific reagents) manufactured 
by Beckman Coulter. Analysis was performed by Beckman Coulter Navios software.

Peripheral Smear Evaluation and Complete Blood Count (CBC) Analysis
Peripheral blood smears were stained by standard Wright/Giemsa stain. A manual differential count on 100 WBC was 
performed by either of two hematopathologists (OCE, TMJ) with the Olympus microscope at 600× magnification. The 
percentage of cells was compared to that obtained by automated hematology analyzer (Beckman Coulter DxH 900) and if 
discrepancy was present, recounting was performed.

Whole blood was collected in EDTA medium and CBC analysis was performed by automated hematology analyzer 
(Beckman Coulter DxH 900). The leukocyte count obtained from this analysis was subsequently used in the calculation 
of circulating CD34+ cells.

Enumeration of CD34+ Cells
The absolute number of CD34+ cells was calculated by utilizing a dual platform-based method consisting of data 
obtained from the flow cytometry study, number of leukocytes in the peripheral blood determined by CBC analysis, and 
sum of the percentage of lymphocytes and monocytes obtained by a manual differential count. The calculation method is 
presented here first by mathematical equation and then in detail step by step. Absolute number of CD34+ cells = (absolute 
number of mononuclear cells) × (percentage of CD34+ cells in mononuclear gate)/100.

For patient number (#) 42 in Table 1, Figure 1, a 62-year-old-man with presumed marrow involvement by mantle cell 
lymphoma, the absolute number of CD34+ cells in the peripheral blood was obtained as follows: a manual differential 
count yielded: 69% neutrophils, 2% bands, 2% eosinophils, 1% LGL (large granular lymphocytes), 20% small 
lymphocytes, and 6% monocytes. The sum of mononuclear cells (percentage of lymphocytes + percentage of monocytes) 
was 27% and with 13,600 WBC/µL, it yielded 3672 (lymphocytes + monocytes)/µL. Flow cytometric study showed that 
in the lymphocytic-monocytic gate (mononuclear gate) the percentage of CD34+ cells was 1.1% (Figure 1). This means 
that 1.1% of 3672 is the absolute number of CD34+ cells in the peripheral blood or 40.392 cells/µL (1.1 × 3672/100) or 
40 CD34+ cells/µL. The percentage of CD34+ cells in the peripheral blood is 0.297% of WBC (40.392 × 100/13,600).

The comprehensive clinical and laboratory data of 138 studies are presented in Table 1 and Table 2. Table 1 lists data 
from 48 patients (49 studies) with bone marrow involvement or presumed involvement by an expansive process (non-
reactive), while Table 2 lists data from 85 patients (89 studies) in which marrow is not or supposedly not involved by an 
expansive process.
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Table 1 Patients with Bone Marrow Involvement or Presumed Involvement by an Expansive Process (Excluding Simple Hyperplasia)

# G Age Diagnosis WBC CD34+ % 
CD34+

BM % 
mbl 
BM

% 
Lymphs 
+ Monos

% CD34+ Cells 
In Ly/Mono 

Gate

1 w 28 Anaplastic large cell lymphoma. Splenomegaly Hgb 8.5 Trc 117 3.1 1 0.031 Y 0 31 0.1

2 w 59 Non-Hodgkin lymphoma B cells comprise 20% of marrow cells. Hgb12.3 Trc 190 4.3 2 0.042 Y 0.5 42 0.1

3 w 81 B-CLL 70–75% of marrow is occupied by B cells. Trisomy 12 Hgb 10.7 Trc 144 3 copies of MDM gene 4.8 2 0.042 Y 0.5 42 0.1

4 m 67 Low grade B cell lymphoma small B- cells occupy 25–30% of marrow, FISH-negative, MYD 88-wild, 

46XY, Pancytopenia. Hgb 12.1 Trc 37

3.2 2 0.06 Y 0 60 0.1

5 w 75 RAEB-2 Monosomy 7 Hgb 10.2 Trc 121 1.8 3 0.188 ND 47 0.4

6 m 79 B-CLL occupies 95% of marrow, Hgb 7.1 Trc 46 5.3 3 0.061 Y NA 61 0.1

7 m 83 Plasma cell dyscrasia, 10% plasma cells, 1% monoclonal B cells Hgb 10.8 Pltl 204 5.0 3 0.056 Y 0 56 0.1

8 m 65 Multilineage dysplasia (MDS-MLD), 46XY, FISH for MDS is negative, Hgb 11.1 Trc 66 T cell receptor 

gene rearranged of unknown significance in bone marrow and blood. 527 LGL/µL

3.4 3 0.092 Y 0.5 46 0.2

9 w 67 Pancytopenia Hgb 9.7 Trc55360neutrohils/uL. MDS-EB-1 1.8 4 0.234 Y 8.5 78 0.3

10 w 77 Marrow replaced by B cell lymphoma Hgb 14.9 Trc 274 9.7 4 0.046 Y NA 23 0.2

11 w 64 MDS-low grade Hgb 9.8 Trc 275, 46XX, FISH-negative 1.6 4 0.249 Y 0.3 78 0.2

12 w 76 RAEB-2, Monosomy 7 Hgb 11.5 Trc 189 2.8 5 0.18 ND 36 0.5

13 w 51 Chronic phase CML. Hgb 15.6 Trc 298 14.5 5 0.036 Y 2 36 0.1

14 m 86 Pancytopenia Hgb 10.0 Trc 108 1.1 5 0.441 ND 63 0.7

15 w 68 MDS-MLD. Point mutation-NGS. Hgb 11.1 Trc 88 4.4 6 0.142 Y 0 71 0.2

16 w 71 Pancytopenia, Sarcoidosis H Hgb 11.6 Trc 14 4.6 6 0.129 ND 43 0.3

17 m 61 Prostate cancer MCV 114.3 fL Hgb 15.0 Trc 250 12.5 7 0.058 ND 29 0.2

18 m 71 In PB 3200 B-CLL cells/µL. Hgb 14.6 Trc 258 Merkel cell carc 12.8 7 0.058 ND 58 0.1
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19 w 59 2725 B-CLL cells/µL Hgb 14.1 Trc 260 13.2 8 0.059 ND 59 0.1

20 m 56 Hgb 12.5 Trc1 44. Two years later in marrow plasma cell dyscrasia, and lymphoma not specified. 12.5 8 0.06 Y NA 30 0.2

21 m 53 5888 B-CLL cells/µL Hgb 16.2 Trc 214 18.4 10 0.052 ND 52 0.1

22 m 66 1540 LGL/µL Hgb 15.6 Trc 190 T cell receptor gene is rearranged 7.0 10 0.142 ND 71 0.2

23 m 95 Bicytopenia Hgb 11.2 Trc 262 2.7 10 0.378 ND 21 1.8

24 w 90 3650 B-CLL cells/µL Hgb 9.3 Trc 210 8.3 11 0.132 ND 66 0.2

25 m 80 8160 B lymphoma cells/µL Hgb 14.2 Trc 167 17.0 12 0.071 ND 71 0.1

26 w 79 MDS-MLD complex unfavorable karyotype Hgb 9.5 Trc 235 5.7 13 0.231 Y 1.2 33 0.7

27 m 57 8152 B-CLL cells/µL Hgb 15.9 Trc 169. 3 years ago, renal cell carcinoma 19.4 14 0.072 ND 72 0.1

28 m 51 7412 B-CLL cells/µL Hgb 15.5 Trc 282 21.8 15 0.069 ND 71 0.1

29 m 62 7456 B-CLL cells/µL Hgb 16.2 Trc 115 23.3 16 0.069 ND 69 0.1

30 w 67 Classical Hodgkin lymphoma mixed cellularity Hgb 8.6 Trc 278 26.0 17 0.065 ND 13 0.5

31 w 48 MDS-MLD Hgb 7.3 Trc 28 1.9 17 0.91 Y NA 70 1.3

32 m 63 Prostate cancer Grade group 1 Hgb 15.6 Trc 248 16.5 18 0.108 ND 54 0.2

33 m 70 Small cell lung cancer. Hgb 13.4 Trc 26 16.5 22 0.133 ND 19 0.7

34 m 71 Adenocarcinoma replacing marrow. Hgb 6.6 Trc 37 8.5 22 0.256 Y NA 16 1.6

35 m 76 6280 B cells/µL Hgb 13.9 Trc 317 20.5 23 0.114 ND 57 0.2

36 m 66 Mantle cell lymphoma involves 70% of marrow. Hgb 8.5 Trc 101 14.9 24 0.016 Y 0 80 0.2

37 w 88 17 CD10+ B cells/µL. Hgb 8.6 Trc 45 3.5 25 0.715 ND 55 1.3

38 m 74 CML Hgb 13.4 Trc 420 29.6 27 0.092 Y 0.3 23 0.4

39 m 73 Prostate adenocarcinoma, bone marrow metastases-autopsy. Hgb 11.0 Trc 39 17.0 35 0.204 ND 35 1.2

(Continued)
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Table 1 (Continued). 

# G Age Diagnosis WBC CD34+ % 
CD34+

BM % 
mbl 
BM

% 
Lymphs 
+ Monos

% CD34+ Cells 
In Ly/Mono 

Gate

40 m 37 Chronic phase CML, Hgb 11.8 Trc 81 23.8 37 0.155 ND 31 0.5

41 m 74 Cryptococcus meningitis Hgb 8.5 Trc 205 23.8 38 0.16 ND 20 0.8

42 m 62 414 mantle cells/µL. Hgb 9.3 Trc 55 13.6 40 0.297 ND 27 1.1

43 w 82 38,645 B-CLL-cells/µL Hgb 13.0 Trc 161 20.3 49 0.089 ND 89 0.1

44 m 64 14,515 Mantle cells/µL Hgb 7.0 Trc 77 20.3 52 0.258 ND 86 0.3

45 m 72 65,333 B-CLL cells/µL. Hgb 7.7 Trc 15 82.7 80 0.097 Y NA 97 0.1

46 m 80 91,140 B-CLL cells/µL Hgb 8.4 Trc 153 13.02 109 0.084 ND 84 0.1

47 m 72 Primary myelofibrosis, Hgb 8.3 Trc 342 50 115 0.23 ND NA 10 2.3

48 m 88 41,186 B-CLL cells/µL. Hgb 8.5 Trc 46 65.0 126 0.194 ND 97 0.2

49 m 83 Primary myelofibrosis, JAK-2 mutation+ Hgb 12.4 Trc 735 20.8 147 0.705 Y 0 15 4.7

Note: #=number. 
Abbreviations: G, gender; w, woman; m, man; Hgb, hemoglobin (g/dL); Trc, thrombocytes (103/µL); FISH, fluorescence in situ hybridization; i.v., intravenous; MDS, myelodysplastic syndrome; MLD, multilineage dysplasia; B-CLL-B-cell 
chronic lymphocytic leukemia; CML, chronic myelogenous leukemia; WBC, white blood count 103/µL); BM, bone marrow; Y, Yes; ND, not done; NA, not applicable (bone marrow smear or touch preparation of insufficient quality to do 
differential count); Lymphs, lymphocytes; Monos, monocytes; Ly/Mono, lymphocytic/monocytic.
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Table 2 Patients with No Bone Marrow Involvement or Presumed Uninvolvement by an Expansive Process (Excluding Simple Hyperplasia)

# G Age Diagnosis WBC CD34+ %CD34+ BM % mbl 
BM

% Lymphs + 
Monos

% CD34+  
Cells in  
Ly/Mono 

Gate

1 w 60 Pancytopenia Hgb 10.3 Trc 36 1.8 0.38 0.021 ND 21 0.1

2 w 26 Pancytopenia, i.v. drug abuse, acute endocarditis, HIV, hepatitis C. Hgb 10.1 Trc 11 0.5 0.38 0.076 ND 76 0.1

3 m 59 Pancytopenia, 5-years ago stem cell transplantation for ALL. Hgb 9.0 Trc 139 4.6 0.46 0.01 ND 10 0.1

4 w 65 Bicytopenia, pseudthrombocytopenia, 205 T4-cells/µL Hgb 9.4 Trc 40 2.5 0.77 0.031 ND 31 0.1

5 w 71 Pancytopenia. Hgb 8.1 Trc 82 2.8 0.84 0.03 ND 15 0.2

6 W 39 i.v. drug abuser, Chronic hepatitis C. Microcytic anemia, Hgb 10.0 Trc 270 5.5 0.88 0.016 ND 16 0.1

7 w 72 Pancytopenia due to methotrexate for acute kidney injury. Hgb 7.9 Trc 46 0.6 0.9 0.156 ND 78 0.2

8 m 72 Anemia of chronic inflammation Hgb 10.2 Trc 176 3.0 0.93 0.031 ND 31 0.1

9 w 37 Pancytopenia, alcoholic liver cirrhosis. Hgb 9.1 Trc 80 platelet clumps 4.7 1 0.025 ND 25 0.1

10 w 71 Mild leukopenia Hgb 14.2 Trc 168 4.8 1 0.032 ND 32 0.1

11 w 33 Autoimmune hemolytic anemia Hgb 9.8 Trc 224 4.5 1 0.027 ND 27 0.1

12 w 78 Cold hemagglutinin, 1248 neutrophils/uL 2.6 1 0.049 ND 49 0.1

13 m 38 Pancytopenia Hgb 9.6 Trc 113 1.2 1 0.122 ND 61 0.2

14 w 46 Autoimmune hemolytic anemia Hgb 13.9 Trc 254 10.7 2 0.017 ND 17 0.1

15 w 29 Easy bruising Hgb 13.2 Trc 361 8.2 2 0.03 ND 30 0.1

16 m 56 Coombs positive hemolysis Hgb 14.5 Trc 356 4.5 2 0.054 ND 54 0.1

17 w 47 Mild thrombocytosis Hgb 13.0 Trc 458 5.4 2 0.033 ND 33 0.1

18 m 70 Nephrectomy for renal cell carcinoma 3 years ago. Hgb 14.4 Trc 140 7.4 2 0.029 ND 29 0.1

19 w 58 Colectomy for ulcerous colitis, anemia. Leukopenia Hgb 11.0 Trc 248 3.9 2 0.051 ND 51 0.1

20 m 58 Prostate cancer group Grade 1, acute myocardial infarction Hgb 13.3 Trc 176 11.3 2 0.014 ND 7 0.2

21 w 36 Leukopenia Hgb 13.2 Trc 194 4.2 2 0.047 ND 47 0.1

(Continued)
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Table 2 (Continued). 

# G Age Diagnosis WBC CD34+ %CD34+ BM % mbl 
BM

% Lymphs + 
Monos

% CD34+  
Cells in  
Ly/Mono 

Gate

22 w 63 Hgb 14.7 Trc 106. Mildly enlarged abdominal lymph nodes 8.9 2 0.025 ND 25 0.1

23 w 81 Serum monoclonal spike 0.2 g/dl, mild anemia Hgb 11.0 Trc 275 6.4 2 0.027 ND 27 0.1

24 w 50 HIV+ recurrent shingles Hgb 13.2 Trc 263 7.7 2 0.031 ND 31 0.1

25 m 33 Chronic renal failure on dialysis. Pancytopenia Hgb 9.1 Trc 93 2.8 2 0.069 ND 23 0.3

26 m 66 Persistent leukopenia Hgb 15.7 Trc 217, 1365 neutrophils/µL 3.5 2 0.06 ND 60 0.1

27 m 49 Mild leukocytosis Hgb 14.7 Trc 223 9.9 2 0.025 ND 25 0.1

28 m 53 Follicular lymphoma grade 2 treated. 2 years ago Hgb 15.3 Trc 202 6.2 2 0.029 ND 29 0.1

29 w 60 Iron deficiency anemia, Nodular sclerosis Hodgkin lymphoma, blastomycosis, Hgb 

8.7 Trc 627

11.7 2 0.016 ND 16 0.1

30 m 75 Mild thrombocytopenia Hgb 14.2 Trc 134 9.1 2 0.022 ND 22 0.1

31 m 60 Follicular lymphoma grade 2. Bone marrow is not involved Hgb 16.5 Trc 226 5.9 2 0.038 Y 1.5 38 0.1

32 w 71 Long time neutropenia likely due to drugs. 2016 neutrophils/µL Hgb 12.8 Trc 218 3.2 2 0.066 ND 33 0.1

33 w 68 Leukocytosis due to asthma treatment with corticosteroids. Hgb 9.5 Trc 423 18.0 2 0.012 ND 6 0.2

34 m 23 Hepatosplenomegaly, trace ascites. Hgb 15.0 Trc 321 7.6 2 0.026 ND 16 0.1

35 w 68 Systemic lupus erythematosus. Hgb 11.9 Trc 224 4.9 2 0.051 ND 51 0.1

36 m 69 Pancytopenia Hgb 7.0 Trc 90 3.2 2 0.062 ND 31 0.2

37 m 66 Leukopenia Hgb 15.7 Trc 142 3.9 2 0.048 ND 48 0.1

38 m 86 Pancytopenia Hgb 13.1 Trc 135 1.4 2 0.162 Y 0 81 0.2

39 w 45 iv. drug abuser, hepatitis. Hgb 13.0 Trc 89 3.0 2 0.052 ND 52 0.1

40 w 55 Subacute combine degeneration, epilepsy, Hgb 11.1 MCV 104.2 fL, Trc 380 4.7 2 0.048 ND 48 0.1
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41 m 77 Anemia, eosinophilia 29%, Hgb 10.7 Trc 319 15.4 3 0.022 ND 11 0.2

42 m 71 Mycosis fungoides, Hgb 16.2 Trc 291 8.03 3 0.035 Y 1 35 0.1

43 m 79 Primary skin marginal cell lymphoma, Hgb 14.8 Trc 192 6.5 3 0.042 42 0.1

44 w 57 Necrotizing granulomas in lymph nodes. Hgb 12.4 Trc 384 6.0 3 0.052 ND 52 0.1

45 m 30 Liver cirrhosis, Hgb 7.3 Trc 90 7.2 3 0.044 Y NA 11 0.4

46 w 26 Hidradenitis suppurativa Hgb 13.2 Trc 368 8.1 3 0.042 ND 42 0.1

47 w 26 Hidradenitis suppurativa Hgb 15.0 Trc 6.7 3 0.04 ND 40 0.1

48 m 78 Possible cryoglobulin, Hgb 13.9 Trc 302 13.4 3 0.025 ND 25 0.1

49 m 68 Pancytopenia Hgb 12.3 Trc 34 4.4 3 0.066 ND 22 0.3

50 w 84 Deep vein thrombosis, pulmonary embolus, Hgb 12.2 Trc 289 6.3 3 0.042 ND 42 0.1

51 w 29 2,104 neutrophils/µL 477 eosinophils/µL, Hgb 13.0 Trc 219 5.3 3 0.051 ND 51 0.1

52 w 85 1250 neutrophils/µL, Hgb 8.2 Trc 103 5.0 3 0.055 ND 55 0.1

53 w 52 575 LGL/µL Hgb 13.7 Trc 331 11.5 4 0.039 ND 39 0.1

54 m 60 507 polyclonal B cells/µL Hgb 16.4 Trc 191 8.0 4 0.047 ND 47 0.1

55 w 65 Hgb 15.0 Trc 185 No other data available 7.2 4 0.052 ND 52 0.1

56 w 65 Hgb 12.4 MCV 76.7 fL, Trc 401, 49% lymphocytes, 7% monocytes 7.2 4 0.056 ND 56 0.1

57 w 67 58% lymphocytes, Hgb 13.0 Trc 336 6.9 4 0.063 ND 63 0.1

58 m 60 B cell small lymphocytic lymphoma, 179 CD5+CD19+ B cells/µL Hgb 14.8 Trc 292 5.1 4 0.072 ND 36 0.2

59 w 48 Diabetic neuropathy, Hgb 13.1. Trc 307 9.8 4 0.037 ND 37 0.1

60 m 22 2,058 neutrophils/µL Hgb 18.4 Trc 158, Body builder 4.2 4 0.096 ND 48 0.2

61 w 63 Colon cancer treated by surgery, 5-FU, irradiation. Hgb 13.5 Trc 283 2.9 4 0.154 ND 77 0.2

62 w 30 4788 lymphocytes/µL Hgb 13.4 Trc 293 12.6 5 0.038 ND 38 0.1

(Continued)
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Table 2 (Continued). 

# G Age Diagnosis WBC CD34+ %CD34+ BM % mbl 
BM

% Lymphs + 
Monos

% CD34+  
Cells in  
Ly/Mono 

Gate

63 m 74 Alcoholic fatty liver, Hgb 16.5, MCV 104.0 fL Trc 104 11.8 5 0.039 ND 39 0.1

64 w 70 Monoclonal gammopathy of unknown significance. Hgb 11.2 MCV 78.8 fL. Trc 255 10.7 5 0.048 ND 48 0.1

65 m 51 Hairy cell leukemia 13 years ago. Now 1456 LGL/uL Hgb 15.0 Trc 277 10.4 5 0.049 ND 49 0.1

66 m 72 Axillary lymph node metastasis of melanoma. Hgb 15.2 Trc 131 9.5 5 0.055 ND 55 0.1

67 w 27 Hidradenitis suppurativa. 588 LGL/µL Hgb 13.0 Trc 279 8.4 5 0.057 ND 57 0.1

68 w 66 1072 LGL/µL. T cell gene receptor rearranged, Hgb 14.8 Trc 401 7.4 5 0.064 ND 64 0.1

69 w 46 Follicular lymphoma g. 1–2. Hgb 15.1 Trc 255 7.6 5 0.069 ND 23 0.3

70 m 58 Platelet clumps Trc 141 Hgb 15.4, 452 polyclonal B cells/µL 5.3 5 0.104 ND 52 0.2

71 w 66 1554 neutrophils/µL. Hgb 14.0 Trc 352 4.2 5 0.126 ND 63 0.2

72 w 62 612 neutrophils/µL. Hgb 13.9 Trc 289, Colon cancer treated by surgery, 5-FU, 
irradiation

3.4 5 0.142 Y NA 71 0.2

73 m 62 Chronic obstructive lung disease. Hgb 13.6 Trc 283 10.7 6 0.058 ND 29 0.2

74 w 56 1768 LGL/µL, 739 polyclonal B cells/µL Trc 396, 2149 T4-cells/µL. 1741 T8-cells/µL 
Hgb 12.9

13.6 6 0.048 ND 48 0.1

75 w 38 Seronegative rheumatoid arthritis Hgb 12.7, Trc 443 14.0 6 0.045 ND 45 0.1

76 w 66 Erythrocytes 5.79 Hgb 16.9 Trc 454. Molecular studies for myeloproliferative 

neoplasms are negative.

12.4 6 0.052 ND 26 0.2

77 w 68 Diabetes mellitus, creatinine 1.4 mg/dL. Left below knee amputation. Hgb 10.4 Trc 

323

15.7 6 0.04 ND 40 0.1

78 m 68 621 neutrophils/µL Hgb 14.2 Trc 210 2.7 6 0.219 Y 1.5 73 0.3

79 m 57 LGL/µL Nicotine and marihuana abuse. Hgb 16.5 Trc 260 14.4 6 0.039 ND 39 0.1
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80 m 68 Bicytopenia, 1,008 LGL/µL Hgb 14.5 Trc 134 4.2 6 0.14 ND 70 0.2

81 m 54 Leukocytosis, smoker Hgb 16.2 Trc 254 12.1 8 0.07 ND 35 0.2

82 m 42 Mycosis fungoides Hgb 14.8 Trc 252 7.3 8 0.108 ND 54 0.2

83 w 54 Urinary infection. Traumatic brain injury. 1,134 LGL/µL Hgb 13.0 Trc 254 12.6 8 0.064 ND 64 0.1

84 w 49 Chronic obstructive lung disease. Hgb 13.9 Trc 326 12.5 9 0.076 ND 38 0.2

85 m 76 Primary skin follicular lymphoma. Hgb 15.6 Trc 218 15.2 9 0.061 ND 61 0.1

86 m 27 Hypogammaglobulinemia, Candida albicans infection of the pharynx. Hgb 10.9 Trc 

447

11.7 9 0.078 ND 26 0.3

87 m 56 Anemia of chronic inflammation. Hgb 12.0 MCV 93.5 fL Trc 211 13.3 11 0.084 ND 21 0.4

88 m 66 Nonalcoholic steatohepatitis. Hgb 16.9 Trc 281. 453 polyclonal B cells/µL, 903 

eosinophils/µL

12.9 13 0.102 ND 34 0.3

89 m 35 Cat scratch disease Hgb 14.7 Trc 163 10.7 13 0.124 ND 31 0.4

Note: #=number. 
Abbreviations: G, gender; w, woman; m, man; Hgb, hemoglobin (g/dL); Trc, thrombocytes (103/µL); FISH, fluorescence in situ hybridization; i.v., intravenous; MDS, myelodysplastic syndrome; MLD, multilineage dysplasia; B-CLL-B-cell 
chronic lymphocytic leukemia; WBC, white blood count 103/µL); BM, bone marrow; Y, yes; ND, not done; NA, not applicable (bone marrow smear or touch preparation of insufficient quality to do differential count); Lymphs, 
lymphocytes; Monos, monocytes; Ly/Mono, lymphocytic/monocytic.

Journal of Blood M
edicine 2023:14                                                                                                 

https://doi.org/10.2147/JB
M

.S417432                                                                                                                                                                                                                       

D
o

v
e

P
r
e

s
s
                                                                                                                         

529

D
o

v
e

p
r
e

s
s
                                                                                                                                                              

Jelic et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


For one patient flow cytometric study of the peripheral blood was performed on three occasions (Table 2 #46, #47, #67), 
and in three patients on two occasions each (#56, #57) and (#61, #72) Table 2 and in Table 1 (#5, #12).

Bone Marrow Evaluation and Clinical Information
Clinical and demographic information for each patient in this study, to include age, gender, and clinical diagnosis, was 
obtained via review of the electronic health record. In addition, the bone marrow pathology was reviewed, when 
available, as well as the corresponding cytogenetic data. Based on the sum of the clinicopathologic data, patients were 
classified into two groups as having either “expansive” or “nonexpansive” bone marrow process. In our study, expansive 
marrow process, refers to marrow involvement by an expansive abnormal pathological process such as metastases, 
lymphoma, leukemia, myelodysplasia, myeloproliferative processes, sarcoidosis, granulomatous, and inflammatory 
processes secondary to marrow involvement by infection. Myeloid hyperplasia due to pneumonia, erythroid hyperplasia 
due to B12 deficiency, or megakaryocytic hyperplasia in immune thrombocytopenia are not considered expansive 
marrow processes (atypically expansive) by our definition.

Statistical Analysis
Student’s t-test function for independent samples was used for statistical analysis. Relationships demonstrating a P-value of 
0.05 or less were considered statistically significant. Positive predictive value was calculated according to standard formula:

Positive predictive Value ¼ number of true positivesð Þ= number of true positivesþ number of false positivesð Þ. 
Negative predictive value was calculated according to standard formula:

Negative Predictive Value ¼ number of true negativesð Þ= number of true negativesþ number of false negativesð Þ.

Results
Detailed characteristics of the patients, their diagnoses, hematological parameters, and results of flow cytometric studies 
are presented in Table 1 and Table 2. The essential findings are as follows: the average absolute number of CD34+ cells in 
the peripheral blood in patients in whom these cells were detectable (138 flow cytometric studies) by flow cytometric 
method was 11 CD34+ cells/µL varying in a wide range (standard deviation 17.264) from less than 1 cell/µL to 147 cells/ 
µL. The average absolute number of CD34+ cells in patients (49 flow cytometric studies) with an expansive (or presumed 
expansive) process (neoplastic or inflammatory) in the marrow was 25 cells/µL, and in patients (89 flow cytometric 
studies) without an expansive marrow process (or presumed negative) was 4 cells/µL (P<0.00007). The average 
percentage of CD34+cells was 0.098% of leukocytes ranging from 0.01% to 0.715%. The average percentage of 
CD34+ cells in patients with bone marrow involved with expansive process or presumably involved was 0.171% and 
in patients with marrow not involved (or presumably not involved) was 0.057% (P<0.00008).

The lowest absolute number of CD34+ cells in our study was 0.38 cells/µL or 38 CD34+ cells per 100 µL of blood or 
0.021% of leukocytes. The patient was a 60-year-old woman with pancytopenia and 1,800 leukocytes/µL (patient #1 
Table 2). The highest absolute number was 147 CD34+ cells/µL or 0.705% of leukocytes. The patient was an 83-year-old 
man with primary myelofibrosis (JAK-2 positive) and 20,800 leukocytes/µL (#49 Table 1). The lowest percentage of 
CD34+ cells was 0.01% of peripheral blood leukocytes. The patient was a 59-year-old man with less than 1 CD34+ cell/ 
µL who had had stem cell transplantation five years earlier because of precursor B cell acute lymphoblastic leukemia (#3 
Table 2). The highest percentage was 0.715%, in an 88-year-old-woman with non-Hodgkin lymphoma (#37 Table 1). In 
a 26/27-year-old woman with hidradenitis suppurativa, flow cytometric study of the peripheral blood was performed 
three times in a 2-year period (studies #46, #47, and #67 Table 2). The absolute numbers of CD34+ cells were 3 cells/µL, 
3 cells/µL, and 5 cells/µL, respectively. In a 65/67-year-old woman with microcytic erythrocytes and minimal lympho-
cytosis, flow cytometric analysis of the peripheral blood documented four CD34+ cells/µL on both occasions in a two- 
year period (studies #56 and #57 Table 2). In a 75/76-year-old woman with refractory anemia with excess blasts-2 and 
monosomy-7 (studies #5 and #12, Table 1), flow cytometric analysis of the peripheral blood documented three CD34+ 

cells/µL and five CD34+ cells/µL in 2-month period respectively. A 46-year-old woman with bicytopenia (hemoglobin 
6.9 g/dL, 2500 leukocytes/µL) had by manual count on the peripheral blood smear 1% myeloblasts (she was not included 
in our study), thus 25 myeloblasts/µL. Her flow cytometric study of the peripheral blood documented 18 CD34+ cells/µL.
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A comprehensive analysis of patients’ clinical findings, hematological parameters, and bone marrow findings enabled 
us to separate patients into two distinct groups. One group of patients (48 patients, 49 testings) had bone marrow 
involvement by an expansive process (proved by bone marrow biopsy) or presumed involvement (if bone marrow was 
not performed) on the basis of clinical picture, imaging studies, hematological parameters, and nature of the patient’s 
disease. The other group of patients (85 patients, 89 testings) had marrow free of expansive process (excluding reactive 
marrow hyperplasia) or presumed free of expansive process. The average absolute number of CD34+ cells in the patients 
with an expansive process or presumed expansive process in the marrow was 25 cells/µL, while in the group without 
expansive processes it was four cells/µL. The difference was statistically significant (P<0.00007). Cut-off 12 CD34+ 

cells/μL had 93% positive predictive value and 78% negative predictive value in differentiating patients with bone 
marrow involvement or presumably bone marrow involvement by an expansive process, versus patients with bone 
marrow noninvolvement by an expansive or presumably expansive process.

Discussion
Our analysis of 138 studies in 133 patients (62 women, 71 men) with less than 1% of myeloblasts in the peripheral blood 
by standard manual count on glass slide smears demonstrated that flow cytometric analysis can accurately obtain the 
absolute number and percentage of the CD34+ positive cells in the peripheral blood. Our methodology adds to those 
previously described showing that flow cytometry provides a robust, accurate, and sensitive means of enumerating 
CD34+ cells in the peripheral blood and that this value within an individual remains rather constant over time.3 The 
stability of this value further validates the use of flow cytometry to accurately obtain and apply these data toward 
a clinical endpoint.

Several methods of quantification of CD34+ cells in the peripheral blood have been described (Milan-Mulhouse, 
ISHAGE, Sihon, Procount),8 including guidelines from the International Society of Hematotherapy and Graft 
Engineering (ISHAGE Guidelines)9 as well as modifications of this protocol.5 However, these protocols were primarily 
designed to quantify CD34+ cells in bone marrow transplant patients. Variations of flow cytometric methods included 
alterations in gating strategy, mainly CD45 versus right angle side light scatter was used, number of fluorochromes, and/ 
or standardized beads with the intent of enumerating the number of progenitor cells within a donor product.10,11 Our 
method is conceptually similar but not identical to the Milan-Mulhouse method and the ISHAGE suggested method. 
However, our method employs a simpler gating strategy that allows for testing and subsequent calculations to be more 
easily performed. Our gate drawn on the forward scatter vs side scatter dot plot excluded cell detritus and was broad 
enough not to miss CD34+ cells that may vary in size or might not express enough of CD45 to be gated on CD45/side 
scatter dot plot. Nonspecific binding of CD34 to cell dusts was eliminated since only cluster or cloud of CD34 brightly 
positive events were regarded as real and used for quantification of CD34+ cells. Moreover, since no CD3+ lymphocytes, 
CD19+ lymphocytes or CD14+ monocytes co-expressed CD34 coupled with APC were counted, and since CD1a coupled 
with APC was 0%, it is unlikely that CD34+ events in the targeted gate were contaminated by CD34+ nonspecific and/or 
nonmyeloblast/stem cell events. The CD45 versus right-angle light scatter gating is the most used approach to blast 
isolation and quantification in bone marrow.12,13 However, according to the literature and our findings, forward-angle 
light scatter versus right angle-light scatter gating strategy is ideal for peripheral blood analysis.14

Our results are remarkably similar to those obtained by other authors using different but similar methods. There is 
a consensus that, in normal individuals, the percentage of CD34+ cells in the peripheral blood is very low, ranging from 
0.01% to 0.1%, or an absolute count of 0.6 to 6 CD34+ cells/µL in a patient with a WBC count of 6,000 for example.5,9 

The median number of CD34+ cells in the peripheral blood determined by an ISHAGE-guided flow cytometric study was 
2.3 cells/µL in control subjects and 114 cells/µL in patients with primary myelofibrosis.15 Our findings similarly showed 
a low-level of circulating CD34+ cells in the patient group that, while not normal had nonexpansive bone marrow 
disorders but had hematological abnormalities that necessitated a flow cytometric study (average absolute number of four 
and mode of two CD34+ cells/µL).

Our study showed that determining the absolute number of CD34+ cells in the peripheral blood predicted whether the 
bone marrow would likely be involved by an expansive process or not. The difference between the average absolute 
numbers of CD34+ cells in each of group of patients was statistically significant (P<0.00007), with little overlap between 
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the two populations. For example, in a 70-year-old patient with small cell lung cancer (patient #33 Table 1) in whom 
bone marrow biopsy was not performed and who had 22 CD34+ cells/µL, we can conclude that his bone marrow was 
involved by metastases. We can reach the same conclusion for a 63-year-old man with prostate cancer (patient #32 
Table 1) who had 18 CD34+ cells/µL. By the same token we can conclude that a 70-year-old man with low normal 
number of platelets (patient #18 Table 2) who had had nephrectomy for renal cell carcinoma three years ago did not have 
bone marrow metastases since he had two CD34+ cells/µL in the peripheral blood. The absolute number of CD34+ cells 
in the peripheral blood of normal adult volunteers according to literature2 varied from about one to five CD34+ cells/µL. 
According to our study, in a context of clinical data and laboratory parameters, the absolute number of CD34+ cells in the 
peripheral blood may therefore have a significant impact on the decision to perform bone marrow biopsy which is 
a painful, invasive, and costly procedure. For example, our data show that in a patient with carcinoma in whom bony 
metastasis is suspected, a bone marrow biopsy may be avoided, and patient presumed to have metastasis if the number of 
CD34+ cells is elevated (12 or greater CD34+ cells/µL), so long as these data support the clinical and radiologic 
impression. In addition to avoiding a procedure for the patient, another perceived advantage of using this method of 
determining bone marrow involvement is the inevitable possibility of sampling error when the lesion is focal and may be 
missed on a limited core biopsy. The absolute number of CD34+ in the peripheral blood in certain clinical settings might 
serve as additional information for cancer staging purposes; however, additional studies to validate our data would 
clearly be necessary.

To gain a better understanding of the factors that influence the numbers of peripheral blood blasts, we evaluated the 
relationship between the flow cytometry results, the white blood cell count and the number of bone marrow blasts. 
A positive correlation was identified between the number of leukocytes and absolute number of CD34+ cells in the 
peripheral blood (Pearson's coefficient correlation=0.6971). This relationship seems reasonable as the cytokines which 
participate in the recruitment of leukocytes resulting in leukocytosis do so, in part, by acting on bone marrow cells in the 
same way administered cytokines act to mobilize CD34+ stem cells for allograft and auto transplantations. However, in 
settings where no clear association to a cytokine-driven process is evident, other pathologic mechanisms may be present, 
such as the expansive processes described in our study. Whether physical or biochemical in nature, these pathologic 
processes may alter the microenvironment of the bone marrow, allowing the inappropriate release of immature cells into 
the peripheral blood. The 74-year-old man (#41 Table 1) with severe lung infection with Cryptococcus also had 
Cryptococcus meningitis with numerous Cryptococci in histiocytes in the cerebrospinal fluid. In his peripheral blood 
were 23,800 WBC/µL and 38 CD34+ cells/µL. Since the percentage of his CD34+ cells was 0.16% of leukocytes, similar 
to the average percentage in patients with marrow involvement by an expansive process (0.171%), we inferred that the 
increased number of CD34+ cells (38 cells/µL) was due to bone marrow involvement by infection (inflammatory tumor) 
with Cryptococcus (bone marrow was not done) and not only to leukocytosis per se. Thus, percentage of CD34+ cells in 
the peripheral blood is also a useful parameter. The average percentage of CD34+ cells in the peripheral blood of our 138 
studies was 0.098% ranging from 0.01% to 0.715%. The average percentage of patients with expansive marrow process 
or presumably having expansive process was 0.171% and of patients with marrow not involved or presumably not 
involved by an expansive process was 0.057% (P<0.00008). Interestingly, the absolute number of CD34+ cells in the 
peripheral blood did not correlate with the percentage of myeloblasts in the bone marrow (coefficient correlation was – 
0.23219). These data suggest the number of circulating blasts is less reflective of the bone marrow differential and more 
dependent upon the presence of pathology that may disrupt the regulatory processes which govern the release of cells 
into the peripheral blood.

We have chosen cutoff value of 12 CD34+ cells/µL in the peripheral blood to differentiate patients with marrow 
involvement with expansive versus nonexpansive processes because its positive predictive value was 93% and negative 
predictive value 78%. However, several outliers were discovered in our study. In a small number of patients, the absolute 
number of CD34+ cells in the peripheral blood overlapped between the groups in our study. For example, several outliers 
with low absolute number of CD34+ cells in the peripheral blood had marrow involved by an expansive process. 
However, fewer numbers of patients showed the converse (only two out of 89 patients) without marrow involvement (or 
presumably without involvement) had slightly increased numbers of CD34+ cells. Patient #1 Table 1 (a 28-year-old 
woman with anaplastic large cell lymphoma) and one CD34+ cell/µL had only four malignant cells in the bone marrow, 
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not obvious in the hematoxylin and eosin-stained core biopsy but demonstrated by an immunoperoxidase stain for CD30. 
In her case we can suggest that the minuscule amount of expansive process was related to low absolute number of CD34+ 

cells in the peripheral blood. We have no explanation why patient #6 Table 1 (79-year-old man) who had a 95% marrow 
replacement by B cell chronic lymphocytic leukemia cells had only three CD34+ cells/µL while patient #45 Table 1 (72- 
year-old man) with the same disease had 80 CD34+ cells/µL. Patient #8 Table 1 (65-year-old man with pancytopenia and 
myelodysplastic syndrome with multilineage dysplasia) had three CD34+ cells/µL while patient #31 Table 1 (48-year-old 
woman) with the same disease had 17 CD34+ cells/µL.

Here are four possible mechanisms for (outliers) discrepancy between the expansive or nonexpansive marrow status 
and absolute number of CD34+ cells in the peripheral blood. (1) Minimal bone marrow involvement by tumor prevents 
significant disruption in the normal release of CD34+ cells and leads to falsely low result. (2) Treatment-related clearance 
of CD34+ cells might also lead to false low result. (3) Unrecognized pathology in the bone marrow (for example biopsy 
missed neoplastic lesion) may result in unexpectedly high absolute number of CD34+ cells in the peripheral blood but be 
actually correct. (4) Treatment-related damage to the bone marrow environment might lead to inappropriate release of 
CD34+ cells and false positive results.

Patient #36 Table 1, a 66-year-old man with mantle cell lymphoma involving 70% of the marrow core biopsy, had 24 
CD34+ cells in the peripheral blood and after treatment there were no detectable CD34+ cells in the peripheral blood. We 
could conclude that the clearance of CD34+ cells from the peripheral blood after treatment, as detected by flow cytometry 
may be indicative of response to the treatment and that marrow became free of involvement by mantle cell lymphoma. 
Bone marrow biopsy was not performed. Since there were no CD34+ cells in the peripheral blood, this patient’s second 
study was not included in this research or our statistics. Given these findings, the number of CD34+ cells should not be 
regarded as absolutely decisive, but rather as another data point that should be integrated in the patient’s whole clinical, 
laboratory, and radiological picture. With knowledge of these limitations, we recommend that determination of the 
absolute number and percentage of CD34+ cells obtained by flow cytometric analysis of the peripheral blood be 
performed with intent of using these values to predict bone marrow pathology and ultimately help in the determination 
of the necessity for bone marrow biopsy.

We have found that multiparameter flow cytometric testing by simple gating mononuclear cells can accurately 
quantify the absolute number of CD34+ cells in the peripheral blood. The method is extremely sensitive and can detect 
fewer than one CD34+ cells/µL. Quantification of the CD34+ cells in the peripheral blood by flow cytometric analysis is 
a useful parameter that may predict whether the bone marrow is involved or not by an expansive process, when evaluated 
in concert with the clinical picture, laboratory data, and imaging findings. Based on the results of our study, flow 
cytometry of peripheral blood is recommended as these data may provide a useful threshold in the decision-making 
process to perform a bone marrow biopsy. As part of the initial evaluation, flow cytometric enumeration of peripheral 
CD34+ cells may play an important role in directing the hematologic evaluation of patients when circulating blasts are 
not seen on peripheral blood smear. The absolute number of 12 or more CD34+ cells/µL in the peripheral blood favors 
marrow involvement by an expansive process despite a negative bone marrow biopsy, suggesting possibility of 
inadequate sampling procedure which may have missed the lesion.

Conclusions
1. Flow cytometric method is very sensitive, can accurately detect in the peripheral blood less than one CD34+ cells/ 

µL, and in our study it demonstrated that the average absolute number of CD34+ cells in the peripheral blood in 
patients with less than 1% blasts by manual count was 11 CD34+ cells/µL.

2. The average absolute number of CD34+ cells in the peripheral blood in patients with expansive pathologic process 
(or presumed expansive) is 25 CD34+ cells/µL. It is significantly higher (P<0.00007) than in patients without 
marrow pathologic expansive processes, four CD34+ cells/µL, and thus, absolute number of CD34+ cells can help 
make diagnosis regarding marrow involvement.

3. The absolute number CD34+ cells in the peripheral blood can help to decide whether or not to do bone marrow 
biopsy.
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4. The absolute number of 12 or more CD34+ cells/µL in the peripheral blood might suggest bone marrow 
involvement despite a negative bone marrow biopsy for cancer staging purpose which, may have missed focal 
lesion.

5. We suggest that other clinicians use our simple method of counting absolute number of CD34+ cells in the 
peripheral blood by flow cytometry and confirm our findings. The aims, data and analysis of our study support the 
conclusion, essentially that this method offers insight into the likelihood of a significant underlying bone marrow 
process, and with this additional (rapidly available) information, clinicians may be able to determine the appro-
priateness of bone marrow biopsy in the management of their patients.
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