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needle biopsy and FNA improves subclassification. It is im-

portant for cytopathologists to have considerable under-

standing of the WHO lymphoma classification and develop 

a collaborative working relationship with hematopatholo-

gists and oncologists. As EUS/EBUS-FNA techniques ad-

vance and sophisticated molecular techniques such as next- 

generation sequencing become possible, the role of FNA in 

the diagnosis of deep-seated lymphomas will possibly in-

crease.  © 2016 S. Karger AG, Basel 

 Introduction 

 The evaluation of deep-seated lymphomas can be chal-
lenging. It often requires balancing diagnostic necessity 
versus the patient’s general medical condition. Enlarged 
intrathoracic and intra-abdominal nodes present a unique 
challenge. Controversy remains as to whether endoscop-
ic ultrasound (EUS)- and endobronchial ultrasound 
(EBUS)-guided fine needle aspiration (FNA) biopsy with 
ancillary studies, particularly flow cytometry (FC), can 
even be used to reliably diagnose deep-seated lymphomas 
such that the oncologists can proceed with appropriate 
clinical management. 
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 Abstract 

 Evaluation of deep-seated lymphomas by fine-needle aspi-

ration (FNA) can be challenging due to their reduced acces-

sibility. Controversy remains as to whether FNA and ancil-

lary techniques can be used to diagnose deep-seated lym-

phomas reliably and sufficiently for clinical management. 

Most published studies are favorable that endobronchial 

ultrasound (EBUS)/endoscopic ultrasound (EUS)-FNA plays 

an important role in the diagnosis of deep-seated lympho-

mas. The addition of ancillary techniques, particularly flow 

cytometry, increases diagnostic yield. While subclassifica-

tion is possible in a reasonable proportion of cases, the re-

ported rates of successful subclassification are lower than 

those for lymphoma detection/diagnosis. The diagnostic 

limitation exists for Hodgkin’s lymphoma, grading of follicu-

lar lymphoma, and some T-cell lymphomas. The role of FNA 

in deep-seated lymphomas is much better established for 

recurrent than primary disease. It remains unclear whether 

the use of large-sized-needle FNA or a combination of core 
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  Diagnostic Utility of EUS/EBUS-FNA 

 Because of their location, specimen sampling from 
deep-seated lesions involves image guidance. Traditional 
procedural options include: percutaneous computed to-
mography (CT)- or ultrasound (US)-guided FNA; medias-
tinoscopy, video-assisted thoracoscopy, or open thoracot-
omy for tissue biopsies of intrathoracic lesions and lapa-
roscopy or open laparotomy for tissue biopsies of intra-
abdominal lesions. The first comprehensive report on 
FNA diagnosis of deep-seated lymphomas (intra-abdomi-
nal and retroperitoneal), published in 1990, used percuta-
neous image-guided FNA  [1] . All of these procedures are 
relatively invasive and associated with certain risks of com-
plications. Some of these options are very costly as well. 

  US is one of the important discoveries of the 20th cen-
tury, revolutionizing the field of diagnostic imaging  [2] . 
Since the introduction of EUS in the early 1980s, it has 
progressed from a purely diagnostic tool to one that can be 
used to provide pathology samples (via FNA or core needle 
biopsy) as well as diverse therapeutic interventions  [3–5] . 
EUS/EBUS-FNA has been shown to be a very useful, safe, 
and cost-effective modality for sampling deep-seated le-
sions. EBUS-FNA allows sampling from all bilateral medi-
astinal and hilar lymph node regions other than the aorto-
pulmonary and para-aortic areas, covering a larger area 
than any single surgical procedure  [6] . EUS-FNA is very 
useful for intra-abdominal and some intrathoracic deep-
seated lesions in close proximity to the gastrointestinal 
tract, and even for deep pelvic lesions sampled through the 
rectum that are relatively inaccessible by other standard 
image-guided techniques. Small lesions, as small as 5 mm 
in diameter, may be biopsied using EUS-FNA, which is not 
usually possible using other methods, including CT-guid-
ed biopsy or FNA  [7, 8] . In contrast to some of the tradi-
tional procedures, both EUS- and EBUS-FNA can be per-
formed repeatedly for surveillance purposes. Mediastinos-
copy nearly always leads to significant fibrosis; repeat 
procedures tend to be challenging and have a low diagnos-
tic yield  [9] . EUS/EBUS-FNA is well tolerated, avoiding 
exposure to radiation and general anesthesia associated 
with some other modalities  [10–12] . Unlike many other 
techniques, it can be carried out in an outpatient setting 
using conscious sedation rather than general anesthesia. 
EUS/EBUS-FNA is also a safer modality compared to per-
cutaneous CT- or US-guided FNA because of its higher 
spatial resolution and shorter needle tract to the target. 
The interposed vessels can be easily avoided by real-time 
imaging with EUS  [13] . Cost analysis has shown that 
EBUS-FNA is 3- to 10-fold less expensive than mediasti-

noscopic tissue biopsy  [14, 15] . The limitations of EBUS/
EUS-FNA include inaccessibility to some areas such as the 
subdiaphragmatic region and the difficulty in obtaining 
useful samples from necrotic or calcified lesions. 

  FNA Diagnosis of Lymphoma: Overview 

 A large amount of literature exists emphasizing the 
significance of FNA diagnosis of lymphoma  [16–18] . 
Many have demonstrated that FNA is highly accurate in 
the diagnosis and subclassification of some lymphomas, 
particularly non-Hodgkin’s lymphomas (NHLs), that 
surgical biopsy may not always be necessary. However, 
the value of FNA diagnosis of lymphoma remains contro-
versial. More than 10 years ago, an article by Hehn et al. 
 [19]  sparked worldwide controversy. This study suggest-
ed that FNA does not usually provide reliable diagnosis 
and perhaps may even be misleading.

  One of the most cited drawbacks of FNA diagnosis of 
lymphoma is the loss of tissue architecture. However, 
many cytopathologists argue that in the current WHO 
(2008) lymphoma classification  [20] , the diagnosis and 
classification of lymphomas are based not only on their 
morphologic features, but also on their immunopheno-
typic, cytogenetic, and molecular profiles. Although the 
architecture is still important, not all the lymphoma clas-
sifications are solely dependent on it. The immunophe-
notypic, cytogenetic, and molecular studies can all be per-
formed on the aspirated material.

  The second most criticized limitation of FNA diagno-
sis of lymphoma is inadequate sampling. Insufficient or 
suboptimal sampling can be due to a number of factors, 
including the nature and size of the lesion, experience of 
the operator, number of passes, size of the FNA needle, 
availability of an on-site evaluation, preservation tech-
nique for ancillary studies, and most importantly the 
workflow. Optimizing an institutionally based workflow 
is imperative for suspected lymphomas and requires mul-
tidisciplinary coordination among radiologists, endosco-
pists, pathologists, and oncologists. 

  Another reason behind the difficulty of an FNA diag-
nosis of a specific lymphoma subtype is the inherent com-
plexity of past and current lymphoma classifications  [20] . 
Because of this existing complexity and a continuously 
growing list, many cytopathologists are not familiar/
comfortable enough with the various subclassifications. 
Thus, it is crucial for cytopathologists to keep updated 
with new developments in this field and to work closely 
with hematopathologists and a clinical team. 
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  FNA Diagnosis of Deep-Seated Lymphomas via

EUS/EBUS, Emphasizing the Role of FC 

 The progress of advanced diagnostic imaging has led 
to the increasing detection of enlarged intrathoracic or 
intra-abdominal lymph nodes. EUS- or EBUS-FNA has 
been demonstrated to be an accurate tool for the cyto-
logical diagnosis of deep-seated lesions of unknown ori-

gin, especially metastatic epithelial malignancies  [13, 21–
24] . However, FNA diagnosis of deep-seated lymphoma 
remains controversial  [6, 25, 26] .

  Literature Review 
  Table 1  summarizes 14 studies  [24, 27–39]  focused on 

the efficacy of the diagnosis of deep-seated lymphomas 
using EUS/EBUS-FNA from the past 15 years. A direct 

 Table 1.  Literature Review: FNA Diagnosis of Deep-Seated Lymphomas

Authors 
[Ref.],
year

CJ 
or
PJ

Patients or 
lesions/
lymphomas

Primary/
recurrent
lymphomas

EUS or 
EBUS

ROSE Needle 
size, 
G

Passes,
n

Ancillary 
techniques

Diagnostic yield 
(cytology alone)

Diagnostic yield 
(cytology and ancillary 
techniques)

Ribeiro et al. [37], 
2001

CJ 38/23 NR EUS yes 22 NR IHC/FC Sen = 44
Spe = 90

Sen = 86
Spe = 100

Picardi et al. [34], 
2003

CJ 55/52 0/47 EUS NR 22 NR IHC/FC/
cytogenetics

Acc = 77 Acc by FC = 100
Acc by IHC = 58

Mehra et al. [32], 
2005

CJ 31/10 10/3 EUS yes 22 3 
(1 – 7)

FC NR Sen = 72.7
Spe = 100
Acc = 89.7

Pugh et al. [36], 
2006

PJ 1,261/13 13/0 EUS yes 22 NR IHC/FC NR Sen = 77
Spe = 100
PPV = 100
NPV = 86

Kennedy et al. 
[28], 2008

CJ 25/10 2/8 EBUS yes 22 NR IHC/FC NR Sen = 90.9
Spe = 100
PPV = 100
NPV = 92.9

Al-Haddad et al. 
[27], 2009

CJ 54/38 29/9 EUS yes 22 4.9 
(1 – 13)

FC Sen = 87
Spe = 50

Sen = 87
Spe = 93

Khashab et al.
[29], 2010

CJ 16/14 16/0 EUS yes NR NR FC Sen = 30.8
Spe = 0
PPV = 66.7
NPV = 0

Sen = 84.6
Spe = 100
PPV = 100
NPV = 50

Steinfort et al 
[39], 2010

CJ 55/21 19/2 EBUS yes 22 >3 IHC NR Sen = 57
Spe = 100

Marshall et al. 
[31], 2011

PJ 33/11 6/5 EBUS yes 22 NR IHC/FC NR 8 of 11 lymphomas 
correctly diagnosed 
(statistics NR)

Nunez et al. [24], 
2012

PJ 1,338/46 30/16 both yes NR <5 IHC/FC/FISH NR Sen = 89
Spe = 100
PPV = 100
NPV = 94

Stacchini et al. 
[38], 2012

PJ 56/11 9/2 EUS yes 19/
22/
25

4.5 
(3 – 6)

IHC/FC NR 11 of 11 lymphomas 
correctly diagnosed 
(statistics NR)

Ko et al. [30], 
2013

PJ 38/10 NR EBUS yes 22 NR IHC/FC/FISH NR 10 lymphomas (3 HL,
7 NHL; statistics NR)

Moonium et al. 
[33], 2013

CJ 100/66 51/15 EBUS yes NR NR IHC/FC/FISH/
molecular gene 
arrangement

NR Sen = 89
Spe = 97
PPV = 98
NPV = 83

Poincloux et al. 
[35], 2015

CJ 52/31 NR EUS NR 19/22 NR IHC NR Sen = 93.6
Spe = 100
PPV = 100
NPV = 91.3

 CJ = Clinical journal; PJ = pathology journal; NR = not reported; Sen = sensitivity; Spe = specificity; PPV = positive predictive value; NPV = negative 
predictive value; Acc = accuracy.
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comparison among these studies is not possible because 
each study has a unique design with different definitions 
of ‘gold standard’, different statistical measures, and vari-
able institutional workflows; nevertheless, they provide 
us a general overview of/progress in this field. Overall, 
most studies are favorable that EUS- or EBUS-FNA, in 
conjunction with ancillary techniques, plays an impor-
tant role in the diagnosis of deep-seated lymphomas. Two 
thirds of the studies were published in clinical journals, 
and the rest in pathology journals. The number of pa-
tients/lesions ranged widely depending on study inclu-
sion criteria. The number of lymphomas ranged from 7 
to 66, with 5 studies having >30 cases. Most studies in-
cluded both nodal and extranodal sites. Most used a con-
ventional 22-gauge needle with varying number of passes. 
Studies using only a 19-gauge needle or core biopsy were 
not included in this table. FNA smears stained with Ro-
manowsky and Papanicolaou stain were used for cyto-
morphological evaluation. FC analysis was used more of-
ten (most studies) than any other ancillary techniques. 
Immunohistochemistry (IHC) stains were typically ap-
plied at the discretion of the cytopathologists. Cytogenet-
ics or fluorescence in situ hybridization (FISH) was per-
formed occasionally on selected cases (3 of 14). Molecular 
polymerase chain reaction (PCR) tests of B- or T-cell 
clonality gene arrangements were performed infrequent-
ly (1 of 14). Overall, the specificity of detection was con-
sistently higher than sensitivity. The addition of ancillary 
techniques, mainly FC, increased the sensitivity consider-
ably (84.6–87%), as well as the specificity (93–100%), 
compared with using cytomorphological evaluation 
alone (sensitivity and specificity ranging from 30.8 to 87 
and from 0 to 100%, respectively)  [27, 29, 37] .

  Rapid on-site evaluation (ROSE) was performed in al-
most all the studies listed in  table 1 . There is no doubt that 
ROSE not only increases the overall diagnostic yield, but 
also effectively helps to triage the specimen for ancillary 
studies  [40–42] . The value of ROSE is particularly more 
significant for deep-seated lymphomas than for other 
nonhematopoietic or superficial lesions. 

  Cytomorphological Evaluation 
 Cytomorphological evaluation made from smears is 

the first step in the diagnostic workup of deep-seated 
FNA. The determination of lineage differentiation is the 
beginning. The distinction of epithelial, lymphoid, or oth-
er lineages is usually not difficult for experienced cytopa-
thologists because lymphoid cells are characterized by a 
predominantly single-cell pattern, whereas epithelial cells 
typically demonstrate cohesive clusters. The presence of 

abundant lymphoglandular bodies associated with pre-
dominant or lesional cells suggests a lymphoid process. In 
our institution, we prefer to stain smeared slides (80%) 
with the Romanowsky stain (Diff-Quik) if a hematopoi-
etic lineage is determined at the time of ROSE. However, 
the distinction may not always be straightforward  [43, 44] . 
Lymphoma cells may artificially show ‘pseudocohesion’, 
especially in highly cellular specimens, and some poorly 
differentiated nonlymphoid malignancy may show a pre-
dominant pattern of dispersion. Confounding factors 
such as fibrosis and necrosis as well as preparation arti-
facts may complicate the matter. In challenging cases, es-
pecially in the immediate evaluation, the determination 
should be made in correlation with clinical/radiological 
findings and cytomorphological features. Appropriate tri-
age for ancillary techniques is also essential. 

  Ancillary Technique: FC 
 It has been well accepted that the addition of ancillary 

techniques, particularly FC, increases the diagnostic yield 
of deep-seated lymphomas. Among the studies listed in 
 table 1 , 12 of 14 used FC as an ancillary tool. The primary 
role of FC is to establish the B-lymphocyte clonality which 
may be difficult or impossible to do in some cases if the 
evaluation is based on cytomorphology alone. FC is also 
useful in subclassifying some lymphomas, especially 
when the IHC evaluation of cell blocks is not possible. FC 
is an imperfect tool. False-negative results are typically 
attributed to an insufficient amount of material, sampling 
error, or low viability due to the destruction of fragile 
cells, particularly in large-cell lymphomas. The presence 
of clonal B-cell populations in a nonlymphomatous pro-
cess has occasionally been described where they appear to 
affect less than 1% of all reactive lymph nodes  [45] . Aber-
rant expression may lead to confusion and an inability to 
correctly subtype some lymphomas. Opinions vary as to 
the indication of sending a specimen for FC and how 
much is enough. It is generally accepted that the aspirate 
material should be triaged to FC at the discretion of a cy-
topathologist taking into account cytomorphology, en-
doscopic impression, as well as clinical history. Neverthe-
less, some authors advocate that all specimens be sent for 
FC whenever there is clinical suspicion of lymphoma 
 [26] . Nunez et al.  [24]  determined that two dedicated 
passes provided adequate cellularity (average of 5.66 mil-
lion cells) for FC analysis. With the new addition of more 
sophisticated 8-/10-color FC machines in some laborato-
ries, it is expected that a diagnosis of lymphoma will be 
rendered on fewer cells, thus making FC an even more 
attractive ancillary tool.
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  Ancillary Technique: Others 
 IHC staining remains the most widely used ancillary 

technique when evaluating tissue sections for possible 
lymphoma; however, the scant cellularity and crush arti-
fact on cell block sections may limit the use of IHC. Cy-
togenetics or FISH can be used to identify lymphomas 
with characteristic chromosomal translocations, includ-
ing follicular lymphoma (FL) [t(14;   18)], mantle-cell lym-
phoma [t(11;   14)], Burkitt’s lymphoma [t(8;   14)], and ana-
plastic T-cell lymphoma [t(2:   5)], for example. FISH test-
ing can be performed on cell block sections as well as on 
cytology smears similar to tissue specimens  [24, 46, 47] . 
Molecular PCR tests of B- and T-cell gene arrangement 
can be performed when the clonality by FC is inconclu-
sive. 

  Lymphoma Subclassification Using EUS/EUS-FNA 

 The studies listed in  table 1  demonstrate that if lym-
phoma is the cause of an undiagnosed deep-seated 
lymphadenopathy, at least its presence can be reliably 
detected by EUS/EBUS-FNA. However, many oncolo-
gists remain skeptical about the ability of FNA to accu-
rately classify lymphomas and would consider an addi-

tional tissue biopsy (excisional or core biopsy) as being 
necessary to answer specific prognostic and treatment 
questions. 

  Literature Review 
  Table 2  lists 8 studies investigating the role of FNA in 

the subclassification of deep-seated lymphomas in the 
past several years after the 2008 WHO classification  [13, 
33, 35, 38, 39, 48–50] . Most studies were published in 
clinical journals. The number of lymphoma cases varied 
with 3 studies including more than 60 cases. Overall, the 
reported rates of successfully subclassified lymphomas 
were lower than those for the detection/diagnosis of lym-
phomas reported in  table 1 , ranging from 38 to 88.8%. 
These rates varied widely, likely due to significant differ-
ences in case cohorts, study designs, and confirmatory 
method criteria for a definitive subclassification. Most 
studies concluded that subclassification was possible in a 
reasonable proportion of cases. Nakahara et al.  [13]  be-
lieved the results of cytology were equal to or better than 
histology because of the availability of on-site evaluation 
and the ability to sample a wide area. However, Iqbal et 
al.  [48]  reported a very low sensitivity of 38%, suggesting 
that EBUS-FNA does not provide sufficient diagnostic 
material for subtyping. A study by Poincloux et al.  [35]  

 Table 2.  Literature review: FNA diagnosis of deep-seated lymphomas emphasizing subclassification

Authors 
[Ref.], year

CJ or 
PJ

Lesions/
lymphomas

Primary/
recurrent

Needle size,
G

Ancillary 
techniques

Subclassification
rate, %

Nakahara et al.
[13], 2009

CJ 57/12 NR 22 IHC 83

Riebeiro et al.
[49], 2010

CJ NR/24 NR 22 (FNA) 
and/or 19 
(core biopsy)

IHC/FC 73.6 for FNA;
66.6 for core biopsy

Steinfort et al.
[39], 2010

CJ 55/21 19/2 22 IHC 57

Yasuda et al. [50], 
2012

CJ 240/152 NR mostly 19 IHC/FC/
cytogenetics

88.8

Iqbal et al.
[48], 2012

CJ NR/65 32/33 21 IHC/FISH Sen = 38 (primary 
22; recurrent 55)

Stacchini et al.
[38], 2012

PJ 56/11 9/2 19/22/25 IHC/FC 72.7

Moonim et al.
[33], 2013

CJ 100/66 51/15 NR IHC/FC/FISH/
molecular gene 
arrangement

Sen of high-/low-
grade NHL/HL = 
90/100/79

Poincloux et al.
[35], 2015

CJ 52/31 NR 19/22 IHC 68

 CJ = Clinical journal; PJ = pathology journal; NR = not reported; Sen = sensitivity.
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concluded that the successful rate of subclassification was 
significantly associated with target size >30 mm.

  It is mostly accepted that the role of FNA in deep-seat-
ed lymphomas seems much better established in recur-
rent than in primary lymphomas  [33, 34, 48] . In the set-
ting of a recurrent lymphoma, a specific subclassification 
is often not needed to guide therapy. 

  Inherent Limitations 
 It is clear that EUS/EBUS-FNA does not allow the di-

agnosis of all lymphoma subtypes with equal perfor-
mance. Some lymphoma types, such as chronic lympho-
cytic lymphoma and mantle-cell lymphoma, encompass 
characteristic cytological and immunophenotypic pro-
files to allow for acceptable diagnosis using FNA in con-
junction with appropriate ancillary techniques. Several 
studies have addressed the diagnostic challenge in Hodg-
kin’s lymphoma (HL) and suggested that tissue biopsy is 
still the procedure of choice  [13, 33, 39, 49] . First, FNA 
specimens from HL (especially nodular sclerosing HL, 
the most common type) are usually hypocellular. Second-
ly, FC does not play a role in the diagnosis of this particu-
lar type of lymphoma due to the lack of a clonal popula-
tion. Lastly, IHC stains performed on a cell block of HL 
are difficult to interpret due to the limited tissue/loss of 
architecture, rarity of Reed-Sternberg cells, and crush ar-
tifact. All these factors may contribute to a considerable 
false-negative rate. Another well-reported limitation is 
FL grading  [24, 36, 38, 51] . FL is one of the more frequent-
ly diagnosed lymphomas in deep-seated lymph nodes, 
and grading is considered a critical prognostic factor. 
Some authors state that adequate grading of FL is not pos-
sible on cytological material  [19] . Differentiation between 
low-grade (grade 1 and 2) and high-grade (grade 3) lym-
phomas is clinically important and usually not difficult. 
The distinction between grade 1 and 2 is not easy, but it 
is not necessary clinically  [20] . Also, differentiating large-
cell transformation of a FL from diffuse large B-cell lym-
phoma has little clinical impact. A diagnosis of large B-
cell lymphoma of follicular center origin or large B-cell 
lymphoma not otherwise specified may be sufficient for 
clinical management  [52] . Caution is required when focal 
large-cell transformation is present. It may not be possi-
ble to distinguish between grade 2 and 3. A similar limita-
tion applies when evaluating large-cell transformation of 
chronic lymphocytic/small-cell lymphomas. Of note, the 
side scatter value of FC analysis can aid in cell size evalu-
ation in addition to cytomorphology. In addition, T-cell 
lymphomas are more difficult to diagnose and subclassify 
with EUS/EBUS-FNA. Although FC analysis is helpful in 

identifying an abnormal T-cell population, not all T-cell 
lymphomas have distinct immunophenotypes. T-cell re-
ceptor gene arrangements can be helpful in determining 
clonality, but the test may not be readily available, and the 
interpretation is not always straightforward. 

  Role of Large Core Biopsy in Subclassification 
 Since the usefulness of FNA has been questioned for 

lymphoma subclassification due to the lack of architecture 
and inadequate specimen sampling, the technique of EUS-
guided core needle biopsy using a larger needle size has 
been proposed as a possible solution. The most common-
ly used needle sizes for diagnostic FNA are 22 or even 25 
G. The primary larger needle types on the market include 
conventional 19-gauge, trucut (QuickCore TM ), and 19-
gauge ProCore TM  needles. These larger needles seem to be 
better than smaller needles in obtaining an adequate core-
tissue sample for preserving histological architecture  [53–
55] . They provide tissue fragments as opposed to single 
cells and cell groups, but require lymph nodes to be of a 
sufficient size to allow for sampling. The increased stiff-
ness of the needles makes them more restrictive and dif-
ficult to maneuver  [50] . Trucut needles do not perform 
well when the echoendoscope is not straight (e.g., duode-
nal bulb approach). Iglesias-Garcia et al.  [53]  have shown 
that the newer 19-gauge ProCore TM  needles can overcome 
the drawbacks of the trucut needles. EUS-guided core nee-
dle biopsy or a combination of core needle biopsy and 
FNA has been shown to improve the diagnostic yield 
above that of FNA alone  [49, 50, 56] . Gimeno-Garcia et al. 
 [25]  reviewed 5 studies that evaluated the ability of EUS-
guided needle biopsy to provide adequate samples for sub-
classification and showed that lymphoma diagnosis was 
achieved in 94% of cases; subclassification according to the 
WHO criteria was possible in 85% of cases. The incidence 
of complications associated with EUS-guided core biopsy 
was reported to be low (2.9%). However, in a series com-
paring its use with FNA for a range of pathologies, no sig-
nificant difference in yield was demonstrated, and one ex-
ample of mediastinitis was encountered  [57] . Al-Haddad 
et al.  [27]  used core needle biopsy in one of their patients, 
with no superiority over FNA in that case. Overall, it re-
mains unclear whether the use of large-sized needles in-
creases the diagnostic classification rate for lymphomas. 
Future technical improvements in these needles along 
with more evidence-based studies supporting their appli-
cation in the diagnosis/subclassification of lymphomas 
might provide the balance we are seeking between using 
minimally invasive procedures and having sufficient ar-
chitectural diagnostic information. It is worthwhile to note 
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that the current WHO defining criteria are based largely 
on histological findings from surgically excised specimens 
and not on core needle biopsies. Although a core needle 
biopsy or a combination of core biopsy and FNA is almost 
certainly advantageous in selected cases, it may still be in-
sufficient to fully subclassify some lymphomas. 

  Role of Ancillary Techniques in Subclassification 
 While the role of FC in establishing clonality to differ-

entiate benign reactive processes is well recognized, the 
role of FC in lymphoma subclassification is probably sim-
ilar to or not better than IHC stains. As mentioned earlier, 
side-scatter analysis from FC can help to determine the 
size of lymphoma cells in addition to cytomorphology, 
which is useful in cases of large-cell transformation. Some 
entities characterized by specific gene expression profiles 
or translocations can be accurately classified based on 
FNA material. For example, a panel of IHC stains of CD10, 
BCL-6, and MUM1 can subclassify diffuse large B-cell 
lymphomas into germinal-center B-cell-like and activated 
B-cell-like origin, which has significant prognostic im-
pact. Also, FISH translocation analysis of MYC/BCL-2 
can provide diagnostic evidence for Burkitt’s and ‘double-
hit’ lymphomas. However, many entities lack such fea-
tures. In the studies listed in  tables 1  and  2 , only occasion-
al studies used cytogenetics/FISH. On the other hand, cy-
togenetic/FISH/molecular studies are not always necessary 
in subtyping. Mantle-cell lymphoma can be definitively 
diagnosed by IHC stains of BCL-1/cyclin D1/SOX-11 
 [58] . FISH testing (11;   14) may not be necessary. The es-
tablishment of clonality by PCR gene arrangements is only 
needed when diagnosis is insufficient/indeterminate by 
cytomorphology, FC, or IHC. In the future, next-genera-
tion sequencing using FNA material may have a potential 
impact on classifying lymphomas  [59] , similar to nonhe-
matopoietic malignancies  [60] . Studies have shown that 
FNA material has the advantage of providing higher-qual-
ity DNA. Many studies have demonstrated that cytogenet-
ics as well as newer molecular techniques can be per-
formed on smear specimens  [24, 46, 47] .

  FNA Diagnosis of Specific Organ-Based Primary 

Deep-Seated Lymphomas 

 The most commonly reported organ-based, deep-
seated lymphoma type using these techniques is primary 
pancreatic lymphoma (PPL). PPLs are rare and represent 
less than 0.5% of all pancreatic neoplasms  [61] . Most are 
intermediate or high-grade NHL, with diffuse large B-cell 

lymphomas being the predominate type. They typically 
have a much better prognosis than adenocarcinoma of 
the pancreas. Because the management and outcome of 
PPLs are completely different from pancreatic epithelial 
neoplasms, accurate recognition of these rare tumors is 
essential. Several case series and considerable case reports 
have demonstrated that the diagnosis and further classi-
fication of PPLs using EUS-FNA is possible  [29, 62–64] .

  Clinical features suggestive of PPLs include: a previous 
history of lymphoma, relatively young age, presence of B 
symptoms, large tumor size, low CA 19-9 level, and ab-
sence of jaundice. Typically, EUS shows a large heteroge-
neous mass  [63] . Despite the larger size at presentation, it 
is less likely to be associated with pancreatic duct dilation 
and vascular invasion  [62, 63] . Malignant-appearing 
lymphadenopathy is significantly more common in PPLs 
than in adenocarcinomas  [62] . Similar to lymphomas 
elsewhere, the most important cytomorphological clue to 
the diagnosis is a cellular aspirate with mostly dyshesive 
cells with scant cytoplasm and associated with abundant 
lymphoglandular bodies. Necrosis and fibrosis may ob-
scure the cellularity and cause interpretive difficulty in 
high-grade cases. A low-grade lymphoid process can be 
difficult to differentiate from inadvertently sampled 
lymph nodes or chronic inflammation. ROSE is essential 
for procurement/triage of additional material for FC, cell 
block, and molecular studies. Studies have shown that a 
combination of FC and other ancillary studies increase 
the sensitivity and specificity. The diagnostic accuracy is 
particularly improved with the addition of FC  [62, 63] .

  In contrast to the pancreas, lymphoma is a major cause 
of splenic tumors  [65] . Percutaneous US-guided FNA has 
been considered an effective and less invasive alternative 
to surgical splenectomy for the diagnosis of lymphoma 
 [66–68] . However, the use of this diagnostic technique re-
mains controversial. EUS provides a good image of the 
spleen through the gastric wall. Studies have demonstrat-
ed that transgastric EUS-FNA is a useful and safe tool, and 
may be easier than the percutaneous approach  [69, 70] .

  Other organ-based, deep-seated lymphomas diag-
nosed by FNA are much less common, and the reported 
organ sites include liver, kidney, luminal gastrointestinal 
tract, and mediastinum.

  Conclusion 

 EUS/EBUS-FNA plays an important role in the diag-
nosis of deep-seated lymphomas. The addition of ancil-
lary techniques, particularly FC, increases the diagnostic 

http://dx.doi.org/10.1159%2F000447253


 EUS/EBUS-FNA in Diagnosing 
Deep-Seated Lymphomas 

Acta Cytologica 2016;60:326–335
DOI: 10.1159/000447253

333

yield. While studies have shown that subclassification is 
possible in a reasonable proportion of cases, the reported 
rates of successful subclassification are lower than those 
for lymphoma detection/diagnosis. EUS/EBUS-FNA 
does not allow for the diagnosis of all lymphoma subtypes 
with equal performance. Diagnostic limitation exists par-
ticularly for HL, grading of FL, and some T-cell lympho-
mas. It remains unclear whether the use of large-sized 
needles or a combination of core needle biopsy plus FNA 
improves the subclassification. As EUS/EBUS-FNA tech-
niques advance and more molecular techniques such as 
next-generation sequencing become possible for FNA 
material, the reliability of FNA diagnosis in deep-seated 
lymphomas will continue to improve.

  While many general approaches to FNA diagnosis of 
superficial lymphomas apply equally to deep-seated lym-
phomas, the deep location makes it unique and challeng-
ing. Currently, most centers in North America require an 
excisional biopsy for suspected primary superficial lym-
phoma. However, for deep-seated lymphadenopathy, an 
FNA diagnosis of B- or T-cell lymphoma not otherwise 
specified may suffice for therapeutic management de-
pending on the patient’s general condition/comorbidity. 
Mutual collaboration and cooperation between cytopa-
thologists and hematopathologists in the advancement of 
the FNA-based diagnosis of deep-seated lymphomas can-
not be underestimated.
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