doi: 10.18575/msrs.sm.e.17.17
UDC 616.155.392-085
COBISS.RS-ID 6835224

ORIGINAL ARTICLE

The Importance of the Flow
Cytometry for the Diagnostics of
the Chronic Lymphoproliferative
Diseases

ABSTRACT

Introduction: Mature B cell neoplasms comprise over 90% of lymphoid neoplasms
worldwide and 4% new cancers every year. Together with morphology, flow
cytometry immunophenotyping is essential for the diagnosis of these diseases.

Aim of the Study: The aim of this study was to examine concordance of working
diagnosis with immunophenotyping results in patients with suspicion on mature B
cell neoplasm.

Patients and Methods: The examination included 125 patients, divided in 3
groups on diagnosis founded by haematologist: CLL, NHL and other (descriptive
diagnosis). Sample was K2EDTA peripheral blood, diluted with phosphate buffer and
incubated with appropriate combination of fluorochrome conjugated monoclonal
antibodies .4-color antibody panel for B chronic lymphoproliferation was applied.
Analysis performed on FACS Canto Il flow cytometer, DIVA software.

Results: In the first 2 groups, 72.9% immunophenotypization were in
concordance with working diagnosis. 19.8% would have been misclassified
without immunophenotypization, 7.3% were recommended for the further
examination. In the group ,,other”, diagnosis couldn’t have been established without
immunophenotypization. 12 samples were not chronic B lymphoproliferative
diseases, and 8 had normal B cell immunophenotype.

Conclusion: In some patients, clinical features and cell morphology are not specific
for the disease and thus insufficient for the diagnostic conclusion. By using flow
cytometry, misclassification and inadequate therapy was prevented for significant
number of patients and diagnosis established for those with descriptive diagnosis.
Panel for chronic lymphoproliferative diseases is also useful for differential diagnostic
exclusion of chronic lymphoproliferative disease and pointing towards specified
direction, e.g. acute leucosis, T, B, NK lymphoproliferative disorders or to confirm
normal B cell phenotype.
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Introduction

In the modern diagnostics, the flow cytometry takes an
important place as one of the basic and irreplaceable
tools for diagnostics, classification, monitoring and
prediction of the malignant hematological diseases. The
extreme complexity of these diseases on one side, and
availability of the different therapeutic protocols for the
different types of these diseases on the other side, made
the accurate and precise diagnosing the imperative.
Contribution to this is made by the fact that the World
Health Organization in the Classification of Tumours
of Haemopoietic and Lymphoid Tissues suggests
multiparametric approach in diagnosis of these diseases,
and basic parameter, besides the detailed history of the
disease and the clinical examination, are morphological,
immunophenotypic and genetic research for each entity
of the disease.! The clinical picture and cell morphology
itself, as well known and applied means of research, are
insufficient in many cases, quite often due to the similar
clinical presentation and cell morphology, it is not
possible to draw a diagnostic conclusion based on these
finding or, in some cases, it results to be wrong diagnosis.
Besides serious, sometimes even fatal consequences
for the patients, such approach has got the negative
consequences on the health care system due to increase in
the expenses of the medical care caused by the diagnostic
insufficiency.

Immunophenotypization by the flow cytometry enables
the examination of the phenotype of the separate cells in
the suspension and summarizing the results which gives
data about the presence or absence of antigen expression
as well as the expression intensity. Observed globally,
there is given the immunophenotypic cell pattern on
the population of interest for the observed disease.
Meanwhile, there are no separate antigens specific for
the particular disease. Instead, their mutual relation
is observed and analyzed which makes the analysis
of the flow cytometry very demanding and complex,
but in a great number of cases, very useful and precise
due to the huge number of data that are able to be
obtained from the cells. Therefore, the flow cytometry
is helpful in determining the cell line, the degree of the
cell maturity, abnormal patterns of the expression and
detailed immunophenotype of the pathological cell
population. From all the above mentioned, the diagnostic
conclusion is drawn if there is a phenotype characteristic
for some disease. In the cases of the atypical phenotype,
the disease is assigned to the appropriate group and
additional examinations should be done due to the
precise diagnostics (immunohistochemical, FISH,
molecular researches).

B mature lymphoproliferations make the most of
the malignant blood diseases, and according to the
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WHO data, they represent 90% of the total lymphoid
malignancies. They also present 4% of the newly
discovered carcinomas a year. Immunophenotypisation
in diagnostics of B chronic lymphoproliferative diseases is
an irreplaceable method and together with morphology,
it presents the essential search that should be undertaken
in the diagnostics of these diseases.! Based on the
finding of the immunophenotypisation, it is possible to
discover aberrant expression patterns and establish the
phenotypic characteristics related to particular diseases.
Applying of the score system as the additional tool in
diagnosing of these diseases is the result of need for
some standardization and quantification in diagnostic
of B chronic lymphoproliferative diseases. In order to
increase the preciseness of the score system, the different
studies with the different CD markers in this system are
taken.>* The most common score system has got 0-5
points and it includes CD5, CD23, FMC7, CD79b and
surface immunoglobulin chains and its preciseness is
96.6% if cut off of three points is used.>

In most cases of the chronic lymphocytic leukemia (CLL),
cell morphology is characteristic and typical for this
disease. However, in a number of cases, flow cytometry
has a huge and diagnostic decisive significance.

The chronic lymphatic leukemia has got the most
morphological and immunophenotipyc similarities with
the Mantle cell lymphoma (MCL). Due to their partial
overlapping, this type of lymphoma is mostly considered
in the differential diagnostics of the chronic lymphocytic
leukemia. Due to the different therapeutic approach and
prediction of the diseases, their diagnostic differentiation
is very important. For that purpose, it is recommended
Cyclin D1 testing. ,,Cyclin D1 is not only implicated in
tumor genesis of Mantle cell lymphoma, but also in
progression and extension of the disease when expressed
in high levels (50% cut off value) and it seems to have
prognostic impact in MCL".5

As it is already known, the malignant cell of B lineage
in the most cases imitates the normal B cells stopped
at the certain maturity level. The classification of this
disease group is mostly done based on this fact. On
the opposite side, at the hairy cell leukemia (HCL), the
cells do not match any stage of the development of the
normal lymphoid cells. Morphologically typical cells
have got their own hairy scions, which are sometimes
difficult to find in the peripheral blood smear, and in
some cases they are even invisible. Because of that and
very characteristic immunophenotype, using the flow
cytometry, this disease can be clearly differentiated from
the other that are differential diagnostically considered,
so the flow cytometry is essential for HCL diagnoses.®
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Aim of the Study

The aim of the study was to present the results of the
Laboratory for the flow cytometry in the University
Clinical Centre of the Republic of Srpska during three
years with the special review on the structure of the
referential diagnosis, the degree of concordance between
the referential diagnosis and the diagnosis resulted from
the analysis of the immunophenotype by applying the
method of the flow cytometry and the possibility of setting
the final diagnosis for the patients who were suspected to
have had chronic lymphoproliferative diseases.

Patients and Methods

The examination included 125 patients. The laboratory
had an antibody panel for B chronic lymphoproliferative
diseases. Therefore, the indications for receiving
patients for immunophenotyping by the flow cytometry
were chronic lymphocytic leukemia (CLL), B non
Hodgkin lymphoma (B-NHL) with dissemination in
peripheral blood, Hairy cell leukemia (HCL), or the
suspicion on the mentioned diseases. The patients were
divided into three groups according to the referential
diagnosis: CLL, B-NHL and the “others”, a category
with the general and descriptive diagnoses and the ones
where lymphoproliferative diseases should have been
differentially diagnostically excluded.

The sample for the research was peripheral blood with
K2EDTA. It was diluted by the phosphate buffer in order
to have a billion of the leukocytes in 100pl. An appropriate
volume of monoclonal antibodies in certain combinations
was pipetted in each tube, added 100 pl of the diluted
sample, mixed to a vortex centrifuge and incubated for
20 minutes at room temperature in the dark. It was then
lysed using FACS Lysing (BD) solution, washed with
phosphate buffer, and fixed by CellFIX solution.

A 4-colour panel of monoclonal antibodies (antibodies
conjugated with fluorochromes FITC, PE, PerCPCys.5,
APC) from BD Pharmingen and BD Biosciences were
applied. The panel included testing of 18 antibodies
in appropriate combinations (CD19, CD3, CD5, CD3,
CD23, CD43, CD79b, FMC7, Kappa, Lambda, IgG, IgM,
IgD, CD103, CD10, CD138). In the cases where it was
necessary, CD45, CD34 and CD117 were used, in order to
differentially diagnostically exclude the acute leukemia.
When there was a suspicious of HCL, CD103, CD25,
CD11c were added. As a negative control, Mouse Ig of the
class IgG1 was conjugated by appropriate fluorochrome.
Gating strategy was FSC°"/SSCl°" for lymphocytes, and
CD19 + / SSClow for B lymphocytes, while CD19 was used
as the gating marker in all the combinations. The analysis
was performed on the flow cytometer FACS Canto TM II
(BD biosciences, San Jose, California, USA) and DIVA

software. The quadrant gate was set so that the control
sample cells were located in the lower left quadrant.
Cut off for marker positivity was defined in 30% of cells
above the control result. The expression intensity was
determined on the logarithmic scale as weak, medium,
and high (low, med, high) and compared with expression
patterns in normal, healthy cells. A score system of 5
points was applied which included CD5, CD23, CD79b,
FMC7 and superficial light immunoglobulin chains.*5

Results

In this study, the patients were classified according to
the referential diagnosis into three groups, so there
were 83 samples in the first group, 13 samples in the
second, and in the third one, there were 25 samples.
By applying the score system, 69 samples had a score
of four and five, 23 had zero, one and two points, 10
samples were with three points. Most samples, whose
immunophenotype corresponded to CLL, had a score
of four and five points, which matched the literature
data, while those with a phenotype characteristic of the
NHL had a score of zero and one point. ,Application of
the scoring system to all the cases showed that 87% of
CLL scored 5 and 4 and only 0.4% scored o or 1, whereas
89% of other B-cell leukemias and 72% of lymphomas
scored O or 1; only one case (0.3%) scored 4 and none
scored 5“.5 The results showed that a definitive diagnosis
was found in 102 cases (84.3%) by flow cytometry, and
further examinations were recommended for 19 patients
(15.7%). Most samples were diagnosed with CLL (83
samples). At 64 samples, the diagnosis was confirmed.
Mostly it was not possible to distinguish between CLL
and MCL, so they were referred to the Cyclin D1 test for
differential diagnostic clarification. Eight samples were
found not to have belonged to the group of chronic, and
due to the presence of a significant percentage of blast
(from 10-60%) they were referred for examination by the
panel for acute leukemia. Eight samples had a normal
finding (Table 1).

The second group included a small number of patients,
insufficient to make specific conclusions about the
immunophenotyping of NHL. A significant number of
samples were included in the category “other” (Figure 1).

The samples in the third group showed the greatest
diversity of the results obtained by flow cytometry, which
is understandable, since there were samples that could
not have been classified in a particular category based on
the clinical finding but came under general diagnoses such
as leucosis, lymphocytosis, sy. lymphoproliferativam. In
nine samples, with working diagnosis of pancytopenia
or splenomegalia, there was a suspicion of HCL. In two
cases it was confirmed that it was HCL.



The largest number of samples had immunophenotypic
characteristics of mature B lymphoproliferative diseases,
but some of the samples did not belong to this group of
diseases (Figure 2).

Table 1. Presentation of Findings of the Immunophenotyping
of Chronic Lymphoproliferative Diseases According
to the Relation of the Referential Diagnosis and

Immunophenotypization Results

Immunophe- o .
Referential diagnosis
notypisation
finding CLL  NHL  Other Total
CLL 64 4 2 70
NHL 10 6 6 22
HCL / / 2 2
Panel for . acute > y 5 8
leucosis
Panel za T cells 1 0 2 3
Panel za NK cells 0 0 1 1
CLL vs. MCL 5 2 0 7
Normal 1 0 7 8
Total 83 13 25 121

Figure 1. Structure of the Referential Diagnosis Shown as
Number and Percentage

CLL 69%
NHL 11%
Ostalo 21%
[ll 5|0 1[|)U
Number
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Figure 2. Results of Inmunophenotyping by Flow
Cytometry Shown as Number and Percentage

Normal

CLL vs. MCL
Panel for NK*
Panel for T*
Panel for acute®
HCL

BNHL

BCLL

Number of cases

Recommended testeting with other antibody panels

Five samples were received for processing in
order to differentially diagnostically exclude the
chronic lymphoproliferation. The use of chronic
lymphoproliferative panels for this purpose was not
rational. Besides, there were six samples that were not
referred according to the instructions on indications
given by the laboratory considering the antibody panel,
samples of patients who had been on corticosteroid
therapy, as well as those with no previous diagnostic
procedure performed. These are, of course, situations
that should be minimized, in order to avoid unnecessary
sampling and unjustified costs. For the above mentioned
reasons, four samples were not taken for the analysis.

Without the flow cytometry, in 19.8% patients, diagnosis
would have been incorrect, and for 7.3%, a further
examination was proposed to confirm the diagnosis. The
patients from the group “others”, where the diagnosis
could not have been found without flow cytometry, were
not taken into account (Figure 3).

Figure 3. Compliance of the Results of Imnmunofenotyping
with the Referential Diagnosis

Match 72.9%
Partial 7.3%
Mismatch 19.8%
| I I I 1
0 20 40 60 80
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Discussion

CLL is the most common leukemia in adult patients.
According to the WHO data, the incidence of this disease
is 2-6 cases per 100000 people per year. Its frequency
increases with age and reaches 12.8/100000 at the
age of 65. It represents the largest number of chronic
lymphoproliferative disorders, and according to our data,
58% of the samples are sent to the immunophenotyping
laboratory. It should be considered that the real
percentage is higher, because some of the patients
with evident CLL are not additionally diagnosed with
the usage of this method. If we compare the literature
data which say that 15% of cases of CLL have atypical
morphology and that without the use of flow cytometry,
they cannot be properly classified, with our data, it is
obvious that there is the approximate result. However,
when we include the third group in consideration, the
samples that came under the descriptive diagnosis, then
our data show a greater deviation than the data found
in the literature. One of the reasons is non-compliance
of the instructions given by the laboratory regarding the
panel antibodies we have. It is interesting that we found
a number of patients with normal immunophenotype
and patients with a high percentage of blast in the
peripheral blood, wrongly classified in a group of chronic
lymphoproliferative disorders before the flow cytometric
examination was conducted.

The largest immunophenotypic similarity exists between
CLL and MCL,® as shown by our data. HCL, which is a
rare disease and presents 2% of lymphoid leukemia,
and is characterized by a typical immunophenotype
pattern,”® was established in 2 patients. A number of
patients were not diagnosed and were recommended for
further examination, referring to acute, T and NK chronic
lymphoproliferations (10%). The laboratory did not have
antibodies for these diseases, so the study was limited to
the antibody panel for B chronic lymphoproliferations.
Therefore, comparison of some data with literature data
is difficult or incomplete.o"

Conclusion

In this study, the significance and necessity of
immunophenotyping by flow cytometry for the diagnosis
of chronic lymphoproliferative disorders were pointed
out. Using this method, the wrong classification was
avoided, and therefore inadequate treatment for a
significant number of patients, and a diagnosis for
patients referred to descriptive, working diagnoses
were set. In a number of patients, using a classic
diagnosis based on anamnesis, clinical examination,
and morphological examination, it was not possible to
establish an accurate diagnosis. Immunophenotyping,
using a panel for chronic lymphoproliferations, allows

accurate and precise diagnosis in a high percentage of
these diseases. In some cases, a differential diagnostic
exclusion of a chronic lymphoproliferative disease is very
important and the possibility of directing the diagnosis
in a particular direction, for example, to acute leukemia,
T and NK lymphoproliferations, or to establish a normal
B cell phenotype. Significance of the cooperation of the
hematologist with the cytometry laboratory was also
pointed out.
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Znacaj protocne citometrije u dijagnostici hroniCnih
limfoproliferativnin oboljenja

SAZETAK

Uvod: Neoplazme zrelih B Celija predstavijaju 90% svih limfoidnih neoplazmi i 4% novootkrivenih karcinoma godisnje. Uz
ispitivanje morfologije Celija, imunofenotipizacija proto¢nom citometrijom je esencijalna u dijagnostici ovih oboljenja.

Cilj rada: Ispitati stepen saglasnosti uputnih dijagnoza sa rezultatima imunofenotipizacije kod pacijenata pod sumnjom da su
oboljeli od hroni¢nih limfoproliferativnih bolesti.

Ispitanici i metode: Ispitivanjem je obuhvaceno 125 pacijenata podijelienih prema uputnim dijagnozama u tri grupe: CLL,
NHL i ostalo (opisne dijagnoze). Uzorak je periferna krv sa K2EDTA, diluirana fofatnim puferom i inkubirana sa odgovaraju¢om
kombinacijom fluorohromima konjugovanih monoklonskih antitijela. Primjenjen je 4-color panel antitijela za B hroni¢ne
limfoproliferacije. Analiza je uradena na protoénom citometru FACS Canto Il, DIVA software.

Rezultati: U prve dvije grupe, kod 72,9% pacijenata, uputna dijagnoza je odgovarala rezultatu imunofenotipizacije, 19,8% bi
bilo pogresno klasifikovano bez ispitivanja imunofenotipa, a za 7,3% je preporucena dodatna obrada. U grupi “ostalo” se bez
imunofenotipizacije ne bi mogla postaviti dijagnoza. 12 uzoraka nije pripadalo grupi hroni¢nih B limfoproliferacija, a kod 8 je
naden normalan B celijski fenotip.

Zakljuéak: Klinicka ispitivanja i morfologija Celija su Cesto nespecificni i nedovoljni za postavljanje dijagnoze hroni¢nih
limfoproliferativnih oboljenja. Primjenom protocne citometrije, izbjegnuto je postavijanje pogresne dijagnoze i neadekvatna
terapija kod znac¢ajnog broja pacijenata, ali i omoguceno dijagnostifikovanje kod onih sa radnim, opisnim dijagnozama. U
nekim slu¢ajevima znacajno je diferencijalno dijagnosticko isklju¢enje hroni¢ne limfoproliferativne bolesti i mogucnost da se
dijagnoza usmijeri u odredenom pravcu, npr. prema akutnim leukemijama, T i NK limfoproliferacijama ili da se utvrdi normalan
B celijski fenotip.

Kljuéne rijeci: ProtoC¢na citometrija, imunofenotip, panel monoklonskih antitijela, B hroni¢na limfoproliferativna oboljenja



