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Abstract: Multiparameter flow cytometry is a great tool for rapid identification and immunophenotypic
characterization of hematolymphoid disease. This study aims to define the diagnostic utility of flow
cytometric analysis in hematolymphoid disease of the lung and pleural space. Cases were retrospectively
identified based on diagnosis with hematolymphoid malignancy including leukemias and non-Hodgkin
lymphomas, and non-hematolymphoid entities. Pathology slides were reviewed. Flow cytometry list mode
data were reanalyzed. Among 510 cases, 124 cases are positive by flow cytometry, of which 123 cases are
pulmonary hematolymphoid malignancies including 53 newly diagnosed cases. The newly diagnosed
cases include 17 pleural fluids, 34 tissue biopsies, and 2 bronchoalveolar lavages and are classified as either
primary (2/53, or 4%) or secondary (51/53, or 96%). For the diagnosis of pulmonary hematolymphoid
malignancy, the flow cytometry assay has a sensitivity of 97.6%, and specificity of 99.7%. In conclusions,
flow cytometry is an essential diagnostic tool for rapid detection and categorization of pulmonary lymphoid
neoplasms. Flow cytometry can improve diagnostic certainty for hematolymphoid malignancy in the
pulmonary location.
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Introduction

The lung can be involved by hematolymphoid ma-
lignancy, often by direct spread from adjacent struc-
tures, or as a manifestation of disseminated disease.
Lymphoproliferative disorders detected as primary
lesions in the lung are rare, representing only 0.3%
of all primary pulmonary malignancies, 1.0% of all
the cases of non-Hodgkin lymphoma and 3.0Ð4.0%
of all extra nodal manifestations of non-Hodgkin
lymphoma [1-5].
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cal Center, BioCenter EB3.234A, 2330 Inwood Rd., Dallas, TX
75390, USA. E-mail address: mingyi.chen@utsouthwestern.edu

Flow cytometry is a proven powerful tool in the
pathological diagnosis of hematolymphoid disease.
It can routinely detect very small populations of ma-
lignant cells. Multiparameter flow cytometry has
become an essential diagnostic tool for rapid detec-
tion and categorization of lymphoid neoplasms. In
this regard, the primary roles of flow cytometry are
to assign lineage to cell populations, distinguish be-
tween reactive and neoplastic cell populations, and
establish a differential diagnosis for neoplastic pop-
ulations based on their immunophenotypic features.
Lineage determination is aided through identifica-
tion of lineage specific and/or associated markers,
e.g., CD19 for B-lineage cells and CD3 for T-lineage
cells. Distinguishing reactive from neoplastic popu-
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lations is accomplished through recognizing clonal-
ity and/or aberrant patterns of marker expression in
the abnormal cells [6]. In the current study, we aim
to assess the utility of flow cytometry in the diag-
nosis of patients with pulmonary hematolymphoid
malignancy in our institute.

Materials and Methods

The Health Insurance Portability and Accountabil-
ity Act (HIPAA) waiver of individual authorization
was obtained from the University of Texas South-
western Medical Center Institutional Review Board
(Protocol No. STU 122013-023). We retrospectively
reviewed the flow cytometry analyses of pulmonary
specimens from our institutional database between
2016-2019. The specimens are comprised of pleural
fluids, bronchoalveolar lavages, bronchoscopy or CT
guided fine needle aspirations (FNAs), and video-
assisted thoracoscopic surgery (VATS) or surgical
biopsies of lung mass. In our institution, samples
are triaged for flow cytometry analysis if a hema-
tolymphoid malignancy is suspected especially with
documented clinical history. Pulmonary hematolym-
phoid neoplasms (PHLNs) were detected by 10-color
panel flow cytometry by identification of clonal or
immunophenotypic aberrant hematolymphoid pop-
ulations, which is accompanied by morphologic eval-
uation, immunohistochemical tests, molecular tests
as needed, and clinical correlation to make final
diagnosis.

Pulmonary tissue samples often have low cellu-
larity. This is particularly true of bronchoalveolar
lavage samples, pleural fluid samples and fine nee-
dle aspiration samples of solid tissue. Such low
cellularity only allows limited panel of flow cytome-
try analysis. Therefore, triage of these low cellular
samples is an essential step to ensure an optimal
diagnostic approach and is based on patient demo-
graphics, clinical history and disease suspicion [7]
along with a brief cytologic evaluation. For an ex-
ample, when B-cell lymphoma is one of the major
diagnostic considerations, surface immunoglobulin

light chain evaluation will be an indispensable part
of the assay.

Primary pulmonary hematolymphoid neoplasms
are classified if no extrapulmonary lesions were de-
tected by clinical radiological work up at the time
of diagnosis or within three months of diagnosis [4].
Lymphoproliferative diseases may also secondarily
involve the lung and most cases in this study fall
into this category. The application of flow cytometry
in the diagnosis of CD45 negative hematolymphoid
disease such as classical Hodgkin lymphoma (CHL)
is technically challenging [7]. Our study does not
include CHL analysis as Hodgkin cells and Reed-
Sternberg cells of CHL are also often identified cy-
tologically on a cytospin preparation and therefore
not submitted for flow cytometry analysis in our
institution.

Results

We retrieved 510 pulmonary specimens submit-
ted for flow cytometry with either relevant clini-
cal history or cytological evaluation suspicious for
hematolymphoid malignancy. 123 out of 124 cases
with positive flow cytometry result are positive for
pulmonary hematolymphoid neoplasms (PHLNs),
which include 53 new diagnosis and 70 follow-up
cases of previously diagnosed lymphoproliferative
disease (Figure 1). Median age of all cases was 54
years with M:F ratio of 1.05:1. The percentage of
aberrant cells detected range between 0.01% to 89%.

Among the 53 specimens of newly diagnosed
cases, there are 17 pleural fluids, 34 tissue biopsies,
and 2 bronchoalveolar lavages. All flow cytometry
positive cases were confirmed by tissue examina-
tion either concurrently or previously for cases with
established diagnosis.

These newly diagnosed cases were classified as
either primary (2/53, or 4%) or secondary (51/53,
or 96%). These data are consistent with previ-
ous reports on the low incidence of PHLNs[1-4].
All the newly diagnosed PHLNs fall into the cat-
egory of B-cell neoplasms, primary effusion lym-
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Figure 1: Cohort flow chart

phoma (PEL), plasma cell neoplasms, T-cell neo-
plasms, and myeloid neoplasms (Table 1). Of the
B-cell neoplasms, diffuse large B-cell lymphoma
(DLBCL) was the most common diagnosis (11/53
(20.8%)). Of the T-cell neoplasms, T-lymphoblastic
leukemia/lymphoma is the most common entity
(12/53 (22.6%). Among the 70 follow-up cases DL-
BCL is the most common diagnosis (16/70 (22.9%)
(Table 2). We also have 386 cases with negative flow

cytometry test result, among which 96 cases have
hematolymphoid malignancy either in remission or
concurrently.

Among all the positive cases, the percentage of
aberrant cells detected ranges from 0.01% to 89%.
There is only one positive case for which 0.01% aber-
rant cells was detected in a paucicellular pleural
fluid sample. This patient has a previously estab-
lished diagnosis of B-ALL, and a higher population
of aberrant cells (0.44%) were detected in a follow-
ing more cellular pleural fluid sample 7 days later
(Table 2). In this case flow cytometry analysis was
used to monitor disease progression. For the one
case of chronic myeloid leukemia (CML) (Table 2),
our flow cytometry detected a population of CD34+
myeloblasts that are CD7(partial +), CD13(partial +),
CD36(partial +), CD38(variably +) and CD56(few +)
in the pleural fluid samples of a patient with history
of treatment resistant CML. The results were also
confirmed by FISH or PCR to demonstrate t (9;22)
translocation. This population of aberrant cells were
detected in 3 consecutive pleural samples from the
same patient within 17 days. There is one false posi-
tive case with a final diagnosis of sarcoidosis (Table

Table 1: Newly diagnosed hematolymphoid malignancy by flow cytometry

Hematolymphoid malignancy Case number Percentage

Diffuse large B cell lymphoma 11 20.8%
mediastinal large B cell lymphoma 5 9.4%
Follicular lymphoma 4 7.5%
Marginal zone lymphoma 3 5.7%
Multiple myeloma 3 5.7%
Plasmablastic lymphoma 2 3.8%
B cell lymphoma 2 3.8%
Mantle cell lymphoma 1 1.9%
Lymphoplasmacytic lymphoma 1 1.9%
Primary effusion lymphoma 1 1.9%
Chronic lymphocytic leukemia / small lymphocytic lymphoma 1 1.9%
T-lymphoblastic leukemia/lymphoma 12 22.6%
Anaplastic large cell lymphoma 1 1.9%
Angioimmunoblastic T cell lymphoma 1 1.9%
T cell leukemia/lymphoma 1 1.9%
Peripheral T cell lymphoma 1 1.9%
Mixed phenotype acute leukemia 1 1.9%
Acute myeloid leukemia 2 3.8%
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Table 2: Follow-up hematolymphoid malignancy diagnosis by flow cytometry

Hematolymphoid malignancy Case number Percentage

Diffuse large B cell lymphoma 16 22.9%
Multiple myeloma 9 12.9%
Chronic lymphocytic leukemia /small lymphocytic lymphoma 6 8.6%
Marginal zone lymphoma 4 5.7%
B-lymphoblastic leukemia/lymphoma 4 5.7%
Follicular lymphoma 3 4.3%
Primary mediastinal large B cell lymphoma 1 1.4%
B cell lymphoma 1 1.4%
Burkitt lymphoma 1 1.4%
Mucosa associated lymphoid tissue lymphoma 1 1.4%
T cell leukemia/lymphoma 7 10.0%
T -lymphoblastic leukemia/lymphoma 6 8.6%
Acute myeloid leukemia 10 14.3%
Chronic myeloid leukemia 1 1.4%

3). For this case flow cytometry assay identified a
minute population of cells of large cell size with evi-
dence to suspect B-lineage non-Hodgkin lymphoma
with plasmablastic or immunoblastic differentiation.
PCR to evaluate for clonal immunoglobulin heavy
chain gene rearrangement is therefore suggested.
The diagnosis of sarcoidosis is eventually made in
combination with morphological and clinical evalu-
ation without performing the suggested PCR test.

Among 386 cases with negative flow cytometry re-
sults (Figure 1), 96 cases have history of hematolym-
phoid malignancy, 287 are proved to have other pul-
monary disease later (Table 3). Flow cytometry tests
play a role in helping rule out pleural or pulmonary
involvement by hematolymphoid malignancy. There
are 3 false negative cases. Further tests from biopsy
or resection specimen showed that 3 cases have

pulmonary involvement by hematolymphoid malig-
nancy. These include one pleural specimen diffuse
large B cell lymphoma case and two bronchoalve-
olar lavage specimens of T cell lymphoma cases.
For all these 3 cases extreme pauci-cellularity has
limited the ability of flow cytometry test to detect
malignant cells, concurrent cytology evaluation was
also negative for hematolymphoid malignancy. The
flow cytometry assay has a sensitivity of 97.6%, and
specificity of 99.7% (Table 3)

Discussion

With advancements in technologies such as CT scan-
guided biopsy, micro coil insertion followed by
video-assisted thoracoscopic surgery (VATS) resec-
tion of lung nodules, and the endobronchial ultra-

Table 3: Summary of all flow cytometry cases

Flow cytometry HLM involving
lung/pleural space

HLM not involving
lung/pleural space

Other

+ 123 0 1

- 3 96 287

HLM: hematolymphoid malignancy, Other: non-hematolymphoid malignancy or inflammatory diseases
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sound/electromagnetic navigation bronchoscopy of
peripheral lung nodules, more pulmonary biopsy
specimens of high quality are available for patho-
logical evaluation of lymphoproliferative disorders
in the lung. Lymphoma, leukemia and plasma
cell neoplasms display a variety of patterns of
infiltration of the lung parenchyma and pleura.
Non-Hodgkin lymphoma is significantly more fre-
quent than Hodgkin lymphoma in the lung, and
marginal zone lymphoma is the most frequent pri-
mary pulmonary lymphoma, all other subtypes of
non-Hodgkin lymphoma may affect the lung at some
point during their course [1-5].

The spectrum of entities reported here provides
helpful information for the diagnosis of pulmonary
hematolymphoid diseases. This demonstrates that
flow cytometry is a powerful tool in aiding the di-
agnosis of pulmonary hematolymphoid malignancy
in pulmonary samples from patient with relevant
history and clinical suspicion for malignancy and
played a significant role in the timely assessment of
disease status. It is worth mentioning that flow cy-
tometry is an ancillary test, not a final diagnosis. The
interpretation of flow cytometry results also requires
morphologic, genetic and clinical correlation.

Acknowledgements

This project is sponsored by Texas Society of Pathologists
Education Foundation 2021 scholarship awarded to Dr.
Limin Yang. We also thank Dr. May Fu for helping
collecting data. The authors declare that they have no
conflict of interest.

Received: July 4, 2022; Accepted: September 11, 2022;
Published: October 1, 2022.

References
1. Chilosi M, Zinzani PL, Poletti V. Lymphoproliferative

lung disorders. Semin Respir Crit Care Med. 2005; 26:
490-501.

2. Sohani A, Ferry J. Lymphomas and lymphoprolifera-
tive diseases of the lung. Diagn Histopathol. 2014; 20:
405-414.

3. Tang VK, Vijhani P, Cherian SV, Ambelil M, Estrada
YMRM. Primary pulmonary lymphoproliferative neo-
plasms. Lung India. 2018; 35: 220-230.

4. William J, Variakojis D, Yeldandi A, Raparia K. Lym-
phoproliferative neoplasms of the lung: a review.
Arch Pathol Lab Med. 2013; 137: 382-391.

5. Chen M. Special issue on diagnosis of primary hema-
tolymphoid disease of the lung and pleura. Semin
Diagn Pathol. 2020; 37: 257-258.

6. Tighe RM, Redente EF, Yu YR, et al. Improving the
Quality and Reproducibility of Flow Cytometry in the
Lung. An Official American Thoracic Society Work-
shop Report. Am J Respir Cell Mol Biol. 2019; 61:
150-161.

7. Fu M, Mani M, Bradford J, Chen W, Chen M, Fuda F.
Application of flow cytometry in the analysis of lym-
phoid disease in the lung and pleural space. Semin
Diagn Pathol. 2020; 37: 303-320.

8. Fromm JR, Thomas A, Wood BL. Flow cytometry
can diagnose classical hodgkin lymphoma in lymph
nodes with high sensitivity and specificity. Am J Clin
Pathol. 2009; 131: 322-332.

9. Wu D, Thomas A, Fromm JR. Reactive T cells by flow
cytometry distinguish Hodgkin lymphomas from T
cell/histiocyte-rich large B cell lymphoma. Cytometry
B Clin Cytom. 2016; 90: 424-432.

Hematopathol 2022;7(2):11-15. 15


