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ABSTRACT

Objectives: We wanted to evaluate the effectiveness of 
flow cytometry immunophenotyping (FCI) as a screening 
test for patients with leukocytosis and cytopenia.

Methods: We identified 320 patients during August 2016 
to December 2016 and evaluated FCI and morphology of 
peripheral blood smears (PBSs).

Results: The most common indications for FCI included 
history of hematologic malignancy (HHM, n = 126), 
leukocytosis (n = 80), and cytopenia (n = 53). Positive 
FCI rate was low with a range of 4.4% to 12.5% in 
patients with absolute neutrophilia regardless of HHM, 
if cases with circulating blasts were excluded. Patients 
with absolute lymphocytosis had a 93% positive FCI rate. 
Patients with HHM and pancytopenia showed a higher 
incidence of positive FCI findings than patients without 
HHM and with isolated cytopenia. PBS morphology 
correlated strongly with FCI (P = .0001).

Conclusion: PBS evaluation is an accurate and cost-
effective screening test. FCI for patients with mature 
neutrophilia and isolated cytopenia has a very low yield.

Flow cytometry immunophenotyping (FCI) was first 
used by clinical laboratories to assess CD4+ T cells during 
the AIDS endemic in the 1980s.1 This technology was soon 
applied to the detection of lymphoid and later myeloid 
malignancies.1 FCI has become a powerful tool for deter-
mining measurable/minimal residual disease (MRD)  of 
myeloid, lymphoid, and plasma cell neoplasms due to its 
rapid turnaround time, wide applicability, and specificity.2-5

The medical indications for peripheral blood FCI 
have been summarized in the 2006 Bethesda International 
Consensus Guideline and include an abnormal CBC, clinical 
or pathologic findings, and exclusion of other causes for the 
abnormality such as nutritional deficiency, infection, drug re-
action, or autoimmunity. Flow cytometry is generally not in-
dicated for conditions such as mature neutrophilia, polyclonal 
hypergammaglobulinemia, polycythemia, thrombocytosis, 
basophilia, and isolated cytopenia.6 However, in routine 
practice, FCI is commonly requested by clinicians in situ-
ations of leukocytosis, including mature neutrophilia or 
isolated cytopenia. There has been an increasing trend of 
overutilization of FCI,7 but systemic studies of appropriate 
use of flow cytometry utilization have been rather limited. We 
decided to evaluate cases in which FCIs have been performed 
on peripheral blood and correlate the results with morpho-
logic, laboratory, and clinical findings to assess if these clin-
ical indications are appropriate criteria for ordering FCI.

Materials and Methods

Patients

The results of 320 cases in which FCI was performed 
on peripheral blood were obtained from the files of the 
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Department of Pathology and Laboratory Medicine at 
the University of Kansas Medical Center between August 
2016 and December 2016. Flow cytometric, peripheral 
blood smear (PBS) morphology, laboratory, and clinical 
findings were evaluated. Positive PBS morphology was 
defined as the presence of circulating blasts, lymphoma 
cells, neutrophilia with severe left shift (± basophilia), and 
dysplasia. This study was performed with approval from 
the institutional review board of our institution.

Multiparametric Flow Cytometric Study

Eight-color multiparametric flow cytometry (MFC) 
was performed on peripheral specimens using BD 
FACSCanto II instruments (BD Biosciences) according 
to the manufacturer’s instructions. EDTA- or heparin-
anticoagulated peripheral blood specimens were lysed 
with an ammonium chloride solution followed by centrif-
ugation (5 minutes, 500g) and resuspension in phosphate-
buffered saline solution. Cell suspensions were incubated 
with antibodies in the dark at room temperature for 20 
minutes. The cells were washed with phosphate-buffered 
saline, followed by fixation in 1% paraformaldehyde.

If  circulating blasts were identified in patients 
without a history of  hematologic malignancy (HHM), an 
acute leukemia panel was performed with the following 
antibodies: (1) CD13/CD15/CD33/CD34/CD45/CD56/
HLA-DR, (2) CD11b/CD11c/CD14/CD34/CD64/CD45/
CD117, (3) CD19/CD20/CD5/CD10/CD38/κ/λ/CD45, 
(4) CD1a/CD2/CD3/CD4/CD5/CD7/CD8/CD45, and 
(5) CyMPO/cyCD3/CD19/cyCD22/cyCD79a/CD34/
CD45/nTDT.

If circulating lymphoma cells were present, a lym-
phoma panel was performed with the following anti-
bodies: (1) CD19/CD20/CD5/CD10/CD38/κ/ λ /CD45, 
(2) CD2/CD3/CD4/CD5/CD7/CD8/CD56/CD45, and (3) 
CD5/CD19/CD23/CD200/FMC-7/CD45.

If  relapsed/persistent myeloid neoplasm was sus-
pected, a measurable/MRD panel was performed with 
the following antibodies: (1) 7/33/11b/34/13/45/38/19, (2) 
Dr/117/4/34/123/45/38/19, (3) Dr/56/36/34/64/45/14/19, 
and (4) 2/22/5/34/15/45/38/19.

 If  relapsed/persistent B-lymphoblastic leukemia 
was suspected, an MRD panel was performed with the 
following antibodies: (1) 81/58/34/10/19/45/25/20, (2) 
52/22/34/10/19/45/13/15, and (3) 66c/33/34/10/19/45/38.

If  relapsed/persistent lymphoma was suspected, 
lymphoma panel tubes 1 and 3 were performed. If  cir-
culating plasma cells were present, a myeloma panel 
was performed with the following antibodies: (1) 
27/117/138/19/38/45/56/20, (2) 81/28/128/38/45, and (3) cy 
κ /cyλ/138/19/38/45.

If  no HHM or abnormal PBS morphology was pre-
sent, a screening panel consisting of three tubes was per-
formed: (1) CD19/CD20/CD5/CD10/CD38/ κ /λ/CD45, 
(2) CD2/CD3/CD4/CD5/CD7/CD8/CD56/CD45, and 
(3) CD11b/CD13/CD33/CD117/HLA-DR/CD34/CD45. 
If  a monoclonal CD5+ B-cell population was identified, 
tube 2 from the lymphoma panel was added. All anti-
bodies were obtained from Beckman-Coulter or Becton 
Dickinson (BD Biosciences).

Data analysis was performed using FCS Express 5 
software (De Novo Software). A  total of 10,000 events 
were acquired in each case except for those in which 
500,000 events were acquired for MRD. Major cell popu-
lations were defined by CD45/SSC (side-scatter) charac-
teristics, whereas CD34+ hematopoietic precursor cells 
were identified using an anti-CD34 antibody. All popu-
lations were further refined by forward- and side-scatter 
gates to exclude nonspecific binding. A  positive flow 
cytometry result was defined as the presence of circu-
lating myeloblasts, lymphoblasts, or monocytes with ab-
errant antigen expression or lymphoproliferative disorder 
(LPD) with either monoclonal B cells or abnormal T cells 
with altered pan-T-cell antigen expression and CD4 to 
CD8 ratio. In each case, the final diagnosis was made by 
correlating flow data with results of the patient’s CBC, 
the morphology of the PBS, and, as available, other clin-
ical, imaging, or pathology data such as bone marrow 
(BM), lymph node, and skin biopsy specimens.

Test Cost Evaluation

We also determined the cost per test for PBS and 
FCI at our institution. Each PBS costs $49, and the FCI 
screening panel costs $220.

Statistical Analysis

Statistical analysis was performed using the Fisher 
exact test (GraphPad Software). We defined statistical 
significance as a P value less than .05.

Results

Patients

The medical indications and flow cytometry results 
for 320 cases including 162 females and 158 male pa-
tients with a median age of 60 years (range, 1-90 years) 
are summarized in ❚Table 1❚. The most common indica-
tion was HHM, followed by leukocytosis, cytopenia, and 
lymphadenopathy. As can be seen, 43.7% of patients 
with HHM and 33.7% of patients with leukocytosis but 
without HHM had a positive FCI result. In contrast, only 
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13.2% of cytopenic patients had a positive flow cytometry 
result. Last, patients with other indications rarely showed 
any positive flow results.

Patients With Leukocytosis

As demonstrated in ❚Table 2❚, the most common indica-
tion of FCI in the group of patients with leukocytosis but 
without HHM was absolute neutrophilia alone or in com-
bination with absolute monocytosis, absolute eosinophilia, 
or absolute basophilia grouped into the category of “ab-
solute neutrophilia” (n = 54). Only 20.4% of these patients 
(n = 11) showed positive FCI findings, including nine cases 
with circulating blasts that were further classified into acute 
myeloid leukemia (AML) (n = 6) and 2% to 3% neoplastic 
myeloblasts (n = 3). In addition, two cases of LPD with mon-
oclonal B-lymphocytosis (MBL) were also identified, which 
were incidental and did not account for leukocytosis. If cases 
with circulating blasts were excluded, only two (4.4%) of 45 
cases showed positive results. Eighty-two percent of cases 
with positive FCI findings led to a malignant diagnosis.

In contrast, 70% of patients with leukocytosis and 
HHM showed positive FCI findings. In addition, 14 (53.8%) 
patients with absolute neutrophilia and HHM showed posi-
tive FCI results. They included acute leukemia (n = 4), 0.2% 
to 9% circulating myeloblasts (n = 3), chronic lymphocytic 
leukemia/small lymphocytic lymphoma (CLL/SLL) or 
MBL (n = 5), CD10+ B-cell lymphoma (n = 1), and cu-
taneous T-cell lymphoma (CTCL) (n = 1). However, four 
cases with positive FCI findings in the absolute neutrophilia 
group also demonstrated absolute lymphocytosis. Similarly, 
if cases with circulating blasts and absolute lymphocytosis 
were excluded, only two (12.5%) of 16 cases revealed posi-
tive flow results with a diagnosis of MBL and phenotypic 
findings consistent with chronic myelomonocytic leukemia 
(CMML). One hundred percent of cases with positive FCI 
findings led to a malignant diagnosis.

Patients with absolute lymphocytosis regardless of 
HHM demonstrated a much higher rate of positive FCI 
findings than patients with absolute neutrophilia. Of this 
group, 23 (92.3%) of 25 cases revealed LPD. CD5+ B-cell 

proliferation was the most common finding, representing ei-
ther MBL or CLL/SLL. One case was incidental MBL with 
only 3.6% monoclonal B cells. Ninety-six percent of cases 
with positive FCI findings led to a malignant diagnosis.

All three cases of leukocytosis with circulating blasts 
showed FCI diagnosis of AML. None of the patients 
with absolute monocytosis, absolute eosinophilia, or ab-
solute basophilia revealed positive FCI findings.

Morphologic Findings in Patients With Leukocytosis

In the group of patients without HHM, 17 (33.3%) 
showed positive PBS findings, including 10 cases with 
circulating blasts, which were further classified as acute 
leukemia (n = 8), chronic myeloid leukemia (CML) with 
2% blasts and left shift (n = 1), and myelodysplastic syn-
drome (MDS) with 3% blasts and dysgranulopoiesis 
(n  =  1). Four cases showed circulating lymphoma cells, 
and three cases showed morphologic features suggestive 
of chronic myeloid neoplasm. Thirty-four (66.7%) cases 
showed benign morphologic findings, while PBS was not 
performed on 29 cases (Table 2).

 In the group of patients with HHM, 17 (65%) dem-
onstrated positive morphologic findings, including nine 
cases with circulating blasts, which were further classified 
as acute leukemia (n = 7); CML with 2% blasts, left shift, 
and thrombocytosis (n = 1); and MDS with 2% blasts and 
dysplasia (n  =  1). Seven cases showed circulating lym-
phoma cells, and one case showed morphologic features 
suggestive of CMML. Nine (35%) cases showed benign 
morphologic findings, and PBS was not performed on 14 
cases (Table 2). Positive findings were more common in 
65% of the cases with HHM vs 33.3% of the cases without 
HHM. The incidence of positive PBS findings was com-
parable to that of positive FCI findings.

Correlation Between FCI and Morphologic Evaluation in 
Patients With Leukocytosis

When we correlated FCI findings with PBS mor-
phologic findings, most of the cases (n  =  77) showed 

❚Table 1❚ 
Medical Indications for Flow Cytometry

 Indications for Flow Cytometry Flow (–), No. (%) Flow (+), No. (%) Total No.

History of hematologic malignancy 71 (56.3) 55 (43.7) 126
Leukocytosis without history of hematologic malignancy 53 (66.3) 27 (33.7) 80
Cytopenia 46 (86.8) 7 (13.2) 53
Lymphadenopathy, mediastinal mass, or splenomegaly 27 (96.4) 1 (3.6) 28
Other 11 (91.7) 1 (8.3) 12
Skin lesions 10 (100) 0 (0) 10
Normal CBC 7 (87.5) 1 (12.5) 8
Erythrocytosis or thrombocytosis 3 (100) 0 (0) 3
Total No. of cases 228 (71.2) 92 (28.8) 320
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concordant results (❚Table 3❚, P  =  .0001). These con-
cordant findings supported that PBS evaluation was a 
reliable test. Three cases with positive PBS findings but 
negative FCI results were in the category of leukocytosis 
with absolute neutrophilia and basophilia. Final diag-
noses were CML (n = 2) and JAK2+ myeloproliferative 
neoplasm (n  =  1), confirmed by BM, cytogenetic, and 
molecular studies. Five cases with positive FCI results but 
benign PBS findings had different levels of monoclonal 
B-cell population ranging from 1% to 18%. They included 
two cases of incidental FCI findings of MBL in patients 
with absolute neutrophilia and without HHM and three 
cases of low-stage CLL/SLL or MBL in patients with ab-
solute neutrophilia and HHM.
The positive FCI and PBS findings were confirmed by 
concurrent or follow-up BM evaluation in 22 cases, lymph 
node biopsy in one case, and cytogenetic studies in 21 cases 
with CLL/SLL or MBL upon further review of medical 
records. No further workup was performed on three cases 
of incidental MBL. Among the patients with negative FCI 
and PBS findings and absolute neutrophilia regardless of 
HHM, the most common etiology for leukocytosis was 
medication, including steroids (n = 13), followed by infec-
tion/inflammation (n = 11), smoking (n = 2), postoperative 

(n = 1), and autoimmune disease (n = 1). Leukocytosis was 
resolved in five cases. Negative fluorescence in situ hybrid-
ization (FISH) study for BCR-ABL1 (n = 15), molecular 
study for JAK2 (n = 4), and negative finding of BM evalu-
ation (n = 6) were also identified in the patients with abso-
lute neutrophilia and without HHM.

Patients With Cytopenia

Fifty-three patients without HHM and 49 patients 
with HHM were included ❚Table 4❚. They were further di-
vided into patients with single-lineage cytopenia (n = 29; 
n = 13), bilineage cytopenia (n = 12; n = 25), and pancyto-
penia (n = 12; n = 11). Positive FCI results were present in 
6.9% to 45.5% of these cases. Patients without HHM and 
isolated cytopenia showed the lowest incidence of positive 
FCI findings (6.9%). In contrast, patients with HHM and 
pancytopenia revealed the highest incidence of positive 
FCI findings (45.5%).

These positive FCI cases included acute leukemia 
(n  =  9), 2% to 17% myeloblasts (n  =  5), CLL/SLL or 
MBL (n = 5), hairy cell leukemia (n = 1), abnormal T cells 
(n = 4), and 0.01% circulating monoclonal λ expressing 
plasma cells (n = 1).

Morphologic Findings in Patients With Cytopenia

In the group of  53 patients without HHM, four 
patients showed 17% to 43% circulating blasts, and 
one patient showed occasional pseudo–Pelger-Huet 
cells. Seventeen patients had benign PBS findings, and 
PBS was not performed on the remainder of  the cases 
(n = 31). In the group of  49 patients with HHM, 11 pa-
tients showed 5% to 55% circulating blasts, 10 patients 
had benign findings, and PBS was not performed on the 
rest of  the cases (n = 28).

❚Table 2❚ 
Flow Cytometric and Morphologic Findings in Patients With Leukocytosis

Patients With Leukocytosis
Flow (–),  
No. (%)

Flow (+), 
No. (%) Total No.

PBS (–),  
No. (%)

PBS (+),  
No. (%) No PBS

Total No. 
of PBS

Leukocytosis without a history of hematologic 
malignancy

53 (66.3) 27 (33.7) 80 34 (66.7) 17 (33.3) 29 51

 Absolute neutrophilia 43 (79.6) 11 (20.4) 54 27 (73.7) 10 (26.3) 17 37
 Absolute monocytosis and/or absolute 

eosinophilia
8 (100) 0 (0) 8 7 (100) 0 (0) 1 7

 Circulating blasts 0 (0) 3 (100) 3 0 (0) 3 (100) 0 3
 Absolute lymphocytosis 2 (14.3) 12 (85.7) 14 0 (0) 4 (100) 10 4
 Leukocytosis only 0 (0) 1 (100) 1 0 (0) 0 (0) 1 0
Leukocytosis with a history of hematologic 

malignancy
12 (30) 28 (70) 40 9 (35) 17 (65) 14 26

 Absolute neutrophilia 12 (46.2) 14 (53.8) 26 8 (40) 12 (60) 6 20
 Absolute lymphocytosis 0 (0) 11 (100) 11 1 (25) 3 (75) 7 4
 Leukocytosis only 0 (0) 3 (100) 3 0 (0) 2 (100) 1 2

❚Table 3❚ 
Correlation Between Flow Cytometry and Morphology

Characteristic PBS (+), No. PBS (–), No.

Leukocytosis   
 Flow (+) 31 5
 Flow (−) 3 38
 P = .0001   
Cytopenia   
 Flow (+) 14 5
 Flow (−) 2 22
 P = .0001   

PBS, peripheral blood smear.
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Correlation Between FCI and Morphologic Evaluation in 
Patients With Cytopenia

When we correlated FCI findings with morphologic 
findings of PBS, most of the cases in which a smear had 
been performed (n = 43) showed concordant results (Table 
3, P = .0001). Five cases with benign morphologic findings 
showed positive FCI. This cohort included one case with 
atypical CD8+ T cells that led to further workup on BM and 
a final diagnosis of T-cell large granular lymphocytic leu-
kemia (T-LGL), one case with less than 0.01% monoclonal λ 
expressing plasma cells in workup for a patient with a pleura 
plasma cell neoplasm, two cases with a low level of abnormal 
T cells in patients with a history of CTCL on phototherapy, 
and one case with incidental findings of 1.4% MBL for a pa-
tient with a history of MDS. One case with a history of tri-
somy 21 and transit leukemia showed rare circulating blasts 
on the PBS, and one case with isolated neutrophenia showed 
occasional pseudo–Pelger-Huet cells but FCI was negative.

Further medial record review demonstrated that 
cases with positive FCI and PBS findings were confirmed 
by BM evaluation in 16 cases, including a T-LGL case 
and one case with a low level of circulating monoclonal 
plasma cells. Confirmatory FISH study was also per-
formed in two cases. Among the patients with negative FCI 
and PBS findings and cytopenia regardless of HHM, the 
most common etiology was autoimmune disease (n = 10), 
followed by drug reaction (n = 8), nutritional deficiency 
(n = 4), anemia of chronic disease (n = 4), and spleno-
megaly (n = 3). Other uncommon causes included infec-
tion, congenital neutropenia, Fanconi anemia, anaplastic 
anemia, microangiopathic hemolytic anemia, and met-
astatic carcinoma. Seven patients showed resolution 
of cytopenia, and six patients showed stable cytopenia. 
Interestingly, one patient demonstrated involvement by 
posttransplant lymphoproliferative disorder in BM, and 
one patient showed intravascular diffuse large B-cell lym-
phoma involving lung. However, both patients revealed 
negative FCI and PBS findings.

Comparison of Sensitivity and Specificity of Morphologic 
and FCI Evaluation

We next measured the sensitivity and specificity for 
morphologic and FCI evaluation in our study. The true 
positivity or negativity of the assay was defined as the 
presence or absence of neoplasm confirmed by morpho-
logic, immunophenotypic, cytogenetic, molecular, and 
clinical studies. Morphologic evaluation of PBS showed a 
sensitivity of 80.3% and a specificity of 98.3%. FCI evalu-
ation showed superior sensitivity and specificity at 90.1% 
and 100%, respectively.

Discussion

Flow cytometry is a powerful diagnostic tool for he-
matologic neoplasms, but it is also one of the most la-
bor-intensive and expensive laboratory tests. Therefore, 
clinical laboratories need to ensure that flow cytometry 
is ordered appropriately.8,9 Different cost-saving strat-
egies for flow cytometry tests have been described.10-14 
Addressing the overuse of flow cytometry by decreasing 
unnecessary testing and developing data-driven ordering 
guidelines and algorithms represents perhaps the most ef-
fective cost-saving strategy.15-17 However, a review of the 
scientific literature revealed very few systemic studies of 
peripheral blood flow cytometry utilization in cases of 
leukocytosis, including neutrophilia and cytopenia.

In our study, the most common indication for FCI on 
peripheral blood was past HHM followed by leukocytosis 
and cytopenia. Among the patients with leukocytosis, 
absolute neutrophilia was the most common indication. 
However, FCI was positive in only 4.4% to 12.5% of pa-
tients with absolute neutrophilia regardless of HHM when 
cases with circulating blasts were excluded. These positive 
cases included two cases of incidental MBL, which did 
not account for leukocytosis. All four cases with absolute 
neutrophilia and absolute basophilia showed negative 

❚Table 4❚ 
Flow Cytometry and Morphologic Findings in Patients With Cytopenia

Patients With Cytopenia
Flow (–), 
No. (%)

Flow (+), 
No. (%) Total No.

PBS (–), 
No. (%)

PBS (+), 
No. (%) No PBS

Total No. 
of PBS

Cytopenia without a history of 
hematologic malignancy

46 (86.8)  7 (13.2) 53 17 (77.3) 5 (22.7) 31 22

 Single lineage 27 (93.1)  2 (6.9) 29 12 (92.3) 1 (7.7) 16 13
 Bilineage 9 (75)  3 (25) 12 2 (50) 2 (50) 8 4
 Pancytopenia 10 (83.2)  2 (16.8) 12 3 (60) 2 (40) 7 5
Cytopenia with a history of 

hematologic malignancy
31 (63.3)  18 (36.7) 49 10 (47.6) 11 (53.4) 28 21

 Single lineage 9 (69.2) 4 (30.8) 13 2 (66.7) 1 (33.3) 10 3
 Bilineage 16 (64)  9 (36) 25 4 (40) 6 (60) 15 10
 Pancytopenia 6 (54.5)  5 (45.5) 11 4 (50) 4 (50) 3 8

PBS, peripheral blood smear.
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FCI findings. In the cytopenia group, patients with pan-
cytopenia and HHM showed the highest incidence of 
positive FCI findings (45.5%) while patients with iso-
lated cytopenia and no HHM demonstrated the lowest 
incidence of positive FCI findings (6.9%). The findings 
of a low rate of positive FCI results in patients with iso-
lated cytopenia are consistent with the study by Lim and 
Hong,16 in which 0% to 13% of cases with lymphopenia, 
thrombocytopenia, or neutropenia had positive FCI find-
ings. Therefore, our findings indicate FCI is a low-yield 
test in patients with absolute neutrophilia, absolute baso-
philia, or isolated cytopenia.

Patients with absolute lymphocytosis had 92.3% pos-
itive FCI findings, with CD5+ monoclonal B-cell pro-
liferation being the most common abnormality. Oberley 
et al15 reported a low incidence of positive FCI identifica-
tion of lymphoma in patients younger than 45 years with 
an absolute lymphocyte count (ALC) less than 3,500/µL. 
Therefore, they designed an algorithm based on age and 
ALC to help decide if  a basic or a comprehensive flow 
cytometry panel was needed. In our study, two patients 
with absolute lymphocytosis but negative FCI were in-
deed younger than 45 years. In addition, six patients with 
normal ALC who had positive FCI findings of mono-
clonal B cells were older than 60 years. Rawstron et al18 
identified MBL in 6.9% of patients with ages ranging 
from 60 to 80 years and normal ALC. Our findings were 
consistent with this study.

Recently, the Choosing Wisely Campaign from the 
American Society for Clinical Pathology (ASCP) re-
commended against performing peripheral blood flow 
cytometry screening for hematologic malignancy in the 
setting of mature neutrophilia, basophilia, erythrocytosis, 
thrombocytosis, isolated anemia, or isolated thrombo-
cytopenia. This recommendation reiterated the 2006 
Bethesda International Consensus Guideline. Our find-
ings add additional evidence to further support this 
recommendation.

Our study demonstrated that morphologic evalua-
tion of PBS correlated well with FCI findings in patients 
with leukocytosis or cytopenia (P = .0001 and P = .0001, 
respectively). Morphologic evaluation of PBS had a sen-
sitivity of 80.3% and a specificity of 98.3%. In compar-
ison, FCI evaluation had a better sensitivity of 90.1% 
and specificity of 100%. PBS review was less sensitive for 
identifying a low level of lymphoma cells or monoclonal 
B cells than FCI but superior for identifying chronic 
myeloid neoplasms in patients with absolute basophilia 
compared with FCI. In addition, morphologic evaluation 
of PBS correlated well with FCI in the cases with circu-
lating blasts. Therefore, PBS evaluation, which is more 

cost-effective, can be used as a screening tool for patients 
with absolute neutrophilia or isolated cytopenia if  clin-
ical suspicion remains strong and nutritional deficiency, 
infection, drug reaction, and autoimmunity are excluded.

We propose the following diagnostic algorithm for 
evaluation of patients with leukocytosis or cytopenia 
❚Figure 1❚. A lymphoma screen panel is performed for any 
patient with an ALC of more than 5,000/µL who is older 
than 50 years or has a history of lymphoma.12,14,19 A lym-
phoma/leukemia screen panel is run for patients with 
persistent absolute eosinophilia for 6 months due to its as-
sociation with T-cell lymphomas, lymphocytic variant of 
hypereosinophilic syndrome, and myeloid/lymphoid neo-
plasms with rearrangements of platelet-derived growth 
factor receptor α (PDGFRA), platelet-derived growth 
factor receptor β (PDGFRB), fibroblast growth factor re-
ceptor 1 (FGFR1), and Janus kinase 2 (JAK2).1,20 PBS is 
examined for circulating blasts, abnormal lymphocytes, 
dysplasia, or any abnormality in the cases of cytopenia, 
absolute monocytosis, absolute basophilia, absolute eo-
sinophilia, or absolute neutrophilia. Then, further FCI 
evaluation or FISH study for BCR-ABL1 rearrangement 
is performed if  a positive morphologic finding is present. 
If  only mature neutrophilia or no abnormality is present, 
additional study is not needed.

Application of this diagnostic algorithm would 
have eliminated flow cytometry analysis on 127 cases in 
the group with negative FCI findings and seven cases in 
the group with positive FCI findings. Among the seven 
cases with positive FCI findings, one case was a JAK2+ 
myeloproliferative neoplasm, in which FCI detected 0.7% 
neoplastic myeloblasts and PBS was not performed. PBS 
might not be able to detect extremely low levels of cir-
culating blasts but may potentially detect other morpho-
logic abnormalities in this case. Another case involved a 
low level of T-LGL detected by flow cytometry but not 
identified by PBS in a patient with isolated thrombocy-
topenia. T-LGL should be considered in the differential 
diagnosis of cytopenic patients. The remaining five cases 
were MBL identified by FCI but not by morphology.

Total health expenditures have increased significantly 
over the past several decades in the United States. Health care 
costs reached $1.4 trillion in 2000 and more than doubled to 
$3.5 trillion by 2017.21 Appropriate laboratory test utilization 
is an important initiative to help control health care costs.

Pathologists must not act merely as gatekeepers to 
decrease improper ordering but must also ensure that 
proper testing is performed for each clinical scenario. As 
a result of this study, our laboratory recently adopted 
the Choosing Wisely recommendation from the ASCP 
for peripheral blood flow cytometry. Our pathologists 
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are proactively communicating with our clinical team to 
cancel unnecessary orders based on these guidelines and 
clinical findings.

In summary, PBS evaluation is an accurate and 
cost-effective screening test for patients with leukocytosis 
and cytopenia. FCI for patients with mature neutrophilia 
and single-linage cytopenia has a very low yield. Overall, 
PBS screening could have potentially eliminated 44% of 
flow cytometry cases on peripheral blood and realized 
laboratory cost savings of $22,914.

Corresponding author: Wei Cui, MD; wcui@kumc.edu.
Acknowledgments: We thank Sonora Thigpen for assistance 
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QUESTIONNAIRE 
H3 (21) 

Flow Cytometric, Morphologic, and Laboratory Comparative Study in Patients With 
Leukocytosis and Cytopenia 

INSTRUCTIONS 

• Read through the article and answer the multiple-choice questions provided below. 

• Some questions may have more than one correct answer; in which case you must mark all the correct answers. 

Question 1: Which of the following are TRUE regarding flow 
cytometry immunophenotyping (FCI)? 
 

A: It was first used by clinical laboratories to assess 
CD4+ T cells during the AIDS endemic in the 1980s  

B: This technology was applied to the detection of 
lymphoid and myeloid malignancies  

C: FCI is a powerful tool for determining 
measurable/minimal residual disease (MRD) of 
myeloid, lymphoid, and plasma cell neoplasms 
despite its slow turnaround time and limited 
applicability 

D: None of the above 
 
Question 2: For this study positive peripheral blood smear 
(PBS) morphology was defined as the presence of circulating 
blasts, lymphoma cells, neutrophilia with severe left shift, 
and dysplasia. Is this statement TRUE? 
 

A: YES  
B: NO 

 
Question 3: If circulating lymphoma cells were present 
which one of the following was performed? 
 

A: An acute leukemia panel 
B: A lymphoma panel  
C: A measurable/MRD panel 
D: A myeloma panel 

 
Question 4: If a monoclonal CD5+ B-cell population was 
identified, which tube from the lymphoma panel was added? 
 

A: Tube 1 
B: Tube 2  
C: Tube 3 
D: Tube 4 

 
Question 5: Which of the following was the most common 
indication for flow cytometry? 
 

A: Leukocytosis 
B: Cytopenia 
C: History of hematologic malignancy (HHM)  
D: Lymphadenopathy 

 

Question 6: Which of the following are TRUE? 
 

A: Patients with absolute lymphocytosis regardless of 
HHM demonstrated a much higher rate of positive 
FCI findings than patients with absolute 
neutrophilia  

B: Four cases with positive FCI findings in the absolute 
neutrophilia group demonstrated absolute 
eosinophilia 

C: All three cases of leukocytosis with circulating 
blasts showed FCI diagnosis of acute myeloid 
leukemia (AML) 

D: All the patients with absolute monocytosis, 
absolute eosinophilia, or absolute basophilia 
revealed positive FCI findings 

 
Question 7: Which of the following are TRUE regarding the 
morphologic findings in patients with leukocytosis? 
 

A: Positive findings were more common in the cases 
with HHM than the cases without HHM  

B: In both groups (with and without HHM) several 
cases showed circulating lymphoma cells  

C: In the group with HHM one case showed 
morphologic features suggestive of chronic 
myelomonocytic leukemia (CMML)  

D: Only the group without HHM showed cases with 
circulating blasts 

 
Question 8: Is it TRUE that the authors correlated FCI 
findings with PBS morphologic findings and found that most 
of the cases showed concordant results, supporting the 
finding that PBS evaluation was a reliable test? 
 

A: TRUE  
B: FALSE 

 
Question 9: Among the patients with negative FCI and PBS 
findings and absolute neutrophilia regardless of HHM, what 
was the most common etiology with the highest incidence 
for leukocytosis? 
 

A: Infection 
B: Inflammation 
C: Smoking 
D: Medication  

 
 
 
 
 
 
 



Question 10: Which of the following are CORRECT? 
 

A: Patients with cytopenia were further divided into 
patients with single-lineage cytopenia, bilineage 
cytopenia, and pancytopenia  

B: Patients without HHM and isolated cytopenia 
showed the lowest incidence of positive FCI findings  

C: Patients with HHM and pancytopenia revealed a 
moderate incidence of positive FCI findings 

D: None of the above 
 
Question 11: Among the patients with negative FCI and PBS 
findings and cytopenia regardless of HHM, what was the 
most common etiology? 
 

A: Drug reaction 
B: Nutritional deficiency 
C: Anemia of chronic disease 
D: Autoimmune disease  
E: Splenomegaly 

 
Question 12: Two patients revealed negative FCI and PBS 
findings despite one patient demonstrating involvement by 
……………. and another showing …………….? 
 

A: Abnormal T cells with altered pan-T-cell antigen 
expression 

B: Posttransplant lymphoproliferative disorder in 
bone marrow (BM)  

C: Intravascular diffuse large B-cell lymphoma  
D: Relapsed/persistent B-lymphoblastic leukemia 

 
Question 13: The findings of this study were consistent with 
which of the following findings from previous studies? 
 

A: Almost half of cases with lymphopenia, 
thrombocytopenia, or neutropenia had positive FCI 
findings 

B: There was a low incidence of positive FCI 
identification of lymphoma in patients younger 
than 45 years with an absolute lymphocyte count 
(ALC) less than 3,500/μ  

C: Monoclonal B-lymphocytosis (MBL) occurred in 
patients with ages ranging from 60 to 80 years and 
normal ALC  

D: The recommendation for performing peripheral 
blood flow cytometry screening for hematologic 
malignancy in the setting of mature neutrophilia, 
basophilia, erythrocytosis, thrombocytosis, isolated 
anemia, or isolated thrombocytopenia 

 

Question 14: Which of the following are CORRECT regarding 
the diagnostic algorithm for evaluation of patients with 
leukocytosis or cytopenia proposed by the authors? 
 

A: A lymphoma screen panel was performed for any 
patient with an ALC of more than 5,000/μL who was 
older than 50 years or had a history of lymphoma  

B: A lymphoma/leukemia screen panel was run for 
patients with persistent absolute eosinophilia for 
twelve months due to its association with T-cell 
lymphomas 

C: Further FCI evaluation or FISH study for BCR-ABL1 
rearrangement was not necessary if a positive 
morphologic finding was present 

D: If only mature neutrophilia or no abnormality was 
present, additional study was not needed  

 
Question 15: Is it TRUE that FCI for patients with mature 
neutrophilia and single-linage cytopenia had a very high 
yield? 
 

A: YES 
B: NO  
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