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Abstract
Purpose Non-specific lymphadenopathy is increasingly being reported especially given the COVID-19 vaccination cam-
paign and is a diagnostic dilemma especially in oncology patients. The purpose of this study was to evaluate the diagnostic 
accuracy and discordance rate between fine-needle aspiration (FNA) cytology and flow cytometry (FC) immunophenotyping 
in axillary FNA in patients with morphologically abnormal axillary lymph nodes on imaging and no concurrent diagnosis 
of primary breast malignancy.
Methods This retrospective study included 222 patients who underwent screening or diagnostic axillary ultrasound that 
yielded suspicious lymphadenopathy without concurrent or recent prior diagnosis of breast cancer and who had subsequent 
image-guided axillary FNA and FC. Diagnostic accuracy, sensitivity, specificity, and positive and negative predictive value 
(PPV and NPV) were reported for FNA with cytology alone, and FC alone, and in combination. Discordance rate between 
FNA cytology and FC was assessed. Discordant cases were evaluated with histology or clinical and imaging follow-up.
Results Diagnostic sensitivity, specificity, PPV, NPV, and diagnostic accuracy were 88%, 92%, 77%, 96%, and 91%, for 
FNA alone, 98%, 98%, 92%, 99%, and 98% for FC alone, and 100%, 92%, 79%, 100%, and 94% when combined. The overall 
discordance rate between FNA and FC was 7% (16/222). 7/16 (44%) patients with discordant results were diagnosed with 
lymphoma, while 9/16 (56%) patients with discordant results had benign findings.
Conclusion With a diagnostic accuracy of 91%, FNA with cytology is sufficient to screen patients with indeterminate and 
incidental lymphadenopathy. Flow cytometry could be initially deferred in patients with low pretest probability of lymphoma.
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Introduction

The diagnostic dilemma of non-specific lymphadenopathy 
is a common issue in clinical practice. For axillary lym-
phadenopathy, differential diagnoses include benign etiolo-
gies (e.g., mastitis, breast abscess, infected skin lesions, 
cat-scratch fever) as well as malignant etiologies, with lym-
phoma or metastatic breast cancer being the most common 
malignant etiologies [1–3]. Nevertheless, most cases of axil-
lary lymphadenopathy are due to benign etiologies [2–4]. 
Routine vaccination such as influenza, measles, smallpox, 
anthrax, and Bacille Calmette-Guerin vaccination can elicit 
unilateral axillary lymphadenopathy [5, 6]. Most recently, 
data from COVID-19 vaccination suggest a higher immu-
nogenic power of this vaccine, having shown higher rates of 
unilateral axillary lymphadenopathy [7, 8].
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The first reports of subclinical unilateral axillary lym-
phadenopathy after COVID-19 vaccination were made by 
breast imagers and identified in women undergoing breast 
cancer screening [10–12]. The Society of Breast Imaging 
responded rapidly with guidelines and educational materi-
als for radiologists, referring providers, and patients (13), 
although management is still mostly institution-dependent, 
ranging from “benign” assessment with no clinical follow-
up, immediate additional diagnostic imaging, to short-inter-
val follow-up until resolution or biopsy [10–18].

Unilateral axillary lymphadenopathy may present as 
a diagnostic dilemma especially in patients with cancer 
where it raises the concern for malignancy. When axillary 
lymphadenopathy persists, or no cause is evident, biopsy 
is considered the standard of care to rule out malignancy. 
Although most guidelines consider histology the gold stand-
ard for morphological diagnosis of lymphoma [9–12], since 
2008, the World Health Organization (WHO) classification 
of lymphomas has based their diagnosis on morphology, 
immunophenotype, and molecular characteristics of lym-
phoid cells in the appropriate clinical setting rather than 
cellular architecture [13]. This has paved the way for the 
use of more minimally invasive, cost-effective, and accurate 
diagnostic techniques such as fine-needle aspiration (FNA) 
alone, or FNA with other ancillary diagnostic techniques, 
such as immunocytochemistry, flow cytometry, cytogenetics, 
or molecular techniques, i.e., fluorescence in situ hybridiza-
tion (FISH), chromogenic in situ hybridization (CISH), and 
polymerase chain reaction (PCR) [14, 15].

Morphological findings of some lymphomas such as low-
grade lymphoma can be very similar to the ones seen in a 
reactive lymph node, as both lesions are composed by a pop-
ulation of small lymphocytes, and the differences between 
the two entities can be difficult to identify in fixed speci-
mens. The distinction between the two is primarily based 
on the recognition of an abnormal phenotype in the B- or 
T-cell population using ancillary diagnostic techniques. 
Of the ancillary diagnostic techniques, flow cytometry 
allows an accurate, reliable, and complete basic phenotype 
of lymphoid populations from limited cytology specimens 
to be determined, making it an ideal technique for a com-
bined application with FNA to diagnose lymphoma; flow 
cytometry studies have a sensitivity above 95% in cases 
of low-grade lymphomas and approximately 60% in cases 
of large cell lymphomas. [16]. However, flow cytometry 
requires extra sampling, which is time consuming, may 
cause additional patient discomfort, and adds costs. Cost 
burden may be an issue especially given the increasing num-
ber of patients that may present with non-specific axillary 
lymphadenopathy in the setting of increasing COVID-19 
vaccinations.

We hypothesized that FNA alone without ancillary 
techniques is sufficient to assess non-specific axillary 

lymphadenopathy and can rule out lymphoproliferative dis-
ease. In this study we evaluated the diagnostic accuracy and 
discordance rate between FNA cytology and flow cytom-
etry immunophenotyping in axillary FNA in patients with 
morphologically abnormal axillary lymph nodes on imaging 
and no concurrent diagnosis of primary breast malignancy.

Methods

Patients

This is a retrospective institutional review board-approved 
and Health Insurance Portability and Accountability Act-
compliant study conducted at a tertiary cancer center. The 
need for written informed consent was waived.

We searched the Department of Radiology database for 
patients who underwent screening or diagnostic imaging 
(breast or axillary ultrasound, and/or mammogram) and 
who had subsequent image-guided axillary FNA from Janu-
ary 1, 2013, to December 31, 2018, that yielded suspicious 
lymphadenopathy. From our initial search, we excluded 
patients with one or more of the following: a current diag-
nosis of breast cancer; incomplete data (i.e., FNA without 
flow cytometry); and FNA and/or flow cytometry performed 
on sites other than the axilla, e.g., intramammary lymph 
nodes or periprosthetic fluid. Patient medical records were 
reviewed to determine the clinical follow-up and to compare 
results in patients where a core needle or excisional biopsy 
was subsequently performed.

Fine‑needle aspiration, cytology, and flow 
cytometry

Related risks and complications of FNA were discussed 
with each patient prior to the procedure. Ultrasound-guided 
sampling was performed by a radiologist for both palpable 
and non-palpable axillary lymph nodes. All procedures were 
performed in the outpatient setting. Prior to the FNA pro-
cedure, local anesthesia (2.5 ml Lidocaine 1%) was admin-
istered under imaging guidance using a 25-gauge needle. 
FNA was performed using a 22-gauge needle attached to a 
syringe under suction with an average of 3 passes per case. 
For each pass, the needle was moved quickly back and forth 
in different directions, thereby ensuring that different areas 
of the lymph node were sampled. Material obtained from the 
first two passes was fixed in ethanol and processed for cell 
block preparation. A third aspiration was rinsed in a culture 
medium and transported immediately to the flow cytometry 
laboratory. Specimens were centrifuged.

Flow cytometry staining for initial method evaluation 
was performed by standard protocols using simultaneous 
ammonium chloride lysis and fixation. Briefly, 100 μL of 
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blood containing 0.5–1.5 million cells were stained with a 
cocktail of antibodies for 15 min at room temperature, fol-
lowed by ammonium chloride lysis with 0.025% formalde-
hyde for 15 min. Cells were washed with phosphate‐buffered 
saline with bovine serum albumin and sodium azide (PBA) 
and the cell pellets were resuspended 100 μl PBA. Fluores-
cence minus one and single stains were performed using 
the same methodology. The legacy assay was acquired on 
standardized BD FACS Canto‐10 flow cytometers, while 
the 14‐color assay was acquired on BD Fortessa‐X20 flow 
cytometers equipped with four lasers. Manual analysis was 
performed using Woodlist software (generous gift of Dr. 
Brent Wood, University of Washington) (27).

A specimen was considered benign based on the presence 
of a mixture of T and B cells without evidence of monoclo-
nality or aberrant immunophenotype and no suspicious cells 
on the histology.

Statistical analysis

Sensitivity, specificity, positive predictive value, and nega-
tive predictive value were calculated for FNA alone, flow 
cytometry alone, and combined FNA and flow cytometry 
for the diagnosis of lymphoma. Cases were considered true 
negative when both FNA and flow cytometry yielded benign 
results, and true positive when both FNA and flow cytom-
etry yielded malignant/suspicious results. Discordant cases 
(FNA positive for malignancy but flow cytometry negative, 
or vice versa) were evaluated with histology performed on 
core biopsy or surgical excision or clinical and imaging 
follow-up.

Results

Patients

From a sample of 381 patients who were identified from our 
initial database search, 159 patients were excluded from the 
study (Fig. 1): 56 patients due to a concurrent ipsilateral 
breast cancer diagnosis, 38 due to incomplete data, and 65 
because the FNA/flow cytometry sampling was performed 
on a target other than the axilla (with peri-implant fluid 
being the most common extra-axillary location). This study 
included 222 eligible patients, of which 220 (99%) were 
women, with an average age of 58.3 ± 13.4 years (range 
21–92). Across the entire sample, 47/222 (21%) patients pre-
sented with a palpable axillary lymphadenopathy whereas 
175/222 (79%) did not have a clinical suspicious finding. 
In terms of personal history of cancer, 136/222 (61%) had 
history of cancer (see Table 1 for a further breakdown of 
cancer types).

Diagnostic accuracy

The overall diagnostic sensitivity, specificity, positive pre-
dictive value, negative predictive value, and diagnostic accu-
racy of FNA alone were 88% (95% confidence interval (CI) 
86.6%–89.4%), 92% (95% CI 91.6%–92.4%), 77% (95% CI 
75.6%–78.4%), 96% (95% CI 95.2%–96.8%), and 91% (95% 

Fig. 1  Flowchart of patients included in this study

Table 1  Summary of personal history of cancer in the study sample 
(n = 222)

a 1 patient had cutaneous non-Hodgkin lymphoma

Personal history Num-
ber of 
patients

Breast cancer 86
Breast cancer + additional malignancy excluding lym-

phoma
9

Breast cancer + lymphoma 1
Non-Hodgkin lymphoma 12a

Hodgkin lymphoma 3
Non-Hodgkin lymphoma + additional malignancy exclud-

ing breast
2

Cervical cancer 2
Colorectal cancer 5
Endometrial cancer 4
Ewing sarcoma 1
Melanoma 2
Ovarian cancer 5
Pancreas cancer 1
Renal cancer 2
Thyroid cancer 1
No history of cancer 86
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CI 90.8%–91.2%), respectively. The overall diagnostic sensi-
tivity, specificity, positive predictive value, negative predic-
tive value, and diagnostic accuracy of flow cytometry alone 
were 98% (95% CI 97.4–98.6), 98% (95% CI 97.8–98.2), 
92% (95% CI 91–93), 99% (95% CI 98.6–99.4), and 98% 
(95% CI 97.9–98.1), respectively. The overall diagnostic 
sensitivity, specificity, positive predictive value, negative 
predictive value, and diagnostic accuracy of combined FNA 
and flow cytometry were 100%, 92% (92.3–91.7), 79% (95% 
CI 77.8%–80.3%), 100%, and 94% (95% CI 93.8%–94.2%), 
respectively.

Concordance between FNA and flow cytometry

Across the study sample, 172/222 (71%) patients had benign 
axillary lymph nodes while 50/222 (29%) had malignant 
lymph nodes. Analysis of concordance between FNA and 
flow cytometry showed a 93% (206/222) concordance rate.

Of the patients with concordant suspicious results, 43/206 
(21%) patients were diagnosed with a hematologic malig-
nancy, i.e., B-cell lymphoma (n = 39), T-cell lymphoma 
(n = 4), and chronic lymphocytic leukemia (n = 1); this latter 
diagnosis was confirmed on peripheral blood smear.

Another 4/206 (2%) of the patients with concordant 
suspicious results were false positives, ultimately not dem-
onstrating malignant lymphadenopathy: One patient had a 
minute focus of atypical CD20 positive B lymphocytes; the 
patient did not undergo repeat flow cytometry even though 
it was requested as the lymphadenopathy resolved, and the 
same patient had a negative follow-up for 6 years. Another 
patient had a minute focus of suspicious myeloblasts and 
underwent multiple repeat negative flow cytometry and bone 
marrow aspirations, with a negative follow-up for 4 years. 
Two patients had both suspicious FNA and flow cytometry 
but negative final histology demonstrating follicular hyper-
plasia. For both of these patients, flow cytometry yielded a 
very minute atypical cell population of 0.60% of the total 
number of white cells.

On the other hand, 159/206 (77%) had benign concord-
ant findings including reactive lymph nodes (n = 151), reac-
tive/follicular hyperplasia (n = 5), reactive dermatopathic 
changes (n = 1), non-necrotizing granulomatous inflamma-
tion (n = 1), and fibroadipose tissue with rare lymphocytes 
(n = 1). Follow-up ≥ 6 months was available for 146/159 
patients with concordant benign findings (average follow-
up 37.3 ± 18.5 months). All 146 patients were negative on 
follow-up.

In the 222 patients who underwent FNA cytology and 
flow cytometry, histological confirmation by means of core 
biopsy or surgical excision was available for 32/222 (14%) 
patients.

Histological confirmation was available for 9/159 (6%) 
patients with concordant benign results; for 13/43 (26%) 

patients with concordant suspicious/malignant results, 11 
of which were diagnosed with a hematologic malignancy 
(Table 2) and two diagnosed with follicular hyperplasia; and 
for 10/16 (63%) patients with discordant results.

The overall discordance rate between FNA and flow 
cytometry was 7% (16/222).

Of the 16 patients with discordant results, 7/16 (44%) 
patients were diagnosed with cancer (Table 3); all diagno-
ses of cancer were all confirmed on histology or periph-
eral blood smear (one patient). Of these seven patients, six 
patients had positive flow cytometry but negative FNA, 
whereas the remaining patient had positive FNA but nega-
tive flow cytometry. Cancer diagnosis included B-cell lym-
phoma (n = 4), Hodgkin lymphoma (n = 1), chronic lympho-
cytic leukemia (n = 1), and myeloid sarcoma (n = 1). The 
one patient who was misdiagnosed on flow cytometry had 
Epstein–Barr virus associated Hodgkin lymphoma.

Meanwhile, 9/16 (56%) patients with discordant results 
had benign findings (Table 4). All 9 patients had suspi-
cious FNA and negative flow cytometry; benign etiology 
was confirmed with histology by means of core biopsy in 
3/9 patients. Of the 6/9 patients that were not assessed with 
histology, 3/6 had negative follow-up of more than 3 years, 
1/6 had a negative follow-up of more than 3 years and repeat 
FNA showed normal lymphoid population, and 2/6 were lost 
at follow-up (follow-up ≤ 6 months).

Discussion

Fine-needle aspiration biopsy is a well-established tool for 
the diagnosis of malignant neoplasms. For hematologic 
malignancies, the accuracy of FNA is improved by the use 
of flow cytometry [12, 17, 18] but the role of FNA as a 
standalone technique in the primary diagnosis and sub-
classification of lymphoma remains controversial [19–24]. 
The purpose of our study was to assess whether FNA alone 
(without ancillary techniques) is sufficient to assess non-
specific axillary lymphadenopathy to rule out lymphopro-
liferative disease regardless of subclassification.

Standalone FNA in patients with non-specific palpable 
or incidentally identified axillary lymphadenopathy and no 
concurrent diagnosis of malignancy yielded a sensitivity of 
88% for the diagnosis of lymphoproliferative malignancy; 
the sensitivity was increased to 100% with the addition 
of flow cytometry. FNA as a standalone diagnostic tool 
missed 6 lymphoproliferative diseases which were detected 
by flow cytometry. In our study, flow cytometry missed the 
only case of Hodgkin lymphoma in our study sample; this 
is concordant with the current literature which shows that 
flow cytometry is not an accurate tool for the diagnosis of 
classic Hodgkin lymphoma due to the difficulty in isolat-
ing Reed–Sternberg cells as they are admixed in a rich 
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inflammatory background. In fact, 15% of Hodgkin lym-
phomas may show normal flow cytometry results (36–38).

Although the combination of FNA with ancillary tech-
niques such as flow cytometry increases the sensitivity, 
interestingly, in our study, the specificity of standalone FNA 
did not differ from the specificity of FNA combined with 
flow cytometry (92% for both). The overall diagnostic accu-
racy for FNA alone was 91% in our patient sample and 94% 
for FNA combined with flow cytometry.

We believe that the diagnostic accuracy of FNA alone 
may be sufficient to screen patients with indeterminate and 
incidental lymphadenopathy and that flow cytometry could 

be initially deferred in patients with low pretest probabil-
ity of lymphoma. Flow cytometry could be performed on 
follow-up for cases with suspicious findings on FNA. Using 
FNA to triage patients with unilateral axillary lymphade-
nopathy could help save time and costs and avoid additional 
sampling for specimen collections which can lead to addi-
tional patient discomfort.

Our results are in line with those of another study by 
Metzgeroth et al. [25] which yielded a sensitivity of 91% of 
FNA alone. Another study on cervical lymphadenopathy by 
Choy et al. [26] yielded a higher sensitivity of 94.1% of FNA 
alone but their patient sample was younger in age (range 

Table 2  Histological confirmation for concordant FNA/flow cytometry reports

Patient Concordance FNA Flow Cytometry Tissue Biopsy Histology

1 Negative-concordant Negative Negative Benign Reactive lymph node
2 Negative-concordant Negative Negative Benign Reactive lymph node
3 Negative-concordant Negative Negative Benign Reactive lymph node
4 Negative-concordant Negative Negative Benign Non-necrotizing granulomatous inflammation
5 Negative-concordant Negative Negative Benign Florid lymphoid hyperplasia
6 Negative-concordant Negative Negative Benign Reactive follicular hyperplasia
7 Negative-concordant Negative Negative Benign Reactive follicular hyperplasia
8 Negative-concordant Negative Negative Benign Fibroadipose tissue/rare lymphocytes
9 Negative-concordant Negative Negative Benign Fibroadipose tissue/rare lymphocytes
10 Positive-concordant Positive Positive Malignant Follicular lymphoma
11 Positive-concordant Positive Positive Malignant Nodal marginal zone lymphoma
12 Positive-concordant Positive Positive Malignant B-cell lymphoma (Burkitt) HIV-related
13 Positive-concordant Positive Positive Malignant Large B-cell lymphoma
14 Positive-concordant Positive Positive Malignant B-cell lymphoma130
15 Positive-concordant Positive Positive Malignant Low-grade B-cell lymphoma
16 Positive-concordant Positive Positive Malignant Marginal zone lymphoma
17 Positive-concordant Positive Positive Malignant Follicular lymphoma
18 Positive-concordant Positive Positive Malignant B-cell lymphoma
19 Positive-concordant Positive Positive Malignant Lymphocytic lymphoma
20 Positive-concordant Positive Positive Malignant Indolent B-cell lymphoma
21 Positive-concordant Positive Positive Benign Reactive lymph node and pigment consistent 

with tattoo procedure
22 Positive-concordant Positive Positive Benign Follicular hyperplasia

Table 3  Discordant FNA/
flow cytometry cases yielding 
malignant results

EBV Epstein–Barr virus

Patient FNA Flow cytometry Tissue Biopsy Diagnosis

1 Negative Positive Performed B-cell lymphoma
2 Positive Negative Performed EBV + Hodgkin lymphoma
3 Negative Positive Performed Myeloid sarcoma
4 Negative Positive Performed Chronic lymphocytic leukemia (blood exam)
5 Negative Positive Performed Follicular lymphoma
6 Negative Positive Performed Follicular lymphoma
7 Negative Positive Performed Low-grade B-cell lymphoma (probably 

mantle cell lymphoma)
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18–30 years) and there was a predominance of Hodgkin 
lymphoma as hematologic malignancy. Our patient sample 
had an average age of 58.3 years and only one patient had a 
diagnosis of Hodgkin lymphoma which was diagnosed on 
FNA but missed on flow cytometry. This may be a limita-
tion of our study as it may falsely increase the sensitivity of 
flow cytometry for the diagnosis of lymphoma as compared 
to FNA alone.

Limitations of our study include the makeup of our 
patient sample which was primarily female (99%) who pre-
sented to our clinic for a diagnostic or screening breast exam. 
Therefore, the results cannot be generalized and applied to 
the entire population including young adults where Hodg-
kin lymphoma is more prevalent. However, our results are 
valid for patients in the breast cancer screening group with 
incidental lymphadenopathy found during screening exams 
or on palpation. Another limitation is the small number of 
patients included in the study, due to the retrospective nature 
of this study. Finally, this was a single-institution study, lim-
iting the generalizability of the results.

Conclusion

With a diagnostic accuracy of 91%, FNA with cytology is 
a useful first-line standalone diagnostic procedure to screen 
patients with incidental non-specific axillary lymphadenopa-
thy in the breast cancer screening population. Flow cytom-
etry could be initially deferred in patients with low pretest 
probability of lymphoma. A positive/suspicious FNA result 
can be used to triage specimens for flow cytometry and/or 
tissue biopsy to characterize hematologic malignancy.
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