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Background: Flow cytometry (FC) is a valuable tool for the diagnosis of myelodysplastic syndromes (MDS). We
present results of a survey carried out to evaluate FC current practice for MDS diagnosis in Latin America (LA),
focusing on markers used and characteristics of the clinical diagnostic report. Compliance to IMDSﬂow recommendations was also evaluated. These practices were then compared with those used in other countries.
Methods: An online survey was sent through the Grupo Latino-Americano de Mielodisplasia to LA cytometrists
and other international scientiﬁc societies.
Results: 91 responses from 15 LA countries were received. The median of the number of markers used was
20 ± 4.5, but only 8.1% of participants adopted the complete panel proposed by the International/European
LeukemiaNet Working Group (IMDSﬂow). We received 140 eligible answers from regions other than LA (66
Europe, 59 USA-Canada, 8 Oceania, 6 Asia and 1 Africa). LA utilized more markers for MDS diagnosis than USA/
Canada (p = 0.006), but similar to Europe. The use of MDS scoring systems diﬀered among regions: 10.3% in LA,
0% USA/Canada and 25.7% Europe reported the “Ogata score”. Finally, 52.0% of all participants included a
general interpretation statement in the ﬁnal report about the consistency of the FC results with MDS diagnosis,
with no statistical diﬀerences between regions.
Conclusions: This survey shows a low compliance with the IMDSﬂow recommendations and a scarce use of the
scoring systems proposed in the literature. However, the number of surface markers used is high. We will work to
develop a FC consensus for MDS diagnosis adapted to the clinical practice requirements in LA.
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Fig. 1. Geographic distribution of LA respondents. Yellow denotes a lower number of participants/country while red represents a higher number of participants/
country (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article).

1. Introduction

IMDSﬂow recommendations. In addition, we compared these practices
with those used in other regions of the world.

Myelodysplastic syndromes (MDS) are an heterogeneous group of
clonal hematopoietic disorders characterized by dysplasia, bone
marrow (BM) failure and an increased risk of acute myeloid leukemia
[1]. MDS diagnosis is challenging, especially in the absence of cytogenetic abnormalities, BM blasts less than 5% or ring sideroblasts less
than 15%. Many methods used to diagnose MDS patients, particularly
cytogenetics and morphological BM assessment, depend on individual
experience, and therefore, eﬀorts should be directed to identify novel
diagnostic tools to make MDS diagnosis more accurate [2].
Multiparametric ﬂow cytometry (FC) allows identiﬁcation of speciﬁc aberrations in both the immature and mature compartments
among bone marrow hematopoietic cell lineages (erythroid, myeloid
and monocytic) contributing to MDS diagnosis [3]. Although the WHO
2016 classiﬁcation of hematopoietic neoplasms does not recognize FC
ﬁndings alone as suﬃcient to establish a primary diagnosis of MDS in
the absence of morphological and/or cytogenetic ﬁndings, it has introduced FC as an important co-criterion in MDS, particularly in patients with inconclusive morphology and/or cytogenetics [4,5]. Current
recommendations support the use of FC as a valuable additional diagnostic tool for MDS [6–10]. Particularly the guidelines of the International/European LeukemiaNet Working Group for Flow Cytometry in
MDS (IMDSﬂow) recommend antibody panels, and provide technical
recommendations to harmonize the use of FC in the diagnosis of MDS
[7,8].
Here we present the work carried out by the Myelodysplastic
Syndromes Latin-American Group (GLAM) for evaluation of FC current
practice for MDS diagnosis in Latin America (LA), focusing on the immunophenotypic markers studied and information contained in the
ﬁnal clinical diagnostic report. Thus, we assessed the compliance to

2. Methods
A 5-question survey (SurveyMonkey® Inc.; Palo Alto, California,
USA) was electronically distributed to members of GLAM and ﬂow
cytometry national societies in LA. In order to compare LA results with
other countries, the survey was translated to English and distributed
among members of the European Society for Clinical Cell Analysis
(ESCCA), the International Society for Advancement of Cytometry
(ISAC), the International Clinical Cytometry Society (ICCS), Dutch
Cytometry Society, the Iberian Cytometry Society (SIC), as well as sent
to the Purdue University Cytometry mailing list. Responses were collected during an eleven-month period (November 2016 - September
2017) (Supplementary Figure s1).
The survey contained relevant questions regarding country of
origin, number of ﬂuorescence colors used in the panel, number of MDS
samples received per month, markers used for MDS diagnosis and data
included in the report (Supplementary Figure s1).
Participation was voluntary and permission to publish the results
was requested. All data collected were anonymous, so the responding
centers could not be identiﬁed except for country of origin.
2.1. Statistical analysis
Categorical variables were expressed as frequencies and percentages
and quantitative variables as median and interquartile range (IQR). For
categorical variables the statistical signiﬁcance of diﬀerences was
evaluated using Chi-Square test and for continuous variables using
Mann-Whitney test. A value of p < 0.05 was considered statistically
70
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Table 1
Characteristics of laboratories participants.
Europe
Flow cytometers features

Number of samples received per month.

3 colors
4 colors
5 colors
6 colors
8 colors
more than 8 colors
less than 5
5 to 10
more than 10

*

0
4 (6.1%)*
0*
4 (6.1%)*
47 (71.2%)*
11 (16.7%)*
6 (9.1%)*
27 (40.9%)*
33 (50%)*

Latin America

USA and Canada

p value

3 (3.4%)
13 (14.9%)
1 (1.1%)
14 (16.1%)
48 (55.2%)
8 (9.2%)
29 (33.3%)
27 (31%)
31 (35.6%)

0
8 (13.8%)
4 (6.9%)
13 (22.4%)
17 (29.3%)
16 (27.6%)
14 (23.7%)
20 (33.9%)
25 (42.4%)

0.012

0.009

Data shown are absolute frequency and percentage.
* p < 0.05 compared to Latin America.

suggested by the IMDSﬂow [8,9]. We analyzed the compliance of the
participants to this guideline. The IMDSﬂow recommends 20 general
markers for the complete study of bone marrow dysplasia [8,9]. Only 7
of the participants (8.1%) use all of them, (Table 4). For identiﬁcation
of aberrancies in progenitor cells, only 17 of the participants (19.8%)
use all the markers proposed by IMDSﬂow (Tables 3 and 4). A decrease
in B-cell progenitor cells is frequently observed in MDS [11–13]. These
cells can be identiﬁed with diﬀerent strategies: CD34+ CD45dim/low
SSClow, CD34+ CD19+ or CD34+ CD10+ [14]. 81 participants (93.1%)
combine CD34 and CD45 with CD19 and/or CD10 for this purpose
(Table 2). Compliance with others IMDSﬂow recommendations is
shown in Table 4.
Although monocytes can be identiﬁed and quantiﬁed on SSC/CD45
bivariate plot, additional monocyte markers such as CD14, CD64, CD36
or CD33 improve the selection of this population. The use of CD14
alone may underestimate the percentage of monocytic cells, particularly when immature forms are present [9]. All participants used CD14
associated with at least one of the following monocytic markers: CD35,
CD36, CD64, IREM-2 (CD300e) or CD33. The IMDSﬂow recommendations do not include CD35 or CD300e, but 37 (43.0%) and 48 (55.8%)
participants include them in their panel, respectively (data not shown).
The utility of these markers, together with CD64 and CD14, has already
been demonstrated for the evaluation of aberrations in monocytic maturation [15].
Similarly, for identiﬁcation of erythroid compartment aberrancies,
the IMDSﬂow recommendations do not include CD105 but 47 participants (54.6%) use it (data not shown).
Megakaryocytic linage analysis has little relevance in FC MDS diagnosis and the IMDSﬂow recommendations do not include

signiﬁcant. Analyses were performed using SPSS 21.0 software.
3. Results
3.1. Latin America survey results
To test the current practice in LA of FC for MDS diagnosis a 5question electronic survey was conducted (Supplementary Fig. s1). 91
responses to the survey were obtained from 15 L A countries. 4 responses were excluded from the analysis, one because it did not perform
FC analysis of MDS samples and 3 because they did not consent to
publish their data. Fig. 1 shows the country of origin of the 87 eligible
participants from LA (Supplementary Table 1s). As shown in Table 1,
64.4% of LA laboratories used ﬂow cytometers with 8 or more colors.
The number of samples for MDS diagnosis received monthly was: 33.3%
of the centers receive less than 5 samples, 31% receive from 5 to 10 and
35.6% receive more than 10 (Table 1).
3.2. Immunophenotypic markers used for the analysis of dysplasia by FC
Queries regarding the number of markers used showed a median of
20 markers (IQR, 16–24) (Table 2). The majority of the participants
(n = 80, 92%) use CD45, CD34, CD117 and HLA-DR antibodies for
identiﬁcation and quantiﬁcation of bone marrow progenitor cells
(Table 2). The most common markers used to gate the progenitor
compartment were: CD45, CD34 and CD117 and to analyze neutrophil
maturation patterns CD13, CD11b and CD16. 70 participants (80.5%)
include all these 6 markers.
Table 3 shows the proposed core markers for FC dysplasia analysis
Table 2
Markers, scores systems and report characteristics used among regions.

Markers used
Number of markers used for MDS study
Markers used for inmature compartment analysis (CD45, CD34, CD117, HLA-DR)
CD38
TdT
Identiﬁcation of B progenitor cells with CD10 and/or CD19
Megakaryocytic markers used (CD61 and/or CD42a)
Score system used
Wells FCSS Score reported
Ogata Score reported
Red Score reported
Items included in the report
Percentage of myeloid progenitor cells
Description of aberrancies in myeloid progenitor cells
Percentage of lymphoid progenitor cells
Description of aberrancies identiﬁed in mature compartments
Interpretation if the ﬁndings could be consistent with MDS

Data shown are absolute frequency and percentage. NS: not signiﬁcant.
* p < 0.05 compared to Latin America.
71

Europe

Latin America

USA/Canada

p value

20.5 (16-24)
62 (93.9%)
29 (43.9%)
18 (27.3%)
60 (90.9%)
12 (18.2%)

21.5 (17-26)
80 (92%)
44 (51.5%)
22 (25.3%)
81 (93.1%)
23 (26.4%)

18 (14-21)*
49 (83.1%)
4 (6.8%)*
8 (13.6%)
53 (89.8%)
11 (18.6%)

0.006
NS
0.0001
NS
NS
NS

5 (7.6%)
17 (25.8%)*
4 (6.1%)*

5 (5.7%)
9 (10.3%)
0

0
0*
0

0.26
0.001
0.002

59
57
40
53
50

77
71
56
76
42

44
37
30
39
19

(89.4%)
(86.4%)
(60.6%)
(80.3%)
(75.8%)*

(88.5%)
(81.6%)
(64.4%)
(87.4%)*
(48.3%)

(74.6%)
(62.7%)*
(50.8%)
(66.1%)*
(32.2%)*

NS
0.011
NS
0.0028
0.001
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Table 3
Proposed markers for ﬂow cytometry dysplasia analysis by European Leukemia Net Working Group Guidelines.
General Core markers
Erythroid
Progenitors
Maturing neutrophils
Monocytes

CD45,
CD45,
CD45,
CD45,
CD45,

CD34,
CD71,
CD34,
CD34,
CD34,

CD117, HLA-DR, CD11b,
CD235a, CD117, CD36
CD117, HLA-DR, CD11b,
CD117, HLA-DR, CD11b,
CD117, HLA-DR, CD11b,

CD13, CD16, CD33, CD14, CD7, CD56, CD19
CD13, CD7, CD56, CD19, CD5, CD15
CD13, CD16, CD33, CD14, CD64, CD56, CD15, CD10
CD13, CD16, CD33, CD14, CD36, CD64, CD56, CD2

Table 4
Compliance with European Leukemia Net Working Group Guidelines.

Complete proposed panel
General core markers
Markers to study aberrancies in progenitor compartment
Markers to study erythroid compartment
Markers to study neutrophils maturing
Markers to study monocyte compartment

Europe

Latin America

USA and Canada

p value

1 (1.5%)
37 (56.1%)
9 (13.6%)
16 (24.2%)
24 (36.4%)
14 (21.2%)

(7) 8.1%
46 (53.5%)
17 (19.8%)
22 (25.6%)
44 (51.2%)
18 (20.9%)

4 (6.8%)
20 (33.9%)
14 (23.7%)
6 (10.2%)
20 (33.9%)
11 (18.6%)

NS
NS
NS
NS
NS
NS

Europe, 59 from USA-Canada, 8 from Oceania (Australia), 6 from Asia
and 1 from Africa. Taking into account the low number of responses
from Oceania, Asia and Africa, we decided to compare LA results only
with Europe and USA-Canada.
As shown in Table 1, Europe has a wider availability for 8 or more
color cytometers than LA (p = 0.0001), but there is no statistically
signiﬁcant diﬀerence between LA and USA/Canada. Additionally,
European laboratories receive more samples per month for MDS diagnosis than LA (p = 0.009). No statistical diﬀerences were found between LA and USA/Canada. Participants from LA use more immunophenotypic markers for MDS diagnosis (Median: 22; IQR 17–26)
than USA/Canada (Median: 18; IQR 14–21) (p = 0.006), but similar to
Europe (Median: 21; IQR 16–24) (Table 1).
The number of markers used for identiﬁcation of diﬀerent bone
marrow populations, and compliance with IMDSﬂow Working Group
Guidelines was similar between LA, USA/Canada and Europe (Tables 2
and 4).
CD35 and IREM2 (CD300e), markers for identiﬁcation of monocytes, are not included in the IMDSﬂow recommendations. CD35 is used
by 37 (43.0%) participants in LA, 0% in USA/Canada and 24 (36.3%) in
Europe. Similar results were found with CD300e: LA 48 (55.8%), USA/
Canada 0% and Europe 29 (43.9%). A statically signiﬁcant diﬀerence
was found for CD35 (p = 0.0001) and IREM-2 (p = 0.0001) use between LA and USA/Canada. Similarly, for detecting erythroid compartment aberrancies, CD105 is used by 47 (54.6%) participants in LA,
1 (16.9%) in USA/Canada and 31 (46.9%) in Europe. LA used CD105
more frequently than USA/Canada (p = 0.0001) (Table 2).
As shown in Table 2, the usage of MDS scoring systems diﬀers between regions. Only 9 (10.3%) responders in LA, 0% in USA/Canada
and 17 (25.7%) in Europe reported the “Ogata score”. LA uses the
“Ogata score” more frequently than USA/Canada (p = 0.011), but less
frequently than Europe (p = 0.012). The “Red score” is only reported
by European participants (n = 4 (1.8%)) (Table 1).
The degree of information included in the report diﬀers between
regions (Table 2). The description of aberrancies on myeloid progenitor
cells is more frequently included in the report in LA than in USA/Canada (p = 0.011) and no statistical diﬀerence was observed between LA
and Europe. Similar results were obtained for information contained in
the report regarding aberrancies identiﬁed in the mature myeloid
compartment (monocytic, granulocytic and erythroid), between LA and
USA/Canada (p = 0.028). Finally, an interpretation of compatibility of
FC with a diagnosis of MDS is reported by 118 (52.0%) of all participants. This interpretation is less frequent in LA than in Europe
(p = 0.001), but more frequent than in USA/Canada (p = 0.049)
(Table 2).

megakaryocytic markers [9]. However, 23 participants (26.5%) used
CD61 and/or CD42a.
3.3. Scoring system for MDS diagnosis
Several scoring systems have been published to provide useful information for MDS diagnosis. The ﬁrst was developed by Wells et al. in
2003 [16]. We found that only 14 (16.1%) participants use the markers
necessary to calculate Wells score and 5 (5.7%) include it in their ﬁnal
report (Table 2).
Another useful and validated scoring system is the “Ogata score”,
developed as a screening diagnostic test. This score includes 4 parameters: percentage of CD34+ myeloid progenitor cells in total nucleated cells, frequency of B-cell related precursors within the CD34+
subset, CD45 expression on myeloid progenitors in comparison to
lymphocytes and side scatter of granulocytes in comparison to lymphocytes [13]. Although 84 participants (96.6%) include all parameters
for “Ogata score” calculation, only 9 (10.3%) report this score
(Table 2).
A novel tool for evaluation of erythroid lineage is the “Red score”,
published by Mathis et al. in 2013 [17]. This score takes into account
the following three parameters: coeﬃcient of variance of CD36 and
CD71 on CD36+ CD64− CD71+ erythroblasts and the hemoglobin
value. None of the LA laboratories include the score in the ﬁnal report
(Table 2).
3.4. Information included in the report
The IMDSﬂow suggests that FC reports should state whether the
ﬁndings could be consistent or not with MDS [7]. The information included in the report was: 77 (88.5%) of the responders include the
percentage of myeloid progenitor cells, 71 (81.6%) include aberrancies
observed on myeloid progenitor cells, 56 (64.4%) report the percentage
of lymphoid progenitor cells and 76 (87.4%) describe the aberrancies
identiﬁed in mature myeloid compartment (monocytic, granulocytic
and erythroid) (Table 3). Finally, 42 (48.3%) participants included in
the report a general interpretative statement about the consistency of
the FC results with MDS diagnosis (Table 2).
3.5. Comparison of LA results with other regions
A total of 174 responses from regions outside LA were received, but
34 were excluded from the analysis because they did not perform FC for
MDS and/or because they did not consent to publish their data.
Countries of origin of the 140 eligible responses are shown in
Supplementary Table 1s. Overall, we received 66 responses from
72
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4. Discussion

these results may indicate that such laboratories are engaged in the
EuroFlow standardization program and may explain the low compliance to IMDSﬂow recommendations. In addition, markers not included in the guidelines and with less evidence of diagnostic utility are
frequently included, such as megakaryocytic markers that are used
approximately 20% of participants [23].
Scoring systems have high sensitivity and acceptable speciﬁcity to
discriminate MDS from other cytopenias [3]. Currently, many diﬀerent
FC scoring systems are available, with a wide variability in terms of the
number of markers and parameters analyzed [9,24]. In this study, the
use of any scoring system in the diagnostic work up of MDS was very
low, despite the more frequent adoption by European participants.
The IMDSFlow suggest using the Ogata scoring system for screening
purposes [8]. The Ogata score for low grade MDS was validated in a
large multicenter study with good reproducibility, a sensitivity of 69%
and speciﬁcity of 92% [25]. The current study shows that there is a
wide variability in the use of this score by regions, ranging from no use
in USA/Canada to around 25% in Europe (LA 10%).
It is recommended that the FC report should be part of an integrated
diagnostic report, together with morphological, cytogenetic and/or
molecular ﬁndings [7–9]. An interpretative comment should be added,
stating whether the results are: consistent with MDS, shows limited
number of changes seen in MDS or do not show MDS-related features
[8,26]. Around 50% of the participants include in the report a general
interpretation, however with diﬀerences among regions. Most participants include descriptive reports where they state the percentage of
myeloid progenitor cells and aberrancies in the mature and immature
compartments. Although a decrease in B-cell progenitor cells is frequently observed in MDS and is a useful parameter for diagnosis, only
around 60% of the participants include the percentage of lymphoid
progenitors in the report [12,27,28].

Currently, the diagnosis of MDS is based on clinical, cytology, histology and cytogenetic data. Although morphologic dysplasia represents a major diagnostic criterion of MDS, it is often diﬃcult to
deﬁne the degree and quantify due to high inter-observer variability
[18]. Cytogenetics is currently considered the most important parameter because the karyotype has diagnostic, prognostic and therapeutic
implications.. However, the combination of bone marrow dysplasia and
clonal cytogenetic abnormalities is only found in some patients, usually
those with advanced disease. Approximately half of the patients have a
normal karyotype and MDS diagnosis is based exclusively on the morphological evaluation [5,20]. In those cases, the diagnosis of MDS is
challenging, and additional conﬁrmatory tools are needed. In the near
future, Next Generation Sequencing will become more broadly available in our countries and will allow the demonstration of the presence
of clonal hematopoiesis in a greater proportion of MDS patients with
profound implications for prognosis and treatment decisions" [19]
Although immunophenotypic abnormalities such as the presence of
three or more aberrancies in at least two cell compartments have been
associated with MDS, they are not diagnostic in the absence of conclusive morphological and/or cytogenetic criteria [21,22]. As there are
no antigenic hallmarks associated with dysplasia, FC therefore relies
most commonly on a pattern recognition-based approach, which is an
inherent weakness of FC in MDS diagnosis.
FC data remains limited in several steps of the process of MDS diagnosis due to the lack of standardization in processing and handling of
samples, antibody clones, antibody combination panels, ﬂuorochromes,
cytometer settings and analysis strategies. The ﬁrst international
workshop of the European Leukemia Net (ELN) on standardization of
FC in MDS was held in 2009 and updated in 2012. In 2014 it was extended to members from Australia, Canada, Japan, Taiwan and United
States and international consensus recommendations (IMDSﬂow) were
published [7–9], proposing minimal requirements for FC analysis of
dysplasia and criteria for diagnostic and prognostic evaluation [7,9].
Bone marrow multiparametric FC gives complementary information for
diagnosis and prognosis and it has been introduced as an important cocriteria for MDS diagnosis [4]. The World Health Organization (WHO)
2008 and 2016 recommendations highlight several FC aberrancies in
maturation patterns as suggestive of MDS [21,22].
To the best of our knowledge this is the ﬁrst published survey of
current practice of FC for MDS diagnosis in Latin America, focusing on
markers used and the information included in the report. We have also
evaluated compliance with IMDSﬂow recommendations. Additionally,
we have compared the results with those of Europe and USA/Canada. It
is important to note that most European responses came from Spain and
Netherlands, both countries with intense work production in the area of
ﬂow cytometry and MDS, which could be a potential source of bias of
this study (Supplementary Table 1 s).
Centers from most countries in LA responded the survey.
Surprisingly, the majority (60%) of FC laboratories in LA are well
equipped with modern cytometers enabling the simultaneous analysis
of 8 or more immunophenotypic markers, comparable to USA/Canada
laboratories. Additionally, the number of samples received for MDS
study in LA is as high as in USA/Canada and slightly lower than in
Europe. The European laboratories that participated in the survey carry
out a higher number of MDS samples per month, so they likely have
more experience with FC in MDS diagnosis.
Although FC is expensive and not mandatory for MDS diagnosis, LA
and European participants use a high number of markers (median 21)
to study a suspected MDS case. However, compliance with IMDSﬂow
recommendations [7–9] is poor and there is great heterogeneity in the
markers used. Less than 10% of participants use the complete proposed
panel. Moreover, around 50% of participants from LA and Europe use
markers not suggested by IMDSﬂow but which are included in the
EuroFlow panel (e.g CD35, CD36, CD64, CD300e, CD105). Therefore,

5. Conclusions
Taken together, the results of this survey highlight major heterogeneity in the application of FC to MDS diagnosis among the participants from LA, Europe and Canada/US, both in regards to the antibody
combinations used and the information included in clinical diagnostic
reports. Additionally, there is a low adherence to the IMDSﬂow recommendations and a scarce use of the scoring systems proposed that
cannot be explained by economical restraints since the number of
markers used is similar to those proposed in the guidelines and the
majority of the centers owned modern cytometers. The next step will be
the development of a FC consensus for MDS diagnosis in a cost-eﬀective
manner, suitable for the requirements for clinical practices in LA.
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