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Validation and Modeling of Flow Cytometric CD36 Coefficient of Variation (CV)
Analysis in the Diagnosis of Lower-Risk Myelodysplastic Syndromes
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Abstract

Objective: Myelodysplastic syndromes (MDS enmatopoietic disorders in which flow
cytometry plays a limited yet evolving role in e studies have identified CD36

coefficient of variation (CV) as a potential opoiesis. This study aimed to
validate the diagnostic utility of CD36 CV jn a loca , establish control-based cutoff values,
and assess the added value of CD36 CV when integrated into the Ogata score for improved
detection of lower-risk MDS.
Materials and Methods: In this re ive study, 82 patients who underwent bone marrow
aspiration for unexplained cyt lyzed using multiparametric flow cytometry,
cytogenetics, and morpholo asse . CD36 CV was measured from erythroid precursors,
and diagnostic thresholds, were rmined based on the distribution of values in the control group.
Diagnostic models inclu D3 alone, a combined binary model with Ogata score, and an
expanded five-point i
Results: CD36 CY

d

ophenotyping. Standardization across institutions remains necessary for broader
ability.
words: myelodysplastic syndromes, flow cytometry, diagnosis, CD36, erythroid dysplasia

Ozet

Amac: Myelodisplastik sendrom (MDS) klinik, morfolojik ve sitogenetik 6zelliklerin bir arada
degerlendirilmesi ile tan1 konulan klonal hematopoetik bir hastaliktir. Kemik iliginin akim
sitometrik immunfenotiplemesi ve bu agidan gelistirilen skorlama sistemleri taniy1 destekleyici bir



rol tistlenmektedir. Son ¢alismalar, CD36 varyans katsayisini (coefficient of variation-CV)
diseritropoez i¢in potansiyel bir biyobelirte¢ olarak tanimlamistir. Bu ¢alismanin amaci, CD36
CV’nin tanisal degerini yerel bir kohortta dogrulamak, kontrol grubuna dayali esik degerler
belirlemek ve CD36 CV’nin Ogata skoruna entegre edilmesiyle diisiik riskli MDS'nin tanisal
performansina olan katkisini degerlendirmektir.

Gerec¢ ve Yontem: Bu retrospektif ¢caligmaya, aciklanamayan sitopeni nedeniyle kemik iligi
aspirasyonu yapilan 82 hasta dahil edildi. Hastalar multiparametrik akim sitometrisi, sitogenetik
morfolojik inceleme ile degerlendirildi. CD36 CV degerleri eritroid dnciiller {izerinde 6lgiilerek es
degerler kontrol grubundaki dagilima gore belirlendi. Tek bagina CD36 CV, CD36 CV ile Ogata
skorunun ikili kombinasyonu ve genisletilmis bes puanli bir skorlama sistemi seklinde olustu
tanisal modeller cesitli esik degerler iizerinden test edildi. ﬁ
Bulgular: CD36 CV degerleri, MDS hastalarinda (ortalama 75.81) kontrol grubuna (ortatama

65.84) kiyasla sayisal olarak daha yiiksek olmasina ragmen, istatistiksel olarak anla @

bulunmamuistir (p=0.099). Diisiik riskli MDS igin 75. persentil esik degeri %60 d
ozgilliikk saglamisti. CD36 CV’nin Ogata skoruna entegrasyonu, >3 puanlik esikidege
ozgilligi %33.3’ten %80’e ylikseltmis ve AUC degeri 0.754 (p=0.003) olara

iyilestirebilir. Ancak bu yontemin daha genis 6l¢ekte uygula
standardizasyon gereklidir.

1. Introduction
Myelodysplastic syndromes (MDS) are clonal hematopo i s diagnosed through an integrated assessment of

clinical, morphological, and cytogenetic features. Risk sed on the percentage of bone marrow blasts

The Ogata score is one of the most
(MDS). It evaluates four param
myeloid progenitors among t

(SSC) ratio of granulo
reported sensitivity ofi@pproxi

% and specificity of 92%. (3,4) The enriched or extended Ogata score
munophenotypic features, by adding 1 point when CDS5 or CD7 was expressed on

es have also confirmed the prognostic relevance of the Ogata score and validated its
different patient cohorts.(6,7)

iesis, early erythroid progenitors express high levels of transferrin receptor (CD71) and stem
117), which progressively decrease as cells mature, while CD36 expression becomes more
arallel, the mean fluorescence intensity (MFI) of CD71 declines and the proportion of CD117-

g maturation, and absent in reticulocytes. Increased flow cytometric coefficient of variation (CV) of CD36,
indicating surface expression heterogeneity, has been identified as a potential marker of dyserythropoiesis. (10)
In patients with myelodysplastic syndromes, these physiological patterns are altered. An increased coefficient of

variation (CV) of CD36 or CD71 indicates a broader heterogeneity of antigen expression among erythroid precursors,
consistent with dysplastic maturation. A decreased CD71 MFI reflects abnormally low transferrin receptor density,
suggesting impaired proliferative activity or defective iron uptake. Similarly, an increased proportion of CD117-positive
cells denotes a relative accumulation of immature erythroid progenitors, a hallmark of ineffective erythropoiesis (2). A



multicenter study identified CD36-CV, CD71-CV, CD71 mean fluorescence intensity (MFI), and CD117 positivity as
key markers associated with erythroid dysplasia. Incorporating these into myelomonocytic flow cytometric evaluation
improved the diagnostic sensitivity of the Ogata score from 76% to 84%. (2,11)

In this study, we aimed to validate the diagnostic relevance of elevated CD36 CV in MDS patients in a local cohort,
establish a locally applicable cutoff value by comparison with anemic controls, and evaluate the performance of a
revised scoring model integrating CD36 CV into the Ogata system.

2. Materials and Methods
2.1. Patients

This retrospective study included patients who underwent bone marrow aspiration between January 2019 and J

revealed >10% dysplasia in at least one myeloid lineage, or, in cases of equivocal dysplasia, if
cytogenetic/molecular genetic markers described in the same WHO criteria was present.
and laboratory data were extracted from electronic medical records. Patients who recei

anemia—constituted the control group. The control group consisted of pati€ats with cytopeniassaind pathological

findings suggestive of a preliminary diagnosis of MDS, while a healthy controlgroup was notdncluded in the study.
Upon retrospective evaluation, 15 patients with flow cytometry data dee ic
control group, whereas 67 patients were included in the MDS cohort. Ris
Revised International Prognostic Scoring System (IPSS-R). (13)

Tekirdag Namik Kemal University Ethics Committee approval bfained. (No: 2025.16.01.16)
2.2. Flow Cytometry
ithin 1 hour) and analyzed using the Navios EX Flow

0f 20,000 events per sample.A two-tubes, 10-color
CD10-ECD, CD33-PC5.5, CD34-PC7, CD13-APC,

Bone marrow aspirates were processed within 24 h
Cytometer (Beckman Coulter, CA, USA), acquirin

CD123-A700, CD38-A750, HLA-DR-PB Tube-2: CD15-FITC, CD16-PE, CD19-ECD, CD56-PC7, CD36-
APC, CD7-A700, CD64-A750, CD Antibodies were prepared in sequence according to the
manufacturer's instructions (FIT! “7/APC/A750/A700/PB/KO). Following antibody preparation, 100
pl of sample was added to th 1 e, vortexed, and incubated in the dark at room temperature for 15 minutes.
After addition of 500 pl O an Coulter, Inc.; California, USA) and a 10-minute incubation for red
blood cell lysis, 500 p and incubated for another 10 minutes. Cells were then washed twice with PBS

ded in 500 pl PBS for flow cytometric analysis. Quality control procedures were
ding to the manufacturer's calibration protocols, and results were systematically recorded

ical analyses were performed using SPSS version 23 (IBM, USA). Depending on the variable type, comparisons
utilized the chi-square test, Fisher’s exact test, independent samples t-test, Mann—Whitney U test, and ROC curve
analysis.

Three cutoff values for CD36 CV were derived from the control group: (i) the 75th percentile (P75), (ii) the 90th
percentile (P90), and (iii) the 90th percentile calculated using the method described by Westers et al. (WP90).(11)

Modeling approaches included: CD36 CV alone; combination of CD36 CV positivity with Ogata score positivity; and



an expanded 5-point scoring system adding one point for CD36 CV positivity to the original Ogata score. Sensitivity,
specificity, and ROC analyses were performed for all models and cutoff thresholds.

3. Results

A total of 82 patients were included: 67 diagnosed with MDS and 15 assigned to the anemic control group. Among the
MDS group, 12 (17.9%) were high-risk, while 55 (82.1%) were classified as low- or intermediate-risk by IPSS-R (Table
1).

In the control group, after exclusion of MDS by morphology and cytogenetics, the etiologies of anemia were: renal
failure (26.6%), rheumatologic disease (20%), drug-induced anemia (20%), chronic liver disease (13.3%), iron
deficiency due to gastrointestinal bleeding (6.6%), CMV infection secondary to prolonged steroid use (6.6%),
chronic inflammation (6.6%).

46.23-122.56) in the low- to intermediate-risk subgroup and 80.25 (range: 47.67—139.57) in th
Although the mean CD36 CV values were numerically higher in all MDS subgroups compared

distribution. These were 70.9 for the 75th percentile, 87.16 for the 90th p
as defined by the method described by Westers et al. (WP90).
For low-risk MDS diagnosis, corresponding sensitivities were 60% 0; specificities were 80%, 93.3%,
and 100%, respectively (Table 2). CD36 CV alone was not stati i
CI: 0.475-0.771, p=0.146).

Using an Ogata score threshold of >2 yielded 85.5% itivi d 33.3% specificity in lower-risk MDS (ROC AUC:
0.720, 95% CI: 0.584—-0.856, p=0.009) (Table 2 and'3).

A revised 5-point scoring model was devel point for CD36 CV above the specified cutoff. ROC
analysis showed statistical significance fo toffs. The model using the 75th percentile cutoff achieved the
best performance, with 72.7% sensiti % specificity at a >3-point threshold (detailed data in Supplementary
Table).

4. Discussion

MDS diagnosis relies on pholegical and cytogenetic analysis, along with exclusion of secondary causes of
cytopenia. Unlike ac orehronic lymphocytic leukemia, flow cytometry lacks definitive diagnostic power
in MDS. (14) Most curte tometry-based strategies focus on the myelomonocytic lineage, despite erythroid
dysplasia bei osti¢ommion dysplastic feature.

Aberra ression is a recognized dysplastic marker in both granulocytic and erythroid cells. The European
Group considers CD36 upregulation on granulocytes as a dysplastic feature. (15) Interpretation,
icated by factors such as eosinophil or apoptotic cell contamination, and CD36 variability on

ines CVs of CD36 and CD71 with hemoglobin levels, achieved 77.5% sensitivity and 90% specificity for
dysplasia. (16)The study by Lu et al investigates the expression of CD36 on CD105"° nucleated erythroid
sing multiparameter flow cytometry to differentiate MDS from megaloblastic anemia. Key findings indicate that
the relative mean fluorescence intensity of CD36 is significantly decreased in MDS compared to megaloblastic anemia
and anemia controls. Additionally, CD36 CV is increased in MDS versus controls. (17)

Westers et al. conducted a comprehensive analysis of erythroid markers—CD36, CD71, CD105, CD117, CD235a—
evaluating CV, MFI, and antigen positivity. (11) Among these, CD36 CV, CD71 CV, CD71 MFI, and CD117 positivity
were considered feasible for routine use. Later, Cremers et al. demonstrated that adding erythroid parameters to myeloid
scoring significantly enhanced sensitivity from 74% to 86% without reducing specificity. (2) In a more comprehensive
and recent study comparing five flow cytometric diagnostic criteria, the sensitivity of the Ogata score—focused on the



myeloid lineage—was reported as 57%, while the Red score—focused on the erythroid lineage—demonstrated a
sensitivity of 43%. (18) The integrated iFS score proposed by Cremers et al., which incorporates both lineages,
achieved a sensitivity of 79%. (2) However, the combined and extensive iFS scoring system is time-consuming and
highly antibody-intensive for daily routine practice (requiring either 13 tubes with 4-color or 7 tubes with 8-color
panels). Therefore, there is a need to develop diagnostic algorithms that rely on fewer parameters.

A combined immunophenotypic analysis of CD36 with other erythroid markers such as CD71 may allow a clearer
distinction. Nevertheless, due to the retrospective nature of this study, only routinely processed antibody panels were
available, and therefore the validation in this study focused specifically on CD36. In our cohort, integrating CD36 CV
into the Ogata score improved specificity for low-risk MDS from 33.3% to 80%, though sensitivity decreased fr
85.5% to 72.7%.

Despite promising results, technical variability in flow cytometry limits global standardization of CV a
Local standardization using institutional control groups is essential. (19)

Our findings suggest that incorporating CD36 CV into flow cytometric e
in lower-risk MDS, particularly when used alongside myelomon
costs or needing additional antibody panels.

Limitations of this study include its retrospective d , small size, and absence of a healthy control group.
Future research will focus on standardization and validation ifi\larger, prospective cohorts.
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Tables:

Table-1: Patients characteristics
Table-2: Sensitivity and specificity of Ogaj
model for the diagnosis of all MDS and lo
Table-3: ROC analyses results of sel

fficient of variation (CV) cut-offs, and the revised 5-point

Figure-1: Flow cyto ic gatingstrategy for CD36 coefficient of variation (CV) analysis.
(A) Erythroid li s wergidentified as CD45"negative/dim/CD36"positive events (orange) within the CD45 KrO

ntative example of Ogata score calculation.
s. CD10 plot showing 2.24% myeloblasts and 0.17% B-progenitor cluster size.

yte SSC ratio of 5.43.

stogram of lymphocyte CD45 expression with a mean fluorescence intensity (MFI) of 53,147.

istogram of myeloblast CD45 expression with an MFI of 8,004. The resulting lymphocyte-to-myeloblast CD45
ratio was 6.64.

According to these parameters, the Ogata score for this case is 3 (myeloblasts >2%, score 1; B-progenitor cluster size
<5%, score 1; granulocyte-to-lymphocyte SSC ratio <6, score 1; lymphocyte-to-myeloblast CD45 ratio between 4 and
7.5, score 0).

Abbreviations: MFI, mean fluorescence intensity; SSC, side scatter.
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Table-1: Patients characteristics

MDS LR-MDS Control P
(n=67) (n=55) (n=15) (MDS-control,
LR-MDS-
control)

Sex

Male 42 (62.7%) 35 (63.6%) 5(33.3%) P=0.047,
Female 25 (37.3%) 20 (36.4%) 10 (66.7%) p=0.036

Age 70.42 71.11 67.93 P<0.01, P<06
Hgb (gr/dl) 8.67 8.73 10.52 P<0.01, E
Neu(/uL) 2368 2575 4469 (

Plt (*10"3/uL) 177 201 226

CD36 CV 75.81 73.16 65.84

Ogata Score

1 10 (14.9%) 8 (14.5%) 5(33.3%) p=0.014, p=0.04
2 17 (25.4%) 17 (30.9%)

3 34 (50.7) 29 (52.7%)

4 6 (9%) 1 (1.8%)

Dysplasia

SLD 20 (29.9%) 20 (36.4%) NA

MLD 47 (70.1%) 35 (63.6%) NA

IPSS-R

Very-low 8 (11.9 %) N NA NA

Low 27(40.3 %) NA NA
Intermediate 20 (29.9%) NA NA NA

High NA NA
Very-high NA NA NA

*Age, Hgb, 6'CV were given in mean values. MDS: myelodysplastic syndromes, LR-MD: low-
intermediate gb: hemoglobulin, Neu:neutrophile count, plt: platelet count, CV: coefficient of variation,
SLD: sj i asia, MLD: multi-lineage dysplasia IPSS-R: Revised International Prognostic Scoring
Syst cable

Table- d specificity of Ogata score, CD36 coefficient of variation (CV) cut-offs, and the
revised for the diagnosis of all MDS and lower-risk MDS.

Lower-Risk MDS
All- MDS
Threshold Sensitivity (%) | Specificity Sensitivity Specificity
value (%) (%) (%)

Ogata Score

>2/4 85.1 333 85.5 333




>3/4 59.7 86.7 54.5 86.7
CD36 Coefficient Of Variation (CV)
61.2 80 60 80
CV>P75
22.4 93.3 18.2 93.3
CV>P90
9 100 3.6 100
CV>WP90
5-point Model
CD36CV >3/5 74.6 80 72.7 80
Cut-off: P75
>4/5 38.8 93.3 32.7 93.3
CD36CV >3/5 61.2 86.7 56.4
Cut-off: P90
>4/5 20.9 100 12.7
CD36CV >3/5 59.7 86.7 54.5
Cut-off: WP90
>4/5 14.9 100 5.5

CD 36CV: CD36 Coefficient of Variation

P75: the75th percentile of control group CD36 CV, P90: the 75th percenti
WP90: the 90th percentile of control group CD36 CV calculated using th
Westers et al (2017)

5-point Model: 5-point scoring system adding one point for CD3
values; P75, P90, WP90) to the Ogata score

Table-3: ROC analyses results of selected diagnostic

All- MDS LR-MDS
Model

AUC %95 AUC %95 CI p
Ogata score 0.740 0.004 0.720 0.584-0.856  {0.009
CD36 CV 0.637 0.099 0.623 0.475-0.771 ]0.146
S5p-WP90 0.744 0.003 0.722 0.589-0.856  {0.009
5p-P90 0.002 0.742 0.614-0.871 |0.004
5p-P75 <0.001 0.794 0.663-0.924 10.001

Ogata score

system adding one point for CD36 CV positivity (with respective cut-off values; P75, P90,






