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Rationale: The current management of lymphoma requires accurate
diagnosis and subtyping of de novo lymphoma and of relapsed or
refractory lymphoma in known cases. The role of endobronchial
ultrasound-guided transbronchial needle aspiration (EBUS-TBNA)
in the clinical management of lymphomas is unclear.

Objectives: To investigate the use of EBUS-TBNA in the diagnosis of
de novo and relapsed mediastinal lymphomas.

Methods: A total of 2,256 consecutive patients who underwent
EBUS-TBNA in a tertiary center between February 2008 and April
2013 were prospectively evaluated. The diagnostic accuracy and clini-
cal use of EBUS-TBNA in 100 cases of de novo or suspected relapsed
mediastinal lymphoma was investigated by comparing EBUS-TBNA
diagnosis with the final diagnosis.

Measurements and Main Results: De novo mediastinal lymphoma was
correctly diagnosed by EBUS-TBNA in 45 (88%) of 51 and relapsed
lymphoma in 15 (100%) of 15 lymphoma cases. EBUS-TBNA accu-
rately established a diagnosis other than lymphoma in 32 (97%) of
33 patients with suspected lymphoma relapse. Sensitivity, specific-
ity, positive predictive value, negative predictive value, and accu-
racy of EBUS-TBNA in the diagnosis of mediastinal lymphoma were
89%, 97%, 98%, 83%, and 91%, respectively. Sensitivity of EBUS-TBNA
in subtyping lymphomas into high-grade non-Hodgkin lymphoma,
low-grade non-Hodgkin lymphoma, and Hodgkin lymphoma was
90%, 100%, and 79%, respectively. EBUS-TBNA diagnosis was ade-
quate for clinical management in 84 (84%) of 100 cases.

Conclusions: Multimodality evaluation of EBUS-TBNA can be success-
ful in the diagnosis of de novo mediastinal lymphomas and is ideally
suited in distinguishing lymphoma relapse from alternative pathol-
ogies; it is least sensitive in subtyping Hodgkin lymphoma.

Keywords: lymphoma; fine-needle aspiration; cytology; endobronchial
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Lymphomas account for 20% of primary mediastinal tumors in
adults and involvement of mediastinum by systemic lymphoma is
common (1). The diagnosis and classification of lymphoma no
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

The role of endobronchial ultrasound transbronchial needle
aspiration in lymphoma diagnosis and management has not
been established.

What This Study Adds to the Field

This study demonstrates that this minimally invasive tech-
nique can be used in the diagnosis and management of
mediastinal lymphoma, thereby obviating the need for
more invasive surgical biopsies.

longer relies on pure morphologic characteristics of tissue speci-
mens. The World Health Organization recommends the use of
a mixture of diagnostic modalities (cytomorphology, immuno-
phenotype, cytogenetics, and molecular features) for accurate
subclassification (2). As a consequence, fine-needle aspiration
cytology (FNAC) has received attention as an alternative to
histology on excisional or core biopsies, which represent the
gold standard for lymphoma diagnosis (3-8). The development
of endobronchial ultrasound (EBUS), which allows ultrasound-
guided aspiration of mediastinal and pulmonary lymph nodes
and masses (EBUS transbronchial needle aspiration [TBNA]),
offers the opportunity to incorporate FNAC to the diagnosis
and management of mediastinal lymphoid neoplasms, which
had hitherto required sampling by more invasive techniques,
such as mediastinoscopy, mediastinotomy, or surgical thoraco-
scopy. Although there is support for the use of EBUS-TBNA in
lung cancer (9-12) and in the evaluation of isolated mediastinal
lymphadenopathy (13), there is limited information of its value
in the diagnosis and management of lymphoma (14-18). The
ability of FNAC in general (5) and EBUS-TBNA specifically
(14, 18) to correctly diagnose and subtype lymphoma has been
questioned. In this study we investigated the accuracy of diag-
nosis and subtyping of mediastinal lymphoma by multimodality
evaluation of EBUS-TBNA and assessed its role in the investi-
gation of suspected lymphoma relapse.

METHODS

All patients who underwent EBUS-TBNA in a tertiary center between
February 2008 and April 2013 were prospectively evaluated to assess the
diagnostic accuracy and clinical use of EBUS-TBNA in cases of de novo
and suspected relapsed mediastinal lymphoma.

EBUS-TBNA was performed by two consultant pulmonologists as
previously described (19-21). The size, nodal station, and number of
aspirates for each node sampled were recorded in real-time. A biomed-
ical scientist prepared EBUS-derived aspirates for rapid on-site morpho-
logic evaluation of air-dried smears by a consultant cytopathologist, who
provided real-time assessment of the aspirates and allowed triage of cell
suspensions for diagnostic tests (Figure 1) (19-21). The same cytopathologist
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reviewed all multimodality data and issued a diagnosis (referred to as
EBUS-TBNA diagnosis from here on). The hemato-oncology multidis-
ciplinary team (MDT) at our institution independently reviewed the
EBUS-TBNA diagnosis, assessed its adequacy for diagnosis and man-
agement, and determined the need for tissue biopsy. Tissue biopsy was
obtained in cases with EBUS diagnosis of probable lymphoma, or un-
equivocal lymphoma that could not be subtyped; as part of staging inves-
tigations; and at the discretion of the MDT if confirmation of EBUS
diagnosis was deemed appropriate. The hemato-oncology MDT then
issued a diagnosis based on all available data (referred to as final diagnosis
from here on). The EBUS-TBNA and final diagnoses were recorded,
once issued, on the study electronic database. Lymphoma cases diagnosed
at our institution during the same period were also assessed to identify any
additional cases that had been previously investigated by EBUS-TBNA.

Immunocytochemistry on sections cut from the cell blocks was per-
formed with an automated immunostainer (Leica Bondmax, Leica
Microsystems [UK] Ltd, Milton Keynes, UK) using commercially avail-
able antibodies. Flow cytometry was performed on a Navios flow cytom-
eter (Beckman Coulter, High Wycombe, UK) using a four-color protocol
according to manufacturer’s instructions and using routine protocols.
Fluorescent in situ hybridization was performed on sections cut from
cell blocks using commercially available fusion and break-apart probes.

High-grade B-cell non-Hodgkin lymphoma (NHL) was diagnosed
on morphology and appropriate immunohistochemistry on EBUS-
derived cell block. Diffuse large B-cell lymphoma (DLBCL) was further
subclassified in accordance with the Hans algorithm (22) into (1) ger-
minal center B-cell type (GCB), (2) activated B-cell type (ABC), and (3)
unclassified subtype. T-cell NHL was diagnosed on morphologic criteria;
an appropriate, often entity-specific immunophenotype; and evidence of
clonality (CD4/CD8 restriction or polymerase chain reaction for T-cell
receptor gene rearrangements).

The diagnosis of low-grade B-cell NHL was based on morphology
and by identifying a light-chain restricted B-cell population either by
flow cytometry or cell block immunohistochemistry. Further subclassi-
fication into chronic lymphocytic leukemia or small lymphocytic lym-
phoma (CLL-SLL), follicular lymphoma, mantle cell lymphoma, and
marginal zone lymphoma was made on the basis of morphologic criteria
and the demonstration of a specific immunophenotype. Cases that did
not meet these criteria but had unequivocal morphologic and flow
cytometry evidence of clonal B-cell expansion were classified as low-
grade B-cell lymphoma.

Classical Hodgkin lymphoma (CHL) was diagnosed on EBUS-
TBNA aspirates when there was unequivocal and/or immunopheno-
typic evidence of Hodgkin lymphoma. Probable Hodgkin lymphoma
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Figure 1. Flow chart illustrating pathway for diagnostic tests performed
on EBUS-derived aspirates following rapid on site evaluation by consul-
tant cytopathologist. EBUS = endobronchial ultrasound; FISH = fluo-
rescent in situ hybridization; IGH = immunoglobulin heavy chain;
TBNA = transbronchial needle aspiration; TCR = T-cell receptor.

was defined when these criteria could not be satisfied or there were ab-
errant morphologic or immunophenotypic features.

Benign reactive lymphadenopathy was diagnosed on EBUS-TBNA
by the presence of mixed population of mature lymphocytes and tingible
body macrophages, an appropriate lymphocyte subpopulation, and lack
of clonal expansion on flow cytometry.

Additional detail on EBUS-TBNA sample preparation, ancillary
testing, and criteria for lymphoma subtyping is provided in the online
supplement.

RESULTS

Patient Clinical Characteristics

Patient clinical characteristics are shown in Table 1. We accrued
100 cases from 2,256 (4.4%) consecutive patients who had been
evaluated by EBUS-TBNA during the study period. Fifty-one
were male and 49 female. Their median age was 61 years (range,
24-88 yr). Six (6%) of 100 cases had prior diagnosis of carci-
noma and two (2%) cases had received treatment for HIV in-
fection. Ten patients presented with a mediastinal mass and 90
with mediastinal lymphadenopathy.

A total of 185 lymph nodes and 10 masses were sampled by
EBUS-TBNA. Mean lymph node size was 1.61 cm (range, 0.5-4 cm).
Lower paratracheal lymph nodes (stations 4R and 4L) were the
commonest lymph node stations sampled (38 %). Fifty-four (29%)
lymph nodes at stations 10-12R/L would have been accessible
only by thoracotomy or surgical thoracoscopy. Two or more
lymph node stations were sampled by EBUS-TBNA in 31 (61%)
of 51 de novo lymphoma cases and 11 (73%) of 15 lymphoma
follow-up cases. The mean number of passes per lymph node
was 5.1 (range, 2-13). There were no major complications.

Final Diagnosis

EBUS-TBNA established a definite diagnosis of lymphoma in 59
(89%) of 66 cases; of probable lymphoma in six (9%) cases (in-
cluding one false positive); and was nondiagnostic in one (2%)
case (Table 2). It established a diagnosis other than lymphoma
in 32 (97%) of 33 cases. There were no additional cases of de
novo or relapsed lymphoma diagnosed at our institution, which
serves as a tertiary center for hemato-oncology and thoracic
surgery, during the study period.

Paired tissue was available in (/) 16 cases with unequivocal
EBUS-TBNA diagnosis of lymphoma (six cases of Hodgkin
lymphoma, four cases of high-grade NHL, and six cases of
low-grade lymphoma); (2) seven cases with EBUS-TBNA diag-
nosis of probable lymphoma (six cases of probable Hodgkin and
one case of probable high-grade NHL); and (3) five cases of
suspected relapsed low-grade B-cell lymphoma with a diagnosis
other than lymphoma. Tissue was obtained by mediastinoscopy
in 20 of these cases and from other sites, as part of subsequent
staging investigations, in eight cases (bone marrow biopsy in
four; excision lung biopsy and biopsies from liver, buttock,
and paraspinal masses, respectively, in four). There was 100%
concordance between EBUS-TBNA and tissue diagnoses in
Groups 1 and 3 and in five (71%) of seven in Group 2. Tissue
biopsy in a case of de novo T-cell NHL yielded insufficient
material for full immunophenotyping. This was achieved after
EBUS-TBNA. Paired tissue comparison was obtained in 8 of
the first 10 cases of lymphoma diagnosed by EBUS-TBNA and
in the first 30 months of the study in 68% of cases. The overall
sensitivity, specificity, positive predictive value, negative predic-
tive value, and diagnostic accuracy of EBUS-TBNA in diagnos-
ing lymphoma was 89%, 97 %, 98%, 83%, and 91 %, respectively.
Cases with an EBUS diagnosis of probable lymphoma and those
that were inadequate were classified as false negative. Sensitivity
of EBUS-TBNA in subtyping lymphomas into high-grade NHL,
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Final Diagnosis

Hodgkin High-Grade  Low-Grade Nonlymphoma
Lymphoma NHL NHL Diagnosis Total
Total number 24 12 30 34 100
De novo lymphoma 22 11 18 1™ 52
Lymphoma follow-up 2 1 12 33 48
Median (range) age, yr 54 (24-84) 61 (25-85) 63 (59-85) 66 (25-88) 61 (24-88)
Male/female 12/12 5/7 18/12 16/18 51/49
Indication
Mediastinal mass 8 1 1 0 10
Mediastinal lymphadenopathy 11 29 34 90
Isolated 11 8 14 1 34
HIV positive 0 0 0 2
Evaluation in known 0 2 4 0 6
carcinoma
Evaluation in known 3 1 11 33 48
lymphoma
Lymph node stations’
Total 44 15 59 67 185
2R/L 4 0 3 4 11
4R/L 20 8 22 20 70
7 12 4 19 15 50
10-12R/L 8 3 15 28 54
Mean (range) lymph node size, cm 1.8 (0.5-4) 1.9 (0.9-4) 1.5 (0.5-3) 1.2 (0.5-2) 1.6 (0.5-4)
Mean (range) number of passes per 6.7 (2-13) 5.3 (3-9) 4.7 (2-11) 4.1 (2-10) 5.2 (2-12)

lymph node

Definition of abbreviation: NHL = non-Hodgkin lymphoma.

*False-positive diagnosis of probable non-Hodgkin lymphoma.

T Refers to delineation of lymph node stations by endobronchial ultrasound based on the new International Association of Study

of Lung Cancer lymph node map.

low-grade NHL, and Hodgkin lymphoma was 90%, 100%, and
79%, respectively. EBUS-TBNA diagnosis was deemed sufficient
for clinical management by independent review of all data by
the hemato-oncology MDT in 52 (79%) of 66 lymphoma cases;
32 (97%) of 33 lymphoma follow-up cases with nonlymphoma
diagnosis; and in one false-positive case of probable lymphoma.
Overall, EBUS-TBNA diagnosis was adequate for clinical man-
agement in 84 (84%) of 100 cases.

Lymphoma Subtyping

High-grade B- and T-cell NHL. EBUS-TBNA diagnosis of high-
grade NHL was established in 10 (83%) of 12 cases (Tables 2 and
3). DLBCL was diagnosed by EBUS-TBNA in six cases. Immu-
nohistochemistry subclassified these into GCB (one of six); ABC
(four of six); or unclassified subtype (one of six). Fluorescent
in situ hybridization was successfully performed in all cases;
one showed a MYC rearrangement indicating poor prognosis.
No B-cell lymphoma 2 (BCL-2) or BCL-6 to immunoglobulin
heavy chain locus (IGH) rearrangements (IGH-BCL2 or IGH-
BCL-6) were identified in any cases. Tissue biopsy was not
considered necessary in these six cases.

There was insufficient diagnostic material after EBUS-TBNA
in one case; this was diagnosed as DLBCL after tissue biopsy.
There was one false-positive case, diagnosed as necrotic lym-
phoma suspicious of DLBCL (Table 3, Case 6). A surgical bi-
opsy was recommended but declined by the patient; subsequent
imaging showed resolution of lymphadenopathy. We speculate
that infectious mononucleosis that could not be confirmed be-
cause of the necrotic nature of the aspirate simulated a high-
grade lymphoma in this case.

EBUS-TBNA diagnosis of de novo CD30" ALK-1 negative
peripheral T-cell lymphoma in two cases and de novo and re-
lapsed adult T-cell lymphoma-leukemia was established in two
cases, respectively (Table 3). Cell block immunohistochemistry

showed that the lymphoid cells expressed CD45, MUM-1, T-cell
markers, and CD30, but were negative for CD20, CD79a, BCL-6,
CD10, and anaplastic lymphoma kinase -1 (ALK-1). The adult T-
cell leukemia/lymphoma (ATLL) cases expressed CD25 strongly
and human T lymphotropic virus serology was positive.
Low-grade B-cell NHL. EBUS-TBNA diagnosis of low-grade
B-cell NHL was established in all 30 cases. These were subtyped
as CLL-SLL (seven cases); follicular lymphoma (seven cases);
mantle cell lymphoma (two cases); and marginal zone lymphoma

TABLE 2. COMPARISON BETWEEN EBUS-TBNA AND FINAL
DIAGNOSES

Final Diagnosis (n = 100)

EBUS-TBNA

diagnosis High-grade Low-grade Hodgkin  Nonlymphoma

(n=93) NHL NHL Lymphoma Diagnosis

High-grade B/T 10 0 0 0
NHL (n = 10)

Probable high-grade 0 0 0 1
NHL(h=1)

Low-grade B-NHL 0 30 0 0
(n = 30)

Hodgkin lymphoma 0 0 19 0
(n=19)

Probable Hodgkin 1 0 5 0
lymphoma
(n=6)

Nonlymphoma 0 0 0 32
diagnosis
in suspected
lymphoma
relapse cases
(n=32)

Inadequate (n = 2) 1 0 0 1

Definition of abbreviations: EBUS-TBNA = endobronchial ultrasound transbron-
chial needle aspiration; NHL = non-Hodgkin lymphoma.
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TABLE 3. IMMUNOPHENOTYPE OF HIGH-GRADE B- AND T-CELL NHL*
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Immunohistochemistry on Cell Block

FISH: PCR: T-Cell Gene
Case CD20 CD7%9a BCL-6 CD10 CD3 CD5 CD4 CD25 MUM-1 BCL-2 CD30 EBER MIB-1 (%) IGH/MYC Rearrangement
Immunoprofile and cytogenetic characterization of DLBCL on EBUS-TBNA
1 + + + - + + - nd 90 +
2 + + - - + + 80 -
3 + + + - + + - - 90 -
4 + + + + + - + - 60 -
5 + + + + - - + - 80 -
6 + + - - + + + nd 90 nd as necrotic
7 + + + - + + - - 80 +
Immunoprofile and molecular characterization of T-cell lymphoma on EBUS-TBNA
8 + - - - + nd + + 70 Clonal
9 + - + + + + + - 65 Clonal
10 + - + + + + - - 100 nd
1 + - + + + + + - nd nd

Definition of abbreviations: BCL = B-cell lymphoma oncogene; DLBCL = diffuse large B-cell lymphoma; EBER = Epstein-Barr virus—encoded RNA; EBUS-TBNA =
endobronchial ultrasound transbronchial needle aspiration; FISH = fluorescence in situ hybridization; IGH = immunoglobulin heavy chain; MIB-1 = proliferation index
assessed by MIB-1 staining; MUM = multiple myeloma oncogene-1; MYC = myelocytomatosis oncogene; nd = not done; NHL = non-Hodgkin lymphoma; PCR =

polymerase chain reaction.
*One case of inadequate EBUS-TBNA not shown.

(four cases). Ten cases were labeled as low-grade B-cell lymphoma.
Four of these cases were de novo lymphomas that could not be
further subtyped and six were in patients with known low-grade
NHL. There was no evidence of high-grade transformation on
morphologic grounds in any of these cases.

Hodgkin lymphoma. EBUS-TBNA diagnosis of Hodgkin lym-
phoma was made in 19 (79%) of 24 cases (Table 2). Of these, 22
represented de novo diagnosis. Relapsed CHL was diagnosed
post treatment in two cases. Thirteen cases (54% ) were confirmed
as CHL by a complete immunophenotype on EBUS-TBNA
(Figure 2, Table 4). No tissue biopsy was deemed necessary in
these 13 cases. In the remaining 12 cases, tissue biopsy was
obtained. In 6 of 12 there was unequivocal morphologic evi-
dence of Hodgkin lymphoma but insufficient material for com-
plete immunophenotyping. Tissue biopsy established diagnosis
of CHL in all cases. In six further cases with an EBUS-TBNA
diagnosis of probable Hodgkin lymphoma, paired tissue biopsy
confirmed CHL in five cases. One case, with an EBUS-TBNA
diagnosis of probable CHL with aberrant CD20 expression, was
diagnosed as DLBCL on tissue biopsy.

The accuracy of EBUS-TBNA diagnosis and subtyping of
Hodgkin lymphoma improved with experience; only 3 (27%) of
11 patients were fully immunophenotyped on EBUS-TBNA in
the first 2 years in contrast to 10 (77%) of 13 in the last 3 years.

Nonlymphoma EBUS Diagnosis

Among the suspected lymphoma relapse cases, an alternative di-
agnosis was revealed in 33 (68%) of 48 cases and EBUS-TBNA
established this in 32 (97%) of 33 cases (Table 5). Nonlymphoma
diagnoses include lung cancer, granulomatous lymphadenitis,
mycobacterium tuberculosis, bronchogenic cyst, and benign re-
active lymphadenitis. In all cases of benign reactive lymphade-
nitis, follow-up period was at least 6 months; in 8 of 12 cases
follow-up was for 12 months or longer. Flow cytometry was neg-
ative for clonal expansion in all cases of benign reactive lymph-
adenitis. A nondiagnostic aspirate was obtained in one case of
Hodgkin lymphoma, which was subsequently shown to have
granulomatous lymphadenitis after excision biopsy of new cer-
vical lymph node.

DISCUSSION

Histology on excisional or core biopsies is the gold standard for
lymphoma diagnosis. The fact that EBUS-TBNA diagnosis relies

on FNAC could therefore limit its use as a diagnostic modality,
particularly in cases of de novo mediastinal lymphoma. How-
ever, the ability to generate cell blocks from EBUS-TBNA
allows cytologic material to be treated as a biopsy and for his-
tologic sections to be cut, while cell suspensions for flow cytom-
etry and molecular testing could also be retained. Although
most of the cells within the cell block are disaggregated, small
fragments of tissue or slender cores are often identified; this can
allow immunocytochemistry and ancillary tests to be inter-
preted in the context of the architecture, which is important
in lymphoma diagnosis. Previous studies that evaluated the role
of EBUS-TBNA in lymphoma diagnosis (14-18) reported mostly
on cases with suspected disease relapse; they included only a very
small number of high-grade NHL or Hodgkin lymphomas and
provided limited data on further lymphoma subclassification. In
cases of de novo lymphoma, the diagnostic accuracy of EBUS-
TBNA was found to be very low, despite underrepresentation of
Hodgkin and high-grade NHL cases in these patient cohorts
(25-51%), which questions its clinical role in this context (14, 18).
Moreover, the ability of FNAC in general and EBUS-TBNA
specifically to accurately subtype lymphoma has been questioned
(5, 14, 18). The use of EBUS-TBNA in the diagnosis of mediastinal
lymphomas is therefore uncertain and of questionable value in
cases of de novo lymphoma.

In this study, we report on the largest and most comprehen-
sively evaluated cohort of patients diagnosed with mediastinal
lymphoma by multimodality evaluation of EBUS-TBNA thus
far. The inclusion of a comparatively large number of de novo
lymphoma, in particular Hodgkin and high-grade NHL, is a
novel feature of this study and distinguishes it from recent stud-
ies that evaluated the role of EBUS-TBNA and EUS-FNA in
lymphoma diagnosis. We acknowledge that randomized studies
are necessary to fully establish the role of EBUS-TBNA, com-
pared with other techniques, in the diagnosis and management
of mediastinal lymphomas; however, this pragmatic prospective
study, similar in design to that of Navani and colleagues (11)
that evaluated the role of EBUS-TBNA in lung cancer subtyp-
ing, allows us to draw meaningful conclusions on the potential
role of this minimally invasive and low-morbidity technique.

The sensitivity and specificity of EBUS-TBNA diagnosis of
lymphoma and more specifically Hodgkin and high-grade NHL
in our series is superior to the reported sensitivities of EBUS-
TBNA (14-18) and EUS-FNAC (23-26), and compare well with
the reported sensitivities of mediastinoscopy (27, 28) and CT-guided
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Figure 2. (A) Scanning magnification view to show large numbers of microbiopsy fragments obtained using a 21-gauge needle (hematoxylin and
eosin, X2). (B) Higher magnification of one of these fragments showing a typical Hodgkin cell in an inflammatory milieu with eosinophils
(hematoxylin and eosin, X20). (C) Immunohistochemistry for CD30 (X10). (D) Reed-Sternberg cell expressing CD15 (x40).

FNAC (3) in diagnosing lymphoma. The accuracy of EBUS-TBNA
in establishing the diagnosis of lymphoma in our study would
have been influenced by the exclusion of cases subsequently
diagnosed with lymphoma. We believe this is highly unlikely,
because there were no additional cases of lymphoma diagnosed
at our institution during the study period that had been previ-
ously investigated by EBUS-TBNA. In support of this we high-
light the fact that the number of lymphoma cases in our study
(n = 66 of 2,256 cases) compares favorably with that for cervical
mediastinoscopy (n = 51 of 2,145 cases) (27).

In our study, the need for comparison between histology and
EBUS-TBNA diagnoses was independently determined by the
hemato-oncology MDT. Such comparison was available in 28 cases
and was found to be concordant in 26 (93% ). There was discordance
between EBUS-TBNA and tissue diagnoses only in cases where
EBUS-TBNA was suspicious but not definite of the diagnosis of
lymphoma. In view of these findings and because of the strength
and completeness of EBUS-TBNA diagnosis, paired tissue confir-
mation of EBUS-TBNA diagnosis was deemed unnecessary in the
remainder of the cases. Moreover, in 30% of these cases, paired
tissue confirmation would have required thoracotomy or surgical
thoracoscopy, which could not be justified on clinical grounds.

We perform EBUS in our institution with integrated real-time
evaluation of aspirates by a consultant pathologist. In the case of
lymphoma, this has enabled us to individualize sampling to the
most cellular target; to make decisions on the number of passes
that are performed to maximize yield; and to triage aspirates
for ancillary testing (immunohistochemistry, flow cytometry, cy-
togenetics, or molecular tests). We speculate that this approach
to EBUS-TBNA and sample evaluation might explain the superior

diagnostic accuracy of EBUS-TBNA reported in this compared
with previous studies. Randomized studies are necessary to
address the true value of EBUS-TBNA with or without rapid
on-site morphologic evaluation in lymphoma diagnosis and
management; however, the rarity of lymphoma cases among
the total evaluated by EBUS-TBNA (4.4% in our series over
5 yr) poses significant challenges in performing such prospective
studies.

We found that low-grade NHL was most amenable to diagnosis
by EBUS-TBNA. We had no false-positive or -negative cases in
this category. High-grade NHL was equally amenable to diagno-
sis. Insufficient diagnostic material was obtained by EBUS-TBNA
in one case, and there was one false-positive case, caused by in-
terpretative error and not by lack of diagnostic material. Diagnos-
tic accuracy was lowest for Hodgkin lymphoma, which can be
difficult to diagnose by FNAC because of the paucity of Reed-
Sternberg cells and their admixture with benign cells. Differenti-
ating lymphoma from rare causes of mediastinal lymphadenopathy
can also be achieved using EBUS-TBNA. For example, we have
previously shown that multimodality evaluation of EBUS-TBNA
can be successfully used to diagnose and subclassify thymoma
(19) and the rare mid-line carcinoma (29).

EBUS, unlike alternative techniques that are available to
sample the mediastinum, can systematically evaluate the supe-
rior mediastinum to intrapulmonary nodal stations bilaterally
in one setting; it also allows the safe sampling of lymph nodes
as small as 5 mm in short axis. This capability would be especially
useful in the evaluation of suspected relapsed lymphoma, in par-
ticular low-grade B-cell NHL, which has an indolent course that
is characterized by frequent relapses. The clinical use of this was



Moonim, Breen, Fields, et al.: Endobronchial Ultrasound in Lymphoma Diagnosis 1221

TABLE 4. EBUS-TBNA DIAGNOSIS AND SUBTYPING OF HODGKIN
LYMPHOMA

TABLE 5. EBUS-TBNA DIAGNOSIS IN SUSPECTED LYMPHOMA
RELAPSE CASES

Immunophenotype by Immunohistochemistry
on EBUS-TBNA Cell Block

EBUS-TBNA
Case Site* CD45 CD30 CD15 MUM-1 EBER CD20 CD3
1 4R/7/10R - + + + + - -
2 4R - + + + + - -
3 4R/7 - + - + - - -
4 4R - + + - - - -
5 4R - + - nd nd - -
6 4R/7 - + + + + - -
7 4L/10L - + - + + - -
8 4R/4L - + + - - - -
9 2R/4R - + + + - - -
10 4R - + - + - - -
11 4R/2R/AL - + + + + - -
12 7/12L - + - + + - -
13 2R/7 - + + + - - -

Definition of abbreviations: EBER = Epstein-Barr virus—encoded RNA; EBUS-TBNA =
endobronchial ultrasound transbronchial needle aspiration, MUM = multiple
myeloma oncogene; nd = not done.

*Refers to delineation of lymph node stations by EBUS based on the new
International Association of Study of Lung Cancer lymph node map.

demonstrated in this study, because in 61% of de novo lymphoma
and 73% of lymphoma follow-up cases two or more lymph node
stations were sampled for diagnostic purposes and 29% of lymph
nodes sampled would have been inaccessible by any approach
other than thoracotomy or surgical thoracoscopy. Interestingly,
relapsed lymphoma was confirmed in only 15 (31%) of 48 cases
in which it was suspected. In the remainder, alternative causes,
which included lung cancer, granulomatous inflammation, benign
reactive lymphadenitis, and mycobacterial infection, were found.
EBUS-TBNA is therefore ideally suited to answer whether there
is residual or relapsed lymphoma in the mediastinum. Moreover,
the ability to sample multiple lymph nodes by EBUS-TBNA in
one setting could reduce the likelihood of missing transformation
in cases of known lymphoma. Because of its minimally invasive
nature, it is also potentially suitable for sequential sampling of
target lesions for clinical or research purposes. Interestingly, we
have successfully performed global gene expression profiling on
EBUS-TBNA from benign and tumor-infiltrated lymph nodes in
patients with known lung cancer and lymphoma in routine clin-
ical practice (30).

When compared with histology, FNAC has been shown to be
of limited value as a diagnostic technique in the clinical manage-
ment of lymphoma, because of low accuracy in lymphoma sub-
typing (5). We therefore explored this question in relation to
EBUS-TBNA. Overall, EBUS-TBNA diagnosis of lymphoma
was deemed sufficient for clinical management by independent
review of all the multimodality data by the hemato-oncology MDT
in 52 (79%) of 66 cases, which compares favorably with FNAC in
general (5). Full immunophenotyping was achieved by EBUS-
TBNA in 83% of high-grade NHL. In our view this requires cell
blocks for immunohistochemistry, which we believe is superior
to immunophenotyping by flow cytometry because it allows
evaluation of many nuclear antigens (BCL-6, MUM-1, EBER)
that are difficult to assess on flow cytometry. Using multimo-
dality testing, we successfully applied the Hans algorithm in all
DLBCL cases, allowing their further subclassification into GCB
(good prognosis) and ABC phenotypes (poor prognosis) (22),
although outcome data after rituximab-based therapy indicate
that this distinction may be of diminished relevance (31, 32).
Furthermore, we were able to perform cytogenetic analysis for
MYC, IGH-BCL-2, and BCL-6 rearrangement in all our DLBCL

Primary Diagnosis

High- Low-

EBUS-TBNA Hodgkin Grade Grade  Cutaneous

diagnosis Lymphoma  NHL NHL  Lymphoma Other* Total

Lymphoma 2 1 12 0 0 15
relapse

Lung cancer' 1 2 3 1 1 8

Granulomatous 2 2 3 2 0 9
inflammation

Mycobacterial 0 0 2 0 0 2
lymphadenitis

Benign reactive 4 2 4 1 1 12%
lymphadenitis

Bronchogenic 0 0 0 1 0 1
cyst

Nondiagnostic 18 0 0 0 0 1

Total 10 7 24 5 2 48

Definition of abbreviations: EBUS-TBNA = endobronchial ultrasound transbron-
chial needle aspiration; NHL = non-Hodgkin lymphoma.

*Gastric Burkitt lymphoma and Waldenstréom macroglobulinemia.

t Adenocarcinoma (n = 4); squamous cell carcinoma (n = 1); and small-cell
lung cancer (n = 3).

*Tissue confirmation of benign reactive lymphadenitis was obtained in five of
these cases by mediastinoscopy. In the remainder, EBUS-TBNA diagnosis was
confirmed on follow-up.

§ Granulomatous lymphadenitis diagnosed after subsequent excision biopsy of
new cervical lymph node.

cases to identify aggressive subtypes (presence of IGH-MYC,
MYC rearrangement, or concomitant presence of MYC and
IGH-BCL-2 and/or BCL-6 rearrangements) (33, 34). We also
demonstrate subclassification of low-grade NHL, using a combi-
nation of immunohistochemistry on cell block and flow cytom-
etry into CLL-SLL, follicular lymphoma, mantle cell lymphoma,
and marginal zone lymphoma (35-37). Moreover, adequate ma-
terial was available after this multimodality testing approach for
IGH-TCR gene rearrangement studies by polymerase chain re-
action, when this was required. Several cases (9 of 26) were
classified as low-grade B-cell lymphomas without being further
subtyped. Most were lymphoma follow-up cases and EBUS-
TBNA provided sufficient information for clinical management
to proceed in this patient group without supplemental biopsy.
EBUS-TBNA performed least well in cases of Hodgkin lym-
phoma, because full immunophenotyping was achieved in only
55% of cases; it improved, however, to 77% in the last 3 years
compared with 27% in the first 2 years. Despite the fact that
EBUS-TBNA performed least well in cases of Hodgkin lym-
phoma, it nonetheless prevented mediastinoscopy in more than
50% of these cases.

We conclude that multimodality evaluation of EBUS-TBNA
can be successfully used in the diagnosis, subtyping, and clinical
management of de novo and relapsed mediastinal lymphomas in
routine clinical practice. EBUS-TBNA is ideally suited in dis-
tinguishing lymphoma relapse in the mediastinum from alterna-
tive pathologies and can therefore prevent surgical biopsies in
most of such patients.
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