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Abstract: Background/Objectives: The latest WHO classification underscores the importance of the
complete blood count (CBC) and cell morphology assessment in diagnosing lymphoid neoplasms.
This study evaluated the diagnostic role of Research Use Only (RUO) parameters from the BC-6800
Plus Mindray analyzer in differentiating cell chronic lymphocytic leukemia (CLL), acute
lymphoblastic leukemia (ALL), and other lymphoproliferative disorders. Methods: CBCs were
performed on 90 patients (66% male, median age 67 years) with pathological blood counts (ALL,
n=14; CLL, n=47; other lymphoproliferative disorders, n=29) at Novara’s University Hospital.
Univariable and multivariable logistic regression assessed the association of basic (WBC, Hb, RDW,
NE#, LY#, MO#, PLT) and research cell parameters (NLR, NMR, LMR, NeuX, NeuY, NeuZ, LymX,
LymY, LymZ, MonX, MonY, MonZ). Results: In multivariable analysis, Hb (p=0.02), NeuY (p=0.04),
and MonY (p=0.01) independently predicted CLL versus ALL, correctly classifying 93.4% of cases
(AUC 091, 95% CI 0.81-1.0). MO# (p=0.003), LymY (p<0.0001), and MonY (p=0.004) were
independent predictors of CLL versus other lymphoproliferative disorders, classifying 77.6% of
cases (AUC 0.86, 95% CI1 0.78-0.95). NeuZ (p=0.01) and NeuY (p=0.04) independently predicted ALL
versus other lymphoproliferative disorders, classifying 93% of cases (AUC 0.98, 95% CI 0.95-1.0).
Conclusions: The use of RUO parameters offers valuable, cost-effective support in the early
diagnosis of ALL, CLL, and other lymphoproliferative disorders.

Keywords: acute lymphoblastic leukemia; chronic lymphocytic leukemia; early diagnosis;
leukocyte parameters; lymphoproliferative disorders; morphological parameters

1. Introduction

A precise and standardized classification system is essential in hematology. This system is based
on detailed immunophenotypic and molecular characteristics of the diseases and ensures that
patients receive personalized and effective treatment. Such classification is also important to advance
research on the various aspects of hematologic diseases, including their causes, prevention strategies
and therapeutic approaches.

The World Health Organization (WHO) classification of lymphoid tumors is an internationally
recognized framework for the diagnosis of lymphoid neoplasms. The latest edition, the fifth, was
published in 2022 and integrates the latest scientific discoveries and diagnostic advances. This

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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comprehensive classification system ranks tumors based on their origin, morphological features and
molecular biology. It was developed to increase diagnostic accuracy and improve the clinical
management of these tumors [1].

The latest edition of the WHO classification emphasizes the importance of the complete blood
count (CBC) and the assessment of cell morphology in peripheral and bone marrow smears for the
diagnosis of lymphoproliferative diseases. Microscopic examination of peripheral blood smears
remains a cornerstone for the assessment of abnormal samples and the detection of pathologic cells.
Despite its crucial role, this process is time-consuming, requires highly skilled personnel and a high
level of expertise, and interpretation is highly dependent on the skills of the operator [2].

In today's clinical laboratories, the workload is increasing, especially for CBC examinations, while
the availability of specialized personnel is decreasing. This situation underscores the urgent need for
effective methods to determine which blood values warrant further diagnostic testing. In addition,
small clinical laboratories that focus on urgent testing and laboratories in developing countries with
limited resources often do not have access to advanced diagnostic tests [3]. In these situations, the CBC
often serves as the primary tool for diagnosing suspected lymphoproliferative disorders.

Recent advances in hematology analyzers have greatly expanded their functionality beyond
traditional leukocyte differential analysis. These state-of-the-art instruments utilize innovative
chemical and physical principles for cell analysis, combined with advanced software management,
to provide enriched data sets that include parameters for research use only (RUO) and detailed cell
population data (CPD). This technological advance improves the detection of pathologic cells and
aids in screening for hematologic neoplasms [4,5].

The clinical application of these parameters offers numerous advantages. They are easily
accessible and are determined simultaneously with the conventional CBC parameters without the
need for additional sampling. These parameters provide quantitative information on the
morphological characteristics of leukocytes, including lymphocytes. The morphological
characteristics can be accurately measured, making them very useful to identify dimensional,
structural and morphological changes of lymphocytes under non-physiological conditions [6-12].

This retrospective observational study assesses the diagnostic significance of the RUO
parameters of the BC-6800 Plus hematology analyzer (Mindray, China) in differentiating the three
major groups of lymphoid neoplasms: chronic lymphocytic leukemia (CLL), acute lymphoblastic
leukemia (ALL) and other lymphoproliferative disorders. The aim is to propose new diagnostic
algorithms that combine traditional parameters with RUO parameters to improve the sensitivity and
specificity of the CBC in the differential diagnosis of lymphoid neoplasms.

2. Materials and Methods

2.1. Study Design

A retrospective observational study was conducted at the University Hospital “Maggiore della
Carita”, Novara, Italy. The study protocol was approved by the Ethics Committee of the University
Hospital “Maggiore della Carita” (CE162/2024), Novara, Italy, and was conducted according to the
current revision of the Helsinki Declaration.

A total of 90 patients presenting at the emergency room with a pathologic blood count were
included in the study. The blood counts were collected at the time of admission to the emergency
department. This approach was chosen to analyse the traditional and research parameters of blood
counts without possible interference from ongoing medications and/or chemotherapy. Inclusion
criteria were confirmed follow-up diagnosis of lymphoid neoplasia, COVID negativity and age over
16 years.

The final diagnoses based on immunophenotyping, molecular markers and genotyping were
ALL (n=14), CLL (n=47), and other lymphoproliferative disorders (n=29).
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2.2. Data Collection

The complete blood count CBC was performed with EDTA-K2 anticoagulated whole blood
samples using the BC-6800 Plus hematology analyzer (Mindray, China) at the Clinical Biochemistry
Laboratory of the University Hospital “Maggiore della Carita”, Novara. The Mindray BC6800 Plus
hematology analyzer features SF Cube technology, which provides quantitative parameters to
describe the morphology of blood cells and detects atypical cells with warning signs. All these
parameters can reflect the morphological changes in the peripheral blood cells [13].

The quantitative RUO parameters NeuX, NeuY, NeuZ, MonX, MonY, MonZ, LymX, LymY and
LymZ were evaluated. These RUO parameters are sophisticated metrics used to assess the
morphology and activation state of different cell types in a blood sample and provide detailed
insights into the physical and optical properties of neutrophils, monocytes, and lymphocytes [13,14].
NeuX measures the granularity and complexity of neutrophils. Elevated NeuX values indicate
increased cytoplasmic granularity or abnormal neutrophil activation, which is often seen in
inflammation or infection. MonX reflects the complexity of the cytoplasm and nucleus of monocytes.
High MonX values indicate increased cytoplasmic and nuclear complexity, which can occur during
monocyte activation or the conversion of monocytes into macrophages. LymX evaluates the internal
complexity of lymphocytes. High LymX values may indicate activated lymphocytes, such as during
immune reactions.

NeuY evaluates the light scattering properties and fluorescence of neutrophils. Elevated NeuY
levels signal increased cellular fluorescence, often due to less condensed chromatin and increased
mRNA in the cytoplasm, indicating active protein synthesis and neutrophil activation. MonY
measures the fluorescence of monocytes. High MonY values indicate increased light scattering, which
may be due to active states or changes in chromatin structure and cytoplasm. LymY evaluates the
fluorescence of lymphocytes. An increased LymY value reflects strong cellular fluorescence, typically
indicating lymphocyte activation with changes in chromatin and increased mRNA levels.

Finally, NeuZ provides information about the size and volume of neutrophils. Deviations in
NeuZ values may indicate changes in neutrophil size that may occur due to activation or pathological
conditions. MonZ reflects the size of the monocytes. Variations in MonZ values indicate shifts in cell
size that are often associated with monocyte activation or differentiation. LymZ measures the size
and volume of lymphocytes. Changes in LymZ values may indicate changes in lymphocyte size that
may be due to activation or other morphologic changes.

Neutrophil-to-monocyte ratio (NMR), lymphocyte-to-monocyte ratio (LMR) and neutrophil-to-
lymphocyte ratio (NLR), which are suitable for routine use to visualize inflammation, have also been
studied [15,16].

2.3. Statistical Analysis

Quantitative variables were expressed as median and interquartile range and qualitative
variables as absolute frequencies and percentages. Differences between groups for continuous variables
were determined using the Mann-Whitney test. The association between predictors and lymphoid
neoplasms was analyzed using univariable and multivariable logistic regression. Odds ratios (ORs) and
95% confidence intervals (CIs) were calculated. Diagnostic accuracy in predicting CLL, ALL and other
lymphoproliferative disorders was assessed by analyzing the receiver operating characteristic (ROC)
curve and expressed as area under the curve (AUC) and 95% confidence interval. A p-value<0.05 was
considered statistically significant. Statistical analysis was performed using STATA v.18 (StataCorp.
2023. Stata Statistical Software: Release 18. College Station, TX: StataCorp LLC).

3. Results

The complete blood count of 90 patients admitted to the emergency room was examined. After
admission, 47 (52.2%) were diagnosed with CLL, 29 (32.2%) with other lymphoproliferative disorders
and 14 (15.6%) with ALL. The median age was 68 years (IQR 59-75). Males were 59 (65.5%) and
females 32 (35.5%). In the present study, only blood counts were analyzed to assess the ability of
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blood count parameters alone, both traditional and RUO parameters, for early diagnosis of ALL, CLL

and other lymphoproliferative disorders (Table 1).

Table 1. Hematologic data of the study population divided in CLL, ALL and Other
lymphoproliferative disorders groups.

PREDICTOR CLL 47) ALL (14) lympho(l))il(;;illferative C‘:;L C‘:;L A‘:;L
Median [IQR] Median [IQR] disot.'ders (29) ALL lymph lymph
Median [IQR]

Hb, gL [12.113—.144.8] [7.79-;)2.3] [10.122-i83.4] 00001 0.02 0.01
RDW, €V [13.;i5.6] [13.81—516.7] [13.16‘%.145.7] 0.09 011 056
RDW, 5D [43.426-'580.8] [46—5518.8] [43%77—591.6] 0.05 047 0-26

WBC, 100 1.189_;?8. 2 5 05_'105. 0 1 1.106_'39 " 0.0002 0.39 0.007
NE#, 10x%/L [3;;;0] [0;?3] [2';{2'7] 0.0001 0.51 0.003
LY#, 10x°/L  13.6 [7.1-43.8] [ 15;;7] [5;?2'25] 0.0001 0.24 0.001
MOt 10V 0'(3);37] [032‘;5] [03;3. . 0.96 0.28 0.99
NLR [0.?;?).5] [0.2:3.9] [0.2:?).6] 0.07 075 0.18
NMR [7;?12.3] [0.83-'133.3] [7.;-226] 0.03 0.62 0.04
LMR [19.;1-11'32.1] [1.82-.359.1] [13?;-199] 0006 068 0.008
PLT 1L 4163_35 . [ 12?1'2 . " 126(_);18 . 0.0005 0.60 0.002
NeuX [3343.?3;29.1] [368?2—24.(1)1-1] [350?;?3.34.1] 0.0012 0.01 021
NewY [446‘%2—5459.7] [465%2—96.(2)8.9] [154%;-15;3)3.7] 0.0006 0-10 0.03
Neuz [179;.815-1522.9] [167} .74%?7091.6] [185;.%19—?.9537.6] <0.0001 006 <0.0001
LymX [90?17645.9] [941.2?'1113] [912.?5-121.7] 0-10 0.01 049
LymY [693;?;108.0] [79?25'341.2] [79?».6;-;35] 0.0035 0.0001 0-39
LymZ [100.71.2%12071.6] [9741.?-114 ii1.9] [102;.()37-?515.2] 049 0.01 013
MonX [198.?-);9.1] [2042.45-22'27.4] [1952.f-1iis.4] 0-20 0.07 0.73
MonY [1086?81-512269.6] [14;;-7197.??8.7] [105;.134-22148.9] 0.0001 068 0.0002
MonZ 1382 1512 1427.0 0.29 0.15 0.55

[1357.1-1439.1]

[1353.2-1728]

[1381.9-1469.6]

lymph, other lymphoproliferative disorders; Hb, hemoglobin; RDW, red distribution width; RDW, red

distribution standard deviation; WBC, white blood cells; NE#, absolute number of neutrophils; LY#, absolute

number of lymphocytes; MO#, absolute number of monocytes; NLR, neutrophils/lymphocytes ratio; NMR,

neutrophils/monocytes ratio; LMR, lymphocytes/monocytes ratio; PLT, platelets; Neu, neutrophils; Lym,

lymphocytes; Mon, monocytes.
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3.1. CLLvs ALL

On admission, many hematologic parameters differed significantly between patients with CLL and
ALL: hemoglobin (Hb, p < 0.0001), white cell blood count (WBC, p=0.0002), neutrophil count (NE#, p=
0.0001), lymphocyte count (LY#, p=0.0001), NMR (p=0.03), LMR (p=0.006), platelet count (PLT, p=0.0005),
NeuX (p=0.0012), NeuY (p = 0.006), NeuZ (p<0.0001), LymY (p=0.0035), MonY (p=0.0001) (Table 1).

In univariable logistic regression, Hb (p<0.0001), RDW-SD (p <0.02), NE# (p=0.03), NLR (p=0.04),
PLT (p=0.002), NeuX (p=0.006), NeuY (p=0.012), NeuZ (p =0.001), LymX (p=0.01), MonY (p=0.002),
MonZ (p=0.03) were associated with CLL compared to ALL (Table 2). Finally, in multivariable
analysis, only Hb (p=0.02), NeuY (p=0.04), and MonY (p=0.01) were independent predictors of CLL
compared to ALL (Table 3). The ROC curve for this model showed an area under the curve (AUC) of
0.91 (95%ClI 0.81-1.0). The multivariable model correctly classified 93.4% of the cases (Figure 1).

Sensitivity
0.50 0.75 1.00
1 1 1

0.25
L

T T T

0.00 0.25 0.50 0.75 1.00
1 - specificity

Area under ROC curve = 0.9195

Figure 1. ROC curve analysis for the multivariate model of CLL compared to ALL.

Table 2. Univariable logistic regression analysis for CLL compared to ALL.

PREDICTOR OR (95CI%) p-value
Hb, g/L 1.99 (1.37-2.89) <0.0001
RDW, CV 0.73 (0.53-1.01) 0.05
RDW, SD 0.89 (0.80-0.98) 0.02
WBC, 10x/L 1.06 (1.00-1.12) 0.05
NE#, 10x%/L 1.49 (1.03-2.15) 0.03
LY#, 10x%/L 1.06 (0.99-1.13) 0.08
MO#, 10x/L 0.58 (0.27-1.24) 0.16
NLR 0.20 (0.05-0.91) 0.04
NMR 1.00 (0.98-1.02) 0.90
LMR 1.00 (0.99-1.01) 0.38
PLT, 10x9/L 1.01 (1.00-1.02) 0.002
NeuX 0.972 (0.952-0.992) 0.006
NeuY 0.967 (0.941-0.993) 0.012
NeuZ 1.016 (1.006-1.025) 0.001
LymX 0.972 (0.936-1.011) 0.15
LymY 0.991 (0.985-0.998) 0.01
LymZ 0.998 (0.991-1.005) 0.59
MonX 0.984 (0.968-1.000) 0.05
MonY 0.996 (0.994-0.999) 0.002
MonZ 0.997 (0.994-1.000) 0.03

Hb, hemoglobin; RDW, red distribution width; RDW, red distribution standard deviation; WBC, white blood
cells; NE#, absolute number of neutrophils; LY#, absolute number of lymphocytes; MO#, absolute number of
monocytes; NLR, neutrophils/lymphocytes  ratio, NMR, neutrophils/monocytes ratio; LMR,
lymphocytes/monocytes ratio; PLT, platelets; Neu, neutrophils; Lym, lymphocytes; Mon, monocytes. Bold
values denote statistical significance at the p<0.05 level.
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Table 3. Multivariable logistic regression analysis for CLL vs ALL.

PREDICTOR OR (95%CI) p-value
Hb, g/L 1.69 (1.07-2.66) 0.02
NeuY 0.968 (0.938-0.998) 0.04
MonY 0.996 (0.993-0.999) 0.01

Hb, hemoglobin; Neu, neutrophils; Mon, monocytes. Bold values denote statistical significance at the p<0.05 level.

3.2. CLL and Other Lymphoproliferative Disorders

On admission, many hematologic parameters also differed significantly between patients with
CLL and other lymphoproliferative disorders: Hb (p=0.02), NeuX (p=0.01), LymX (p=0.01), LymY
(p=0.0001) and LymZ (p=0.01) (Table 1). In univariable logistic regression, only Hb (p=0.01), NeuX
(p=0.03), NeuY (p=0.03), NeuZ (p =0.04), LymX (p=0.01), LymY (p=0.001), LymZ (p= 0.017) were
associated with CLL compared to other lymphoproliferative disorders (Table 4). In multivariable
analysis, only MO# (p=0.003), LymY (p<0.0001), and MonY (p=0.004), were independent predictors
of CLL compared to other lymphoproliferative disorders (Table 5). The second multivariable model
showed that the parameters absolute number of monocytes (MO#), LymY, and MonY were effective
in distinguishing CLL patients from other lymphoproliferative disorders patients. This model
achieved an AUC of 0.86 (95% CI 0.78-0.95). The multivariable model correctly classified 77.6% of the
cases (Figure 2).

0.50 0.75 1.00
1 1 1

Sensitivity

0.25
1

0.00

T T T
0.00 0.25 0.50 0.75 1.00
1 - specificity
Area under ROC curve = 0.8643

Figure 2. ROC curve analysis for the multivariate model of CLL compared to other
lymphoproliferative disorders.

Table 4. Univariable logistic regression analysis for CLL compared to other lymphoproliferative

disorders.
PREDICTOR OR (95CI%) p-value
Hb, g/L 1.36 (1.07-1.73) 0.01
RDW, CV 0.80 (0.61-1.05) 0.11
RDW, SD 0.95 (0.87-1.03) 0.19
WBC, 10x°/L 1.00 (0.99-1.02) 0.43
NE#, 10x°/L 0.98 (0.87-1.10) 0.76
LY#, 10x°/L 1.01 (0.99-1.02) 0.39
MO#, 10x°/L 0.86 (0.40-1.82) 0.69

NLR 0.54 (0.18-1.64) 0.28
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NMR 1.00 (0.99-1.02) 0.69
LMR 1.002 (0.997-1.006) 0.45
PLT, 10x°/L 1.002 (0.997-1.006) 0.49
NeuX 0.983 (0.968-0.998) 0.03
NeuY 0.980 (0.963-0.998) 0.03
NeuZ 0.994 (0.989-0.999) 0.04
LymX 0.966 (0.940-0.992) 0.01
LymY 0.992 (0.987-0.997) 0.001
LymZ 0.992 (0.986-0.999) 0.017
MonX 0.987 (0.974-1.000) 0.06
MonY 1.000 (0.998-1.002) 0.94
MonZ 0.999 (0.996-1.001) 0.27

Hb, hemoglobin; RDW, red distribution width; RDW, red distribution standard deviation; WBC, white blood
cells; NE#, absolute number of neutrophils; LY#, absolute number of lymphocytes; MO#, absolute number of
monocytes; NLR, neutrophils/lymphocytes ratioo NMR, neutrophils/monocytes ratio; LMR,
lymphocytes/monocytes ratio; PLT, platelets; Neu, neutrophils; Lym, lymphocytes; Mon, monocytes. Bold
values denote statistical significance at the p<0.05 level.

Table 5. Multivariable logistic regression analysis for CLL compared to other lymphoproliferative

disorders.
PREDICTOR OR (95CI%) p-value
MO#, 10x°/L 0.20 (0.068-0.588) 0.003
LymY 0.980 (0.971-0.990) <0.0001
MonY 1.004 (1.001-1.007) 0.004

MO¥#, absolute number of monocytes; Lym, lymphocytes; Mon, monocytes. Bold values denote statistical
significance at the p<0.05 level.

3.3. ALL vs Other Lymphoproliferative Disorders

Finally, when comparing ALL and other lymphoproliferative disorders, the significant
hematological parameters were: Hb (p=0.01), WBC (p=0.007), NE# (p=0.003), LY# (p=0.001), NMR
(p=0.04), LMR (p=0.008), PLT (p=0.002), NeuY (p=0.03), NeuZ (p<0.0001), MonY (p=0.0002) (Table 1).
In univariable logistic regression, only Hb (p=0.02), PLT (p=0.01), NeuY (p=0.03), NeuZ (p =0.002),
MonY (p=0.006), were associated with ALL compared to other lymphoproliferative disorders (Table
6). In multivariable analysis, only NeuZ (p=0.01) and NeuY (p=0.04), were independent predictors of
ALL compared to other lymphoproliferative disorders (Table 7). The ROC curve for third model,
based on the parameters NeuY and NeuZ, showed an excellent ability to discriminate patients with
ALL from those with other lymphoproliferative disorders, with an AUC of 0.98 (95% CI 0.95-1.0)

The multivariable model correctly classified 93.0% of the cases (Figure 3).
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Figure 3. ROC curve analysis for the multivariate model of ALL compared to other
lymphoproliferative disorders.
Table 6. Univariable logistic regression analysis for ALL compared to other lymphoproliferative
disorders.
PREDICTOR OR (95%CI) p-value
Hb, g/L 0.71[0.54-0.94] 0.02
RDW, CV 1.11 [0.82-1.51] 0.48
RDW, SD 1.06 [0.98-1.14] 0.14
WBC, 10x°/L 0.96 [0.92-1.01] 0.10
NE#, 10x°/L 0.83 [0.63-1.09] 0.20
LY#, 10x°/L 0.96 [0.91-1.01] 0.13
MO#, 10x°/L 1.36 [0.78-2.35] 0.27
NLR 1.80 [0.75-4.35] 0.19
NMR 1.00 [0.98-1.03] 0.87
LMR 1.00 [0.99-1.01] 0.49
PLT, 10x°/L 0.99 [0.98-1.00] 0.01
NeuX 1.006 [0.991-1.021] 0.42
NeuY 1.018 [1.001-1.034] 0.03
NeuZ 0.973 [0.956-0.990] 0.002
LymX 0.985 [0.954-1.018] 0.37
LymY 0.998 [0.993-1.003] 0.49
LymZ 0.996 [0.989-1.002] 0.22
MonX 1.002 [0.988-1.015] 0.81
MonY 1.003 [1.001-1.006] 0.006
MonZ 1.001 [0.999-1.004] 0.29

Hb, hemoglobin; RDW, red distribution width; RDW, red distribution standard deviation; WBC, white blood
cells; NE#, absolute number of neutrophils; LY#, absolute number of lymphocytes; MO#, absolute number of
monocytes; NLR, neutrophils/lymphocytes  ratio, NMR, neutrophils/monocytes ratio; LMR,
lymphocytes/monocytes ratio; PLT, platelets; Neu, neutrophils; Lym, lymphocytes; Mon, monocytes. Bold
values denote statistical significance at the p<0.05 level.
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Table 7. Multivariable logistic regression analysis for ALL compared to other lymphoproliferative
disorders.
PREDICTOR OR (95%CI) p-value
NeuZ 0.96 (0.93-0.99) 0.01
NeuY 1.08 (1.00-1.16) 0.04

Neu, neutrophils. Bold values denote statistical significance at the p<0.05 level.

4. Conclusions

The new hematology systems offer numerous additional parameters to the conventional ones,
which are useful for the differential diagnosis of hematologic neoplasms. The strength of these
parameters, most of which have not yet been validated for clinical use and are therefore currently
reserved for research purposes, lies in the fact that they are obtained in the DIFF channel without the
use of dedicated reagents [17,18].

The RUO parameters are available within the time frame of a CBC, so they can be used
immediately in the emergency room. This makes them extremely promising for the early and
differential diagnosis of numerous pathologies, even in small hospitals where there are no specialized
second-level tests and/or in hospitals in developing countries that do not have the sufficient resources
to meet all diagnostic needs [19].

There is currently only a very limited number of studies in the scientific literature investigating
the diagnostic potential of Research Use Only (RUO) parameters [20]. However, the prospects for the
diagnostic application of RUOs are extremely promising and deserve further consideration and
investigation, as they could open up new avenues for earlier and more accurate diagnosis and thus
significantly improve the clinical approach and treatment of patients.

The BC 6800 PLUS analyzer (Mindray) is equipped with innovative analysis parameters
categorized as Research Use Only (RUO) that could play an important role in improving the
differential diagnosis of hematological neoplasms.

This study aimed to verify whether RUO parameters are useful for the differential diagnosis of
three categories of lymphoid neoplasms: ALL, CLL, and other lymphoproliferative disorders at first
admission in the emergency department.

As expected, many CBC parameters differed significantly between the three subgroups, but
logistic regression analysis showed that only some RUO parameters were independent predictors of
CLL, ALL, and other lymphoproliferative disorders. These RUO parameters may help to direct the
diagnosis when circulating neoplastic cells are few or display an atypical morphology that can be
hardly discriminated by the conventional parameters.

The first multivariable model showed that the parameters Hb, NeuY and MonY have a robust
discriminatory ability to distinguish patients with CLL from those with ALL at the time of first
admission to the emergency department with an AUC of 0.91. The second multivariable model
showed that the absolute monocyte count (MO#), LymY and MonY parameters were effective in
distinguishing CLL patients from other lymphoproliferative disorders patients, with an AUC of 0.86.
The third model, based on the NeuY and NeuZ parameters, showed excellent ability to distinguish
patients with CLL from those with other lymphoproliferative disorders, with an AUC of 0.98. These
preliminary data are very promising but require further validation in larger patient cohorts to
confirm their reliability and generalizability.

In the multivariable model to distinguish between CLL and ALL, Hb level is expected to be
included as a relevant variable. The reason for this is that ALL patients often have anemia, in contrast
to CLL patients, where this is usually not the case. In addition, NeuY and MonY are significant
predictors that allow effective differentiation between ALL and CLL. The increase in these
parameters in patients with ALL might be ascribed to the bone marrow infiltration by leukemic
blasts, which impairs the full maturation of neutrophils and monocytes. This leads to the release of
immature cells into the bloodstream, a phenomenon that correlates with elevated NeuY and MonY
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levels [21]. Furthermore, elevated NeuY and MonY levels may also reflect the morphological and
functional changes of leukocytes during the immune response.

In the differential diagnosis between CLL and other lymphoproliferative disorders,
multivariable logistic regression analysis underlines the importance of the absolute value of
monocytes and the RUO parameters LymY and MonY as predictors, where monocytes were lower
and LymY and MonY higher in other lymphoproliferative disorders than in CLL. In CLL, numerous
studies have highlighted the role of monocytes and macrophages, in influencing CLL cell dynamics
within the tumor microenvironment. These cells, derived from either peripheral blood inflammatory
monocytes or tissue-resident macrophages [23], play a critical role in modulating the viability,
survival and resistance of CLL cells to chemotherapy-induced apoptosis [24-27]. There is evidence
that circulating monocytes can infiltrate and colonize the macrophage compartments in CLL-affected
lymph nodes, spleen and bone marrow. An increased presence of these monocytes in the bloodstream
can potentially promote the survival and proliferation of CLL cells, ultimately leading to poorer
clinical outcomes for patients with CLL [28].

In addition, the increase of MonY and LymY in other lymphoproliferative disorders might be
ascribed to misclassification of circulating other lymphoproliferative disorders cells or to activation
of monocytes and lymphocytes [29].

Finally, the multivariate logistic regression analysis in the context of differential diagnosis
between ALL and other lymphoproliferative disorders showed decreased NeuZ and increased NeuY
in ALL compared to other lymphoproliferative disorders and an excellent ability of these parameters
to distinguish the two entities. In ALL, the accumulation of lymphoblasts in the bone marrow alters
the hematopoietic microenvironment and impairs biochemical signals and cellular interactions
important for myeloid cell differentiation, preventing normal neutrophil maturation.

In summary, our preliminary data indicate that RUO parameters, which provide additional
insight into the cellular population and its properties, may facilitate the identification and
characterization of abnormal cell populations associated with lymphoid neoplasms and contribute to
their differentiation.

In the future, the introduction of RUO parameters could expand the diagnostic possibilities of
blood counts and provide clinicians and haematologists with a more comprehensive tool for
assessing hematologic malignancies. These parameters could improve the screening of hematologic
malignancies and directly contribute to a more accurate and efficient differential diagnosis.

For diagnosis, RUO must be used in conjunction with established diagnostic methods such as
morphology assessment, immunophenotyping and molecular features, but the integration of the new
RUO parameters into validated and certified diagnostic algorithms could significantly revolutionise
the early stages of haematological diagnostics. This development promises not only faster diagnosis,
but also timely initiation of therapy, which could significantly improve patient outcomes. The
introduction of innovative parameters could indeed make diagnostic processes faster and more
accurate, so that hematologic diseases can be better detected at the first symptoms.

However, the present study is characterised by certain limitations that need to be taken into
account. The most important one is the small size of the sample studied. This is due to the
methodological decision to study only blood samples taken at the first admission to the emergency
room, i.e. at the time of the first diagnosis of hematologic pathology. This approach was chosen to
avoid the introduction of confounding factors that could bias the results, but it also limited the
number of patients included in the study.

Another limitation concerns the subgroup of ALL that was further reduced by excluding
patients younger than 16 years in order to maintain the homogeneity of the age of the three
subgroups.

Therefore, larger future studies are needed to confirm these results. In particular, it is important
to conduct large-scale retrospective studies and multicenter prospective studies with thousands of
patients. Such studies may also provide large data sets that can be analysed using advanced artificial
intelligence and machine learning techniques. These technologies could help to further improve the
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accuracy and speed of hematologic diagnosis, which could lead to more effective treatments and
better management of hematologic diseases.
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