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K e Y   P O i n t S

 • Flow cytometry immunophenotyping 
can identify patients with clonal 
cytopenia of undetermined 
significance (CCUS) at risk of 
progression to chronic myeloid 
neoplasm.

 • CD13/HLA-DR expression on 
myeloblasts is a good predictive 
marker of CCUS progression.

 • Simple qualitative flow cytometry 
panels still have a place in an 
increasingly quantitative world of 
flow cytometry.
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a B S t r a c t

Objectives: Patients with clonal cytopenia of undetermined significance (CCUS) are at 
increased risk of developing myeloid neoplasia (MN). We evaluated whether a simple flow 
cytometry immunophenotyping (FCIP) assay could differentiate the risk of development of 
MN in patients with CCUS.

Methods: Bone marrow aspirates were assessed by FCIP panel in a cohort of 80 patients 
identified as having CCUS based on next-generation sequencing or cytogenetics from 
March 2015 to May 2020, with available samples. Flow cytometric assay included CD13/
HLA-DR expression pattern on CD34-positive myeloblasts; CD13/CD16 pattern on maturing 
granulocytic precursors; and aberrant expression of CD2, CD7, or CD56 on CD34-positive 
myeloblasts. Relevant demographic, comorbidity, and clinical and laboratory data, 
including the type and extent of genetic abnormalities, were extracted from the electronic 
health record.

Results: In total, 17 (21%) patients with CCUS developed MN over the follow-up period 
(median survival follow-up, 28 months [95% confidence interval, 19-31]). Flow cytometry 
immunophenotyping abnormalities, including the aberrant pattern of CD13/HLA-DR 
expression, as detected at the time of the diagnosis of CCUS, were significantly associated 
with risk of developing MN (hazard ratio, 2.97; P = .006). Additional FCIP parameters asso-
ciated with the development of MN included abnormal expression of CD7 on myeloblasts 
and the presence vs absence of any FCIP abnormality.

Conclusions: A simple FCIP approach that includes assessment of CD13/HLA-DR pattern 
on CD34-positive myeloblasts can be useful in identifying patients with CCUS at higher risk 
of developing MN.
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i n t r O D U c t i O n

Chronic myeloid neoplasias (MNs) are diseases of hematopoiesis 
arising from the accumulation of genetic abnormalities in hema-
topoietic stem cells. They include myeloproliferative neoplasms 
(MPNs), myelodysplastic syndrome (MDS), overlap disorders 
(MDS/MPN), and several other rarer entities.1 Diagnostic criteria for 
MNs are based on the integration of clinical features, morphologic 
assessment of the peripheral blood and bone marrow, and cytoge-
netic and molecular findings.

Chronic MNs are usually slowly developing diseases, but several 
precursor conditions are diagnosed clinically in the absence of de-
finitive morphologic and genetic features of MN: (1) clonal hemat-
opoiesis of indeterminate potential (CHIP), characterized by the 
presence of pathologic mutations with low allele frequency in the 
absence of other clinical, morphologic, and genetic abnormalities2; 
(2) idiopathic cytopenias of undetermined significance, a diagnosis 
of exclusion rendered when no other explanation for cytopenias is 
seen and no cytogenetic (structural variation or somatic copy num-
ber alterations) or molecular abnormalities are present3; and (3) 
clonal cytopenias of undetermined significance (CCUS), character-
ized by both cytopenias and the presence of pathologic mutations/
somatic copy number alterations but still with morphologic and 
genetic findings insufficient for the definitive diagnosis of MN.2,4-6

Identification of phenotypic abnormalities on maturing mye-
loid cells by flow cytometric immunophenotyping (FCIP) can be 
useful in the diagnosis of chronic MNs7,8 and possibly in predicting 
the development of MNs from precursor lesions.9 Flow cytometric 
abnormalities are not considered definitively diagnostic, however, 
for chronic MNs in the absence of morphologic or cytogenetic 
abnormalities.1,6

It has previously been demonstrated that normal CD34-positive 
myeloblasts (immature myeloid precursors) show heterogeneous 
expression of CD13/HLA-DR and that this heterogeneity is lost in a 
significant number of cases with chronic MN.10 The sensitivity and 
specificity of the CD13/HLA-DR expression pattern can be further 
increased by evaluation of (1) aberrant expression of CD2, CD7, and 
CD56 on myeloblasts; (2) a CD13/CD16 pattern of maturation in 
granulocytic lineage cells; (3) the ratio of CD45 expression between 
myeloblasts and lymphocytes; and (4) the ratio of side scatter (SSC) 
between granulocytes and lymphocytes.

In this study, we evaluated the clinical value of this approach 
based on the retrospective review of flow cytometry findings from 
bone marrow evaluation in 80 patients with a diagnosis of CCUS.

M at e r i a l S  a n D   M e t H O D S

This retrospective registry study conducted through our 
hematopathology group was approved by our institutional 
review board.

Patients
In total, 80 patients with a diagnosis of CCUS from 2015 to 2020 
were included in the study. Initial patient selection was based on 
the availability of the FCIP results. Relevant demographic, clinical, 

and laboratory data were extracted from the electronic health re-
cord. From a larger cohort of patients, the CCUS cohort presented 
here was selected based on the clinical findings (cytopenia), mor-
phologic bone marrow assessment at the time of the FCIP study 
(lack of diagnostic features of MN), and genetic studies (presence 
of a clone by molecular or cytogenetic study). The diagnosis of 
CCUS was made based on the International Consensus Group cri-
teria.6 The patients were followed up at our institution clinically 
and with subsequent bone marrow assessment. All but 2 of the 
patients who developed MN have undergone a second bone mar-
row examination.

Pathology Assessment
All bone marrow samples were assessed for the presence of MN 
according to the World Health Organization (WHO) 2016 classifica-
tion. Additional immunohistochemical, cytogenetic, and molecular 
studies were performed at the discretion of the original reviewing 
pathologist. There were 7 cases with subsequently detected muta-
tion in the SF3B1 gene that were included in this cohort because of 
(1) the absence of morphologic dysplasia in at least 10% of the ery-
throid cells or (2) the absence of ring sideroblasts.

Flow cytometric immunophenotyping was performed on initial 
bone marrow aspirate specimens as previously described.10 Bone 
marrow aspirates were processed using a lyse-wash-stain procedure 
and stained in 2 8-color tubes; antibodies and clones are listed in 
Supplemental Table 1 (all supplemental materials can be found at 
American Journal of Clinical Pathology online). All antibodies were 
purchased from BD Biosciences. A total of 500,000 events were col-
lected per tube using BD FACSCanto II instruments. The data were 
analyzed using Kaluza software (Beckman-Coulter). CD34-positive 
CD45dim myeloblasts were evaluated for aberrant expression of 
CD2, CD7, and CD56 (at cutoffs 10%, 30%, and 10%, respectively; 
these cutoffs were established previously by adding 2 standard 
deviations to the mean of the expression in a validation cohort of 
samples from individuals with no MNs). In addition, CD34-positive 
myeloblasts were evaluated for the aberrant expression pattern 
of CD13/HLA-DR, as previously described.10 Briefly, CD34-positive 
myeloblasts from normal healthy donors show a characteristic 
pattern of CD13/HLA-DR expression, with 3 readily recognizable 
clusters  FIGURE 1A . Patients with myeloid neoplasms often lose this 
heterogeneity and instead show a single prominent abnormal clus-
ter  FIGURE 1D . There are cases in which the visual pattern of expres-
sion falls between “normal” and “abnormal,” and these were deemed 
atypical  FIGURES 1B  and  1C . A similar approach (normal, atypical, 
abnormal) was taken for evaluating granulocyte maturation in the 
CD13/CD16 plot.11 Additional parameters assessed included percent-
age of CD19-positive hematogones (out of total events), the ratio of 
CD45 mean fluorescence intensity between lymphocytes and CD34-
positive myeloblasts, and the ratio of SSC between granulocytes and 
lymphocytes. For the current study, all dot plots were re-reviewed 
independently by 2 board-certified hematopathologists (D.J.  and 
P.L.N.) for confirmation of interpretation and for consensus recon-
ciliation when there were discrepancies with the original interpre-
tation. This review was done blinded to the patients’ final diagnosis.

http://academic.oup.com/ajcp/article-lookup/doi/10.1093/ajcp/aqac083#supplementary-data
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Cytogenetic testing for structural rearrangements and copy num-
ber abnormalities in bone marrow aspirates was performed by con-
ventional chromosome analysis and fluorescence in situ hybridization 
(FISH) analysis at the hematopathologist’s discretion. Conventional 
chromosome analysis was performed according to standard unstimu-
lated bone marrow culturing and GTL-banded metaphase prepara-
tion methods with trypsin and Leishman staining. Slide preparations 
were digitally scanned, and metaphase spreads were karyotyped by a 
technologist using CytoVision software (Leica). Interphase FISH anal-
ysis was performed on fresh bone marrow aspirate specimens. Slides 
were prepared from a fixed-cell suspension and pretreated using tra-
ditional cytogenetic methods. Probes were hybridized to specific seg-
ments of DNA within the cells on the slide. Recurrent abnormalities in 
MDS were targeted for FISH analysis, including inv(3)/t(3;3), −5/5q−, 
−7/7q−, +8, KMT2A rearrangements, −17/17p−, and 20q−/ider(20q). 
We used 4′,6-diamidino-2-phenylindole dihydrochloride to stain all 
nuclei. Interphase FISH analysis was performed by 2 technologists 
using CytoVision software.

Molecular testing for MN-associated mutations was performed 
using the OncoHeme next-generation sequencing (NGS) panel, which 
interrogates 35 genes (42 genes starting in November 2018)  recur-
rently mutated in myeloid neoplasms, as previously described.12

Statistical Considerations
Characteristics of the patients with CCUS included in these ana-
lyses were summarized using graphical and descriptive statistics. 
Estimated median survival and corresponding CIs were derived 
based on Kaplan-Meier methods. Univariate and multivariable Cox 
regression models were used to evaluate the influence of the various 
measures as well as the flow markers in relation to MN-free survival 
and OS. Further, we evaluated the cumulative incidence of MN with 
a competing risk of death to account for any patients who died be-
fore developing MN. All analyses were performed using the R, ver-
sion 3.6.2 for Windows (R Foundation for Statistical Computing).

r e S U lt S

The demographic, clinical, and laboratory features of our anal-
ysis cohort are shown in  TABLE 1 . Abnormal cytogenetics 

(non–MDS-defining, per the 2017 WHO classification) were de-
tected in 17 cases and mutations in MN-associated neoplasm by 
NGS panel in 63 cases. The most common cytogenetic abnormalities 
were trisomy 8, deletion 20q, and loss of 1 Y chromosome in more 
than 50% of metaphases (6, 6, and 3 patients, respectively). The 
most common mutations were found in the TET2, SRSF2, ASXL1, 
and U2AF1 genes (20, 16, 15, and 12 patients, respectively). The 10 
most common genes mutated in this cohort are shown in  TABLE 2 ; 
the complete list of mutated genes is shown in Supplemental Table 
3. Multiple mutations were present in 35 patients (range, 2-5 mu-
tations; overall mean, 1.5 mutations; median, 1 mutation). The me-
dian survival follow-up for these patients was 27.7  months (95% 
CI, 19.1-30.9). In this cohort of 80 patients with CCUS, 17 (21%) MN 
events were reported during follow-up (11 MDS; 3 chronic myeloid 
neoplasm, unspecified; 2 chronic myelomonocytic leukemia; and 1 
acute myeloid leukemia) and 21 deaths were reported (7 of which 
had an MN event reported before death).

Of 80 patients with CCUS, the expression pattern of CD13/
HLA-DR on CD34-positive myeloblasts was normal, atypical, or 
abnormal in 34 (42.5%), 22 (27.5%), and 21 (26%) patients, re-
spectively  FIGURE 2 . Three patients (4%) did not fulfill the criteria 
for CD13/HLA-DR evaluation (minimum of 500 CD34-positive 
myeloblasts collected). The expression pattern of CD13/CD16 on 
maturing granulocytes was normal, atypical, or abnormal in 56 
(70%), 16 (20%), and 6 (7.5%) patients, respectively. Two patients 
(2.5%) did not fulfill the criteria for CD13/CD16 evaluation (mini-
mum of 30,000 maturing granulocytes collected). Abnormal CD45 
expression was observed in 24 patients, whereas abnormal CD7 
expression on myeloid myeloblasts was identified in just 4 patients. 
The distribution of the majority of other FCIP parameters was 
skewed, with most patients showing normal pattern/expression. 
The absence of any FCIP abnormality was seen in 24 (30%) patients, 
while more than 1 abnormality was detected in 38 (47.5%) patients. 
There was a high correlation between original interpretation of 
CD13/HLA-DR and CD13/CD16 expression and the subsequent ex-
pert review (weighted Cohen κ coefficient, 0.657 and 0.815, respec-
tively) (Supplemental Tables 2A and 2B).

It has been shown in the past that immunophenotypic ab-
normalities are correlated with both morphologic and genetic 

FIGURE 1 Examples of CD13/HLA-DR patterns on CD34-positive myeloblasts. A, Normal pattern. B, C, Atypical examples still show a certain degree of 
heterogeneity of CD13/HLA-DR expression but with loss of the typical pattern seen in normal bone marrow. D, Abnormal pattern.

abnormalitites.7,8 In this cohort, there were 4 mutations, the 
presence of which was associated with flow cytometric ab-
normalities: ASXL1, U2AF1, RUNX1, and BCOR. Specifically, 
an abnormal CD13/HLA-DR pattern was associated with 
the presence of ASXL1, U2AF1, and BCOR mutations (33% vs 
12.5%, P =  .048; 33% vs 7%, P =  .007; 33% vs 7%, P =  .007, re-
spectively) (see Supplemental Table 3). As expected, CD13/
HLA-DR abnormality was correlated with the total number 
of mutations present; a Poisson model for the number of mu-
tations showed that there is a significantly higher number of 
mutations in those with abnormal CD13/HLA-DR expression 
on flow cytometry than those without (incidence rate ratio 
estimate of 1.49, P = .0375). We also assessed the correlation of  

http://academic.oup.com/ajcp/article-lookup/doi/10.1093/ajcp/aqac083#supplementary-data
http://academic.oup.com/ajcp/article-lookup/doi/10.1093/ajcp/aqac083#supplementary-data
http://academic.oup.com/ajcp/article-lookup/doi/10.1093/ajcp/aqac083#supplementary-data
http://academic.oup.com/ajcp/article-lookup/doi/10.1093/ajcp/aqac083#supplementary-data
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abnormalitites.7,8 In this cohort, there were 4 mutations, the 
presence of which was associated with flow cytometric ab-
normalities: ASXL1, U2AF1, RUNX1, and BCOR. Specifically, 
an abnormal CD13/HLA-DR pattern was associated with 
the presence of ASXL1, U2AF1, and BCOR mutations (33% vs 
12.5%, P =  .048; 33% vs 7%, P =  .007; 33% vs 7%, P =  .007, re-
spectively) (see Supplemental Table 3). As expected, CD13/
HLA-DR abnormality was correlated with the total number 
of mutations present; a Poisson model for the number of mu-
tations showed that there is a significantly higher number of 
mutations in those with abnormal CD13/HLA-DR expression 
on flow cytometry than those without (incidence rate ratio 
estimate of 1.49, P = .0375). We also assessed the correlation of  

CD13/HLA-DR abnormality with the blast count. Although the 
blast range in the CCUS population is by definition limited, 
we observed a positive correlation between the blast percent-
age and the presence of an CD13/HLA-DR abnormality (Sup-
plemental Table 4).

Across all patients in this CCUS cohort, the median time 
to development of an MN or death (ie, MN-free survival) was 
24.6  months (95% CI, 18.5 to not yet reached). Of 17 patients 
who developed MN, 5 (29%) had a normal, 4 (24%) had an atyp-
ical, and 8 (47%) had an abnormal pattern of CD13/HLA-DR 
expression. Conversely, in the group of patients who did not 
develop MN within the follow-up period (n  =  60, excluding 3 
patients with insufficient blasts), 29 (48%) patients had a nor-
mal, 18 (30%) had an atypical, and 13 (22%) had an abnormal 
pattern of CD13/HLA-DR expression  FIGURE 3 . We found that 
patients with abnormal expression patterns of CD13/HLA-DR 
had a higher probability or risk of developing MN or death vs 
those with normal or atypical patterns in the univariate setting 
(hazard ratio [HR], 2.85 [95% CI, 1.36-5.95]; P = .005)  TABLE 3 . 
The significance of abnormal CD13/HLA-DR expression was re-
tained in a multivariable Cox regression model when adjusting 
for age, whether patients had 2 or more comorbidities (includ-
ing splenomegaly), and prior exposure to radiation therapy 
(HR, 2.97 [95% CI, 1.37-6.46]; P = .006)  TABLE 4 . Similarly, and 
although abnormal CD7 expression was far less prevalent at the 
time of CCUS diagnosis in these patients, it was significantly 
associated with greater risk of MN and death in these patients, 
even adjusting for age, multiple comorbidities (≥2 vs 0-1) and 
prior radiation therapy (HR, 4.60 [95% CI, 1.19-17.77]; P = .027). 
Having at least 1 FCIP abnormality was also associated with a 
greater risk of MN and death (HR,  =  2.56 [95% CI, 1.20-5.46]; 
P = .015).

We also evaluated cumulative incidence of MN in this CCUS co-
hort, where death before MN diagnosis was treated as a competing 
risk as opposed to being considered part of the defined event of in-
terest. In this setting, abnormal expression of CD13/HLA-DR had a 

TABLE 2 The 10 Most Common Genes Mutated in the Clonal 
Cytopenia of Undetermined Significance Cohort

Mutation VAF Range, % 

Frequency of Mutation 
in Patients With CCUS, 
No. (%)  (n = 80) 

TET2 8-77 20 (25.0)

SRSF2 14-52 16 (20.0)

ASXL1 9-46 15 (18.75)

U2AF1 9-43 12 (15.0)

SF3B1 6-45 7 (8.75)

DNMT3a 7-43 6 (7.5)

ZRSR2 57-88 6 (7.5)

IDH1 12-44 5 (6.25)

TP53 13-48 5 (6.25)

RUNX1 13-50 5 (6.25)

CCUS, clonal cytopenia of undetermined significance; VAF, variant allele frequency.

TABLE 1 Clinical and Laboratory Characteristics of Patients With 
Clonal Cytopenia of Undetermined Significance

Characteristic or Marker 

Patients 
With CCUS  
(n = 80) 

Age, median (range), y 72 (19-92)

Sex, No. (%)  

 F 21 (26)

 M 59 (74)

Splenomegaly, No. (%)  

 No 66 (83)

 Yes 14 (18)

Prior chemotherapy or RT, No. (%)  

 No 70 (88)

 Yes 10 (13)

ANC, median (range), ×109/L 2.0 (0-40)

ALC, median (range), ×109/L 1.26 (0.16-40)

WBC, median (range), ×109/L 4.0 (0.3-23)

Hemoglobin, median (range), g/dL 10.5 (6.8-14.9)

Platelet count, median (range), ×109/L 126 (7-595)

High LDH (>222 U/L), No. (%)  

 No 23 (50)

 Yes 23 (50)

High ferritin (>336 µg/L), No. (%)  

 No 31 (39)

 Yes 21 (26)

Loss of Y chromosome, No. (%)  

 No 76 (95)

 Yes 4 (5)

del(20)(q11.q13.1), No. (%)  

 No 77 (96)

 Yes 3 (4)

Loss of X chromosome, No. (%)  

 No 78 (97)

 Yes 2 (3)

ALC, absolute lymphocyte count; ANC, absolute neutrophil count; CCUS, clonal 
cytopenia of undetermined significance; LDH, lactate dehydrogenase; RT, radiation 
therapy.

http://academic.oup.com/ajcp/article-lookup/doi/10.1093/ajcp/aqac083#supplementary-data
http://academic.oup.com/ajcp/article-lookup/doi/10.1093/ajcp/aqac083#supplementary-data
http://academic.oup.com/ajcp/article-lookup/doi/10.1093/ajcp/aqac083#supplementary-data
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significant influence on the probability of developing MN vs those 
with normal or atypical expression (HR, 2.67 [95% CI, 1.06-6.71]; 
P = .037])  FIGURE 4  and  TABLE 5 . This influence was not observed 
when looking at death without MN (HR, 1.71 [95% CI, 0.58-5.06]; 
P = .33).

D i S c U S S i O n

Despite its more frequent use today, FCIP remains an adjunct 
method in the diagnosis of MN. Large immunophenotypic varia-
tions are seen in normal/reactive conditions, causing the relatively 
low sensitivity and specificity of any single abnormal parameter. 
As a result, most FCIP approaches incorporate scoring systems to 
integrate aberrancies seen in multiple parameters. In any scoring 
system, the more abnormal parameters are detected, the higher the 
likelihood of an MN.13-15 This finding is similar to the correlation 

between the number and variant allele frequency of detected mu-
tations and the likelihood of developing MN in patients with CHIP 
and CCUS.16

There is great variability between laboratories in ap-
proaches, antibodies, and gating strategy in evaluating myeloid 
phenotypic aberrancies. Large FCIP panels, as suggested by the 
European LeukemiaNet Working Group and EuroFlow Consor-
tium,7,17 offer a more comprehensive picture and outperform 
limited panels.18-20 Clinical use of large FCIP panels in the di-
agnosis of MNs, however, has 2 important obstacles. First, the 
large panels with 20 or more antibodies are expensive to imple-
ment, and the reimbursement for testing varies, particularly in 
the United States. Second, these assays are generally complex 
from both technical and interpretative aspects; as a result, they 
are available only in large academic centers. In contrast, lim-
ited panels are readily available and can easily be implemented 
in small laboratories with limited resources and more focused 
expertise.

It has been shown that abnormal expression of CD13/HLA-DR 
on CD34-positive myeloblasts is a reproducible finding in a large 
proportion of MNs.10 Here, for the first time, we show that the 
abnormal expression pattern may precede the clinical diagnosis 
of an MN. In this study, we evaluated CD13/HLA-DR expression 
in a cohort of patients with CCUS. We found a positive correla-
tion between the presence of an abnormal CD13/HLA-DR pattern 
and the likelihood of developing MN. As expected, the presence 
of an abnormal CD13/HLA-DR pattern was also correlated with 
the morphologic blast counts and the total number of mutations 
detected. Although some of the specific mutations also showed a 
correlation with CD13/HLA-DR abnormalities, it is unclear how 
this correlation fits into the previously recognized categories of 
patients with CCUS16,21 because the number of patients in specific 
co-mutational groups was too low for statistical analysis. Patients 
with CCUS are at high risk of developing MN21 and are closely 

FIGURE 2 Distribution of flow cytometry immunophenotyping abnormalities seen in patients with clonal cytopenia of undetermined significance.

FIGURE 3 Distribution of CD13/HLA-DR patterns in patients with 
clonal cytopenia of undetermined significance stratified based on their 
subsequent progression to myeloid neoplasia (MN).
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followed, both clinically and with repeated bone marrow assess-
ment. This requirement presents a potential burden on both the 
patient and the health care system and implies a need for a more 

precise risk assessment of MN development in these patients. 
Our findings show that a simple FCIP assessment of myeloblasts, 
using a limited antibody panel, could be a useful tool that results 
in better prediction of MN development in patients with CCUS. 
Importantly, the interpretation of CD13/HLA-DR dot plots has 
been consistent among 20 hematopathologists: rereview by 2 
hematopathologists in the current study (D.J. and P.L.N.) showed 
a high level of concordance with the original interpretation. Ab-
normal CD7 expression on CD34-positive myeloblasts was rarely 

TABLE 3 Cox Regression Univariate Model Results for Flow Markersa

Flow Marker No. With Abnormal Expression HR (95% CI) P Value 

CD13/HLA-DR 21 2.85 (1.36-5.95) .005

CD7 4 3.49 (1.04-11.71) .044

CD2 3 0.72 (0.10-5.31) .75

CD13/CD16 6 1.16 (0.28-4.90) .84

CD45 24 1.07 (0.50-2.30) .87

CD56 4 0.49 (0.07-3.58) .48

SSC 7 1.16 (0.35-3.85) .81

CD13/HLA-DR, CD13/CD16, or CD7 (vs not any) 26 2.46 (1.19-5.12) .016

CI, confidence interval; HR, hazard ratio; MN, myeloid neoplasia.
aEach row in this table reflects a separate univariate Cox regression model, where the results associated with the marker are presented for risk of MN or death. CD13/CD16, CD2, CD7, 

CD56, and SSC should be interpreted with caution because of the small number of patients (<10) with abnormal expression of those single markers.

TABLE 4 Cox Regression Model Results for Flow Markers When Adjusting for Age, Having 2 or More Comorbidities, and Prior Radiation Therapy 
Exposurea

Flow Marker 
No. With Abnormal 
Expression 

Adjusting for All Covariates Adjusting Just for Comorbidities

HR (95% CI) P Value HR (95% CI) P Value 

CD13/HLA-DR 21 2.97 (1.37-6.46) .006 2.68 (1.29-5.61) .009

CD7 4 4.60 (1.19-17.77) .027 4.70 (1.35-16.39) .015

CD2 3 0.72 (0.10-5.43) .75 0.65 (0.09-4.80) .67

CD13/CD16 6 1.11 (0.25-4.85) .89 1.03 (0.24-4.36) .97

CD45 24 0.94 (0.42-2.10) .88 0.87 (0.40-1.92) .73

CD56 4 0.36 (0.05-2.75) .32 0.32 (0.04-2.40) .27

SSC 7 0.90 (0.26-3.14) .87 1.06 (0.32-3.52) .93

CD13/HLA-DR, CD13/CD16, or CD7 (vs not any) 26 2.56 (1.20-5.46) .015 2.37 (1.14-4.93) .021

CI, confidence interval; HR, hazard ratio; MN, myeloid neoplasia.
aEach row in this table reflects a separate multivariable Cox regression model, where the results associated with the marker are presented for risk of MN or death when adjusting for all 

covariates of interest as well as for having ≥2 comorbidities, which was the most influential of the 3 on risk of MN. CD13/CD16, CD2, CD7, CD56, and SSC should be interpreted with 
caution because of the small number of patients (<10) with abnormal expression of those single markers.

FIGURE 4 Cumulative probability of developing myeloid neoplasia 
(MN) based on the expression pattern of CD13/HLA-DR. CCUS, clonal 
cytopenia of undetermined significance.

TABLE 5 Probability of Developing Myeloid Neoplasia

 
Normal/Atypical CD13/
HLA-DR, % 

Abnormal CD13/
HLA-DR, % 

MN   

 1 y 10.3 21.7

 2 y 22.3 42.4

Death without MN   

 1 y 8.4 10.9

 2 y 20.4 23.2

MN, myeloid neoplasia.



© american society for clinical pathology536 Am J Clin Pathol 2022;158:530-536
https://doi.org/10.1093/ajcp/aqac083

         |   O r i g i n a l  a r t i c l e

detected (4/80 patients [5%]), but its presence was correlated 
with a higher likelihood of developing MN. This finding is consist-
ent with previously described risk of developing therapy-related 
MN after autologous stem cell transplant.22 Interestingly, only 4 
of the patients with CCUS had aberrant co-expression of CD56 
on myeloblasts; none of these patients developed MN during the 
follow-up period.

Over the past several years, there has been a trend in turning 
FCIP from a qualitative (interpretative) to a quantitative (exact) 
analytic tool. Quantitative assessment offers benefits that in-
clude greater precision and a reduced requirement for interpre-
tative training. Additionally, a quantitative approach can more 
readily adopt the use of artificial intelligence– and deep neural 
network–based tools, as a recent study showed.23 Such an ap-
proach requires extensive standardization of reagents, staining, 
and acquisition procedures, however, which is difficult to im-
plement in clinical practice. Therefore, qualitative assessment 
of FCIP dot plots, as used in this study, is likely to persist for the 
foreseeable future.

This study has its limitations. It is a single-institution retro-
spective study with a relatively small number of cases. Although 
unlikely, there is also a possibility that the subsequent diagnosis of 
MN in patients with CCUS was influenced by the potential presence 
of FCIP abnormalities in the original specimen. The FCIP study was 
not repeated in most follow-up specimens to assess for persistence 
of abnormalities.

We present evidence that a simple FCIP panel that includes 
assessment of CD13/HLA-DR expression on CD34-positive 
myeloblasts could be a useful predictor of MN development in 
patients with CCUS. Future work is needed to incorporate this 
finding into an actionable, predictive scoring system for patients 
with CCUS.

r e F e r e n c e S

 1. Swerdlow SH, Campo E, Harris NL, et al, eds. WHO Classification 
of Tumours of Haematopoietic and Lymphoid Tissues. WHO 
Classification of Tumours. 4th ed, Vol 2. Lyon, France: International 
Agency for Research on Cancer; 2017.

 2. Steensma DP, Bejar R, Jaiswal S, et al. Clonal hematopoiesis of 
indeterminate potential and its distinction from myelodysplastic 
syndromes. Blood. 2015;126:9-16. doi:10.1182/blood-2015-03-631747.

 3. Valent P, Horny HP, Bennett JM, et al. Definitions and standards 
in the diagnosis and treatment of the myelodysplastic syndromes: 
consensus statements and report from a working conference. Leuk Res. 
2007;31:727-736. doi:10.1016/j.leukres.2006.11.009.

 4. Cargo CA, Rowbotham N, Evans PA, et al. Targeted sequencing 
identifies patients with preclinical MDS at high risk of disease 
progression. Blood. 2015;126:2362-2365. doi:10.1182/blood-2015-08-
663237.

 5. Kwok B, Hall JM, Witte JS, et al. MDS-associated somatic mutations 
and clonal hematopoiesis are common in idiopathic cytopenias of 
undetermined significance. Blood. 2015;126:2355-2361. doi:10.1182/
blood-2015-08-667063.

 6. Valent P, Orazi A, Steensma DP, et al. Proposed minimal diagnostic 
criteria for myelodysplastic syndromes (MDS) and potential 
pre-MDS conditions. Oncotarget. 2017;8:73483-73500. doi:10.18632/
oncotarget.19008.

 7. Porwit A, van de Loosdrecht AA, Bettelheim P, et al. Revisiting guidelines 
for integration of flow cytometry results in the WHO classification of 
myelodysplastic syndromes—proposal from the International/European 
LeukemiaNet Working Group for Flow Cytometry in MDS. Leukemia. 
2014;28:1793-178. doi:10.1038/leu.2014.191.

 8. Westers TM, Ireland R, Kern W, et al. Standardization of flow cytometry 
in myelodysplastic syndromes: a report from an international 
consortium and the European LeukemiaNet Working Group. Leukemia. 
2012;26:1730-141. doi:10.1038/leu.2012.30.

 9. Dimopoulos K, Hansen OK, Sjö LD, et al. The diagnostic and prognostic 
role of flow cytometry in idiopathic and clonal cytopenia of undetermined 
significance (ICUS/CCUS): a single-center analysis of 79 patients. 
Cytometry B Clin Cytom. 2020;98:250-258. doi:10.1002/cyto.b.21842.

 10. Jevremovic D, Timm MM, Reichard KK, et al. Loss of blast heterogeneity 
in myelodysplastic syndrome and other chronic myeloid neoplasms. 
Am J Clin Pathol. 2014;142:292-298. doi:10.1309/AJCP73QSLLYDEGXK.

 11. Shi M, Nguyen P, Jevremovic D. Flow cytometric assessment of chronic 
myeloid neoplasms. Clin Lab Med. 2017;37:803-819. doi:10.1016/j.
cll.2017.07.006.

 12. He R, Devine DJ, Tu ZJ, et al. Hybridization capture-based next 
generation sequencing reliably detects FLT3 mutations and classifies 
FLT3-internal tandem duplication allelic ratio in acute myeloid 
leukemia: a comparative study to standard fragment analysis 
[published correction appears in Mod Pathol. 2020;33:514]. Mod Pathol. 
2020;33:334-343. doi:10.1038/s41379-019-0359-9.

 13. Alhan C, Westers TM, Cremers EMP, et al. High flow cytometric scores 
identify adverse prognostic subgroups within the revised international 
prognostic scoring system for myelodysplastic syndromes. Br J 
Haematol. 2014;167:100-19. doi:10.1111/bjh.12994.

 14. Alhan C, Westers TM, Cremers EMP, et al. The myelodysplastic syndromes 
flow cytometric score: a three-parameter prognostic flow cytometric 
scoring system. Leukemia. 2016;30:658-665. doi:10.1038/leu.2015.295.

 15. Ogata K, Della Porta MG, Malcovati L, et al. Diagnostic utility of flow 
cytometry in low-grade myelodysplastic syndromes: a prospective 
validation study. Haematologica. 2009;94:1066-1074. doi:10.3324/
haematol.2009.008532.

 16. Gallì A, Todisco G, Catamo E, et al. Relationship between clone metrics 
and clinical outcome in clonal cytopenia. Blood. 2021;138:965-976. 
doi:10.1182/blood.2021011323.

 17. Kalina T, Flores-Montero J, van der Velden VHJ, et al; EuroFlow 
Consortium (EU-FP6, LSHB-CT-2006-018708). EuroFlow 
standardization of flow cytometer instrument settings and 
immunophenotyping protocols. Leukemia. 2012;26:1986-2010. 
doi:10.1038/leu.2012.122.

 18. Cremers EM, Westers TM, Alhan C, et al; HOVON89 study group. 
Implementation of erythroid lineage analysis by flow cytometry in 
diagnostic models for myelodysplastic syndromes. Haematologica. 
2017;102:320-326. doi:10.3324/haematol.2016.147843.

 19. Mathis S, Chapuis N, Debord C, et al. Flow cytometric detection 
of dyserythropoiesis: a sensitive and powerful diagnostic tool for 
myelodysplastic syndromes. Leukemia. 2013;27:1981-1987. doi:10.1038/
leu.2013.178.

 20. Westers TM, Cremers EMP, Oelschlaegel U, et al; IMDSFlow Working 
Group. Immunophenotypic analysis of erythroid dysplasia in 
myelodysplastic syndromes: a report from the IMDSFlow Working Group. 
Haematologica. 2017;102:308-319. doi:10.3324/haematol.2016.147835.

 21. Malcovati L, Gallì A, Travaglino E, et al. Clinical significance of somatic 
mutation in unexplained blood cytopenia. Blood. 2017;129:3371-3378. 
doi:10.1182/blood-2017-01-763425.

 22. Soerensen JF, Aggerholm A, Kerndrup GB, et al. Clonal hematopoiesis 
predicts development of therapy-related myeloid neoplasms post-
autologous stem cell transplantation. Blood Adv. 2020;4:885-892. 
doi:10.1182/bloodadvances.2019001157.

 23. Duetz C, Van Gassen S, Westers TM, et al. Computational flow 
cytometry as a diagnostic tool in suspected-myelodysplastic 
syndromes. Cytometry A. 2021;99:814-824. doi:10.1002/cyto.a.24360.

https://doi.org/10.1182/blood-2015-03-631747
https://doi.org/10.1016/j.leukres.2006.11.009
https://doi.org/10.1182/blood-2015-08-663237
https://doi.org/10.1182/blood-2015-08-663237
https://doi.org/10.1182/blood-2015-08-667063
https://doi.org/10.1182/blood-2015-08-667063
https://doi.org/10.18632/oncotarget.19008
https://doi.org/10.18632/oncotarget.19008
https://doi.org/10.1038/leu.2014.191
https://doi.org/10.1038/leu.2012.30
https://doi.org/10.1002/cyto.b.21842
https://doi.org/10.1309/AJCP73QSLLYDEGXK
https://doi.org/10.1016/j.cll.2017.07.006
https://doi.org/10.1016/j.cll.2017.07.006
https://doi.org/10.1038/s41379-019-0359-9
https://doi.org/10.1111/bjh.12994
https://doi.org/10.1038/leu.2015.295
https://doi.org/10.3324/haematol.2009.008532
https://doi.org/10.3324/haematol.2009.008532
https://doi.org/10.1182/blood.2021011323
https://doi.org/10.1038/leu.2012.122
https://doi.org/10.3324/haematol.2016.147843
https://doi.org/10.1038/leu.2013.178
https://doi.org/10.1038/leu.2013.178
https://doi.org/10.3324/haematol.2016.147835
https://doi.org/10.1182/blood-2017-01-763425
https://doi.org/10.1182/bloodadvances.2019001157
https://doi.org/10.1002/cyto.a.24360

