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RESUMO

O linfoma n&o-Hodgkin (LNH) é a neoplasia hematolégica mais comum no mundo e
rotineiramente, a bidpsia de medula 6ssea € realizada para adequado estadiamento
tumoral. Novas técnicas tém sido estudadas para permitir uma identificacdo mais rapida da
doenca, como a imunofenotipagem por citometria de fluxo (ICF). Em relacdo ao sangue
periférico, até o presente momento ndo existe um consenso sobre a realizacéo da ICF e
ndo se sabe o seu real valor para o diagnéstico e estadiamento dos LNH. Diante disso,
analisamos se é possivel identificar a presenca de células neoplasicas circulantes no
sangue periférico de pacientes com LNH por meio da ICF, bem como comparamos 0s
achados com o estadiamento inicial pela biopsia de medula 6éssea. Nove amostras foram
analisadas utilizando-se um painel de anticorpos monoclonais direcionado ao estudo de
doencas linfoproliferativas cronicas de células B. Gates sequenciais foram analisados e 0s
resultados comparados com a avaliacdo histologica da medula 6ssea. Dos nove casos
analisados, trés foram discordantes com o resultado anatomopatologico de medula éssea
no exame de estadiamento, sendo a biépsia negativa para infiltracdo para LNH enquanto a
ICF foi positiva. Estes casos apresentavam baixa carga tumoral, que pode justificar a
discordancia. A imunofenotipagem por citometria de fluxo vem sendo estudada para o
diagndstico, estadiamento e seguimento de pacientes portadores de LNH. A utilizacdo de
sangue periférico como material para o estadiamento nos LNH é factivel, apresenta uma
boa sensibilidade, sobretudo para analise de pequenas populacdes neoplasicas, além de

ser uma amostra de facil obtencéo.

Palavras-chave: Linfoma nao-Hodgkin, citometria de fluxo, técnicas e procedimentos

diagnosticos, sangue periférico.



ABSTRACT

Non-Hodgkin lymphoma (NHL) is the most common hematological neoplasm in the world,
and bone marrow biopsy is routinely performed for proper tumor staging. New techniques
have been studied to allow faster identification of the disease, such as flow cytometry
immunophenotyping (FCI). In relation to peripheral blood, to date there is no consensus on
the performance of FCI. The real value of the FCI in peripheral blood for the diagnosis and
staging of NHL is not known. Therefore, we analyzed whether it is possible to identify the
presence of circulating neoplastic cells in peripheral blood of patients with NHL through the
ICF, as well as we compared the findings with the initial staging by bone marrow biopsy.
Nine samples were analyzed using a panel of monoclonal antibodies aimed at the study of
chronic b-cell lymphoproliferative diseases. Sequential gates were analyzed and the results
compared with the histological evaluation of the bone marrow. Of the nine cases analyzed,
three were in disagreement with the pathological bone marrow result on the staging
examination, and the biopsy was negative for infiltration into NHL while the ICF was positive.
These cases presented low tumor load, which may justify disagreement. Flow cytometry
immunophenotyping has been studied for the diagnosis, staging and follow-up of patients
with NHL. The use of peripheral blood as a material for staging in NHL is feasible, presents
a good sensitivity, especially for the analysis of small neoplastic populations, besides being

an easy sample to obtain.

Keywords: Non-Hodgkin lymphoma, flow cytometry, diagnostic techniques and

procedures, peripheral blood.
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1. INTRODUCAO

As neoplasias hematoldgicas, sédo proliferacfes clonais anormais originadas das
células do sangue periférico, da medula 6ssea ou do sistema linfatico. Nos Estados Unidos,
foi estimado para o ano de 2018, 174.250 pessoas diagnosticadas com neoplasias
hematoldgicas, sendo aproximadamente 48% com linfoma, 35% com leucemia e 18% com
mieloma multiplo (LEUKEMIA AND LYMPHOMA SOCIETY, 2019).

O linfoma ndo-Hodgkin (LNH) é a malignidade hematolégica mais comum no mundo,
correspondendo a aproximadamente 5,1% de todos os canceres (BOFFETTA, 2011). Para
o Brasil, dados do Instituto Nacional do Cancer mostram a ocorréncia de 10.180 novos
casos no ano de 2018 (INCA, 2019).

O aumento da expectativa de vida da populacéo traz consigo uma maior incidéncia
de doencas neoplasicas pois muitas destas se correlacionam com alteragcdes citogenéticas
e moleculares adquiridas no processo de envelhecimento. Assim, métodos de diagndstico,
tratamento e monitorizacdo de doencas oncolégicas mais eficazes e pouco invasivos estao
cada vez mais sendo alvos de pesquisas.

Atualmente, os LNH tém seu diagnéstico confirmado a partir do exame
anatomopatoldgico convencional acrescido de estudo imunohistoquimico do tecido
acometido. Recomenda-se para esse fim uma bidpsia incisional ou excisional do
linfonodo/tecido acometido ao invés de bidpsia aspirativa por agulha fina (CHESON, 2014).
Novas técnicas também tém sido estudadas para permitir uma identificacdo mais rapida da
doenca, como a imunofenotipagem por citometria de fluxo (ICF) desses tecidos.

Até o presente momento ndo existe um consenso sobre a realizacdo da ICF em
sangue periférico e ndo se sabe o seu real valor para o diagnéstico e estadiamento dos
LNH. A biopsia de medula 6ssea ainda € utilizada como método de escolha para avaliagédo
do comprometimento medular por linfomas. No entanto, este € um material nem sempre de
facil obtencdo. De acordo com a Classificacdo de Lugano (CHESON, 2014), a realizacéo
da tomografia computadorizada por emissdo de poésitron (PET-CT) pode substituir a
realizacdo da biépsia de medula 6ssea para estadiamento de linfoma de Hodgkin e de LNH
difuso de grandes células B, porém nos demais subtipos de linfoma ainda ha a
recomendacdao de realizacdo da bidpsia de medula 6ssea com imunohistoquimica e/ou ICF.
Héa de se pontuar ainda que, no Brasil, 0 PET-CT nédo esta facilmente disponivel em todos

0S Servigos.
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Diante disso, o presente estudo busca identificar a presenca de células de LNH
(excluindo casos de leucemia linfoide crénica) circulantes em sangue periférico, no
momento do diagnostico, com o objetivo de estadiamento tumoral. Busca-se também a
identificacdo de células neoplasicas circulantes durante e ao final do tratamento, com o

objetivo de predizer melhores taxas de cura e menores taxas de recaida.

1.1. Revisao da Literatura

1.1.1. Linfomas nao-Hodgkin (LNH)

Os LNH séo as neoplasias hematolégicas mais comuns no mundo e podem ser
derivados de células hematopoéticas de origem B, T ou Natural Killer (NK). Consistem em
mais de 40 subtipos maiores com distintas caracteristicas clinicas, genéticas e morfolégicas
(CHIHARA et al., 2015).

As neoplasias de células B podem mimetizar véarios estagios da diferenciacdo B
normal e a semelhanca aos estagios normais é a principal base para sua classificacdo e
nomenclatura. Além disso, muitas neoplasias de células B maduras apresentam
anormalidades genéticas que s&o importantes para determinar suas caracteristicas
biolégicas assim como auxiliam na determinagéo de diagnésticos diferenciais.

Dentre as neoplasias linfoides, mais de 90% séo constituidas por linfomas de células
B (SWERDLOW et al., 2017). De acordo com dados do Projeto de Classificagdo dos LNH,
os subtipos de LNH de células B mais frequentes em adultos sao Difuso de Grandes Células
B (37%), Linfoma Folicular (29%), Linfoma Linfocitico/ Leucemia Linfoide Crénica (12%),
Linfoma MALT (9%), Linfoma de Células do Manto (7%) (PERRY et al., 2016).

1.1.2. Diagnéstico de LNH

Classicamente, os LNH tém seu diagndstico confirmado a partir do exame
anatomopatolégico convencional acrescido de estudo imunohistoquimico do tecido
acometido. Nenhum marcador antigénico é especifico para qualquer neoplasia linfoide e
uma combinacéo de caracteristicas morfolégicas com um painel de anticorpos € necessaria
para definir o diagnéstico correto (SWERDLOW et al., 2017).

A citologia por agulha fina pode auxiliar no diagnéstico de LNH, mas caracteristicas
citologicas por si s6 ndo séo suficientes para diagnosticar e classificar a doencga, e técnicas
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adicionais sdo necessarias. Além disso, h4 uma ampla variacdo de sensibilidade
diagnostica e especificidade (CAFFERTY et al., 1990; DAS et al., 1990; STASTNY et al.,
1995; PUTTAGUNTA et al., 1998). Técnicas como a citometria de fluxo permite a avaliacéo
dos antigenos das células linfoides B, T e NK, a avaliacdo da clonalidade das cadeias leves
de imunoglobulina no caso de células B, e das familias TCRv[3 no caso de células T, bem
como a avaliagcdo simultanea de varios antigenos de superficie, fornecendo dados objetivos
e semi-quantitativos, mesmo em amostras contendo poucas células (CRAIG e FOON,
2008).

A ICF tem como vantagem a sua capacidade de conseguir trabalhar com amostras
com baixa celularidade, de analisar multiplos parametros em uma Unica célula e de avaliar
intensidades de fluorescéncias, o que facilita na diferenciagdo entre populacdes
neoplasicas e populacdes reativas (BARROCA e MARQUES, 2016).

A ICF a partir do sangue periférico ja € amplamente utilizada para o diagnostico de
algumas entidades clinicas como, por exemplo: leucemia linfocitica crénica / linfocitoses
monoclonais, sindrome linfoproliferativa autoimune, triagem de imunodeficiéncias
primarias, leucemias agudas com leucocitose e hemoglobindria paroxistica noturna.
Atualmente, a utilizacéo desta técnica para o diagnostico de linfomas néao esta bem definida.
Entretanto, sabe-se que alguns subtipos de LNH como o folicular e o linfoma de células do
manto, apresentam com frequéncia células circulantes e por isso tem sido alvo de estudos,
especialmente quanto a monitorizacdo da doenca, podendo também ser util para o
diagndstico inicial (GALIMBERTI et al., 2015; COWAN et al., 2016).

1.1.3. Monitorizacao de tratamento dos LNH

Os LNH apresentam comportamento clinico heterogéneo de acordo com seu subtipo
e com opcdes terapéuticas também variaveis. Algumas vezes, 0 objetivo terapéutico é
curativo, mas outras vezes o0 objetivo € alcancar remissdes prolongadas com a menor
toxicidade possivel ao paciente. A identificacdo de doenca refrataria ou recaida, muitas
vezes é o gatilho para que se intensifique ou reinicie uma terapia antineoplasica e a
determinacdo atual de recaida ou refratariedade € baseada em avalia¢cdes por imagem e
clinicas, nem sempre muito especificas (CHASE e ARMAND, 2018).

A avaliacdo de doenca residual mensuravel (DRM) € uma maneira eficaz de
monitorizagdo de algumas doencas onco-hematoldgicas, sendo necessaria para

intensificacao de tratamento em pacientes de alto risco ou intervencao precoce naqueles
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com risco de recaida. Métodos de reacdo em cadeia de polimerase quantitativo em tempo
real (RT-gPCR)
e nova geracéao de sequenciamento (NGS) estdo sendo estudadas em LNH com resultados
promissores (HERRERA e ARMAND, 2017; CHASE e ARMAND, 2018). Em 2016, o Grupo
Europeu em Linfoma de Células do Manto publicou um estudo comparando a RT-qPCR e
a ICF em amostras de sangue periférico e/ou medula 6ssea de pacientes com diagnostico
de linfoma de células do manto (LCM). Os pesquisadores consideraram como corte de
positividade para DRM por ICF valores maiores que 0,01% de células neoplasicas, com um
anico tubo de 8 cores utilizando 10 anticorpos monoclonais. Os resultados demonstraram
gue a RT-gPCR tem maior sensibilidade na deteccdo de DRM, mas a ICF tem maior
relevancia clinica no manejo individual dos pacientes, pois apresentou menor tempo de
transicdo de DRM negativa para positiva, sendo este um dado relevante para tomada de
decisdo terapéutica, demonstrando assim a grande importancia deste método de
monitorizacdo (CHEMINANT et al., 2016).

Linfomas indolentes séo alvos frequentes de estudo para avaliagdo de DRM devido
a alta incidéncia de recaida. H4 demonstracdo de que a monitorizacdo da DRM pode ser
til para comecar uma terapia preemptiva e atrasar a recaida clinica ou para evitar a terapia
de manuten¢do em pacientes com muito baixo risco de recaida (GALIMBERTI et al., 2015).
Além disso, a monitorizagcdo de DRM auxilia na determinacdo de sobrevida global nos

diferentes subgrupos de LNH.

1.2. Justificativa

A utilizacdo de sangue periférico como material para analise, constitui-se em medida
uatil para o estadiamento dos LNH pois trata-se de amostra de facil obtencéo. Entretanto,
até o presente momento ndo existe um consenso sobre a realizacdo da ICF em sangue
periférico e ndo se sabe o seu real valor seja para o diagnéstico ou para o estadiamento
dos LNH.

Assim, a realizacdo desta pesquisa ira auxiliar a determinar o alcance da deteccao
de células neoplasicas no sangue periférico de pacientes com LNH, comparando estes
achados com a andlise imunohistoquimica das células em tecidos biopsiados. Com isso,

sera possivel definir um método rapido e pouco invasivo para o estadiamento.
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2. OBJETIVOS

2.1. Objetivo geral
Determinar a presenca de células neoplasicas circulantes no sangue periférico em

pacientes com linfoma n&o-Hodgkin.

2.2. Objetivos especificos

1. Identificar e quantificar células neoplasicas no sangue periférico de pacientes com
linfoma ndo-Hodgkin no momento do diagnéstico, durante e ao final do tratamento
guimioterapico.

2. Correlacionar o numero de células neoplasicas encontradas no sangue periférico durante

e ao final do tratamento com a resposta terapéutica
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Title: Identification of neoplastic cells in peripheral blood by flow cytometry in patients

with B-cell non-Hodgkin's lymphoma

INTRODUCTION

The diagnosis of non-Hodgkin's lymphoma (NHL) is classically confirmed by
conventional anatomopathological examination and immunohistochemical studies of the
affected tissue. None antigenic marker is specific for any lymphoid neoplasm, and a
combination of morphological features with an antibody panel is needed to define the
correct diagnosis.’

Fine-needle cytology can help in the diagnosis of NHL, but cytological features
alone are not sufficient to diagnose and classify the disease, and additional techniques
are needed. Furthermore diagnostic sensitivities and specificities differ widely.> The
combination of fine-needle cytology and immunophenotyping by flow cytometry (IFC)
has played an important role in the identification of useful antigens for prognostic
evaluation,® as well as those targeted for specific therapies. However, this methodology
can be impaired as truly compromised samples are not always obtained.

The IFC has the advantage of its ability to work with small samples of low
cellularity, analyze multiple parameters in a single cell, and assess fluorescence
intensities, which facilitate the differentiation between the neoplastic and reactive
populations.” Peripheral blood IFC is already widely used for the diagnosis of some
clinical entities such as chronic lymphocytic leukemia/monoclonal B lymphocytosis and
autoimmune lymphoproliferative syndrome. Additionally, it is also used as a screening
tool for primary immunodeficiencies, acute leukemias with leukocytosis, and paroxysmal
nocturnal hemoglobinuria.

Currently, the use of IFC for diagnosing lymphomas is not well defined. However,
it is known that some NHL subtypes, such as follicular and mantle cell lymphoma, often
present with circulating cancer cells and, therefore, have been the target of studies,
especially regarding disease monitoring. As such, it may also be useful for initial
diagnosis.?® Considering this, the present study aimed to identify circulating neoplastic
cells in the peripheral blood of patients with NHL by IFC and compare the results with
those of initial staging performed through bone marrow biopsy, subsequently following
up on these patients during and at the end of treatment.

We evaluated nine patients diagnosed with B-cell NHL, with a median age of 63

years (range: 27-85 years). Data related to staging, type of treatment, and clinical
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outcomes are shown in Table 02. The methodology used is described in the
supplementary material. All samples collected in the middle and at the end of treatment
were negative for neoplasia identification (Table 03). Complete depletion of B
lymphocytes was observed in all samples at these times.

The immunophenotypic analysis of peripheral blood in the pre-treatment of the
evaluated cases showed the following findings.

Examining case 1, the sample comprised 2.82% B cells, with a Kappa/Lambda
ratio of 3.86 (expected from 0.3 to 3, according to Mancuso et al., 2010). Of the B cells,
approximately 35% showed lower expression of CD200 and LAIR1 and higher
expression of D39 and CD95, which may represent circulating marginal zone B-cell
lymphoma of the mucosa-associated lymphoid tissue (MALT) cells (Figure 01).

Regarding case 2, 4.9% of the cells in the sample were B cells, with a
kappa/lambda ratio of 2.2. No evidence of events that could represent circulating
follicular lymphoma cells were detected. As for case 3, we found a proportion of 19.28%
of B cells in the sample, with a kappa/lambda ratio of 1.24. Some B cells expressed more
CD23 and LAIR1, but there is no clear separation between possibly neoplastic and
normal populations. We consider the sample negative for neoplasia. In case 4, the
sample constituted of 84% of B cells with a kappa/lambda ratio of 3.58. The cells had a
weaker expression of CD19 than usual, expressing CD10 and CD43, compatible with
infiltration by follicular lymphoma (Figure 02).

As for case 5, 3.16% of the cells in the sample were B cells with a kappa/lambda
ratio of 2.42. Despite the adequate kappa/lambda ratio, a population of approximately
39% of B cells was observed with expression of CD95 and CD39, which may represent
diffuse large B-cell (DLBC) CD10 negative cells (Figure 03).

Concerning case 6, the patient had 60.2% of B cells in the sample with a
kappa/lambda ratio: of 0.0 (99.8% of the B cells are Lambda). Of these, 45% expressed
CD11c, LAIR 1, and CD23. In this case, the CD103 marker was negative. The patient
had massive splenomegaly and bone lesions. Pathological examination of the right
acetabular lesion showed DLBC lymphoma, but the clonal lymphocyte population was
divided into two groups based on the peripheral blood immunophenotype (Figure 04). A
part of it has an immunophenotype compatible with splenic marginal zone lymphoma or
hairy cell leukemia, leading us to question if it could be a compound lymphoma.

In case 7, we found 53% of B cells in the sample, with a kappa/lambda ratio of
10.95. Kappa cells overexpress CD38. We also observed positivity for CD10, sigM, and
CD81 (Figure 05), compatible with infiltration by Burkitt's lymphoma.
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In the analysis of case 8, 3.54% of the sample were B cells, with a kappa/lambda
ratio of 1.84. We considered this sample negative for neoplasia. As for case 9, we found
a proportion of 14.93% of B cells in the sample, with a kappa/lambda ratio of 1.52/1.
Despite the adequate kappa/lambda ratio, a population of approximately 14% of B cells
had an expression of CD10, 24.5% expressed CD95, and 25% expressed CD27, which
probably represents DLBC circulating cells.

In the present study, we observed disagreement between the results of bone
marrow biopsy and IFC of peripheral blood in three of the nine samples studied.
Discordant cases demonstrated positivity for neoplasia in peripheral blood
immunophenotyping and negativity in the immunohistochemical study of the bone
marrow (Table 04). In these three discordant cases, the neoplastic cells in the blood

sample corresponded to less than 5% of the cellularity of the sample.

DISCUSSION

Complete and accurate staging of NHL is important to determine the extent of the
disease and, thereby, the decision of therapeutic choice and prognostic evaluation. Bone
marrow involvement in lymphoma is assessed using bone marrow biopsy as a standard
technique.’® However, with advances in diagnostic techniques, several groups have
studied the role of IFC in the diagnosis and staging of patients with NHL. Most of these
studies evaluated bone marrow aspirate in the search for neoplastic cells; however, we
still have limited data and standardization of protocols that support this process in clinical
practice. Some studies have also investigated the role of peripheral blood analysis in the
diagnosis and follow-up of NHL."

The agreement rates between NHL staging by flow cytometry and
histopathological examination vary between studies. Borahm Kim et al. (2015)"
compared 248 samples of NHL of various subtypes and found an agreement rate of
91.5% between these techniques. IFC does not yet replace bone marrow biopsy in the
staging process; however, multiparametric IFC may increase the sensitivity of this
assessment, especially when the biopsy is inconclusive. Furthermore, IFC also has the
advantage of being able to study small populations. Despite the role of minimal bone
marrow involvement in the diagnosis of NHL, it is not well elucidated whether it is
considered as a prognostic factor. In the three discordant cases between flow cytometry
and histopathological results, there were less than 5% of neoplastic cells in the blood
samples. We can infer a minimal infiltration in the bone marrow and, therefore, greater

difficulty in identifying it by anatomopathological examination.
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The immunophenotypic patterns obtained by multiparametric flow cytometry are
also used for the correct diagnosis of specific lymphoma subtypes and help to discover
peculiar clinical presentations, such as compound lymphomas.'? Compound lymphomas
are defined by the concomitant presence of two types of lymphoma in a single patient.
This can be the presence of two distinct types of NHL or a Hodgkin and non-Hodgkin
lymphoma simultaneously, which is a very rare situation.”™ Coincidentally, we found a
case classified as diffuse large B-cell non-Hodgkin's lymphoma (DLBCNHL) by the
anatomopathological examination of an acetabular lesion with spinal cord involvement;
however, in the immunophenotypic examination of peripheral blood, we found that a
portion of neoplastic B cells (clonal for Lambda) expressed CD11c and LAIR1, with
negative CD103. We believe that this is a splenic marginal zone lymphoma or hairy cell
leukemia concomitant with DLBCNHL. Clinically, the patient presented with massive
splenomegaly.

IFC can also be performed in tissues affected by neoplasms using the manual
tissue disaggregation method. There is a good correlation between anatomopathological
and immunophenotypic diagnoses in tissues.™ In the context of oncological urgency, as
in the case of tumors with a high proliferation index, for example, the results of
immunophenotypic tissue analysis may direct early therapy until immunohistochemical
examination defines the definitive diagnosis because it is faster.

In addition to aiding diagnosis and staging, IFC plays an important role in
monitoring NHL. Measurable residual disease (MRD) in NHL is a matter of interest and
debate, as new treatments offer higher rates of complete responses than in the past,
thus having a positive impact on long-term survival.”™ The definition of MRD includes all
methods capable of measuring a disease more accurately than conventional tools.
Technologies used to assess DRM can be divided into three main categories: (1) those
derived from molecular biology, (2) flow cytometry, and (3) imaging.

In NHL, the role of IFC in MRD research is not well established. Some studies
have reported that the correlation between flow cytometry and molecular results agrees
in 80—85% of cases, with 10% of samples defined as MRD positive by polymerase chain
reaction (PCR), but negative by flow cytometry. With respect to conventional microscopy,
an agreement was found in half of the cases (hegative in the microscope, but positive in
the IFC). If we consider the differences in sensitivity of the methods: 1 x 107 for PCR, 1
x 107 /107° for IFC, and 1 x 1072 for microscopy, this may explain the disagreements
observed between the different methods.'®'® Despite having lower sensitivity compared

to molecular techniques, flow cytometry can be performed in a shorter timeframe and at
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relatively low costs.'® However, even reputable guidelines such as those edited by the
European Society of Medical Oncology, despite recognizing the role of MRD in NHL,
have not yet included it as a necessary and routine test on patient management,
supporting the need for definitive standardization of tools used.?°

Regarding the immunophenotypic study of peripheral blood in the context of NHL
staging and MRD, there are few published studies. The work of Mancuso et al. (2010)*
centered around the question: “if the NHL is in the bone marrow, will it also be in the
peripheral blood?” They compared bone marrow and peripheral blood samples from 591
patients with NHL, including cases of follicular lymphoma, DLBCNHL, mantle cell
lymphoma, marginal zone/MALT lymphoma, Ilymphocytic lymphoma, CLL, and
Waldenstrom's macroglobulinemia. In their study, there was an agreement of 95.1%
between peripheral blood and bone marrow immunophenotyping, with bone marrow
examination being slightly more sensitive. Among the discordant cases, the most
frequent diagnosis involved was Waldenstrom's macroglobulinemia. Sixty-two percent of
the discordant samples were collected after chemotherapy. The most frequent therapy
associated with the disagreement was the use of rituximab as monotherapy or in
combination with chemotherapy. In addition, they reported that the agreement between
bone marrow immunophenotyping and bone marrow biopsy was 83% at diagnosis and
85% after treatment. Finally, they concluded that, excluding Waldenstrom's
macroglobulinemia, there is an overlap between peripheral blood and bone marrow IFC
in NHL, suggesting the potentially important role of peripheral blood, even as an

alternative to bone marrow biopsy, in the assessment of patients with NHL.

CONCLUSIONS

Peripheral blood immunophenotyping in patients with NHL provides relevant
information, especially at the time of diagnosis. In our study, although only a few cases
were involved, there was disagreement with the anatomopathological staging in 33% of
the cases. Furthermore, the disagreeing cases presented with low tumor burden, which
can be explained by the greater sensitivity of the IFC of peripheral blood. In this study,
peripheral blood IFC during and at the end of treatment was negative for the disease.
Further investigation is needed to follow-up with these patients for a longer period,
predict relapses, and analyze prognostic impact of the examination. The use of
peripheral blood samples for the staging and follow-up of patients with NHL will prove to
be of enormous importance because of its benefits, namely the following: it is an easily

obtainable sample with low collection cost and with little probability of adverse effects,
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and it is a relatively quick and sensitive laboratory technique. Clinical consensus must
be created so that the technique is widely used in a validated and safe manner in the
context of NHL.
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Figure 01. The immunophenotypic analysis of peripheral blood of cases with circulating
mature B lymphoid neoplastic cells in the pre-treatment. Identification of B-cells: CD19+ and
CD20+, excluding T cells (CD5+ and CD3+). (A) Case 1: B-cell with a little more kappa than expected for
normality. Part of B-cells is negative for CD200 and LAIR1. (B) Case 4: the majority of B-cells are kappa
light chain restricted. B-cells demonstrated by CD19 and CD20 positivity whose part of the population is
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positive for CD10. (C) Case 5: Kappa and lambda with a normal ratio. Part of B-cells is positive for CD95
and CD39. (D) Case 6: the majority of B-cells are lambda light chain restricted. Part of B-cells is positive for
LAIR 1 and CD11c, had CD22 overexpression, but is negative for CD103. (E) Case 07: kappa/lambda
ratio:10,95. The kappa cells overexpressed CD38 and have more elevated side scatter (SSC), compatible
with Burkitt's cells. (F) Case 9: Kappa and lambda with a normal ratio. Part of B-cells is positive for CD10,
CD95 and CD27.

Table 01. The panel of monoclonal antibodies used in the study.

Fluorochrome Pacific Pacific PerCP-
Blue Orange FITC PE Cy5.5 PE-Cy7 APC APC-H7
Tube 01 CD20/CD4  CD45 CD8/kappa  CD56/lambda  CD5 CD19/TCRYd CD3 CD38
Tube 02 CD20 CD45 CD23 CD10 CD79% CD19 CD200  CD43
Tube 03 cD20 cD45 CD31 LAIR1 CD11c CcD19 IgM CD81
Tube 04 CD20 CD45 CD103 CD95 cD22 CD19 -- --
Tube 05 CD20 CD45 CD62L CD39 HLADR  CD19 cD27 --
FITC: fluorescein isothiocyanate; PE: phycoerythrin; PerCP-Cy5.5: peridinin-cyanine chlorophyll protein 5.5; PE-Cy7:
phycoerythrin-cyanin 7; APC: allophycocyanin; APC-H7: allophycocyanin-H7.
Table 02. Clinical and diagnostic characteristics of the patients.
Identification Age Pathological diagnosis Bone marrow trephine  Treatment Post-treatment
(years) (Ann Arbor staging) byopsy at the moment status
of the diagnosis
Case 1 63 Orbital MALT Lymphoma Negative for R-CHOP 21 (8 cycles)+ Complete remission
(INA) lymphoma Intrathecal CNS
prophylaxis
Case 2 74 Follicular lymphoma for Negative for R-miniCHOP 21 (6 Complete remission
right breast (IAE) lymphoma cycles) + local RT
Case 3 75 Gastric DLBC Iymphoma Not performed R-miniCHOP 21 (6 Complete remission
(IBE) cycles)
Case 4 63 Follicular lymphoma grade Positive for lymphoma R-CHOP 21 Complete remission
3 (IVA) (7 cycles)
Case b 85 DLBC lymphoma (lIBX) Negative for R-miniCHOP 21 (8 Partial remission
lymphoma cycles)
Case 6 64 DLBC lymphoma (IVA) Positive for lymphoma R-CHOP 21 (8 cycles)+ Complete remission
Intrathecal CNS
prophylaxis
Case 7 27 Burkitt lymphoma HIV- Positive forlymphoma CODOX-M/ IVAC (4 Complete remission
associated (IVB) cycles) + Intrathecal
CNS prophylaxis
Case 8 42 DLBC lymphoma (IVBE) Negative for CHOP 21 Death before
lymphoma (3 cycles) completing therapy
Case 9 29 PMLBCL (IVA) Negative for DA-EPOCHR Change of follow-up
lymphoma (1 cycle) location

MALT: Mucosa-associated lymphoma tissue; DLBC: diffuse large B cell; HIV: human immunodeficiency virus; PMLBCL:

Primary mediastinal large B-cell lymphoma; CNS: central nervous system; RT: radiotherapy. R-CHOP:

cyclophosphamide, doxorubicin, vincristine and prednisone. R-miniCHOP:

cyclophosphamide, doxorubicin, vincristine and prednisone.

CODOX-M/

rituximab,

reduced-dose regimen of rituximab,

IVAC: cyclophosphamide,

vincristine,

doxorubicin, and methotrexate (CODOX-M) alternating with ifosfamide, etoposide, and cytarabine (IVAC). DA-EPOCH R:
dose adjusted of rituximab, etoposide, prednisolone, vincristine, cyclophosphamide and doxorubicin.
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Table 03. Results of the search for circulating mature B lymphoid neoplastic cells by IFC
in the cases described.

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case7 Case 8 Case 9

Pre Positive  Negative Negative Positive Positive  Positive  Positive  Negative Positive
treatment

During Negative Negative Negative Negative NP Negative Negative NP NP
treatment

End of Negative Negative Negative NP Negative Negative Negative NP NP
treatment

NP: Not performed. Case 4: It was not yet possible to collect the third sample. Case 5: It was not possible to collect the
second sample. Case 8: death, it was not possible to collect the second and third samples. Case 9: patient discontinued
treatment in this institution, it was not possible to collect second and third samples.

Table 04. Agreement between immunophenotypic examination of peripheral blood and
bone marrow biopsy at the time of diagnosis concerning neoplastic involvement.

Case1 Case2 Case3 Case4 Case5 Case6 Case7 Case8 Case?9

IFC of
peripheral Pos Neg Neg Pos Pos Pos Pos Neg Pos
blood

Bone marrow

biopsy Neg Neg NP Pos Neg Pos Pos Neg Neg

Pos: positive. Neg: negative. NP: not performed.

CLINICAL PRACTICE POINTS

. Tumor staging in non-Hodgkin's lymphoma (NHL) is routinely performed using bone
marrow biopsy. We analyzed whether it is possible to identify circulating tumor cells in
peripheral blood by flow cytometric immunophenotyping (FCI) and compared the results

to initial staging performed through bone marrow biopsy.

. Peripheral blood samples from nine patients with NHL were evaluated using a panel of
monoclonal antibodies to detect B-cell chronic lymphoproliferative disorders. In three
cases, the FCl analysis showed positive NHL infiltrates for which biopsies were negative.

These samples had low tumor burden.

. The use of peripheral blood in the context of staging and monitoring of NHL remains
poorly investigated, but the findings of this study allow us to define the importance of

FCI in the early identification of neoplastic cells in patients with NHL.



175
176
177
178
179
180
181
182
183
184
185
186
187
188

4. COMENTARIOS OU CONSIDERACOES FINAIS

Havia uma expectativa de que alcancariamos um numero de amostras mais
proeminente para o desenvolvimento deste trabalho, ao menos o dobro do que
relatamos aqui. Além do nUmero menor que o esperado, nos deparamos com a tragica
pandemia trazida pelo SARS-Cov-2, que modificou nossa rotina de trabalho, inclusive
o trabalho presencial no laboratorio de pesquisa por um periodo de tempo. Isso nos
impediu de trabalhar com amostras “a fresco”, o que pode levar a uma perda de
viabilidade celular na andlise das amostras por ICF. Apesar disso, acreditamos que
0s resultados aqui obtidos tém a sua importancia. Existem ainda poucos estudos
publicados que analisam o sangue periférico como material utilizado para diagndstico,
estadiamento e seguimento de pacientes portadores de LNH e os trabalhos que

existem ndo sédo definitivos, mas trazem resultados promissores.
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5. CONCLUSAO

A andlise de sangue periférico por ICF para o estadiamento de LNH mostra-se
um meétodo confiavel e promissor por tratar-se de amostra de facil obtencdo e com
resultados rapidos. Neste trabalho houve discordancia em 3 dos 9 casos analisados
quando comparamos com bidpsia de medula éssea. Estes casos discordante
mostraram-se positivos para neoplasia na ICF e negativos na bidpsia de medula
0ssea, sendo ainda observado nestes 3 casos infiltracdo por pequena populagéo
tumoral, sugerindo que a ICF é uma técnica mais sensivel. Estes resultados vem em
concordancia com dados publicados na literatura médica.

Nos momentos de meio e final de tratamento, observamos uma deplecéo de
células B nas amostras do sangue periférico, sugerindo quimiossensibilidade das
mesmas e corroborando com o status de remisséo tumoral observada nos casos que
foram analisados nestes momentos. Além disso, o seguimento destes pacientes a
longo prazo pode trazer informacdes relevantes no que diz respeito a pesquisa de
DRM. Necesséario se faz que estudos mais robustos sigam nessa direcéo, a fim de

que em um futuro préximo, essa estratégia possa ser utilizada na pratica clinica.
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Segundo a pesquisadora:"As necplasias hematologicas, sdo proliferagGes clonais anormais criginadas das
células do sangue periférico, da medula éssea ou do sistema linfatico. Nos Estados Unidos, foi estimado
para o ano de 2018, 174.250 pessoas diagnhosticadas com neoplasias hematoldgicas, sendo
aproximadamente 35% com leucemia, 48% com linfoma e 18% com mieloma multiplo (LEUKEMIA AND
LYMPHOMA SOCIETY, 2019).

O linfoma ndo-Hodgkin (LNH) é a malignidade hematolégica mais comum no mundo, correspondendo a
aproximadamente 5,1% de todos os canceres (BOFFETTA, 2011). Para o Brasil, dados do Instituto Nacional
do Cancer mostram a ocorréncia de 10.180 noves casos no ano de 2018 (INCA, 2019).

O aumento da expectativa de vida da populagdo traz consigo uma maior incidéncia de doengas
neoplasicas pois muitas destas se correlacionam com alteragdes citogenéticas adquiridas no processo de
envelhecimento. Assim, métodos de diagndéstico, tratamento e monitorizagao de doengas oncoldgicas mais
eficazes e pouco invasivos estdo cada vez mais sendo alvos de pesquisas.

Atualmente, os linfomas tém seu diagnostico confirmado a partir do exame anatomopatologico
convencional acrescido de estudo imunohistoquimico do tecide acometido. Entretanto, novas técnicas tém
sido estudadas para permitir uma identificacdo mais rapida da doenga, como a imunofenotipagem por
citometria de fluxo (ICF) desses tecidos. Esta avaliagao
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