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Background: Both anaplastic thyroid carcinoma (ATC) and thyroid lymphoma
(TL) clinically present as rapidly enlarging neck masses. Unfortunately, in this
situation, like in any other thyroid swelling, a routine fine-needle aspiration
(FNA) cytology is the first and only diagnostic test performed at the initial
contact in the average thyroid practice. FNA, however, has a low sensitivity in
diagnosing ATC and TL, and by the time the often “inconclusive” result is
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known, precious time has evolved, before going for core-needle biopsy (CNB)
or incisional biopsy (IB) as the natural next diagnostic steps.

Objectives: To determine the diagnostic value of CNB in the clinical setting of a
rapidly enlarging thyroid mass, via a systematic review and meta-analysis of the
available data on CNB reliability in the differential diagnosis of ATC and TL.

Methods: A PubMed, Embase and Web of Science database search was
performed on June 23th 2021. Population of interest comprised patients who
underwent CNB for clinical or ultrasonographical suspicion of ATC or TL, patients
with a final diagnosis of ATC or TL after CNB, or after IB following CNB.

Results: From a total of 17 studies, 166 patients were included. One hundred
and thirty-six were diagnosed as TL and 14 as ATC following CNB. CNB, with a
sensitivity and positive predictive value of 94,3% and 100% for TL and 80,1% and
100% for ATC respectively, proved to be superior to FNA (reported sensitivity
for TL of 48% and for ATC of 61%). Furthermore, the need for additional
diagnostic surgery after CNB was only 6.2% for TL and 17.6% for ATC.

Conclusions: Immediately performing CNB for a suspected diagnosis of ATC
and TL in a rapidly enlarging thyroid mass is more appropriate and
straightforward than a stepped diagnostic pathway using FNA first and awaiting

the result before doing CNB.

KEYWORDS

thyroid neoplasms, fine needle aspiration, core needle biopsy, thyroid lymphoma,
anaplastic thyroid cancer (ATC)

Introduction

Although of a low incidence, thyroid lymphoma (TL) and
anaplastic thyroid carcinoma (ATC) are aggressive malignancies
in need of urgent management. Presentation is similar (usually a
60-70-year-old female with a rapidly enlarging neck mass over
weeks to months, and with symptoms like neck pain, dysphagia,
hoarseness and stridor), but prognosis and management differ
(1-6). Urgent management would benefit from an evidence-
based strategy excluding unnecessary delays in reaching a
precise diagnosis.

TL accounts for 0.4-5% of thyroid malignancies and for less
than 2-3% of all extranodal lymphomas (3, 7-9). Most TLs are
non-Hodgkin B-cell lymphomas. The most common subtype
(>50%) is diffuse large B-cell lymphoma (DLBCL), followed by
mucosa associated lymphoid tissue lymphoma (MALTL; about
10-30%) (3, 10). T-cell and Burkitt thyroid lymphomas are
extremely rare (11, 12). Subtype classification is of great
importance as prognosis and therapy depend on the
lymphoma histotype. MALTL tends to be less aggressive than
DLBCL and T-cell lymphomas. The latter two need more
intensive chemotherapy or chemoradiotherapy (10). Overall,
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TL responds well to non-surgical treatment with a disease-
specific survival of up to 79% (1). In contrast, ATC responds
much less to treatment (5). While accounting for <2% of thyroid
malignancies, ATC accounts for 25% of all thyroid cancer-
related deaths (5, 13). In selected ATC, where RO, or at most
RI1 resection with acceptable morbidity seems likely, extensive
surgery needs prompt adjuvant intensive radiotherapy and/or
chemotherapy (14); when surgery is not an option, primary
chemoradiotherapy, palliative radiation, systemic therapy, or
best supportive care is offered. Prognosis is poor, with a
median survival of 5 months and a 2-year overall survival of
10% (5, 13). Regardless of the treatment, most patients have a
rapidly growing, extensively locally invading tumor, causing
death with uncontrolled local disease and distant metastases.
One series describes 36% of their patients dying of airway
obstruction, the remainder succumbing to generalized disease
progression (13, 15). Nonetheless, recent molecular-based
personalized treatment strategies achieve better cure rates,
with the combination of dabrafenib (inhibitor of BRAF) and
trametinib (inhibitor of MEK) now being FDA (U.S. Food and
Drug Administration)-approved in ATC patients with the
BRAFV600E mutation (5, 16).
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Imaging studies in the acute setting consist of ultrasound (US)
as well as cross-sectional imaging. US typically shows a
heterogeneous echogenicity, a diffuse infiltration into
surrounding tissues, an irregular shape and an increased
vascularity. Calcifications would be more in keeping with ATC,
whereas the presence of echogenic strands and enhanced posterior
echoes are more indicative of TL (3, 17). Cross-sectional imaging
is essential to visualize the relationship of the tumor to the major
vessels, trachea and esophagus, which guides surgical decision
making. Computed tomography (CT) is preferred over magnetic
resonance imaging (MRI): the shorter data acquisition time in
patients with often some form of respiratory distress results in
more accurate images. CT may show calcification, necrosis and
heterogeneous attenuation in ATC; homogeneous attenuation
without calcification or necrosis suggests TL (6). On MRI ATC
shows also a moderate-to-marked heterogeneous enhancing with
central non enhancing areas of necrosis, and mixed signal on T1-
and T2-weighted images, whereas TL tends to be homogenous,
similar to the CT aspect of TL (18).

Tissue analysis using US-guided cytology and/or histology is
essential for establishing an accurate diagnosis. In this context,
FNA, generally performed using a 21-25 Gauge needle on a 10 cc
syringe under ultrasound guidance, with up to 8 needle passes,
depending on the on-site judged appropriateness of the obtained
material, is often the initial diagnostic tool (5, 19, 20). The real-
world reported sensitivity of FNA is 48% for TL (21) and 50-61%
for ATC (22, 23); for ATC an FNA-based correct diagnosis
in >60% requires immunohistochemistry (IHC) on cell-blocks
from cell-rich aspirates (24). These low figures are attributable
to a high rate of false negative results, related to the pathogenesis
of both malignancies. TL often develops in a background
of Hashimoto’s thyroiditis (HT), chronic autoimmune
stimulation being considered as the main trigger for malignant
transformation (7, 25-27). The proportion of TL with a known
history of HT is 80%, conversely, compared to the general
population, patients with HT have a 60-fold increased risk of
developing TL (28, 29). Distinguishing MALTL from HT is
particularly difficult on cytology; both conditions may coincide
and their lymphocytic populations show a similar morphology
(30, 31). ATC may show extensive necrosis (32) and it causes
little surprise that FNA often misses viable tumor.

Resort to US-guided core needle biopsy (CNB), generally
performed under local anesthesia and ultrasound guidance,
stabbing 2-3 times using a 16-20 Gauge spring-activated 2 cm
excursion needle, comes currently after (persistently) inadequate
results with FNA (5, 13, 20, 33). Nonetheless, Na et al.
recommended immediate CNB in patients with thyroid masses
with uncommon clinical and radiological features; the
recommendation was based on a small amount of
retrospective cohort studies, not specific for ATC and TL (34).

CNB aside, surgical incisional biopsy (IB; also referred to as
“diagnostic surgery”; making a skin incision under local or
general anesthesia to take a substantial tissue sample (2-3 cm?)
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of the tumor, avoiding the necrotic parts) would seem the
obvious choice in overcoming the FNA inadequacies. Enough
tissue of preserved architecture is thus obtained to effect routine
histology and ancillary studies, including IHC for lymphoma
subtyping and, defining molecular markers for ATC such as Ki-
67, p53, BRAF V600E mutations and eventual NTRK, ALK or
RET fusions (5, 24, 25, 35-38). However, IB in patients with TL
or ATC carries significant risks. The procedure is invasive, time-
consuming and involves hospital admission, general anesthesia
and intubation of patients often already in respiratory distress.
Extubation is unsure, whereas tracheotomy upon failed
extubation is hazardous or even impossible, due to the
compressive thyroid mass. Moreover, wound healing of the
incision is often compromised (Figure 1).

Accordingly, to reduce the risks of IB and to minimize the
delay to treatment, CNB seems a diagnostic tool more sensitive
than FNA. Less invasive than IB, CNB allows for the same
adequate THC and molecular marker analysis. For diagnosing
malignant lymphomas in the neck outside the thyroid, as well as
for the more common thyroid neoplasms, CNB has yielded
satisfactory results with reported sensitivities of up to 100% (35,
39, 40). In the narrower context of diagnosing ATC and TL, a
thorough review of the reliability of CNB is lacking. This
prompted the present systematic review and meta-analysis, to
assess the value of CNB in diagnosing ATC and TL by
calculating sensitivity, PPV, and the rate of diagnostic surgery.

Materials and methods
Search strategy and study selection

The present systematic review was conducted according to
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (41). Manuscripts were selected
if they complied with the following PIRT model (Population,
Index test, Reference test, Target condition) (42): the population
of interest (P) were patients who underwent CNB because of
clinically or US features suggestive for ATC or TL, or patients
with a final diagnosis of ATC or TL after CNB, or after IB
following CNB; the index test (I) was CNB, the reference test (R)
being the final diagnosis based on IB, or the surgical pathology
or the clinical evolution. The target conditions (T) were ATC or
TL, without further specification. Medline (PubMed), Embase
(Scopus), Web of Science, and the Cochrane database were

» o«

searched using the keywords “core-needle biopsy”, “thru-cut

» o«

biopsy”,

» o«

anaplastic thyroid carcinoma”, “thyroid lymphoma”,
“thyroid neoplasms”, and “thyroid nodules” on June 23" 2021
(Supplemental Figure S1). Publications in English were included.
Case reports, narrative and systematic reviews were excluded.
Abstracts that did not meet the PIRT criteria were also excluded.
The included abstracts were uploaded in a citation manager. Full

texts were screened. Manuscripts not meeting the PIRT criteria
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FIGURE 1

ATC, growing through the dehiscent incision of the previous biopsy, during the palliative radiotherapy. Note the tattoo on the skin of the patient

10.3389/fendo.2022.971249

demarcating the radiation field (arrows). Reproduced and modified with permission from Head and Neck Cancer Imaging. 2021:3rd Edition. R
Hermans (Editor); V. Vander Poorten: (I) Epidemiology, Risk Factors, Pathology, and Natural History of Head and Neck Neoplasms. Springer

Nature Switzerland AG, Cham, Switzerland

were excluded. Only studies investigating the diagnostic value of
CNB and providing raw data concerning the diagnostic value of
CNB were included. Finally, hand-searching references,
citations, and similar articles was undertaken. Figure 2 shows
the PRISMA diagram representing this selection process. A risk
of bias analysis of the selected studies was performed using the
QUADAS-2 tool (RevMan 5.4; Supplemental Figure S2) (43).
Ethical exemption was provided by the Education-Support
Committee (OBC) of the Research Ethics Committee of the
KU Leuven.

Data extraction

The following data were extracted : (1) general features of the
study (author, year of publication, country, period of patient
enrollment, study type, number of patients), (2) demographics
(gender ratio, mean age and range), (3) patients’ characteristics,
(4) number of patients with final diagnosis of ATC or TL, (5)
number of patients with a rapidly growing neck mass who had
undergone CNB, (6) overall results and complications of CNB,
and (7) number of patients that underwent IB.

Statistical analysis

For meta-analysis on diagnostic test accuracy, bivariate
models that account for the relationship between specificity
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Records identified from
database searching (Medline
(PubMed), Embase (Scopus),
Web of Science, Cochrane
databases and Google Scholar)
(n=195)

Duplicates removed before
screening
(n=7)

Y

Abstracts screened

Articles identified through hand
searching references, citations
and similar articles
(n=6)

e

Abstracts excluded:
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(n=188)
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Full-text articles assessed for
eligibility
(n=37)

—
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Studies included in meta-
analysis
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-

No English language
Study type (SR’s, case
reports)

No raw data available

(n=151)
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Not according to PIRT
No raw data available
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Flow diagram of the selection process of the relevant
manuscripts, based on PRISMA guidelines.
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and sensitivity, producing a summary receiver operating
characteristic curve, are preferred when diagnostic thresholds
vary between studies. When the same diagnostic threshold is
used across all included studies and there is little statistical
heterogeneity, proportional meta-analysis can be applied for
producing summary estimates of diagnostic accuracy measures
such as sensitivity and specificity. The latter approach is used in
this study, more so because information on specificity is lacking
for most of the studies, precluding the option of a
bivariate approach.

A meta-analysis is conducted to obtain - where possible -
estimates of proportions quantifying sensitivity, specificity, PPV
and NPV. The statistic I_2 was performed to assess
heterogeneity. The analysis is based on a double arcsine-
transformation (Freeman-Tukey transformation) of the
proportions and has been performed using SAS software
(version 9.4 of the SAS System for Windows).

The RevMan 5.4 program (Cochrane Training) was used to
calculate and visualize effect measures of diagnostic value of
CNB. Sensitivity and specificity were calculated for the studies
included in the meta-analysis. Extracted data were eventually
pooled to define a pooled sensitivity, positive predictive value
(PPV), and proportion of IB. Negative predictive value (NPV)
and specificity were calculated only for manuscripts including
true negatives (44-46). CNB with a diagnosis of ATC or TL was
classified as positive/concordant; it was classified as negative in
all other situations (e.g. CNB with a diagnosis of thyroid cancer
of a different origin, neoplastic lesion, benign lesion, insufficient
material for a histologic analysis, inconclusive, or missed target).
As defined in the literature, surgery was considered “diagnostic”
if it had been the first way to obtain an accurate diagnosis (40).

Results
Studies and demography

A total of 17 studies (11 following systematic literature
search and 6 after hand-searching) met the inclusion criteria
for the present systematic review (11, 12, 23, 25, 30, 40, 44-54).
The general features and demographic data are summarized in
Table 1 and Supplementary Table 1. All studies but one were
retrospective (50).

Patient profile at presentation

Table 2 summarizes the descriptive statistics on symptoms at
presentation; 79% of patients with ATC and 88% with TL
presented with a rapidly enlarging neck mass. A history of HT
or concurrent HT was present in 31% of patients with TL but
absent in patients with ATC.
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Qualitative analysis: Diagnostic
role of CNB

The included studies differed as regards the role of CNB in
diagnosing ATC or TL and thus were categorized in two groups.
The first group applied CNB after inconclusive FNA; the second
group applied CNB initially.

Application of CNB after FNA

Current guidelines advise CNB or IB after a non-diagnostic
FNA (5, 13, 33). Repeat FNA still has a non-diagnostic rate of
20-38% (45), hence, several authors advised application of CNB
after a single inconclusive FNA (25, 45, 50, 54). A combinative
approach in which both FNA and CNB are initially performed
was also proposed, on the basis that they complement each
other, FNA being better suited for flow cytometry and CNB
correlating better with histology (11). Stacchini et al. reported a
100% sensitivity and specificity in diagnosing TL when flow
cytometry was applied to FNA, but emphasized that histological
confirmation of diagnosis using CNB was necessary (46).
Ruggiero et al.,, on the other hand, did not include CNB in
their diagnostic pathway for TL, going immediately from FNA to
IB in all patients (49).

Initial application of CNB

It seems overly expensive and time-consuming to
sequentially perform FNA and CNB in all patients with
suspected ATC or TL. Sharma et al. pointed out that CNB was
delayed by an average of one week after a non-diagnostic FNA
(30). As reported by Matsuzuka et al., patients died of
progressive lymphomas before a definitive diagnosis could be
made following a non-diagnostic FNA (57). At the same time, it
has been suggested that CNB enables reducing the rate of IB in
patients with ATC or TL, obviating surgical risk, morbidity, and
unnecessary costs (40). Many authors support the initial
application of CNB as the most appropriate initial diagnostic
test when clinical signs and/or US features suggest TL or ATC,
without firstly performing FNA (12, 30, 40, 44, 47, 48, 53,
55, 56).

Complications of CNB

Most included studies reporting on CNB-related
complications did not note any patient discomfort, bleeding,
or tumor seeding (40, 44, 45, 54, 56), although the latter would
admittedly be difficult to assess. Nam et al. reported some
intraparenchymal hemorrhage that merely needed simple
compression (47). Hematoma rate for CNB in thyroid
pathology was recently reported to be 2.4% (58). Targeting
lymphadenopathy, when present, can help reduce
hematoma risk.
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TABLE 1 General characteristics of the included studies.

Reference (year) TYPE Country Study
period*

Alzouebi et al. (2012) TL UK 1970-2010

(12)

Buxey et al. (2012) (55) TL Australia 1996-2009

Ha et al., 2016) (40) TL and Korea 2000-2012

ATC

Hahn et al. (2013) (45) TL Korea 2006-2010

Kakkar et al. (2019) (25) TL India 2009-2015

Jin et al. (2007) (54) TL Korea 2003-2005

Nam et al. (2012) (47) TL Korea 1995-2010

Pradhan et al. (2019) ATC India 1991-2013

(48)

Quesada et al. (2016) TL USA 2000-2015

11

Ruggiero et al. (2005) TL USA 1977-2004

(49)

Sarinah et al. (2010) (50) TL Malaysia 1998-2006

Sharma et al. (2016) (30) TL USA 2000-2014

Stacchini et al. (2015) TL Ttaly 2001-2013

(46)

Suh et al. (2013) (23) ATC Korea 2001-2011

Wu et al. (2016) (56) TL Taiwan 1992-2015

Xu et al. (2021) (44) TL and China 2013-2018

ATC
Yang et al. (2015) (53) TL China 1995-2012
Total, n

N/A, not available.
* Period of patient enrollment.

gender ratio (fem:

10.3389/fendo.2022.971249

Mean age in years Number of patients ’

male) (range)

44:1 66 (20-90) 70
N/A 72 (50-90) 7
PTL 2.3:1 PTL: 59 (30-90) 40
ATC 4.9:1 ATC: 67 (20-91) 59
N/A N/A 10
27:1 64,6 (40-76) 11
2:1 62,5 (56-72) 6
3.3:1 60,8 (43-82) 13
1.2:1 58 (36-80) 100
0.8:1 41 (19-49) 7
27:1 76,5 22
1.8:1 58 (31-82) 17
1:1 67 (N/A) 75
1.2:1 66 (33-89) 13
2.6:1 70,5 (54-81) 18
1.5:1 67,9 (54-83) 10
N/A (39-75) * 24 *

0.7:1 68,8 (N/A) 12

514

* Number of all patients included in the study. Not equal to number of patients who underwent CNB.
 refers only to patients included in the study with atc or ptl, excluding patients with diagnosis other than atc or ptl.
# Refers to entire study population, including patients with diagnosis other than ATC or PTL. Data on gender ratio was therefore not incorporated in Table 2.

Meta-analysis

Of the 17 studies included, 15 could be pooled in a meta-
analysis; the remaining 2 did not provide adequate raw data (12,

TABLE 2 Patient characteristics at presentation*.
Symptoms

Pooled gender ratio (female:male)
Rapidly enlarging neck mass (%)
Dysphagia (%)

Airway compression/dyspnea (%)
Hoarseness (%)

Stridor (%)

Hashimoto’s thyroiditis (%)
Increased serum TSH (%)

Neck pain (%)

48). Twelve studies included patients with TL (11, 25, 30, 45-47, 49,
50, 54-56, 59), one included only patients with ATC (23) and two
both ATC and TL (40, 44). Raw data, sensitivity, and specificity -
when possible - for each included study are shown in Figures 3A, B.

ATC TL

2:1 (117:60)
79 (140/177)
40 (40/100)
38 (38/100)
44 (44/100)

1.9:1 (211:109)
88 (275/313)
31 (64/207)
31 (47/151)
32 (46/143)

8 (8/100) 16 (15/92)
0 (0/100) 31 (29/93)
10 (5/52) 50 (24/48)
27 (27/100) 17 (16/92)

* Symptoms not described in all studies. Ratios hold for patients included in studies that did report these symptoms.

* Concurrent Hashimoto’s thyroiditis or previous history of Hashimoto’s thyroiditis.
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(A). Forest Plot 1: meta-analysis on the role of CNB in PTL. (B). Forest Plot 2: meta-analysis on the role of CNB in ATC.

Quantitative analysis: Diagnostic value of
CNB and rate of IB

Pooling of extracted data from the 17 studies resulted in a
total of 17 patients with established diagnosis of ATC, 14 of
which were diagnosed with CNB; and a total of 145 patients with
established diagnosis of TL, 136 of which were diagnosed with
CNB (Table 3).

Meta-analysis methods rely on variability within and between
studies. However, there was no within and no between variability in
all eligible studies regarding PPV and specificity (so no summary
statistics are estimated for these diagnostic measures): all studies
reported a PPV and a specificity of 100%, both for ATC and TL.

Assessment of heterogeneity showed an I-2 statistic of -24.1
for sensitivity (p = 0.664; no heterogeneity detected) and of -103.4
for NPV (p=0.4832; no heterogeneity) so a fixed-effects meta-
analysis could be performed.

Calculation of sensitivity of CNB and rate of IB for ATC and
TL separately indicate the following. For diagnosing TL, CNB
shows a sensitivity of 94,3% (90,6 — 97,1%) and a NPV of 68% (34-
94%). CNB shows a slightly lower diagnostic value for diagnosing

TABLE 3 Pooled data of all included studies.

Final diagnosis

ATC
ATC 14
PTL 0

Other -

ATC with a sensitivity of 80,1% (59,4 — 94,6%). The proportion of
patients needing IB is 6.2% for TL and 17.6% for ATC (Table 4).

Discussion

For obtaining cells or tissues for microscopical examination
in the situation of a patient presenting with a rapidly enlarging
thyroid mass, FNA is the instinctive first test to be performed,
but its limitations and low sensitivity have already been
observed. In this context, the present meta-analysis suggests a
superior diagnostic value of CNB, with a sensitivity and PPV of
94.3% and 100% for TL, 80.1% and 100% for ATC. The meta-
analysis also suggests that CNB enables reducing the need for
diagnostic surgery to 6.2% for patients with TL, to 17.6% for
ATC and to 7.4% for both entities. In comparison, the need for
IB after FNA is reportedly 34% for patients with ATC, 37.9% for
TL, and 35.4% for both entities (40).

Besides more accurate typing a clear advantage of CNB over
FNA is the more reliable IHC/genetic analysis. This is especially
relevant since recent series using targeted therapy in BRAF V600E-

CNB
TL inconclusive other
0 3 -
136 9 -
_ _ 4%

PTL, Thyroid lymphoma; ATC, anaplastic thyroid carcinoma; CNB, CORE NEEDLE BIOPSY.
* Xu et al. (44): subacute thyroiditis (n=1), Hashimoto’s thyroiditis (n=1), RIEDEL thyroiditis (n=1). Hahn et al. (45) Hashimoto’s thyroiditis (n=1).
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TABLE 4 Results of the meta-analysis — pooled diagnostic
performance measures.

CNB ATC TL
Sensitivity (%) 80.1 94.3
Specificity (%)* 100 100
Positive predictive value (%)* 100 100
Negative predictive value (%) NE 68.0
Diagnostic surgery (%) 17.6 6.2

NE, not estimated.
* descriptive statistics.

mutant ATC have reported promising results, and a substantial
clinical benefit (OS of 31,5% at 2 years) through dabrafenib and
trametinib (37). In the absence of BRAF V600E mutation, ALK,
RET and NTRK fusions, when present, can be targeted; checkpoint
inhibitors have their place in case of high PD-L1 expression (5).
Risks of IB have been mentioned - hence this procedure is
best reserved for the occasions where CNB is inconclusive. The
main arguments of specialists who are reluctant to implement
CNB are the requirement of a radiologist and imaging
infrastructure on site, local anesthesia, a higher cost, more
discomfort, risk for tumor seeding and a higher bleeding risk
(45). However, looking critically at the literature, only self-
limiting hemorrhages were reported, the incidence of post-
CNB hematomas ranging between 0.02% and 2,4% (58, 60).
The present first systematic review and meta-analysis assessing
the diagnostic value of CNB in patients with ATC and TL indicates
the high sensitivity and PPV of the procedure, the low need of
diagnostic surgery and rare complications. It thus seems sensible to
infer that CNB is the most appropriate initial diagnostic tool for
obtaining cells or tissue for microscopical examination. Based on
the flowchart suggested by Wu et al. (56) and the results of the
present meta-analysis, an updated flowchart is now suggested
(Figure 4). Recently in April 2022, ten months following the
literature search of the current meta-analysis, an Italian
prospective series compared FNA and CNB in the patient group
presenting with a rapidly growing thyroid mass. The findings in the
current meta-analysis were corroborated by this report on 13 TL
and 33 ATC, worked-up in an experienced national tertiary referral
center for thyroid cancer. In ATC, FNA was able to correctly
identify histotype in only 3 patients (12.5%; PPV 17.1%) whereas
CNB did so correctly in all 33 (PPV 100%). FNA correctly
diagnosed TL in 7 of 13 patients (53,8%; PPV 61.5%), whereas
CNB correctly diagnosed 12 of 13 TL (92%; PPV 92.3%) (20).
The obvious limitations to this systematic review and meta-
analysis follow the inherent retrospective nature of the included
retrospective studies dealing with two rare disease entities.
Selection bias is difficult to eliminate. Ideally, studies should
share the same inclusion criteria. First, however, the limited
available literature necessitates allowance of studies with broader
inclusion criteria than just TL or ATC, when they do offer the
necessary raw data; these were then selectively extracted
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according to predefined inclusion criteria. Second, also of
studies focusing on ATC and TL, inclusion criteria differed
between the included manuscripts; most studies did not
perform CNB primarily but only after inconclusive FNAs, and
mostly CNB was performed in less patients than FNA; this
selection bias may underestimate the diagnostic value of CNB, as
evidenced in the study by Matrone et al. (20)

Also, following the inclusion criteria of many of the studies
selecting only patients with TL and ATC, specificity and NPV
could not be calculated for these patients, and the PPV of 100%
should be interpreted with caution.

Finally, not all studies provide a detailed description of the
CNB technique, nor of the experience of the radiologists and
pathologists involved, which is likely to be quite divergent; these
variables are thus not reflected in the findings of this
meta-analysis.

Conclusion

For patients presenting with a rapidly growing thyroid mass,
CNB has a significantly higher sensitivity for in the diagnosis of
ATC (80.1%) and TL (94.3%) than FNA (61% and 48%,
respectively). Not associated with increased complications, and

Rapidly enlarging neck mass
originating from the thyroid

Diffuse infiltration Diffuse infiltration

Irregular shape

ANDIOR
Increased vascularity

\/
/\

Non-Diagnostic

Diagnostic
Open biopsy [ ATC ][ PTL J [ Other ]

FNA for flow
cytometry
FIGURE 4

The proposed management algorithm for diagnosis of anaplastic
thyroid carcinoma and thyroid lymphoma. US, ultrasound; CT,
computed tomography; CNB, core needle biopsy; TL, thyroid
lymphoma; ATC, anaplastic thyroid carcinoma.
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facilitating an earlier treatment, CNB thus seems the preferred
initial step to obtain tissue diagnosis and start adequate
treatment in this clinical scenario.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Material. Further
inquiries can be directed to the corresponding author.

Author contributions

This paper was written by members and invitees of the
International Head and Neck Scientific Group (http://
www.IHNSG.com). VV, NG and AF contributed to conception
and design of the study. VV and NG organized the database and
performed the statistical analysis. VV, NG, and AT wrote the
first draft of the manuscript. VV, NG, AT, MC, PC, OC, PG,
OG-L, CP, GR, AR, OR, AS, ARS, YT, RT, MW, MZ and AF
wrote the final draft of the manuscript. All authors contributed
to the article and approved the submitted version.

Funding

Supported by the Walter Vandeputte Head and Neck Cancer
Fund (KU Leuven, Leuven, Belgium).

References

1. Graftf-Baker A, Roman SA, Thomas DC, Udelsman R, Sosa JA. Prognosis of
primary thyroid lymphoma: Demographic, clinical, and pathologic predictors of
survival in 1,408 cases. Surgery (2009) 146:1105-15. doi: 10.1016/j.surg.2009.09.020

2. Graff-Baker A, Sosa JA, Roman SA. Primary thyroid lymphoma: A review of
recent developments in diagnosis and histology-driven treatment. Curr Opin Oncol
(2010) 22:17-22. doi: 10.1097/CCO.0b013e3283330848

3. Stein SA, Wartofsky L. Primary thyroid lymphoma: A clinical review. J Clin
Endocrinol Metab (2013) 98:3131-8. doi: 10.1210/jc.2013-1428

4. Chiacchio S, Lorenzoni A, Boni G, Rubello D, Elisei R, Mariani G. Anaplastic thyroid
cancer: Prevalence, diagnosis and treatment. Minerva Endocrinol (2008) 33:341-57.

5. Bible KC, Kebebew E, Brierley J, Brito JP, Cabanillas ME, Clark TJ, et al. 2021
American Thyroid association guidelines for management of patients with
anaplastic thyroid cancer. Thyroid (2021) 31:337-86. doi: 10.1089/thy.2020.0944

6. Ahmed S, Ghazarian MP, Cabanillas ME, Zafereo ME, Williams MD, Vu T,
et al. Imaging of anaplastic thyroid carcinoma. Am J Neuroradiol (2018) 39:547-51.
doi: 10.3174/ajnr.A5487

7. Thieblemont C, Mayer A, Dumontet C, Barbier Y, Callet-Bauchu E, Felman
P, et al. Primary thyroid lymphoma is a heterogeneous disease. J Clin Endocrinol
Metab (2002) 87:105-11. doi: 10.1210/jcem.87.1.8156

8. Green LD, Mack L, Pasieka JL. Anaplastic thyroid cancer and primary
thyroid lymphoma: A review of these rare thyroid malignancies. J Surg Oncol
(2006) 94:725-36. doi: 10.1002/js0.20691

Frontiers in Endocrinology

09

10.3389/fendo.2022.971249

Acknowledgments

The authors would like to sincerely thank Annouschka
Laenen, PhD, from the Leuven Biostatistics and Statistical
Bioinformatics Centre, KU Leuven, Leuven, Belgium, for the
help in the statistical analysis.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fendo.2022.971249/full#supplementary-material

9. Sakorafas GH, Kokkoris P, Farley DR. Primary thyroid lympoma: Diagnostic
and therapeutic dilemmas. Surg Oncol (2010) 19:e124-9. doi: 10.1016/
j.suronc.2010.06.002

10. Walsh S, Lowery AJ, Evoy D, McDermott EW, Prichard RS. Thyroid
lymphoma: Recent advances in diagnosis and optimal management strategies.
Oncologist (2013) 18:994-1003. doi: 10.1634/theoncologist.2013-0036

11. Quesada AE, Liu H, Miranda RN, Golardi N, Billah S, Medeiros L], et al.
Burkitt lymphoma presenting as a mass in the thyroid gland: A clinicopathologic
study of 7 cases and review of the literature. Hum Pathol (2016) 56:101-8.
doi: 10.1016/j.humpath.2016.05.018

12. Alzouebi M, Goepel JR, Horsman JM, Hancock BW. Primary thyroid
lymphoma: The 40 year experience of a UK lymphoma treatment centre. Int J
Oncol (2012) 40:2075-80. doi: 10.3892/ij0.2012.1387

13. Perros P, Boelaert K, Colley S, Evans C, Evans RM, Gerrard Ba G, et al.
Guidelines for the management of thyroid cancer. Clin Endocrinol (Oxf) (2014)
81:1-122. doi: 10.1111/cen.12515

14. Ursino S, Stefanelli A, Pedriali M, Colosimo C, Greco C, Mazzotti V, et al.
Anaplastic thyroid Cancer: A case report of a long term survival patient and. Eur
Rev Med Pharmacol Sci (2014) 18:1368-72.

15. Mani N, McNamara K, Lowe N, Loughran S, Yap BK. Management of the
compromised airway and role of tracheotomy in anaplastic thyroid carcinoma.
Head Neck (2016) 38:85-8. doi: 10.1002/hed.23857

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2022.971249/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.971249/full#supplementary-material
https://doi.org/10.1016/j.surg.2009.09.020
https://doi.org/10.1097/CCO.0b013e3283330848
https://doi.org/10.1210/jc.2013-1428
https://doi.org/10.1089/thy.2020.0944
https://doi.org/10.3174/ajnr.A5487
https://doi.org/10.1210/jcem.87.1.8156
https://doi.org/10.1002/jso.20691
https://doi.org/10.1016/j.suronc.2010.06.002
https://doi.org/10.1016/j.suronc.2010.06.002
https://doi.org/10.1634/theoncologist.2013-0036
https://doi.org/10.1016/j.humpath.2016.05.018
https://doi.org/10.3892/ijo.2012.1387
https://doi.org/10.1111/cen.12515
https://doi.org/10.1002/hed.23857
https://doi.org/10.3389/fendo.2022.971249
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Vander Poorten et al.

16. Maniakas A, Dadu R, Busaidy NL, Wang JR, Ferrarotto R, Lu C, et al.
Evaluation of overall survival in patients with anaplastic thyroid carcinoma, 2000-
2019. JAMA Oncol (2020) 6(9):1397-404. doi: 10.1001/jamaoncol.2020.3362

17. Gu LS, Cui NY, Wang Y, Che SN, Zou SM, He W, et al. Comparison of
sonographic characteristics of primary thyroid lymphoma and anaplastic thyroid
carcinoma. J Thorac Dis (2017) 9:4774-84. doi: 10.21037/jtd.2017.09.48

18. Aiken AH. Imaging of thyroid cancer. Semin Ultrasound CT MRI (2012)
33:138-49. doi: 10.1053/j.sult.2011.12.006

19. Kim S, Gray AL, Lao WP, Perez MN, Liu Y, Lee SC. Is it anaplastic thyroid
cancer, primary thyroid lymphoma, or rosai dorfman disease? an elusive
histopathologic diagnosis of a thyroid mass. Head Neck Pathol (2021) 16:507-12.
doi: 10.1007/s12105-021-01392-8

20. Matrone A, De Napoli L, Torregrossa L, Aghababyan A, Papini P,
Ambrosini CE, et al. Core needle biopsy can early and precisely identify Large
thyroid masses. Front Oncol (2022) 12:854755. doi: 10.3389/fonc.2022.854755

21. Zhang L, Castellana M, Virili C, Crescenzi A, Giorgino F, Zucca E, et al.
Fine-needle aspiration to diagnose primary thyroid lymphomas: A systematic
review and meta-analysis. Eur ] Endocrinol (2019) 180:177-87. doi: 10.1530/E]JE-
18-0672

22. Jin M, Jakowski J, Wakely PE. Undifferentiated (anaplastic) thyroid
carcinoma and its mimics: A report of 59 cases. ] Am Soc Cytopathol (2016)
5:107-15. doi: 10.1016/j.jasc.2015.08.001

23. Suh HJ, Moon HJ, Kwak JY, Choi JS, Kim EK. Anaplastic thyroid cancer:
Ultrasonographic findings and the role of ultrasonography-guided fine needle
aspiration biopsy. Yonsei Med ] (2013) 54:1400-6. doi: 10.3349/ym;j.2013.54.6.1400

24. Smith AL, Williams MD, Stewart J, Wang WL, Krishnamurthy S, Cabanillas
ME, et al. Utility of the BRAF p.V600E immunoperoxidase stain in FNA direct
smears and cell block preparations from patients with thyroid carcinoma. Cancer
Cytopathol (2018) 126:406-13. doi: 10.1002/cncy.21992

25. Kakkar A, Purkait S, Agarwal S, Mallick S, Gogia A, Karak A, et al. Primary
thyroid lymphoma: A series from a tertiary care center in northern India. J Cancer
Res Ther (2019) 15:669-75. doi: 10.4103/jcrt.JCRT_135_17

26. Watanabe N, Noh JY, Narimatsu H, Takeuchi K, Yamaguchi T, Kameyama
K, et al. Clinicopathological features of 171 cases of primary thyroid lymphoma: A
long-term study involving 24553 patients with hashimoto’s disease. Br ] Haematol
(2011) 153:236-43. doi: 10.1111/j.1365-2141.2011.08606.x

27. Oh SY, Kim WS, Kim JS, Kim SJ, Lee S, Lee DH, et al. Primary thyroid
marginal zone b-cell lymphoma of the mucosa-associated lymphoid tissue type:
Clinical manifestation and outcome of a rare disease - consortium for improving
survival of lymphoma study. Acta Haematol (2012) 127:100-4. doi: 10.1159/
000333113

28. Holm L-E, Blomgren H, Léwhagen T. Cancer risks in patients with chronic
lymphocytic thyroiditis. N Engl ] Med (1985) 312:601-4. doi: 10.1056/
nejm198503073121001

29. Pedersen RK, Pedersen NT. Primary non-hodgkin’s lymphoma of the
thyroid gland: A population based study. Histopathology (1996) 28:25-32.
doi: 10.1046/j.1365-2559.1996.268311.x

30. Sharma A, Jasim S, Reading CC, Ristow KM, Villasboas Bisneto JC,
Habermann TM, et al. Clinical presentation and diagnostic challenges of thyroid
lymphoma: A cohort study. Thyroid (2016) 26:1061-7. doi: 10.1089/thy.2016.0095

31. Hirokawa M, Suzuki A, Hashimoto Y, Satoh S, Canberk S, Thuang JY, et al.
Prevalence and diagnostic challenges of thyroid lymphoma: A multi-institutional
study in non-western countries. Endocr J (2020) 67:1085-91. doi: 10.1507/
endocrj.EJ20-0202

32. Us-Krasovec M, Golouh R, Auersperg M, Besic N, Ruparcic-Oblak L.
Anaplastic thyroid carcinoma in fine needle aspirates. Acta Cytol (1996) 40:953-
8. doi: 10.1159/000334007

33. Gharib H, Papini E, Garber JR, Duick DS, Harrell RM, Hegediis L, et al.
American Association of clinical endocrinologists, American college of
endocrinology, and associazione Medici endocrinologi medical guidelines for
clinical practice for the diagnosis and management of thyroid nodules. Endocr
Pract (2016) 22:622-39. doi: 10.4158/EP161208

34. Na DG, Baek JH, Jung SL, Kim J-H, Sung JY, Kim KS, et al. Core needle
biopsy of the thyroid: 2016 consensus statement and recommendations from
Korean society of thyroid radiology. Korean ] Radiol (2017) 18:217-37.
doi: 10.3348/kjr.2017.18.1.217

35. Novoa E, Giirtler N, Arnoux A, Kraft M. Role of ultrasound-guided core-
needle biopsy in the assessment of head and neck lesions: A meta-analysis and
systematic review of the literature. Head Neck (2012) 34:1497-503. doi: 10.1002/
hed.21821

36. Ravinsky E, Morales C. Diagnosis of lymphoma by image-guided needle
biopsies: Fine needle aspiration biopsy, core biopsy or both? Acta Cytol (2005)
49:51-7. doi: 10.1159/000326095

Frontiers in Endocrinology

10.3389/fendo.2022.971249

37. Subbiah V, Kreitman R], Wainberg ZA, Cho JY, Schellens JHM, Soria JC,
et al. Dabrafenib plus trametinib in patients with BRAF V600E-mutant anaplastic
thyroid cancer: updated analysis from the phase I ROAR basket study. Ann Oncol
(2022) 33:406-15. doi: 10.1016/j.annonc.2021.12.014

38. Doweck I, Ronen O. Foreword. In: G Har-El, C-AO Nathan, TA Day, SA
Nguyen, editors. Head and neck surgery. Stuttgart: Georg Thieme Verlag (2013).
doi: 10.1055/b-0034-80030

39. Jung CK, Baek JH. Recent advances in core needle biopsy for thyroid
nodules. Endocrinol Metab (2017) 32:407-12. doi: 10.3803/EnM.2017.32.4.407

40. Ha EJ, Baek JH, Lee JH, Kim JK, Song DE, Kim WB, et al. Core needle
biopsy could reduce diagnostic surgery in patients with anaplastic thyroid cancer or
thyroid lymphoma. Eur Radiol (2016) 26:1031-6. doi: 10.1007/s00330-015-3921-y

41. Moher D, Liberati A, Tetzlaff J, Altman DG, Altman D, Antes G, et al.
Preferred reporting items for systematic reviews and meta-analyses: The PRISMA
statement. PloS Med (2009) 6(7):e1000097. doi: 10.1371/journal.pmed.1000097

42. WHO. WHO handbook for guideline development - 2nd edition.,” WHO
(2014). Geneva: World Health Organization. Available at: https://www.who.int/
publications/guidelines/Handbook_for_guideline_development-Chapter_17-
Diagnostic_tests.pdf?zua=1 (Accessed April 3, 2022).

43. Reitsma J, Rutjes A, Whiting P, Yang B, Leeflang M, Bossuyt P, et al. Chapter
9: Assessing risk of bias and applicability. In: ] Deeks, P Bossuyt, M Leeflang, Y
Takwoingi, editors. Cochrane handbook for systematic reviews of diagnostic test
accuracy. London: Cochrane (2022). p. 1-44.

44. Xu LL, Li SY, Zhu J, Lyu JG, Zhang MX, Gao L, et al. High frequency
ultrasound combined with ultrasound-guided core needle biopsy for the diagnosis
of primary thyroid lymphoma. Zhonghua Er Bi Yan Hou Tou Jing Wai Ke Za Zhi
(2021) 56:858-62. doi: 10.3760/cma.j.cn115330-20201201-00901

45. Hahn SY, Shin JH, Han BK, Ko ESY, Ko ESY. Ultrasonography-guided core
needle biopsy for the thyroid nodule: Does the procedure hold any benefit for the
diagnosis when fine-needle aspiration cytology analysis shows inconclusive results?
Br J Radiol (2013) 86(1025):20130007. doi: 10.1259/bjr.20130007

46. Stacchini A, Pacchioni D, Demurtas A, Aliberti S, Cassenti A, Isolato G,
et al. Utilility of flow cytometry as ancillary study to improve the cytologic diagnosis
of thyroid lymphomas. Cytom Part B - Clin Cytom (2015) 88:320-9. doi: 10.1002/
cyto.b.21204LK

47. Nam M, Shin JH, Han BK, Ko ESY, Ko ESY, Hahn SY, et al. Thyroid
lymphoma: Correlation of radiologic and pathologic features. J Ultrasound Med
(2012) 31:589-94. doi: 10.7863/jum.2012.31.4.589

48. Pradhan R, Agarwal A, Lal P, Kumari N, Jain M, Chand G, et al. Clinico-
pathological profile of anaplastic thyroid carcinoma in an endemic goiter area.
Indian ] Endocrinol Metab (2019) 22:793-7. doi: 10.4103/ijem.IJEM_264_18

49. Ruggiero FP, Frauenhoffer E, Stack BC. Thyroid lymphoma: A single
institution’s experience. Otolaryngol - Head Neck Surg (2005) 133:888-96.
doi: 10.1016/j.0tohns.2005.07.040

50. Sarinah B, Hisham A-N. Primary lymphoma of the thyroid: Diagnostic and
therapeutic considerations. Asian J Surg (2010) 33:20-4. doi: 10.1016/S1015-9584
(10)60004-8

51. von Holy A, Makhoane FM, Alimi BA, Workneh TS, Alves da Silva S,
Cardoso R de CV, et al. Report information from ProQuest. Food Control (2014)
40:134-8. doi: 10.1108/17506200710779521

52. Han J, Han N, Xu Z, Zhang C, Liu J, Ruan M. Expression profile of
circular RNA and construction of circular RNA-micro RNA network in salivary
adenoid cystic carcinoma. Cancer Cell Int (2021) 21(1):28. doi: 10.1186/S12935-
020-01681-2

53. Yang L, Wang A, Zhang Y, Mu Y. 12 cases of primary thyroid lymphoma in
China. ] Endocrinol Invest (2015) 38:739-44. doi: 10.1007/s40618-015-0250-6

54. Jin YK, Kim E-KK, Kyung HK, Woo IY, Min JK, Eun JS, et al. Primary
thyroid lymphoma - role of ultrasound-guided needle biopsy. ] UULTRASOUND
Med (2007) 26:1761-5. doi: 10.7863/jum.2007.26.12.1761

55. Buxey K, Serpell J. Importance of core biopsy in the diagnosis of thyroid
lymphoma. ANZ J Surg (2012) 82:90-0. doi: 10.1111/.1445-2197.2011.05935.x

56. Wu S-Y, Chu C-H, Duh Q-Y, Hsieh C-B, Yu J-C, Shih M-L. Management
for primary thyroid lymphoma: Experience from a single tertiary care centre in
Taiwan. Formos ] Surg (2016) 49:201-7. doi: 10.1016/j.fj5.2016.07.001

57. Matsuzuka F, Miyauchi A, Katayama S, Narabayashi I, Ikeda H, Kuma
K, et al. Clinical aspects of primary thyroid lymphoma: Diagnosis and
treatment based on our experience of 119 cases. Thyroid (1993) 3:93-9.
doi: 10.1089/thy.1993.3.93

58. Park JY, Yi SY, Baek SH, Lee YH, Kwon HJ, Park HJ. Diagnostic efficacy,
performance and safety of side-cut core needle biopsy for thyroid nodules:
comparison of automated and semi-automated biopsy needles. Endocrine (2022)
76(2):341-8. doi: 10.1007/s12020-022-02980-6

frontiersin.org


https://doi.org/10.1001/jamaoncol.2020.3362
https://doi.org/10.21037/jtd.2017.09.48
https://doi.org/10.1053/j.sult.2011.12.006
https://doi.org/10.1007/s12105-021-01392-8
https://doi.org/10.3389/fonc.2022.854755
https://doi.org/10.1530/EJE-18-0672
https://doi.org/10.1530/EJE-18-0672
https://doi.org/10.1016/j.jasc.2015.08.001
https://doi.org/10.3349/ymj.2013.54.6.1400
https://doi.org/10.1002/cncy.21992
https://doi.org/10.4103/jcrt.JCRT_135_17
https://doi.org/10.1111/j.1365-2141.2011.08606.x
https://doi.org/10.1159/000333113
https://doi.org/10.1159/000333113
https://doi.org/10.1056/nejm198503073121001
https://doi.org/10.1056/nejm198503073121001
https://doi.org/10.1046/j.1365-2559.1996.268311.x
https://doi.org/10.1089/thy.2016.0095
https://doi.org/10.1507/endocrj.EJ20-0202
https://doi.org/10.1507/endocrj.EJ20-0202
https://doi.org/10.1159/000334007
https://doi.org/10.4158/EP161208
https://doi.org/10.3348/kjr.2017.18.1.217
https://doi.org/10.1002/hed.21821
https://doi.org/10.1002/hed.21821
https://doi.org/10.1159/000326095
https://doi.org/10.1016/j.annonc.2021.12.014
https://doi.org/10.1055/b-0034-80030
https://doi.org/10.3803/EnM.2017.32.4.407
https://doi.org/10.1007/s00330-015-3921-y
https://doi.org/10.1371/journal.pmed.1000097
https://www.who.int/publications/guidelines/Handbook_for_guideline_development-Chapter_17-Diagnostic_tests.pdf?ua=1
https://www.who.int/publications/guidelines/Handbook_for_guideline_development-Chapter_17-Diagnostic_tests.pdf?ua=1
https://www.who.int/publications/guidelines/Handbook_for_guideline_development-Chapter_17-Diagnostic_tests.pdf?ua=1
https://doi.org/10.3760/cma.j.cn115330-20201201-00901
https://doi.org/10.1259/bjr.20130007
https://doi.org/10.1002/cyto.b.21204LK
https://doi.org/10.1002/cyto.b.21204LK
https://doi.org/10.7863/jum.2012.31.4.589
https://doi.org/10.4103/ijem.IJEM_264_18
https://doi.org/10.1016/j.otohns.2005.07.040
https://doi.org/10.1016/S1015-9584(10)60004-8
https://doi.org/10.1016/S1015-9584(10)60004-8
https://doi.org/10.1108/17506200710779521
https://doi.org/10.1186/S12935-020-01681-2
https://doi.org/10.1186/S12935-020-01681-2
https://doi.org/10.1007/s40618-015-0250-6
https://doi.org/10.7863/jum.2007.26.12.1761
https://doi.org/10.1111/j.1445-2197.2011.05935.x
https://doi.org/10.1016/j.fjs.2016.07.001
https://doi.org/10.1089/thy.1993.3.93
https://doi.org/10.1007/s12020-022-02980-6
https://doi.org/10.3389/fendo.2022.971249
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Vander Poorten et al.

59. Sturgeon C, Yang A, Elaraj D. Surgical management of lymph node
compartments in papillary thyroid cancer. Surg Oncol Clin N Am (2016) 25:17-
40. doi: 10.1016/j.50¢.2015.08.013

60. Chen BT, Jain AB, Dagis A, Chu P, Vora L, Maghami E, et al. Comparison of
the efficacy and safety of ultrasound-guided core needle biopsy versus fine-needle
aspiration for evaluating thyroid nodules. Endocr Pract (2015) 21:128-35.
doi: 10.4158/EP14303.0R

COPYRIGHT
© 2022 Vander Poorten, Goedseels, Triantafyllou, Sanabria, Clement,

Frontiers in Endocrinology

11

10.3389/fendo.2022.971249

Cohen, Golusinski, Guntinas-Lichius, Piazza, Randolph, Rinaldo, Ronen,
Cabanillas, Shaha, Teng, Tufano, Williams, Zafereo and Ferlito. This is an
open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply
with these terms.

frontiersin.org


https://doi.org/10.1016/j.soc.2015.08.013
https://doi.org/10.4158/EP14303.OR
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fendo.2022.971249
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Effectiveness of core needle biopsy in the diagnosis of thyroid lymphoma and anaplastic thyroid carcinoma: A systematic review and meta-analysis
	Introduction
	Materials and methods
	Search strategy and study selection
	Data extraction
	Statistical analysis

	Results
	Studies and demography
	Patient profile at presentation
	Qualitative analysis: Diagnostic role of CNB
	Application of CNB after FNA
	Initial application of CNB

	Complications of CNB
	Meta-analysis
	Quantitative analysis: Diagnostic value of CNB and rate of IB

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


