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Rapid and accurate identification of acute promyelocytic 
leukemia with a novel multiparametric flow cytometric 
scoring system

Acute promyelocytic leukemia (APL) is usually character-
ized by the distinctive balanced chromosomal translocation 
t(15;17)(q22;q21), generating the pathogenic PML::RARa on-
coprotein.1 All-trans retinoic acid (ATRA)-based combinations 
therapies represent the cornerstone of APL treatment, mak-
ing APL the acute myeloid leukemia (AML) subtype with the 
highest cure rate.2 Nevertheless, APL remains a hematological 
emergency due to its life-threatening coagulopathy and high 
rate of early death, with nearly 35% of APL patients dying 
before the first ATRA administration.3 Therefore, rapid and 
accurate diagnosis is essential, ideally within 24 hours of 
clinical suspicion. Morphological examination of peripheral 
blood and/or bone marrow smears represents the initial 
step to raise suspicion of APL. In fact, current guidelines 
strongly recommend initiating ATRA therapy immediately 
upon morphological APL suspicion to significantly reduce 
the risk of early death. Additionally, the use of anti-PML 
immunofluorescence assays has been proposed as a rap-
id and reliable alternative for the APL diagnosis. However, 
nowadays, in almost every center definitive diagnosis relies 
on detection of the PML::RARA fusion transcript by reverse 
transcriptase-polymerase chain reaction. Nevertheless, mo-
lecular and/or cytogenetic assays may take up 3 to 7 days, 
are potentially inconclusive (especially in variant/cryptic 
rearrangements), or are not available in all centers. Thus, 
multiparametric flow cytometry (MFC) remains an essential, 
routinely used tool for a rapid and accurate diagnostic workup 
of acute leukemias. Albeit many publications have reported 
a typical MFC-profile for APL leukemic cells,4 not all cases 
consistently conform to this typical pattern,5 prompting 
efforts to identify MFC marker combinations that maximize 
APL diagnostic accuracy. The most enduring and influential 
scoring system to predict the PML::RARA rearrangement 
remains Orfao et al.’s 1999 model.6

In this retrospective study, we evaluated MFC data of 158 
consecutive newly diagnosed APL cases of the Hematology 
Department of “Sapienza”-University of Rome over a 27-year 
period (1997-2024), using an extensive flow cytometry pan-
el. Bone marrow cells were stained using a combination 
of monoclonal antibodies recommended by the EuroFlow 
Consortium and by European LeukemiaNet guidelines:7,8 
MPO/cCD79a/cCD3/CD45/CD34/CD117/HLADR/CD13/CD33/
CD11b/CD15/CD2/CD99/CD9/CD14/CD4/CD56/CD123/CD65/
CD133/CD16/CD19/CD38/CD5/CD7 (Società Italiana Chimici, 
SIC, Life Sciences, Rome, Italy; Becton Dickinson, San Jose, 
CA, USA; Beckman Coulter, Brea, CA, USA) (Figure 1A, B). 
A positivity cutoff for CD34 of 10% was used.9 Written in-

formed consent was obtained according to local practice. 
All patients provided consent to treatment and to the use 
of their anonymized clinical data for scientific purposes. The 
study was conducted in accordance with the principles of 
the Declaration of Helsinki and complied with Italian ethical 
regulations. As a retrospective analysis using routinely col-
lected clinical data, and in accordance with local regulations, 
formal approval from an ethics committee was not required.
The mean age at diagnosis was 53 years (standard  devi-
ation, ±18 years) and 77 patients (49%) were male. A total 
of 38 patients (24%) were considered as morphological 
microgranular APL variants. Overall median expression per-
centages and positivity rates are displayed in the Online 
Supplementary Table S1. CD9, CD99, CD13, CD33, CD38 and 
MPO were constantly detected, with high median expres-
sion percentages and mean fluorescence intensities (MFI). 
CD117 resulted positive in 98% of APL samples. CD33 was 
expressed with a homogenous pattern in all 158 APL cases 
(100%), with a higher MFI compared to CD13, while CD13 
had an heterogenous pattern of expression in 155 (98%). 
Conversely, CD11b, CD14 and CD65 were uniformly negative 
in all cases of APL, with HLA-DR and CD15 positive only in 
seven (4%) and four (3%) cases, respectively. CD34 result-
ed positive in 48 cases (30%) and positivity for CD2 was 
observed in 42 samples (27%), with most CD34+ cases that 
were CD2+ as well. CD9 and CD99 showed perfect flow 
cytometric correlation (P=1.0), as well as CD13 with CD33 
(P=1.0), suggesting co-expression patterns among specific 
antigen pairs. Notably, moderately strong correlation was 
also observed between CD34 and CD2 (P=0.79), indicating 
their coordinated expression in a subset of cases. In fact, 
their contemporary positivity (CD34⁺/CD2⁺) was evidenced 
in 29 of 38 morphologically variant APL cases (76%) (data 
not shown).
Considering CD99 as a novel and promising marker for acute 
leukemias workup,10 we selected 61 APL cases with available 
CD99 measurements and compared them to 97 consec-
utive newly diagnosed non-APL AML cases analyzed with 
comparable MFC panels over the 2014-2024 period (Table 
1). The molecular and cytogenetic profile of the non-APL 
AML cohort included 21 patients with isolated FLT3-inter-
nal tandem duplication (ITD) mutations (21.6%), four with 
concurrent FLT3-ITD and NPM1 mutations (4.1%), four with 
solely NPM1 mutations (4.1%), 12 cases (12.4%) with complex 
karyotypes, four with inv(16)/t(16;16) (4.1%), and two (2.1%) 
patients with KMT2A alterations, one KMT2A rearrangement 
[t(9;11)(p21;q23)] (1.0%) and one KMT2A-PTD (1.0%), respec-
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tively. Among the remaining cases, most exhibited a normal 
karyotype, while eight cases (8.3%) showed various recurrent 
chromosomal abnormalities. Various antigens expressions 
dissimilarities emerged between APL and non-APL cohorts 
(Table 1). Therefore, several differences in MFC antigen 
positivity between APL and non-APL cases emerged from 
the univariate analysis (Online Supplementary Table S2). To 
enhance discriminatory power, we evaluated co-expression 
patterns of some MFC antigens. Multivariate analysis iden-
tified that the three significant antigen pairs to discriminate 
between APL and non-APL diagnosis were: simultaneous 
CD9/CD99 positivity (odds ratio [OR] =58.71; 95% confidence 
interval [CI]: 5.82-8038.15; P<0.001), simultaneous CD34/
CD2 positivity (OR=16.08; 95% CI: 1.47-389.78; P=0.022), and 
simultaneous HLA-DR/CD11b negativity (OR=38.78; 95% CI: 
7.57-401.44; P<0.001) (Table 2). Thus, a weighted MFC diag-
nostic system score was developed, assigning differential 

point values to each of these three variables based on their 
OR. This score was named APLY (Acute Promyelocytic Leu-
kemia flow cytometric identitY) and attributed two points 
to CD9/CD99 positivity and to HLA-DR/CD11b negativity and 
one point to CD34/CD2 positivity (Figure 1C). Based on the 
receiver operating characteristic (ROC) curve analysis, a 
cutoff of 3 was selected to discriminate between APL and 
other AML subtypes (Figure 1D). All 61 APL cases (100%) 
had a score ≥3, while only 11 of 97 non-APL cases (11.3%) 
reached this threshold (P<0.001) (Online Supplementary 
Table S3). These 11 non-APL cases, wrongly classified as 
APL by APLY score, exhibited heterogeneous molecular and 
cytogenetic profiles without a shared genetic signature, 
indicating that misclassification likely resulted from overlap-
ping immunophenotypic features. Therefore, the APLY score 
achieved a sensitivity of 100.0% and a specificity of 88.4% 
for predicting an APL diagnosis. Its positive predictive value 

Figure 1. Morphologic, immunophenotypic characterization and Acute Promyelocytic Leukemia flow cytometric identitY (APLY) 
score of acute promyelocytic leukemia cases. (A) Bone marrow smear morphology demonstrates abnormal promyelocytes with 
characteristic acute promyelocytic leukemia (APL) features, including abundant Auer rods and “Faggot” cells (1,000x magnifica-
tio).  (B) Flow cytometry dot plots illustrate the immunophenotype of the abnormal APL population (in red). Partial CD34/CD2 
co-expression on APL blast cells is displayed in fuchsia. Residual granulocytes are marked in yellow, residual T lymphocytes in 
green, and residual B lymphocytes in blue. (C) Acute Promyelocytic Leukemia flow cytometric identitY (APLY) score parameters 
and their assigned points used to identify APL cases based on immunophenotypic features. A score ≥3 strongly suggests APL 
diagnosis. (D) Receiver operating characteristic (ROC) curve analysis of the APLY score (blue line) for the diagnosis of APL. The 
area under the curve (AUC) was 0.968 (95% confidence interval [CI]: 0.925-0.998), pinpointing an excellent discriminatory ability 
of the APLY score for the detection of PML::RARA fusion gene positivity. ROC analysis was used to determine the optimal cutoff 
value to discriminate PML::RARA-positive cases, balancing both sensitivity and specificity. ROC analysis was also performed for 
the Orfao et al.’s score, which showed a lower AUC of 0.816 (95% CI: 0.685-0.947). The DeLong test demonstrated a statistically 
significant difference between the 2 curves (Z=-4.412; P<0.001), confirming that the APLY score provides additional and clinical-
ly relevant diagnostic value compared to the reference Orfao et al.’s score. SSC: side scatter; FSC: forward scatter.
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(PPV) was 84.7% and the negative predictive value (NPV) 
was 100%, with a consequent optimal F1 score of 91.8%. 
Subsequently, we applied on our population the historical 
and world-wide acknowledged Orfao et al.’s score with a 
score of 3 suggesting an APL diagnosis. Thirty-eight of 61 
APL cases (62%) and nine of 97 non-APL cases (9%) reached 
this cutoff, yielding a sensitivity of 62.3% and a specificity of 
90.5% (Online Supplementary Table S3). In our cohort, the 
comparison with this pivotal model showed that sensitivity 
was higher for the APLY score (100.0% vs. 62.3%) (P<0.001), 
with no meaningful difference in specificity (88.4% vs. 90.5%) 
(P=0.64). Similarly, the F1 score was significantly superior 
(0.92 vs. 0.70) (P<0.001), highlighting the improved overall 
classification performance. Moreover, C-index was higher 
for the APLY score (C-index=0.967; 95% CI: 0.925-0.998 vs. 
C-index=0.816; 95% CI: 0.685-0.947), and the DeLong test 
demonstrated a highly significant difference between the 
area under the curve (AUC) (Z=-4.412; P<0.001) (Figure 1D). 
The Net Reclassification Improvement (NRI) was 0.356, indi-
cating that 35.6% of patients were more accurately classified 
by the APLY score, with 23 APL cases correctly reclassified 
(37.7%) and only two non-APL cases incorrectly reclassified 
as APL (2.1%) compared to the Orfao et al.’s score.
Delay in timely treatment is the main factor affecting the 
APL survival rate. Albeit molecular testing remains the 
gold-standard for APL diagnosis, rapid turnaround MFC data 
may support the prompt initiation of life-saving therapy. In 
this study, we demonstrated that APL cases could be rap-
idly and accurately identified by MFC using routine screen-
ing panels and we proposed a novel MFC scoring system 
(APLY score) for APL diagnosis. Our study emphasizes that 
CD9 and CD99 are always strongly expressed by all APL 
leukemic cells. While previous studies have revealed that 
nearly all APL samples (95-100%) exhibit homogeneous and 

moderate/bright expression of CD9,11,12 to our best knowl-
edge, our report represents the first study showing that 
CD99 and CD9 shares a uniform expression pattern in APL 
cases. In our APL cohort, CD99 was uniformly expressed 
on leukemic blasts and showed perfect concordance with 
CD9 (P=1.0). Consequently, we assessed CD9 and CD99 
as a dual-antigen MFC signature (CD9+/CD99+) to improve 
diagnostic specificity. CD11b negativity in myeloid cells 
is a well-documented flow cytometric hallmark of APL.12 
Likewise, APL blasts characteristically often lack HLA-DR 
expression.13  However, because isolated CD11b negativity or 
HLA-DR absence are not entirely specific for APL diagnosis, 
in our study we evaluated their simultaneous negativity to 
enhance APL diagnostic confidence. We found that this 
dual-negative (HLA-DR-/CD11b-) signature in 98.3% of APL 
cases compared to just 15.5% of non-APL cases, closely 
mirroring Dong et al.’s report of 96% and 13%, respectively.13 
Although CD34 have been historically considered negative 
in APL cases over time studies have demonstrated that 
up to 20-40% of APL cases may exhibit CD34.5 Moreover, 
CD34 expression in APL has been almost invariably asso-
ciated with concurrent aberrant expression of CD2. This 
dual positivity (CD34⁺/CD2⁺) is more commonly observed 
in the microgranular APL variant. In our cohort, 28% of APL 
cases exhibited simultaneous CD34⁺/CD2⁺ expression, with 
a markedly higher frequency observed among cases with a 
variant morphology (76%). Similarly, Albano et al. reported 
that among morphologic variants, approximately 50-60% 
displayed a CD34⁺/CD2⁺ expression pattern.14 Thus, the 
evaluation of CD34⁺/CD2⁺ expression and its inclusion into 
the APLY score enhances the identification of APL variant 
cases, since this positivity combination is anecdotal in 
non-APL AML. Therefore, in cases showing atypical or bor-
derline immunophenotypic features, the APLY score seems 

Characteristics

Univariate analysis Multivariate analysis

APL cases, N (%)
N=61

Non-APL
AML cases, N (%)

N=97
OR (95% CI) P OR (95% CI) P

Simultaneous  
CD34/CD2 positivity 17/61 (27.9) 3/97 (3.1) 9.58 (3.18-38.06) <0.001 16.08 (1.47-

389.78) 0.022*

Simultaneous 
CD9/CD99 positivity 61/61 (100.0) 34/97 (35.0) 226.39 (30.85-

2,888.01) <0.001 58.71 (5.82-
8,038.15) <0.001*

Typical CD34/CD15 pattern 42/61 (68.9) 21/97 (21.6) 7.75 (3.85-16.26) <0.001 4.44 (0.74-27.27) 0.10

Simultaneous  
HLA-DR/CD11b negativity 60/61 (98.3) 15/97 (15.5) 214.68 (51.84-

1,993.64) <0.001 38.78 (7.57-
401.44) <0.001*

Simultaneous 
CD13-heterogeneous and  
CD33-homogeneous pattern

58/61 (95.0) 64/97 (66.0) 8.68 (3.08-33.27) <0.001 3.56 (0.46-27.46) 0.21

Table 2. Univariate and multivariate analyses of multiparametric flow cytometry antigen combinations for their significance in 
the differential diagnosis of acute promyelocytic leukemia.

In multivariate analysis *P values are statistically significant. APL: acute promyelocytic leukemia; AML: acute myeloid leukemia; OR: odds 
ratio; CI: confidence interval.
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to substantially reduce diagnostic uncertainty, along with 
historical parameters such as high side scatter, and the 
homogeneous versus heterogeneous expression patterns 
of CD33 and CD13, respectively.
Therefore, our results show that the combined use of three 
flow cytometric dual-antigen evaluations (CD9+/CD99+, 
CD34⁺/CD2⁺ and HLA-DR-/CD11b-) in a diagnostic MFC score 
(APLY score) yield excellent diagnostic performance, with 
an optimal sensitivity (100.0%) and specificity (88.4%) for 
discriminating those newly diagnosed AML cases in which 
molecular investigation to detect PML::RARA fusion rear-
rangements should promptly be performed. Remarkably, the 
APLY score (a straightforward, easy-to-apply scoring system), 
employing simple markers that should be accessible in any 
flow cytometry laboratory, correctly identified all APL cas-
es in our cohort, underscoring its reliability as a front-line 
screening tool to facilitate the prompt ATRA administration 
as per clinical guidelines.15 In particular, in peripheral centers 
or developing countries, where rapid molecular diagnosis 
of APL may be challenging, the APLY score could be a valu-
able robust screening tool considering that the required 
monoclonal antibodies are widely accessible and suitable 
for evaluation with whichever type of cytometer available to 
date, supporting the reproducibility of this approach across 
different laboratory settings. Moreover, the comparison with 
the historical Orfao et al.’s score6 enabled to demonstrate 
that the inclusion of new and simple markers (such as CD99, 
CD9, CD2 and CD11b) yields a more accurate predictability of 
PML::RARA rearrangement and may be more easily applicable 
in routine clinical settings, requiring less expertise in MFC 
analysis and interpretation. External validation studies may 
further confirm these findings to integrate the APLY score 
into routine AML diagnostic workflows.

Authors

Alessandro Laganà, David Fanciullo, Deborah Kasmi, Concetta Anna 

Germano, Maria Grazia Nardacci, Emilia Scalzulli, Ida Carmosino, Maria 

Laura Bisegna, Clara Minotti, Federica Nostro, Maria Laura Milani, Sonia 

Buffolino, Maria Zaira Limongi, Claudia Ielo, Daniela Diverio, Maurizio 

Martelli, Massimo Breccia and Maria Stefania De Propris

Hematology, Department of Translational and Precision Medicine, 

Policlinico Umberto I-Sapienza University, Rome, Italy

Correspondence: 

M. BRECCIA  - breccia@bce.uniroma1.it

https://doi.org/10.3324/haematol.2025.289104

Received: September 14, 2025.

Accepted: November 24, 2025.

Early view: December 4, 2025.

©2026 Ferrata Storti Foundation

Published under a CC BY-NC license 

Disclosures
MB received honoraria from Novartis, Incyte, Pfizer, Abbvie and GSK. 

MM received honoraria from Roche, Gilead Sciences, Novartis, Abbvie, 

Incyte, BeiGene, Takeda, and Bristol Myers Squibb/Celgene. All other 

authors have no conflicts of interest to disclose.

Contributions
AL wrote the manuscript. DF and DK contributed to flow cytometry 

data. CAG and FN contributed to laboratory work. MGN assisted with 

laboratory work and complementary exams. ES, IC, MLB and CM 

followed the patients. MLM contributed to the collection and 

acquisition of flow cytometry data. CI and SB analyzed molecular 

data. MZL performed and analyzed cytogenetic tests. DD analyzed 

and interpreted molecular data. MM and MB revised the manuscript 

and accepted the final version. MSDP conceptualized, revised and 

approved the final version of the manuscript. All authors have read 

and agreed to the published version of the manuscript.

Acknowledgments
CAG, MLM and MZL were supported by ROMAIL ONLUS.

Data-sharing statement
The data that support the findings of this study are available in the 

text and from the corresponding author, Massimo Breccia, upon 

reasonable request.

References

	 1.	Khoury JD, Solary E, Abla O, et al. The 5th edition of the World 
Health Organization classification of haematolymphoid 
tumours: myeloid and histiocytic/dendritic neoplasms. 
Leukemia. 2022;36(7):1703-1719.

	 2.	Lo-Coco F, Avvisati G, Vignetti M, et al. Retinoic acid and 
arsenic trioxide for acute promyelocytic leukemia. N Engl J 
Med. 2013;369(2):111-121.

	 3.	Park JH, Qiao B, Panageas KS, et al. Early death rate in acute 
promyelocytic leukemia remains high despite all-trans retinoic 
acid. Blood. 2011;118(5):1248-1254.

	 4.	Paietta E, Andersen J, Gallagher R, et al. The immunophenotype 

of acute promyelocytic leukemia (APL): an ECOG study. 
Leukemia. 1994;8(7):1108-1112.

	 5.	Foley R, Soamboonsrup P, Carter RF, et al. CD34-positive acute 
promyelocytic leukemia is associated with leukocytosis, 
microgranular/hypogranular morphology, expression of CD2 and 
bcr3 isoform. Am J Hematol. 2001;67(1):34-41.

	 6.	Orfao A, Chillón MC, Bortoluci AM, et al. The flow cytometric 
pattern of CD34, CD15 and CD13 expression in acute 
myeloblastic leukemia is highly characteristic of the presence 
of PML-RAR alpha gene rearrangements. Haematologica. 
1999;84(5):405-412.



Haematologica | 111 May 2026

1868

LETTER TO THE EDITOR

	 7.	Van Dongen JJ, Lhermitte L, Böttcher S, et al. EuroFlow 
antibody panels for standardized n-dimensional flow 
cytometric immunophenotyping of normal, reactive and 
malignant leukocytes. Leukemia. 2012;26(9):1908-1975.

	 8.	Döhner H, Wei AH, Appelbaum FR, et al. Diagnosis and 
management of AML in adults: 2022 recommendations from an 
international expert panel on behalf of the ELN. Blood. 
2022;140(12):1345-1377.

	 9.	Bene MC, Castoldi G, Knapp W, et al. Proposals for the 
immunological classification of acute leukemias. European 
Group for the Immunological Characterization of Leukemias 
(EGIL). Leukemia. 1995;9(10):1783-1786.

	 10.	Laganà A, Kasmi D, Diverio D, et al. CD99 expression in acute 
myeloid leukemia with FLT3 internal tandem duplications 
(FLT3-ITDmut-AML): a flow-cytometric marker for an accurate 
diagnostic workup. Leuk Lymphoma. 2025;66(9):1669-1674.

	 11.	Satlsar ES, Mosleh M, Mehrpouri M. CD9 is a very helpful marker 
for discriminating AML-M3 from HLA-DR-negative non-M3 AML. 

Turk J Haematol. 2020;37(4):287-289.
	 12.	Ren F, Zhang N, Xu Z, et al. The CD9+ CD11b- HLA-DR- 

immunophenotype can be used to diagnose acute 
promyelocytic leukemia. Int J Lab Hematol. 2019;41(2):168-175.

	 13.	Dong HY, Kung JX, Bhardwaj V, McGill J. Flow cytometry rapidly 
identifies all acute promyelocytic leukemias with high 
specificity independent of underlying cytogenetic abnormalities. 
Am J Clin Pathol. 2011;135(1):76-84.

	 14.	Albano F, Mestice A, Pannunzio A, et al. The biological 
characteristics of CD34+ CD2+ adult acute promyelocytic 
leukemia and the CD34 CD2 hypergranular (M3) and 
microgranular (M3v) phenotypes. Haematologica.  
2006;91(3):311-316.

	 15.	Sanz MA, Fenaux P, Tallman MS, et al. Management of acute 
promyelocytic leukemia: updated recommendations from an 
expert panel of the European LeukemiaNet. Blood. 
2019;133(15):1630-1643




