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Fine-needle aspiration (FNA) cytology of the thyroid is the initial diagnostic procedure for the 
evaluation of nodules and triage thereof to either observation or surgery. Traditionally, thyroid 
FNAs have been prepared as conventional smears (CS), but these presented certain drawbacks 
that led to the use of liquid-based preparations (LBP) in thyroid cytology, either as the sole 
preparation or in combination with CS. Although both methods are useful, the cytomorpho-
logic differences require familiarity for accurate interpretation and avoidance of diagnostic 
pitfalls. This Atlas was inspired by the increasing use of LBP as a processing method for thy-
roid FNA.

The second edition of the Bethesda System for Reporting Thyroid Cytopathology (TBSRTC) 
has been widely accepted by pathologists and endorsed by major endocrine clinical organiza-
tions including the American Thyroid Association (ATA) for the management of thyroid nod-
ules. It has also received global recognition. This Atlas emphasizes the use of LBP based on 
TBSRTC diagnostic categories.

The Atlas of Thyroid Cytopathology on Liquid-Based Preparations serves as a handy guide 
to diagnostic cytology on LBP. It is intended to be a ready resource to accurately diagnose 
thyroid lesions on LBP using key cytomorphologic features. Key cytologic differential diagno-
sis, gross, and histopathological correlations accompany the cytological findings.

The Atlas is lavishly illustrated with color images of various thyroid diseases that should 
familiarize pathologists with the differences between CS and LBP and between the two com-
monly used LBPs. The authors have done their best to provide clear, concise, and practical 
guidance pertaining to cytomorphology and the implications of thyroid FNA diagnoses for 
patient care in this era of precision medicine.

Rye Brook, NY, USA� Rana S. Hoda
New York, NY, USA� Rema Rao
New York, NY, USA� Theresa Scognamiglio  

Preface
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Liquid-Based Preparations in Thyroid 
Fine Needle Aspiration

Rana S. Hoda

�Thyroid Nodules

•	 Estimated annual incidence of thyroid nodules in the 
United States is 0.1%, which translates to 300,000 new 
nodules every year.

•	 Up to 50% of the general population may have sono-
graphically detectable thyroid nodules, although only up 
to 5% of these harbor a malignancy.

•	 The high incidence of thyroid nodules and low rate of 
cancer among nodules pose a clinical dilemma.

•	 The necessity for fine needle aspiration (FNA) is assessed 
by clinical and ultrasound (US) risk factors for malignant 
disease.

�Thyroid Cancer

•	 Thyroid cancer is the eighth most common cancer in the 
United States.

•	 In 2019, the American Cancer Society project that there 
will be approximately 52,070 new cases of thyroid cancer 
in the United States (37,810  in women and 14,260  in 
men), with 2170 deaths from the disease (1150 women 
and 1020 men). Nearly 3 out of 4 cases are found in 
women. Thyroid cancer is commonly diagnosed at a 
younger age than most other adult cancers.

•	 Thyroid cancer currently makes up just 5% of newly diag-
nosed cancers.

•	 The incidence rates of thyroid cancer in both women and 
men increased at a rate of about 4% a year from 2005 to 
2014, according to the latest available data. Thyroid can-
cer is the most rapidly increasing cancer in the United 

States, and by 2030 it will become the fourth most preva-
lent cancer in the United States [2].

•	 The rise in the detection of thyroid cancer can be attrib-
uted to the increasing use of US, which can detect 
small, nonpalpable thyroid nodules that were not 
detected in the past.

�Fine Needle Aspiration of Thyroid Nodules

•	 FNA is the standard test for initial assessment of thyroid 
nodules.

•	 The sensitivity of FNA is 80–98% and specificity is 58–100% 
in the triage of patients to observation or surgery. FNA per-
formed under US guidance is much more sensitive.

•	 FNA diagnoses are reported based on The Bethesda 
System for Reporting Thyroid Cytopathology (TBSRTC), 
the second edition of which was released in 2017.

•	 Overall, thyroid FNA shows malignancy in about 5–10% 
of cases; another 10–25% are indeterminate or suspicious 
for cancer. Findings are benign in 60–70%. Patients with 
nodules that are malignant or suspicious for cancer by 
FNA usually undergo thyroid surgery.

•	 Malignancy is found in more than 50% of excised thyroid 
nodules.

•	 The American Thyroid Association (ATA) recommends 
FNA of all thyroid nodules larger than 1 cm.

•	 Nodules smaller than 1 cm are aspirated if they have high-
risk US features:
–– Solid or hypoechoic
–– Irregular margins
–– Height taller than width
–– Microcalcifications
–– Disrupted rim calcifications

•	 Molecular testing in conjunction with indeterminate 
cytology on FNA aids in the preoperative detection of 
neoplastic and malignant thyroid nodules.

1
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�The Principal Indications for FNA in Thyroid 
Nodules

•	 Initial assessment of a newly discovered nodule
•	 Follow-up of benign nodules after initial assessment
•	 Follow-up of patients with a history of thyroid cancer for 

the early detection of recurrences. The current standard 
for follow-up consists of US and FNA every 3–6 months 
or as clinically indicated.

�Comparison of Liquid-Based Preparations 
and Conventional Smears

•	 Traditionally, thyroid FNA has been prepared as conven-
tional smears (CS), but liquid-based preparations (LBP) 
are increasingly being used, because of major technical 
limitations of CS (Fig. 1.1)

•	 The following tables list advantages and disadvantages of 
CS and LBP (Table  1.1), a technical comparison 
(Table 1.2), a morphologic comparison (Table 1.3), and 

cytological features of commonly encountered thyroid 
lesions as seen in CS and LBP (Table 1.4).

�The Limitations and Artifacts 
of Conventional Smears

•	 Technical limitations of CS impair cell details and ade-
quate assessment of cytology.

•	 The many limitations and artifacts result from the prepa-
ratory method and fixation:
–– Slide labeling: Labeling the slides (putting at least two 

patient identifiers) and packing them can be tedious 
and time-consuming.

–– Uneven smearing of cells on slides: The smearing of 
the collected sample on the slides is uneven and non-
uniform (Fig. 1.2), with interindividual and intraindi-
vidual variations in smear preparation.

–– Thick and overcrowded cellular areas: These are 
fairly common and result from uneven smearing 
(Fig. 1.2).

SurePath ThinPrep Smear

+
ThinPrepTM

+

Fig. 1.1  SurePath™ (SP), ThinPrep® (TP) and conventional smear 
(CS). For the SP slide, the diameter of the circle is 13 mm and the speci-
men collection preservative medium is ethanol-based. For the TP slide, 
the circle where the cytologic material is deposited has a diameter of 
20  mm. The specimen collection preservative medium is methanol-
based. The Papanicolaou (Pap)-stained CS shows material deposited 
unevenly along the entire slide surface

Table 1.1  Principal advantages and disadvantages of conventional 
smears and liquid-based preparations

Method Advantages Disadvantages
Conventional 
smears

Inexpensive; no special 
preparation or staining 
equipment needed; simple; 
good cellularity; larger-sized 
clusters; better preserved 
architecture; good 
morphology

Multiple slides with 
variable cell 
deposition; smear-
related artifacts 
including air-drying 
artifact, thick cellular 
areas, obscuring 
blood; tedious to 
screen

ThinPrep®a Standardized and easy 
preparation; monolayer; less/
good cellularity; better 
preservation; decrease in 
unsatisfactory specimens; 
uniform cell distribution; 
clean background; fast and 
easy screening; multiple 
slides can be prepared; 
additional cost is offset by 
improved specimen quality

Some alteration of key 
nuclear features and 
background elements; 
fragmentation of cell 
clusters; cell 
shrinkage; more 
expensive than 
conventional 
preparations

SurePath™b Standardized preparation; 
stained on the processor; 
good cell yield and 
preservation of morphology; 
relative ease of screening; 
multiple slides can be 
prepared

Cells are in various 
planes of focus, 
making screening and 
focusing at high 
magnification tedious

aBD Diagnostics, Burlington, NC, USA
bHologic, Marlborough, MA, USA

R. S. Hoda
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Uneven staining: Because Diff Quik (DQ) staining 
is performed manually, overstaining is usual, due to 
nonuniform and thick and overcrowded cell distribu-
tion and cells partially obscured by blood (Figs. 1.2 
and 1.3).

Partially obscuring blood: This artifact is fairly 
common and because cells cannot clearly be assessed, 
it usually results in overdiagnosis for fear of missing a 

significant lesion. In LBP, even though some blood is 
retained, it does not obscure cell detail (Figs. 1.4a–e 
and 1.5a–d).

–– Crush artifact: Cells are fragile; if more pressure is 
used for smearing, the nuclei crush and smear, and 
cytoplasm is disrupted. This artifact is more pro-
nounced in lesions with a lymphoid component 
(Fig. 1.6).

Table 1.2  Technical comparison of conventional smears and liquid-based preparations

Features Conventional smears Liquid-based preparations
Slide Preparation Less easy; slides are manually prepared and labeled 

with two patient identifiers
Easy, fully automated (TP) or semi-automated (SP)

Instrument No special instrument required Special instruments required
Glass slides Ordinary glass slides Manufacturer provides specially made & marked slides
Cost Less expensive; no special requirements Expensive due to costs of special instrument, solution, 

and slides
Specimen handling and 
transport

More handling, less easy transport. Air-dried slides 
transported in cardboard boxes; ethanol-fixed slides 
transported in Coplin jars

Less handling, easy transport. Specimen rinsed in 
tubes with proprietary collection medium, capped, and 
transported

Method of preparation Time-consuming: specimen is smeared on glass slides, 
resulting in nonuniform and variable slides

Fast, automated, uniform, standardized preparations

Number of slides Usually four or more One
Cell deposition Nonuniform deposition on the entire 5 × 2.5 cm area Cells deposited within a well-defined marked area, a 

circle 20 mm (TP) or 13 mm (SP) in diameter
Fixative Ethanol Methanol (TP) or ethanol (SP)
Fixation and air-drying Variable, usually 5–10 seconds; potential for 

air-drying artifact
Immediate, prevents air-drying artifact

Staining Both Romanowsky & Pap stains Only Pap stain
Obscuring elements Present: Blood, inflammation None or reduced
Cell distribution Nonuniform; cell distribution in thick cellular areas 

with overlap
Uniform; thick cell distribution and overlap absent or 
reduced

Screening and time Screening is time-consuming, tedious: many slides, 
cells unevenly deposited on the entire slide; obscuring 
elements

Screening is easy: one slide, cells deposited uniformly 
in a marked area with limited fields of view; obscuring 
elements reduced or absent

On-site evaluation Can be performed with Romanowsky stains, such as 
Diff Quik (DQ) stain

Not possible

SP SurePath, TP ThinPrep

Table 1.3  Cytological differences between conventional smears and liquid-based preparations

Features Conventional smears Liquid-based preparations
Inadequate rate Variable 15–30% <15%
Obscuring elements Yes No
Background elements Present Reduced
Thick cellular areas Yes No
Colloid Diffusely present, allows evaluation 

of amount
Thin colloid appears as “wrinkled tissue paper” or clumped, and 
thick colloid as globules; does not allow accurate quantification

Retention of large cell clusters Yes Inconsistent and smaller
Complex 3D fragments Retained, easy to interpret Fragmented, smaller, difficult to interpret due to thickness, 

especially in SP
Papillary structures Easy to interpret Difficult to interpret due to thickness, especially in SP
Follicular cells Retain size and shape Cells become smaller
Nuclei of papillary thyroid 
carcinoma (PTC)

Retain all features Retain all features. Intranuclear pseudoinclusions (INPI) may be 
reduced or less apparent, especially in TP

Hürthle cells Smooth nuclear membranes Sometimes irregular nuclear membranes, smaller size
Aggregation of lymphocytes No Yes

SP SurePath, TP ThinPrep

1  Liquid-Based Preparations in Thyroid Fine Needle Aspiration
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–– Nuclear features: Evaluation of nuclear features is 
important in the diagnosis of thyroid lesions, particularly 
papillary thyroid carcinoma (PTC), so most pathologists 
prefer to examine specimens using the Pap stain. 
However, such material must be immediately fixed in 

alcohol to prevent air-drying artifact. Clinicians often do 
not appreciate how quickly the air-drying artifact occurs 
and do not see the impact of poor preparation. In a busy 
office, the clinician may unintentionally allow the slides 
to air-dry prior to placement in alcohol. This results in a 

Table 1.4  Cytologic criteria for interpretation of thyroid lesions on conventional smears and liquid-based preparations

Diagnosis Conventional smears Liquid-based preparations
TBS II, Benign Follicular 
Nodule

Abundant watery colloid, honeycomb and ordered 
sheets and macrofollicles of small follicular cells, 
small uniform nuclei, clear to granular cytoplasm ± 
hemorrhage with hemosiderin-laden histiocytes & 
abundant thin colloid

All features present, single cells, bare nuclei, sheets are 
smaller, with smaller cells and nuclei, less watery colloid 
appears as “wrinkled tissue paper–like”

TBS II, Lymphocytic  
Thyroiditis

Mostly mature lymphocytes, few plasma cells, 
epithelioid histiocytes, lymphoid tangles, 
lymphoepithelial aggregates, sheets and clusters of 
Hürthle cells ± atypia, scant colloid

All features present, lymphocytes may be reduced, 
aggregate and may mimic follicular cells

TBS III, AUS/FLUS Enlarged nuclei with subtle and few of the nuclear 
features of PTC, cells present in clusters/
microfollicles. Follicular-patterned lesions may not 
always show PTC nuclear features if they represent 
FA/FC

All features present, cell clusters and microfollicles may 
appear tighter and cells and nuclei may appear smaller

TBS IV, Follicular  
Neoplasm (FN)/ 
Suspicious for FN

Scant or absent colloid; microfollicles or small clusters 
of larger (medium-sized) follicular cells arranged in 
honeycomb sheets with altered polarity, rounded, 
overlapping nuclei, ± slight nuclear irregularity, 
nucleoli, vascular fragments, diffuse or globules of 
thick colloid, usually in association with follicular 
cells. Nuclear clearing, grooves represent follicular-
patterned PTC.

All features present, cells appear small, microfollicles 
may be tighter, scattered and isolated, colloid globules 
may be few and dispersed, or associated with follicular 
cells. In SP, microfollicle lumens are visualized in 
different planes of focus.

TBS IV, Follicular  
Neoplasm (FN)/ 
Suspicious for FN,  
Oncocytic Type

All features of FN as described above are present; cells 
are exclusively oncocytes with enlarged, monotonous 
nuclei, bi-nucleation, small or prominent nucleoli, 
dense or granular pinkish cytoplasm with distinct 
outline, low to high N:C, transgressing vessels or 
vascular fragments

All features present; oncocytes are smaller, nuclear 
chromatin appears more condensed, nucleoli may be 
more prominent

TBS V, Suspicious  
for Papillary Thyroid 
Carcinoma (PTC)

Colloid less and thick, ± dense globules “bubble gum” 
or thick “ropy” strands, syncytial fragments, clusters or 
papillary-like structures of medium- to large-sized 
nuclei with moderate nuclear pleomorphism, overlap, 
and crowding, irregular membrane, clearing and 
grooves (none/few INPI and absent true papillary 
fragments with fibrovascular core and psammoma 
bodies)

All features present; cells appear small; syncytial 
fragments, clusters or papillary-like structures are 
smaller with more disruption

TBS VI, Malignant,  
Papillary Thyroid  
Carcinoma (PTC)

Colloid less, hard and thick, forms dense globules 
“bubble gum” or “ropy” strands, large syncytial 
fragments, clusters, papillary fragments with 
fibrovascular cores of medium- to large-sized follicular 
cells with nuclear pleomorphism, overlap, and 
crowding, irregular membrane, clearing, grooves, 
INPI, nucleoli, ± psammoma bodies, ± cystic 
degeneration and histiocytes

All features present; cells appear small, ± elongated, 
many single cells, syncytial fragments, clusters and 
papillary fragments are smaller, thinner with more 
disruption; INPI may be reduced, smaller, and difficult 
to find

TBS VI, Malignant, 
Medullary Thyroid  
Carcinoma (MTC)

Cellular, small clusters of round to spindled cells with 
round or ovoid, slightly pleomorphic plasmacytoid 
(eccentrically placed) nuclei, “salt & pepper” 
neuroendocrine chromatin, fragments of hyaline 
material (amyloid); scant colloid

All features present; cells appear small, many isolated 
and dispersed cells, syncytial fragments; “salt & pepper” 
neuroendocrine chromatin retained, amyloid can be seen

FA follicular adenoma, FC follicular carcinoma, FN follicular neoplasm, FVPTC follicular variant of papillary thyroid carcinoma, MTC medullary 
thyroid carcinoma, N:C nucleus to cytoplasmic ratio, PTC papillary thyroid carcinoma, SP SurePath, TBS The Bethesda System

R. S. Hoda
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Fig. 1.2  Artifacts of CS. The smearing of the collected sample on the 
slides is uneven and non-uniform. Note thick and overcrowded cellular 
areas concentrated on the top of the slide (Diff-Quik [DQ] stain, CS)

Fig. 1.3  Artifacts of CS. DQ staining in CS is uneven and overstained 
due to nonuniform and thick cell distribution

Fig. 1.4  (a–e) Artifacts of CS. (a, b) CS slide shows abundant blood, 
which partially obscures follicular cell detail. These are benign follicu-
lar cells. (c, d) Same case processed as TP shows background blood, but 
the follicular cells are not obscured. (e) Same case processed as a SP 

shows follicular cells within blood. Cell details are not obscured. Note 
macrophage in a different plane of focus. (a, b, Pap stain CS; c, d, Pap 
stain TP; e, Pap stain SP)

a b

1  Liquid-Based Preparations in Thyroid Fine Needle Aspiration
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Fig. 1.4  (continued)

e

c d

R. S. Hoda
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a b

c d

Fig. 1.5  (a–d) Blood and Colloid in CS and LBP. (a, b) Blood and thin 
colloid in CS. Note blood obscures cell detail as seen in (a) and thin 
colloid forms a diffuse film as seen in (b). (a, Pap stain CS; b, DQ stain 
CS). (c) Same case processed TP shows a clean background without 

blood. Thin colloid as is retained and appears like wrinkled tissue paper 
or a folded napkin. (d) Same case processed SP shows some blood in 
the background. Thin colloid is not as clearly evident as in the TP slide 
(c, d, Pap stain)

Fig. 1.6  Artifacts of CS. CS slide shows “crush artifact” with crushed 
nuclei and disrupted cytoplasm from a case of lymphocytic thyroiditis 
(Pap stain, CS)

suboptimal or even nondiagnostic specimen, owing to 
loss of nuclear details (Fig. 1.7a–c).

–– Contamination: There is also a potential for contami-
nation from cellular samples during staining.

�Liquid-Based Preparations (LBP) for Thyroid 
FNA

•	 FNA is used to triage thyroid nodules to a specific man-
agement—surgery (either total or subtotal) or 
observation.

•	 The most common malignancy of the thyroid is 
PTC. Because of its multifocal nature, a diagnosis of 
malignancy on FNA typically results in a total thyroid-
ectomy. A benign diagnosis is reassuring and allows 
the patient to avoid surgery and undergo periodic 
observation. These diagnoses require well-preserved 
nuclei.

1  Liquid-Based Preparations in Thyroid Fine Needle Aspiration
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•	 Most laboratories report thyroid FNA diagnoses accord-
ing to TBSRTC, which has retained six diagnostic cate-
gories, each with their own risk of malignancy and 
recommended clinical management. (See Chap. 2, 
Tables 2.1 and 2.2.)

•	 Usually multiple CS slides are prepared from each FNA 
pass. If rapid on-site specimen evaluation (ROSE) is per-
formed, a few slides are air-dried and stained with a 
Romanowski-type stain such as the Diff Quik (DQ) stain 
and reviewed. A few slides are fixed in alcohol for later 
Papanicolaou (Pap) staining.

•	 Many clinicians also perform thyroid FNA in their clinics 
without ROSE, and make multiple CS slides to ensure the 
adequacy of the sample.

�Types of LBP and Preparatory Techniques  
for LBP

•	 The popularity of LBP is increasing, as these techniques 
can improve the quality of thyroid specimens and reduce 
the number of slides per specimen.

•	 Two types of LBP currently in use are ThinPrep® (TP) 
(Hologic, Marlborough, MA, USA) and SurePath™ (SP) 
(BD Diagnostics, Burlington, NC, USA).

•	 Both reduce the variations and artifacts of CS and pro-
duce uniform, standardized preparations by an automated 
process that is representative of the entire collected 
sample.

•	 Details of the LBP collection and processing techniques, 
technical differences, general cytologic and specific cel-
lular features for the two types of LBP, and comparison 
with CS have previously been published [15].

•	 LBP techniques are automated to avoid contamination 
during manual processes and to reduce labor time for 
batch sample preparation (Fig. 1.8).

•	 The TP method, in brief:
–– The specimen is collected in a methanol-based solu-

tion (Cytolyt™), then filtered and transferred onto a 
positively charged slide with a gentle positive pressure 
and stained with Pap stain.

–– All the steps prior to staining occur in automated sys-
tems, TP2000™ or TP5000™ processors. TP 2000 
processes one slide at a time, whereas TP5000 can 
batch-process 20 samples at one time.

–– The TP method is based on membrane filtration, in 
which the cells of interest are separated when the liq-
uid collection medium is drawn through a filter using 
negative pressure pulse. Thus, the cells appear in a true 
monolayer.

a

b

c

Fig. 1.7  (a–c) Artifacts of CS. (a, b) Slides show air-drying artifact. 
Note poor nuclear details and larger cell and nuclear size. (c) Case 
shows benign Hürthle cells that appeared much larger and were inter-
preted as atypical (Pap stain, CS)

R. S. Hoda
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a

b c

SurePath

ThinPrep

Fig. 1.8  (a–c) LBP Processing Techniques and Background. (a) 
SurePath™ Technique: The sample is collected in CytoRich®, an 
ethanol-based proprietary preservative fluid which is vortexed prior to 
preparation. A syringe is used to disaggregate larger cell fragments. The 
specimen is then dispersed onto a density gradient reagent, a polysac-
charide solution that acts to trap small particles and debris. The speci-
men is centrifuged and then the cell pellet is resuspended. The 
PrepStain™ processor transfers the fluid to a settling chamber that rests 
on a positively charged glass slide. Cells are allowed to settle on the 
slide under the influence of gravity. The PrepStain™ processor also 
automatically stains the slides. ThinPrep™ Technique: A cylinder with 
a polycarbonate filter attached to one end is introduced into the speci-
men vial and gently rotated creating a current that disaggregates mucus, 
blood, colloid and other background material, breaks up large cell clus-
ters, and mixes and homogenizes the cell suspension. A gentle vacuum 
is then applied to the cylinder, most of the broken erythrocytes, thin 

mucus, thin colloid, and other debris pass through the filter pores, while 
the cells of interest adhere to the filter. The instrument monitors the cell 
density across the filter and the flow rate decreases when cells are 
evenly distributed on the filter with minimal overlap. The cylinder then 
moves out of the specimen and is lightly pressed against a positively 
charged slide. A whiff of positive air pressure is applied to transfer the 
cells to the slide. The slide is immediately dropped into 95% ethanol 
fixative. The prepared slide is removed from the processor and either 
stained manually or on an automatic slide stainer (From Hoda RS, 
VandenBussche C, Hoda SA. Liquid-based specimen collection, prepa-
ration, and morphology. In: Diagnostic liquid-based cytology. Hoda 
RS, VandenBussche C, Hoda SA, editors. New York: Springer; 2017; 
with permission). (b) CS shows abundant thin colloid which stains light 
blue-green (Pap stain). (c) In TP, the amount of colloid is diminished, 
compared with CS and appears as droplets, as seen here, or like wrin-
kled tissue paper or a folded napkin as seen in Fig. 1.5C (Pap stain)
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–– Colloid, lymphocytes, and large tissue fragments are 
reduced in TP, however, and the large tissue fragments 
are more fragmented than in CS.

•	 The SP method, in brief:
–– The specimen is collected in an ethanol-based solution 

(CytoRich™), cells are transferred onto one poly-l-
lysine coated slide, and they are stained with Pap stain.

–– All the steps, including the staining, occur in an auto-
mated system, PrepStain™ (BD Diagnostics, 
Burlington, NC, USA). The PrepStain system can 
batch-process 48 specimens per run.

–– The SP method employs density gradient separation 
and centrifugation, a cell enrichment process producing 
cells devoid of blood and other obscuring materials. 
The cells of interest are separated as a result of the sim-
ple sedimentation of cells and allowed to settle on the 
slide surface under the influence of gravity rather than 
applied pressure.

–– Thus, the SP method produces a more three-
dimensional (3-D) configuration for both single cells 
and clusters than does CS.

•	 Use of liquid-based technology allows for only one Pap-
stained slide to be created for screening, and greatly mini-
mizes the chances that the specimen will air-dry. In 
addition, it minimizes the work required on the part of the 
clinician performing the FNA, as no glass slides must be 
prepared. Needle passes can be taken in quick succession, 
minimizing the time of the procedure for both the clini-
cian and the patient.

•	 Overall, the diagnostic accuracy of CS and LBP is com-
parable with sensitivities of 79% and 76%, specificities of 
64% and 55%, positive predictive values (PPV) of 92% 
and 94%, and negative predictive values (NPV) of 90% 
and 82% for CS and LBP respectively. Correlation 
between CS and LBP is 90%.

•	 There are, however, cytomorphologic differences 
between CS and LBP with regard to background ele-
ments such as blood and the amount and character of 
colloid, architectural features, and nuclear and cyto-
plasmic details.

•	 Familiarity and experience with the cytomorphological 
appearance on LBP is required for correct interpretation, 
and to avoid diagnostic pitfalls. Studies have shown that 
LBP morphology differs from that seen on CS [10, 11, 
24]. Most importantly, colloid often has a delicate “tissue 
paper” appearance on LBP that is not seen on CS. Thyroid 
follicular cells often shrink, giving them a smaller appear-
ance than what is seen on Pap-stained CS. Details of these 
and other differences are described below and on Tables 
1.3 and 1.4.

�Methods for LBP Triage

•	 LBP can be prepared by two methods, the “split-sample” 
method and the “direct to vial” method.

•	 “Split-sample” method: Both CS and LBP are prepared. 
This method is usually employed when a cytologist is 
available to render ROSE.
–– The first pass is expelled directly onto the slides, and 

two or more slides are prepared from each pass for DQ 
and Pap staining. Residual material is rinsed in the 
LBP collection medium.

–– DQ stain is assessed for adequacy from each pass.
–– Specimens may also be collected for molecular tests. 

(See Chap. 14.)
•	 “Direct to vial” method: Only LBP is used.

–– Two or more dedicated passes are rinsed directly in the 
LB collection fluid to process as one LBP.

�Alterations in General Features in LBP 
in Thyroid FNA

•	 Although both TP and SP are LBP, there are subtle differ-
ences between the two methods vis-a-vis cellularity, 
background, architecture, and cellular morphology. These 
differences are due to different collection media and fixa-
tion and the different processing methods.

•	 Practitioners of cytology only need awareness of the 
cytomorphological differences between CS and LBP 
and between the two different LBP, TP, and 
SP. Diagnostic features, although altered in appearance 
in LBP, remain similar to those seen in CS (Tables 1.5, 
1.6, and 1.7).

•	 All background and cellular alterations in the two LBP 
result from their processing techniques (Fig. 1.8a).

�Adequacy

•	 As per TBSRTC, adequacy criteria in LBP are similar to 
those for CS. (See Chap. 3.)

•	 Cellularity is usually high or adequately high in LBP.
•	 An additional LBP slide may help decrease the number of 

inadequate results.
•	 Ultrasound gel must be wiped from the needle insertion 

site. Excess gel can obscure the cellular component in 
both LBP and CS. In TP, the filter may become clogged 
by the gel, preventing cells from being transferred to the 
slide.

R. S. Hoda
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�Background

•	 The background in LBP is clean and has less or no obscur-
ing elements. The TP and SP collection media, PreservCyt 
and CytoRich Red, contain mucolytic and hemolytic 
agents that reduce blood, polymorphonuclear leucocytes 

(PMNs), and cystic and necrotic debris. Even if excess 
blood and other background elements are present, they do 
not obscure the cells (Fig. 1.4c–e).

•	 The amount of colloid may be diminished, compared with 
CS (Fig. 1.8b, c).

•	 Thin colloid may resemble delicate tissue paper or a 
folded napkin, or may be granular rather than in a film as 
in CS (Figs. 1.5c, 1.8b and 1.9a–c); thick colloid appears 
as small, dense droplets or globules, rather than the thicker 
sheets seen in CS (Fig. 1.9d, e).

•	 In chronic lymphocytic thyroiditis (CLT) or Hashimoto’s 
thyroiditis, lymphocytes may be reduced in TP and may 
affect the diagnosis (Fig. 1.10a, b). (See also Chap. 4.)

•	 The number of lymphocytes is slightly increased in SP 
slides; the difference may represent lymphocytes from 
peripheral blood contamination.

•	 In TP, necrosis forms granular clumps and clings to tumor 
cells (“clinging” diathesis). This feature makes tumor 
cells stand out (Fig. 1.11a, b).

�Cellularity and Cell Distribution

•	 LBP shows higher cellularity.
•	 Cells are generally distributed singly and in thin layers with 

less overlap in LBP, particularly in TP, which consistently 

Table 1.5  Technical differences between LBP preparations

Features ThinPrep SurePath
Cost Expensive Less expensive
Sample 
collection

Uniform Uniform

Sample transfer Entire Entire
Fixation Immediate Immediate
Transport Easy Easy
Slide 
preparation

Fully automated Partial automation

Slide evaluation Easier Easy
Cells deposition Well-defined 20 mm 

diameter area
Well-defined 13 mm 
diameter area

Cell 
preservation

Good Good

Obscuring 
factors

None None

Air-drying None None
Screening time Reduced Reduced
Reproducibility Yes Yes
Ancillary studies Possible Possible

Adapted from Hoda RS, VandenBussche C, Hoda SA.  Liquid-based 
specimen collection, preparation, and morphology. In: Diagnostic 
liquid-based cytology. Hoda RS, Van den Bussche C, Hoda SA, editors. 
New York: Springer; 2017. p. 1–12; with permission

Table 1.6  General cytologic features on LBP preparations

Features ThinPrep SurePath
Quality Enhanced Enhanced
Background
 � Clean Yes Yes
 � RBCs More reduced Reduced
 � Neutrophils Reduced Reduced
 � Necrosis Clumped Clumped
Cellularity Lower Higher
Cell Distribution Uniform, one plane 

of focus
Uniform, thick, different 
planes of focus

Cell size Smaller Small
Architecture Less well-preserved Better preserved
Cytomorphology Preserved Preserved
aExtracellular material
 � Quantity Reduced Less reduced
 � Appearance Altered Less altered

Adapted from Hoda RS, VandenBussche C, Hoda SA.  Liquid-based 
specimen collection, preparation, and morphology. In: Diagnostic 
liquid-based cytology. Hoda RS, Van den Bussche C, Hoda SA, editors. 
New York: Springer; 2017. p. 1–12; with permission
aExtracellular material including necrosis, mucin, lubricant are altered 
in quality

Table 1.7  Specific cellular features LBP preparations

Features ThinPrep SurePath
Architecture
Fragmentation Present ++ Present +
Monolayer 
cells

+ –

Cell clusters Present, 3D, flat, 
smaller cohesive, 
minimal overlap

Present, thick, 3-D > depth 
of focus, cohesive, more 
overlap

Flattening More Less
Cellular morphology
Shape More rounded Rounded/elongated
Nucleus
Detail Enhanced Enhanced
Nucleoli More prominent Preserved
Inclusions Less apparent Preserved
Cytoplasm
Detail May be denser May be denser
Shape Retained Retained
Elementsa Preserved Preserved

Adapted from Hoda RS, VandenBussche C, Hoda SA.  Liquid-based 
specimen collection, preparation, and morphology. In: Diagnostic 
liquid-based cytology. Hoda RS, Van den Bussche C, Hoda SA, editors. 
New York: Springer; 2017. p. 1–12; with permission
+ indicates present, − indicates not present
aCytoplasmic elements include: vacuolations, pigment, PMNs
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a b

c

e

d

Fig. 1.9  (a–e) Background. Identifying the amount and nature of col-
loid is important for proper interpretation of thyroid nodules. (a, b) This 
cystic lesion on CS show a diffuse thin film of thin watery colloid (a, 
DQ stain, CS; b, Pap stain CS). c, Same case processed as TP shows the 
fragmented colloid which appears as delicate wrinkled sheets and gran-

ular material rather than in a film as in CS (Pap stain). (d) In SP, thick 
colloid appears as small, dense droplets or globules, rather than the 
thick sheets of colloid seen in CS (Pap stain). (e) Thick colloid forms a 
dense irregular thick sheet in CS (Pap stain)
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produces thinner monolayered preparations. More 3-D 
configuration is noticeable in SP. LBP shows all cell distri-
bution patterns as seen in CS (Fig. 1.12a, b).

�Architectural Features

•	 Honeycomb sheets, macrofollicles, microfollicles, syncy-
tial fragments, three-dimensional (3-D) clusters, branch-
ing sheets, and papillary formations are all retained in 
LBP (Figs. 1.13a–d and 1.14a, b).

•	 Smaller macrofollicles may be seen.
•	 3-D clusters are present and are easy to evaluate 

(Fig. 1.14c).

•	 Fragmentation of large sheets occurs (particularly in TP), 
especially branching sheets and complex papillary groups. 
See examples of fragmentation of sheets in benign follic-
ular nodules in TP and PTC in SP. This increased frag-
mentation may be beneficial for observing the nuclear 
features of PTC, without affecting proper interpretation 
(Figs. 1.15a–e and 1.16a–d).

•	 3-D cellular fragments are flatter in TP and allow for bet-
ter observation of nuclear and cytoplasmic characteristics 
of follicular cell clusters. The flattening of cells clusters 
may be the result of the positive air-pressure applied dur-
ing transfer of cells to the glass slide.

•	 In SP, balling up of cells with greater depth of focus, 
smaller strips of cells, more complex 3-D and branch-

a b

Fig. 1.10  (a, b) Background. Chronic lymphocytic thyroiditis (CLT) shows Hurthle cells and scattered lymphocytes (DQ stain, CS). (b) CLT 
shows a similar appearance in TP from the same case. Lymphocytes may be reduced in TP (Pap stain)

a b

Fig. 1.11  (a, b) Background. (a) A case of anaplastic carcinoma of 
thyroid shows “clinging” diathesis in TP. The necrosis forms granular 
clumps and clings to tumor cells which makes tumor cells stand out. (b) 

In the CS from the same case, the tumor cells are embedded in the 
necrosis which compromises cell detail (a, b, Pap stain)
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a b

Fig. 1.12  (a, b) Cellularity and cell distribution. (a) Nodular goiter 
processed as SP shows small flat sheets of follicular cells, cyst-lining 
cells, hemosiderin-laden macrophages and thick and thin colloid. Note 

that cells appear in different planes of focus. (b) Same case processed 
as TP shows similar features to SP, except the preparation is more 
monolayered (a, b, Pap stain)

a b

c d

Fig. 1.13  (a–d) Architectural features. (a, b) TP shows aggregates and 
single macrofollicles in two different cases of benign thyroid nodules. 
Note uniform small and round nuclei and low N:C ratio. (c) Aggregates 
of macrofollicles in SP from a benign thyroid nodule. Background 

shows abundant colloid. Nuclear morphology is well-preserved and 
similar to TP (a–c, Pap stain). (d) CS from same case as the SP shows 
similar morphology of follicular cells (DQ stain)
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a b

c

Fig. 1.14  (a–c) Architectural features. (a) Perfectly round macrofolli-
cle commonly seen in TP from a benign thyroid nodule. (b) Microfollicle 
in TP from a case diagnosed as FLUS. Note nuclear enlargement, slight 

overlap, irregularity and nucleoli. (c) TP shows a 3D cluster from a case 
diagnosed as SFCN. Even though the cells are crowded, morphology is 
easy to evaluate (a–c, Pap stain)

a b

Fig. 1.15  (a–e) Architectural features. (a) Nodular hyperplasia show-
ing a large flat and branching sheet in a CS. (b–e) Same case processed 
as a TP has retained large flat and branching sheets and also shows 

fragmentation of large sheets. The latter is more common in LBP (par-
ticularly in TP) (a–e, Pap stain)
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ing fragments, more single cells, and apparent cellular 
elongation are seen. SP slides tend to retain large tissue 
fragments, colloid, and lymphocytes. Cell clusters 
appear more three-dimensional and may be difficult to 
assess at higher magnification. Moreover, in SP, both 
single cells and clusters are present in different planes 
of focus, which requires constant focus adjustment 
during slide review at higher magnification. These 
alterations probably result from multiple centrifuga-
tion steps and from allowing the cells to settle under 
the influence of gravity during SP processing (see 
Figs. 1.13c and 1.17).

�Cytology

•	 Cellular and nuclear details are better preserved and 
enhanced in LBP.

•	 Cytoplasmic quality and intracytoplasmic structures and 
material are retained, including pigment, vacuoles, and 
other elements.

•	 Nuclei tend to appear smaller in LBP, but the nuclear details, 
including the nuclear membrane irregularity, chromatin tex-
ture, and nucleoli, are more accentuated and easily observed. 
The nuclear size may be larger in SP than in TP.

•	 Nucleoli appear prominent and cherry-red in neoplastic 
lesions and may even be prominent in benign cells. To 
avoid misinterpretation, it is best to evaluate other nuclear 
features of malignancy, including nuclear irregularity and 
chromatin changes, which are retained in LBP. Nuclear 
membrane irregularity may be less obvious in SP.

•	 In cases of benign thyroid nodule, large colloid frag-
ments, thin tissue paper–like colloid, cystic change, and 
monolayered sheets of follicular cells are retained in 
LBP. Nuclear membranes are uniform, and chromatin is 
fine, uniform, and pale.

c

e

d

Fig. 1.15  (continued)
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•	 Diagnosis of Hashimoto’s thyroiditis may be more diffi-
cult than on CS (particularly in TP), because of the lim-
ited number of lymphocytes.

•	 In cases of PTC, all nuclear features of PTC are preserved, 
including nuclear irregularity, grooves, and ground-glass 
nuclei. Intranuclear pseudoinclusions (INPI), although eas-
ily identified, may be reduced. In SP, nuclear membrane 
irregularity and grooves may be less obvious (Fig. 1.18a, b).

•	 Hobnail features in PTC are often associated with well-
defined cytoplasmic border and vacuole, and background 
macrophages (Fig. 1.18c).

•	 In cases of follicular neoplasm, the nucleus appears regu-
lar with nucleoli (Fig. 1.18d).

•	 Large oncocytic cells with a dyscohesive or isolated cell 
pattern are more common in malignant oncocytic/Hürthle 
cell neoplasms. The cytoplasm may appear pale, with fine 
pale granules, or rarified or dense (Figs.  1.18e, f). The 
granules are more blue on CS.

•	 Psammoma bodies are retained (Fig. 1.18g).

a b

c d

Fig. 1.16  (a–d) Architectural features. (a) PTC in a CS showing a 
well-formed papillary structure with a fibrovascular core. Nuclear fea-
tures of PTC can be appreciated. (b) Same case of PTC processed a TP 
has retained a complex papillary structure. (c, d) Few other papillary 

structures were fragmentated into smaller, less complex forms and into 
smaller sheets and single cells. This case was cellular and basically 
showed mixed architectural patterns of PTC (a–d, Pap stain)

Fig. 1.17  Architectural features. SP from a case of PTC shows a large 
tissue fragment with balling up of cells with greater depth of focus, 
smaller strips of cells, more complex 3-D and branching fragments 
single cells, and apparent cellular elongation. Cell clusters appear more 
3D and are present in different planes of focus (Pap stain)
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a

d

e

f

g

b

c

Fig. 1.18  (a–g) Cytology. TP (a) and SP (b) from a case of PTC, all 
nuclear features of PTC are preserved, including nuclear irregularity, 
grooves, and ground-glass nuclei. Intranuclear pseudoinclusions (INPI). 
In SP, the nuclear membrane irregularity and grooves are less obvious 
(a, b, Pap stain). (c) SP from a case of PTC with Hobnail features show 
well-defined cytoplasmic borders and vacuoles (Pap stain). (d) TP from 

a case of follicular neoplasm, shows regular and overlapping nuclei with 
nucleoli (Pap stain). (e, f) TP from two cases of Hürthle cell neoplasms 
show large oncocytic cells with a dyscohesive or isolated cell pattern. 
Nuclei are small to enlarged with small to prominent nucleoli. The cyto-
plasm appears pale, with fine pink granules, or rarified or dense (Pap 
stain). (g) Psammoma body within a cluster of PTC cells (TP, Pap stain)
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�Salient Differences in Cytomorphology 
Between SP and TP

•	 SP retains more background elements such as blood and 
colloid.

•	 In SP, cells are deposited in different planes of focus, so 
constant focusing is required for evaluation of cells at 
high magnification. In TP, cells are in a monolayer and in 
one plane.

•	 In SP, clusters of cells are more three-dimensional and 
round up. All cells in a group may not be focused. Cells 
may also become elongated, owing to multiple vortex 
steps during preparation. In TP, the clusters of cells appear 
flattened; all cells are in focus but retain a 3-D 
appearance.

•	 SP may show higher cellularity than TP.
•	 Large sheets, complex branching fragments, and papillary 

structures do become fragmented in LBP, but they are 
retained and are easily visible. SP may show less 
fragmentation.

•	 In SP, the lumens of microfollicular structures may not be 
visible, or they may become visible only after focusing in 
a different plane. In TP, lumens of microfollicles are eas-
ily visualized.

�Summary of Cytomorphological Alterations 
in LBP

•	 Background material is reduced or altered.
•	 Well-preserved cells are evenly distributed.
•	 Smaller cell clusters and more single cells are seen.
•	 Cells are generally smaller, with occasional elongation.
•	 Chromatin detail may be attenuated.
•	 Nucleoli are prominent even in benign lesions.
•	 Intranuclear pseudoinclusions (INPI) may be reduced or 

difficult to visualize.

�Residual LBP Specimen

•	 Residual sample in LBP vials can be stored at room tem-
perature for up to 6 months for TP and 3 months for SP.

•	 Residual sample can be used for processing additional slides 
for review and for immunocytochemistry. Laboratories 
need to validate immunocytochemistry on LBP.

•	 Residual sample can also be processed as a cell block. 
Cellient (Hologic, Marlborough, MA) is a new automated 
cell block processing machine based on centrifugation 
and filtration, which can capture cells from low-cellularity 
specimens. (See Chap. 3.)

�Advantages of LBP

•	 No significant differences between LBP and CS in any 
quality indicators

•	 Low false-negative rate. An accurate preoperative cyto-
logic diagnosis of thyroid nodules allows for better 
selection of patients for surgery and reduces the number 
of unnecessary thyroidectomies.

•	 Ease of sample submission by the clinician, as the aspi-
rated sample is directly rinsed in liquid collection medium 
with decreased needle handling, no slide labeling, and no 
triage of specimen for smears and cell block

•	 Uniform specimen collection, with theoretical collection 
of 100% of the sample

•	 Preferred methods of preparation when a cytologist is not 
present at FNA for rendering ROSE. Yet ROSE can be 
performed with part of the sample. (See Chap. 3.)

•	 Convenient transportation from all locations
•	 Standardized, automated processing techniques, which 

produce a homogenized sample with uniform and even 
cell distribution, with minimal thick areas and cellular 
overlap. TP preparation technique is simple and less 
labor-intensive.

•	 Reproducibility, with less variability in specimen preser-
vation, staining, and quality

•	 Less cell loss than with cytospins, which require multiple 
slides to counter the loss of cells during preparation

•	 Reduced labor cost because one slide is easier to screen 
and there are few or no artifacts

•	 Increased productivity because of screening of one slide 
rather than two to 10 with CS

•	 Cost-effective because of decreased screening time due to 
smaller and well-defined screening area (TP, 20 mm; SP, 
13 mm)

•	 Adequate cell preservation and better visualization of 
cells owing to rapid fixation

•	 Good preservation of cell types and cellular 
arrangements

•	 Better appreciation of cytomorphology because obscur-
ing background is reduced

•	 Clean background leads to better appreciation of cyto-
morphology and fewer inadequate or unsatisfactory spec-
imens because obscuring background elements are 
reduced. Blood is the most common obscuring element 
and CytoRich™ for SP collection is more effective in 
reducing blood than CytoLyt® for TP collection. These 
features also make LBP more cost-effective as repeat 
FNA is avoided.

•	 Better nuclear preservation due to immediate liquid fixa-
tion, resulting in high diagnostic accuracy

•	 Cytologic features of malignancy are retained.
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•	 Ability to perform ancillary testing, immunocytohisto-
chemistry (ICC), and molecular testing by processing 
additional slides from the residual material

�Disadvantages of LBP

•	 Requirement for special collection media and processing 
equipment

•	 Experience and learning curve required for interpretation
•	 Slightly longer specimen processing time than with CS
•	 Reduction or alteration of background material. The cleaner 

background may remove abundant thin colloid, necrosis 
and other materials that may be helpful in diagnosis.

•	 Colloid film and the lymphocytic component are more 
easily evaluated on CS. In TP, lymphocytes are reduced. 
In SP, neutrophils and lymphocytes from the lysed blood 
may give a false assessment of inflammatory lesions.

•	 Quantity of colloid and ratio of follicular cells to colloid 
cannot be assessed. Generally, the cytologic assessment 
of follicular lesions of the thyroid is based on evaluation 
of the amount of colloid and the number of follicular 
cells. Usually, more colloid and fewer follicular cells 
favor a benign lesion; more cells and less colloid favor a 
neoplastic lesion. This approach may not be applicable 
when using LBP, necessitating a closer evaluation of cyto-
logic and architectural features of the lesion.

•	 A potential pitfall is the presence of thin, watery colloid 
as “tissue paper–like material,” which can be missed by a 
pathologist unfamiliar with it.

•	 More unsatisfactory samples in cystic lesions.
•	 Morphological artifacts, including decreased presence of 

colloid and disaggregation of larger fragments, clusters, 
and macrofollicles.

•	 Reduction in well-formed papillary structures. 
Fragmentation of papillae may be seen, resulting in 
smaller/rudimentary papillae, cell groups, and slightly 
more dyscohesion of cells.

•	 Cells appear more shrunken, crowded, three-dimensional, 
and as tight clusters with loss of cellular preservation 
within the center of the larger aggregates, increased dis-
ruption of the cytoplasm of the follicular cells, and more 
naked nuclei. In SP, multiple processing steps and settling 
of cells under the influence of gravity results in cellular 
elongation, cells in different planes of focus, and increased 
3-D appearance.

•	 Lymphocytes may be seen without other features of 
chronic thyroiditis (such as Hürthle cell metaplasia, 
plasma cells, and histiocytes). This appears to be a result 
of lysis of red blood cells in bloody samples, leaving 
many lymphocytes without follicular cells. This may be a 
diagnostic pitfall.

•	 In TP, peripheral rim artifact occasionally compresses 
cells at the periphery and can potentially influence cell 
morphology. The size of the nucleus and cytoplasm may 
be overestimated and misinterpreted as atypical large 
cells; the nuclei may appear more indistinct and hypo-
chromatic, and nucleoli may appear less distinct or larger 
and more prominent.

�Summary

•	 Based on the review of existing literature, LBP are a valid 
alternative to CS. A learning curve is essential to become 
familiar with the altered cytomorphology in the LBP, but 
indeterminate diagnoses and workload are both reduced, 
while accuracy is maintained.

•	 Although LBP are more expensive than CS, the sample 
adequacy of LBP is statistically superior to CS because 
the LBP slide is representative of the entire aspirated 
sample. In CS, part of the diagnostic sample may be dis-
carded with the collection device. This feature also 
makes LBP more cost-effective, as a repeat FNA is not 
needed.

•	 LBP are superior to CS with regard to cleaner back-
ground, standardized preparation, and cell preservation.

•	 LBP—particularly TP—has the potential to be used as the 
sole preparation for FNA of thyroid. Currently, the SP 
method can supplement CS but cannot replace it.

•	 LBP are easier and less time-consuming to screen because 
the cells are concentrated in a smaller area without obscuring 
elements.

•	 Artifacts of CS are not present in LBP.
•	 Background elements, although retained in LBP, do not 

obscure cell detail.
•	 The sensitivity and specificity of LBP are similar to CS.
•	 Apart from slight morphologic differences between CS 

and LBP, the typical features of benign, neoplastic, and 
malignant lesions can be clearly evaluated with LBP.

•	 Additional LBP from the residual material in collection 
media can be used for further slides for review and for 
adjunctive testing such as immunocytochemistry.

•	 Because of the differing preparatory techniques 
involved and the morphologic differences between CS 
and LBP, the LBP require a learning period and experi-
ence for correct interpretation. Familiarity with the 
morphologic differences is important, to avoid diagnos-
tic pitfalls.

•	 Once familiarity with the different diagnostic criteria for 
benign and malignant lesions on LBP has been achieved, 
the diagnostic accuracy in diagnosing thyroid cytology is 
enhanced.

•	 The advantages of LBP make them worth the effort.
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The Second Edition Bethesda System 
for Reporting Thyroid Cytopathology

Rana S. Hoda

�The Bethesda System for Reporting Thyroid 
Cytopathology (TBSRTC)

•	 The Bethesda System for Reporting Thyroid Cytopathology 
(TBSRTC), a uniform and standardized reporting system 
for thyroid fine needle aspiration (FNA), was originally 
established in 2009 and updated in 2017. The system is 
widely accepted in the United States and globally.

•	 It is specifically designed for the reporting of thyroid fol-
licular and C-cell–derived lesions based on clearly out-
lined diagnostic criteria.

•	 The succinct and unambiguous reports and clarity of 
communication allows clinicians to manage their patients 
based on recommended clinical management guidelines.

•	 The 2nd Edition of TBSRTC retained the original six 
diagnostic categories, which span the spectrum of benign 
and malignant thyroid lesions and the indeterminate diag-
noses (Table  2.1). (From this point, “TBSRTC” in this 
atlas refers to the 2nd Edition.)

•	 Three categories are “indeterminate for malignancy”:
–– Atypia of Undetermined Significance or Follicular 

Lesion of Undetermined Significance (AUS/FLUS)
–– Follicular Neoplasm or Suspicious for a Follicular 

Neoplasm (FN/SFN)
–– Suspicious for Malignancy (SM)

•	 FN/SFN includes a category of Hürthle cell (oncocytic) 
lesions, entitled FNHCT or SFNHCT.

•	 A non-thyroid entity presenting as a thyroid nodule, such 
as a parathyroid gland, is also reported using TBSRTC 
categories.

•	 Each TBSRTC diagnostic category is associated with an 
implied risk of malignancy (ROM) based on an analysis 
of the available literature, and each translates directly into 
a clinical management algorithm (Table 2.2).

�Updates in TBSRTC

•	 The 2nd edition of TBSRTC was unveiled in light of 
many recent advances and developments in the field of 
thyroid disease:
–– The category of Noninvasive Follicular Thyroid 

Neoplasm with Papillary-like Nuclear Features 
(NIFTP) was introduced and has led to an increased 
use of the indeterminate categories and changes in the 
TBSRTC-implied ROM for various categories.

–– In 2015, the American Thyroid Association (ATA) 
updated the management guidelines for adult patients 
with thyroid nodules and differentiated thyroid cancer 
and incorporated the role of molecular testing for man-
agement [10]. The ATA has endorsed TBSRTC

–– Ultrasound (US)–based risk stratification systems for 
thyroid nodules have been improved, including 2015 
ATA guidelines [9], 2016 Korean Thyroid Association 
(KTA)/Korean Society of Thyroid Radiology (KSThR) 
guidelines [21], and the new 2017 American College 
of Radiology (ACR) guidelines [23].

–– The use of liquid-based preparations (LBP) for thyroid 
cytology has increased.
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Table 2.1  Recommended diagnostic categories for the second edition 
Bethesda system for reporting thyroid cytopathology

I. Nondiagnostic or Unsatisfactorya, b

II. Benign
III. Atypia of Undetermined Significance or Follicular Lesion of 

Undetermined Significanceb

IV. Follicular Neoplasm or Suspicious for a Follicular Neoplasma 
(Specify if Hürthle cell [oncocytic] type)

V. Suspicious for Malignancy
VI. Malignant

Modified from Ali and Cibas [1]; with permission
aAdequacy criteria are the same for conventional smears (CS) and LBP
bThe two terms for these categories are synonymous. A laboratory 
should choose the one it prefers and use it exclusively for that 
category

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-25066-9_2&domain=pdf
mailto:rhoda@cblpath.com
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–– Information and knowledge of molecular pathology of 
thyroid disease has vastly increased in the past few 
years. Thyroid molecular testing is increasingly being 
used in conjunction with indeterminate cytologic diag-
noses. Molecular testing enhances the sensitivity of 
cytologic diagnosis and leads to more informed and 
better patient management.

•	 Specific updates in the TBSRTC reflect many of these 
advances:
–– Proper use of diagnostic category terminology

◦◦ Three TBSRTC categories have two names each: 
ND/Unsat, AUS/FLUS, and FN/SFN. These terms 
are synonymous and should not be used inter-
changeably or to denote two distinct 
interpretations.

◦◦ TBSRTC recommends that only one term should be 
applied to each category.

–– Nondiagnostic or Unsatisfactory (ND/Unsat) category 
with “Cyst fluid (macrophages) only”
◦◦ These cases should be reported as ND/Unsat with 

an explanatory note.
◦◦ The 2015 ATA guidelines has updated the manage-

ment recommendation for ND/Unsat samples 

including cystic lesions. They recommend that if a 
nodule shows an initial ND/Unsat cytology result, 
FNA should be repeated with US guidance and, if 
available, with rapid on-site evaluation (ROSE).

–– Recommended interval to repeat FNA for ND/Unsat 
cases
◦◦ Originally, the recommendation was to wait for 

>3 months to repeat FNA, to allow biopsy-related 
reactive changes to subside.

◦◦ TBSRTC permits shorter interval times, though the 
potential for reactive atypia and cellular changes 
remains.

–– Increasing use of LBP
◦◦ TBSRTC acknowledges the increasing use of LBP 

for processing of thyroid FNA specimens, and pro-
vides more examples of LBP cases and comparison 
with conventional smears (CS) for various entities.

–– AUS/FLUS category, with subcategorization of AUS/
FLUS
◦◦ AUS and FLUS are synonymous terms; each labo-

ratory should use only one term.
◦◦ The use of AUS for cases with nuclear atypia, FLUS 

for cases with architectural atypia, and AUS/FLUS 

Table 2.2  TBSRTC: updates in the implied risk of malignancy (ROM) and recommended clinical management

Diagnostic category

2009 
ROM, 
%

2017 
ROM, 
%

2017 ROM 
with NIFTP, 
% Usual management,c 2017 Optional note, 2017

Nondiagnostic or 
Unsatisfactory (ND/Unsat)

1–4 5–10 No 
significant 
change

Solid nodules, repeat FNA with 
US; cystic nodules correlated 
with US. Re-aspiration, if 
clinically indicated

None

Benign 0–3 0–3 No 
significant 
change

Clinical & US follow-up at 
intervals of 6–18 mon for 3–5 y

None

Atypia of Undetermined 
Significance or Follicular 
Lesion of Undetermined 
Significance (AUS/FLUS)

~5–15 10–30 6–18 Repeat FNA or molecular test None

Follicular Neoplasm or 
Suspicious for a Follicular 
Neoplasm (FN/SFN)

15–30 25–40 10–40 Molecular test or lobectomy Histopathologic follow-up usually show 
follicular adenoma, follicular carcinoma, and 
follicular variant of papillary thyroid 
carcinoma (FVPTC), including its recently 
described indolent counterpart, NIFTP.

Suspicious for Malignancy 
(SM)

60–75 50–75 45–60 Total thyroidectomy or 
lobectomya,b

Suspicious for FVPTC and NIFTP; definitive 
distinction not possible on cytological 
material

Malignant (PMC) 97–99 97–99 94–96 Surgical consultation for-total 
thyroidectomyb

About 3–4% of cases diagnosed as PTC may 
prove to be NIFTP on histopathological 
examination, reducing the PPV of the 
Malignant category from 99% to about 
94–96%.

Modified from Ali and Cibas [1]; with permission
NIFTP noninvasive follicular thyroid neoplasm with papillary-like nuclear features, PMC positive for malignant cells, PPV positive predictive 
value, US ultrasound
aSome studies recommend molecular analysis to assess the type of surgical procedure
bManagement decision may vary for metastatic and lymphoid tumors
cActual management may depend on other factors (e.g., clinical, sonographic) besides the FNA interpretation

R. S. Hoda



25

to denote that both types of atypia are present is 
discouraged.

◦◦ Subcategorization for the AUS/FLUS category is 
recommended to help guide management. (See 
Chap. 5)

–– Risk of malignancy (ROM)
◦◦ Implied ROM in TBSRTC is based upon a selected 

group of studies that included large cohorts of cases 
or meta-analyses (see Table 2.2).

◦◦ The introduction of NIFTP has had the most signifi-
cant impact on ROM.

–– Inclusion of newly described entities, including mam-
mary secretory analogue of thyroid gland, which is a 
primary thyroid carcinoma harboring ETV6-NTRK3 
fusion.

–– Expanded differential diagnoses for various lesions (as 
covered in later chapters)

–– Optional notes, comments, and recommendation can 
be given for some categories such as FN/SFN, SM, or 
Malignant. (See Table 2.2.)
◦◦ A note would be most useful in cases with cytologic 

features of papillary thyroid carcinoma (PTC) but a 
follicular architecture, indicating that the differen-
tial diagnosis includes follicular variant of papillary 
thyroid carcinoma (FVPTC) or its indolent counter-
part, NIFTP.  The cytologic diagnosis alone or in 
conjunction with molecular testing will help guide 
clinical management.

◦◦ An optional note is also recommended for meta-
static tumors and lymphomas.

–– Molecular testing (See Chap. 15)
◦◦ Currently, three molecular tests are commercially 

available for use as an adjunct to cytology: 
ThyGenX®/ThyraMIR™ combination test 
(Interpace Diagnostics Group, Parsippany, NJ); 
Afirma® Genomic Sequencing Classifier (GSC), 
(Veracyte, South San Francisco, CA); and 
ThyroSeq® v3 genomic classifier (CBLPath, Rye 
Brook, NY, and University of Pittsburgh Medical 
Center, Pittsburgh, PA).

◦◦ The tests, when used for the 15–30% of samples of 
indeterminate cytology, further enhance the accu-
racy of the preoperative cytologic diagnosis and can 
be recommended for management.

◦◦ Tests are also useful in follicular-patterned lesions 
such as NIFTP.

–– Intra-laboratory quality control monitoring
◦◦ TBSRTC recommends regular quality assurance 

(QA) monitoring for laboratories, to prevent over-
use of the AUS/FLUS category, which should not 
exceed 10%.

◦◦ Continuous cytohistologic correlation is also essen-
tial to maintain quality.

◦◦ Continuous correlation of cytology and molecular 
test results also should be instituted.

�Modifications in TBSRTC

•	 Use “oncocytic” instead of “Hürthle cell” in FN/SFN 
category.

•	 Suggests to diagnose PTC only when the following fea-
tures of classic PTC are present:
–– True papillae
–– Psammoma bodies
–– Frequent inclusions; Krane et al. [14] recommend >3 

intranuclear pseudoinclusions (INPI) to establish a 
diagnosis of PTC.

�Ultrasonographic Patterns for Risk 
Stratification of Thyroid Nodules for FNA

•	 Certain sonographic features of a thyroid nodule are asso-
ciated with an increased ROM, but no single predictor has 
been found to have a high positive predictive value (PPV) 
for cancer.

•	 Many professional societies have published guidelines to 
aid in the selection of thyroid nodules for US-guided 
FNA (USGFNA), including the 2015 ATA guidelines [9], 
2016 Korean Thyroid Association (KTA)/Korean Society 
of Thyroid Radiology (KSThR) guidelines [21], and the 
new 2017 American College of Radiology (ACR) guide-
lines [23].

•	 These guidelines recommend that only nodules with sus-
picious or high-risk US characteristics be aspirated.

•	 High-risk characteristics of a thyroid nodule on US 
include a solid or hypoechoic nodule or a solid and 
hypoechoic component of a partially cystic nodule with 
one or more of the following features: irregular margins, 
taller-than-wide morphology, microcalcifications, dis-
rupted rim calcifications, and extra-thyroidal extension 
(ETE).
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Nondiagnostic/Unsatisfactory Thyroid 
Fine Needle Aspiration on Liquid-Based 
Preparations

Rana S. Hoda

�Introduction to Adequacy Criteria 
for Thyroid FNA Specimen

•	 Thyroid fine needle aspiration (FNA) is well established as a 
first-line diagnostic procedure in patients with thyroid nod-
ules, but despite improved FNA techniques and increase use 
of ultrasound (US) guidance, about 20% of initial FNA spec-
imens may be nondiagnostic or unsatisfactory (ND/Unsat).

•	 Nondiagnostic FNA of thyroid nodules presents a clinical 
dilemma, as the nature of the nodule is not clear and the 
nodule must be re-aspirated for a diagnosis.

•	 An adequate FNA specimen, representative of the lesion, 
is necessary to make an accurate cytopathologic interpre-
tation for proper patient management.

•	 Adequacy encompasses adequate specimen cellularity 
and satisfactory specimen quality (thickness, fixation, and 
staining).

�TBSRTC Criteria for Adequate Thyroid FNA 
Specimen and Application to LBP

•	 In The Bethesda System for Reporting Thyroid 
Cytopathology (TBSRTC) [2], a thyroid FNA is defined 
as “Adequate” when it contains six well-preserved, well-
stained follicular cell groups with 10 cells each or 60 fol-
licular cells (Fig. 3.1a, b).

3
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a b

Fig. 3.1  Adequate thyroid FNA. (a, b) The case showed the required 
number of six groups of follicular cells with at least 10 cells each. The 
follicular cell groups are well preserved, well stained, and not covered 
by any background factors obscuring their features. Benign features are 
indicated by small, flat sheets of polarized, uniform follicular cells with 

regular, small, round nuclei and intact cytoplasm. A few small groups 
and single follicular cells are also present. Note the thin colloid appear-
ance of “wrinkled tissue paper” (a, Papanicolaou [Pap] stain ThinPrep® 
[TP] and b, Pap stain, SurePath [SP])
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•	 A benign diagnosis with 60 benign follicular cells has 
97% sensitivity and 42% specificity.

•	 Adequacy criteria on liquid-based preparations (LBP) are 
the same as those for conventional smears (CS).

•	 Use of these well-defined criteria for adequacy is help-
ful, as they improve the diagnostic efficiency of thyroid 
FNA.

•	 The overall risk of malignancy (ROM) in this category is 
5–10%.

•	 On surgical resection, the malignancy rate for a nodule 
initially reported as ND/Unsat is 9–32%.

�TBSRTC Criteria for ND/Unsat Thyroid FNA 
Specimen and Application to LBP

•	 In TBSRTC, ND/Unsat cytologic diagnoses are 
synonymous.

•	 The following are examples of thyroid FNA that are con-
sidered “ND/Unsat”

–– Cases with fewer than six well-preserved, well-
stained follicular cell groups with 10 cells each, or 
<60 follicular cells. The same criteria apply to LBP 
(Fig. 3.2).

–– Cases with smear-related artifacts that compromise 
cell detail and interfere with accurate interpretation 
(Fig. 3.3a). Artifacts include air-drying, which is seen 
in alcohol-fixed slides stained with Pap stain and 
results from a delay in slide fixation. Other artifacts 
include obscuring of cells by blood (Fig. 3.3b)., ultra-
sound gel, or thick cellular areas. Because of the pro-
cessing techniques in LBP, the background elements 
are reduced, and even if they are present, they do not 
obscure cells (Figs. 3.3c and 3.4a, b).

–– Cases with cyst fluid, with or without histiocytes, and 
fewer than six groups of 10 benign follicular cells. 
Cystic lesions are most commonly responsible for ND/
Unsat cases (Fig. 3.5a–c).

Fig. 3.2  Nondiagnostic/Unsatisfactory (ND/Unsat) in LBP. ND/Unsat 
TP case showing abundant blood only. TP is more likely to be ND/
Unsat due to excess blood (Pap stain, TP)

a

b

c

Fig. 3.3  ND/Unsat due to Smear-related Artifacts. (a) In a CS case, 
air-drying distorts cells and prevents a definitive diagnosis. (b) Excess 
blood in a CS case obscures cell detail; even though the cells look 
benign, it may be difficult to render a definitive diagnosis. (c) TP, a 
liquid-based preparation (LBP), shows abundant blood with no obscur-
ing (a–c, Pap stain)
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a b

Fig. 3.4  ND/Unsat with Ultrasound Gel Only. (a) In LBP, the ultrasound (US) gel stains purple with a lacy or weblike texture. (b) The case 
showed follicular cells surrounded by US gel, but the cytology of benign follicular cells in a macrofollicle is not obscured (a, b, Pap stain, TP)

a b

c

Fig. 3.5  ND/Unsat, Cyst Fluid Only. (a) On Diff-Quik (DQ)-stained CS, 
a cystic nodule shows non-cohesive macrophages with ill-defined cell 
walls and cytoplasmic hemosiderin pigment, which appears dark blue. 
(b) Pap-stained CS from the same case shows golden brown cytoplasmic 
hemosiderin pigment and red blood cells (RBCs) and cystic debris in the 

background. (c) When processed with TP, cystic fluid from the same case 
showed hemosiderin-laden macrophages with distinct cytoplasmic con-
tours in a clean background. LBP retain all cytoplasmic elements. Nuclear 
morphology is crisp, with round, oval, and reniform shape, pale chroma-
tin, and small nucleolus. Note RBCs in the background (Pap stain)
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�TBSRTC Exceptions to Adequacy Criteria, 
and Application to LBP

•	 There are exceptions to the ND/Unsat criteria:
–– Colloid nodule: This is composed of variably sized 

dilated follicles filled with colloid, which produce a 
specimen composed entirely of colloid (Fig. 3.6). Such 
a nodule contains abundant colloid, and the minimum 
number of follicular cells is not required, but this stan-
dard can only be reliably applied to CS.  In LBP, the 
amount of thin colloid may be reduced and cannot be 
quantified accurately, so this diagnosis is not recom-
mended for LBP. Moreover, the quality of colloid also 
changes; it may be mistaken for serum. Thyroglobulin 
immunostain can be performed, if needed, as colloid 
stains with thyroglobulin.

–– Solid nodule with thyroiditis: Thyroiditis is a diverse 
group of disorders with different etiologies that are 
characterized by thyroid inflammation. It is categorized 
as acute, subacute, or chronic forms. The latter, chronic 
lymphocytic thyroiditis (CLT) or Hashimoto’s thyroid-
itis (Fig. 3.7a–c) is the most common form of thyroid-
itis. FNA cytology shows increased background 
lymphocytes, lymphocytic infiltration of Hürthle cells, 
and/or follicular cell clusters and lymphohistiocytic 
aggregates. In ThinPrep® (TP), the diagnosis of CLL 
or Hashimoto’s thyroiditis sometimes may be challeng-
ing because of low cellularity and fewer lymphocytes 
or clumped lymphocytes. The latter may be mistaken 
for follicular cells. (See Chap. 4 for details on HT.)

–– Solid nodule with any cytologic atypia: This feature is 
applied regardless of the number of follicular cells; it 
is seen in LBP (Fig. 3.8a–c).

Fig. 3.6  ND/Unsat, Colloid Only in LBP. In CS a diagnosis of colloid 
nodule can be rendered if abundant colloid is present and the minimum 
number of follicular cells is not required. This standard can only be reli-
ably applied to CS. In LBP, the amount of thin colloid may be reduced 
and cannot be quantified accurately. In this case, the TP shows only thin 
colloid only and is best considered ND/Unsat (Pap stain)

a

b

c

Fig. 3.7  Adequate, Hashimoto’s Thyroiditis (HT). (a–c), Specimen 
shows lymphohistiocytic aggregates and dispersed polymorphous lym-
phocytes. No follicular cells were identified. (a–c, Pap stain TP). In 
TBSRTC, a minimum number of follicular cells is not required in these 
cases, but ancillary studies such as flow cytometry can be helpful for lym-
phocyte-only aspirates if the lymphoid population appears monoclonal
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�TBSRTC Updates for ND/Unsat Specimens

•	 Repeat FNA for a ND/Unsat can be performed at an inter-
val of less than 3 months, but the potential for reactive/
reparative atypia remains. The American Thyroid 
Association (ATA) 2015 guidelines [17] also state that a 
waiting period is probably not necessary.

•	 Repeat FNA after an ND/Unsat aspirate is often success-
ful and results in a diagnostic sample in 60–80% of cases. 
This should be the standard approach to ND/Unsat nod-
ules, given the ROM [1, 29]. Ultrasound-guided FNA 
(USGFNA) is preferred for repeat FNA.

•	 Patients with repeatedly ND/Unsat nodules should be 
closely observed or undergo surgical excision, especially 
if nodule size increases and sonographic findings are 
suspicious.

�Causes for ND/Unsat Thyroid FNA 
and Application to LBP

•	 The most common pitfalls for false negative diagnoses in 
thyroid FNA result from rendering an interpretation on an 
inadequate sample from a solid nodule, or underdiagno-
ses of papillary thyroid carcinoma (PTC) due to cystic 
degeneration. A ND/Unsat sample should not be regarded 
as negative [29].

•	 Inadequate sampling of a solid nodule could be due to 
small nodule size, location in the thyroid, fibrosis, calcifi-
cation, and excessive blood in the sample. The problem of 
excessive blood does not apply to LBP.

•	 The majority of ND/Unsat FNA results are due to cystic 
lesions. In such cases, the sample may consist solely of 
histiocytes and/or hemosiderin-laden macrophages. These 

a b

c

Fig. 3.8  Adequate, AUS/FLUS. (a, b) Specimen shows few atypical 
follicular cells (<60), with both nuclear and architectural atypia. The 
enlarged nuclei (compare with scattered RBCs in both images) are 
round and hyperchromatic, with occasional small nucleoli, and present 

in a microfollicular structure. Nuclear features of papillary thyroid car-
cinoma (PTC) are not seen (a, TP; b, SP; Pap stain). The thyroid molec-
ular test showed a NRAS mutation in both cases. (c) On subsequent 
lobectomy, a histologic section from the nodule seen in (a) proved to be 
a follicular adenoma (hematoxylin & eosin [H&E] stain)
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cases should be evaluated cautiously, with clinical and 
imaging correlation. A descriptive ND/Unsat diagnosis 
can be rendered, and the clinician can be alerted to the pos-
sibility of an underlying unsampled lesion such as PTC 
with cystic degeneration. In a review of 927 consecutive 
aspirations, García-Pascual et al. [14] reported an 11.1% 
malignancy rate among partially cystic thyroid nodules 
with ND/Unsat FNA cytology.

�ND/Unsat Specimens in LBP

•	 Details of ND/Unsat cytology have been published in the 
Second Edition of the Bethesda System for Reporting 
Thyroid Cytopathology; the emphasis here is on ND/
Unsat cases on LBP.

•	 Adequacy criteria for thyroid FNA in the TBSRTC were 
developed on CS, but they are also being applied to FNA 
evaluated with LBP alone.

•	 It remains controversial whether LBP should be the sole 
preparation used for thyroid FNA (direct-to-vial) or if 
LBP should be used in conjunction with CS (split sample). 
Each method has its proponents and opponents, and 
advantages and disadvantages.

•	 The inadequacy rate for LBP alone without CS is generally 
less than 15%, but the rate in LBP is higher if the split-
sample technique is used. In this technique, cellular mate-
rial is first smeared on slides and the residual specimen is 
then rinsed in liquid-based collection medium for LBP.

•	 In a study by Rossi et al. [26], three parameters of effi-
cacy (rate of inadequate, indeterminate, and malignant) 
were evaluated in a series of 10,360 thyroid FNAs. The 
use of TP alone was as effective as CS in decreasing both 
inadequate and indeterminate cases. Most problems 
occurred when a split-sample method was used, with a 
resultant high rate of inadequate and false negative 
diagnoses.

•	 The sole use of LBP reduces the unsatisfactory rate and 
false negative diagnosis because of specific advantages 
that include a clean background, proper fixation, and 
increased cellularity (which occurs because the liquid-
based slide is representative of the entire procured sam-
ple, unlike the split-sample method). See the study by 
Rossi et al. [26] for details of the two specimen collection 
techniques.

•	 The adequacy criteria in thyroid FNA evaluated with LBP 
alone have not been widely assessed. Vivero et  al. [33] 
showed that in thyroid FNA examined with TP only, low-
ering the adequacy threshold and eliminating the require-
ment of six groups of 10 cells each does not significantly 
affect test performance if cytological features associated 
with malignancy are absent. Nevertheless, TBSRTC has 
retained similar adequacy criteria for both CS and LBP.

•	 A meta-analysis by Chong et al. [10] of studies on both 
LBP and CS published between 2000 and 2013 showed 
that sample adequacy for the two mainstream LBP meth-
ods (TP and SurePath™ [SP]) was significantly superior 
to CS for most sampling methods. Average sample inad-
equacy in TP studies (24.0%) was significantly lower than 
in CS (33.4%; P < 0.01). Likewise, average sample inad-
equacy in SP studies (7.1%) was significantly lower than 
in CS (13.2%; P < 0.02). In the same study, the sensitivity 
and specificity of LBP were similar or slightly better than 
for CS.

•	 When an LBP specimen does not contain an adequate 
number of cells, a second slide can be prepared with the 
residual material to help meet the adequacy criteria. 
Tulecke and Wang [31] and Rossi et al. [27] found good 
results with this technique. In the study by Rossi et al., 
this procedure led to an 18.5% increase in the overall 
diagnostic rate, especially in cases classified as benign 
and follicular lesions. Rossi et al. [27] and Tulecke and 
Wang [31] concluded that the making of a second slide 
for an ND/Unsat case with inadequate cellularity may 
improve the diagnostic efficacy of the technique and 
may avoid either a repeat FNA or more aggressive 
treatment.

•	 However, Hasteh et  al. [16] found only a 3% adequacy 
retrieval rate for a second slide, which was regarded as 
insufficient for processing of an additional slide.

•	 Additional liquid-based slides can also be used for immu-
nocytochemistry or molecular tests.

•	 A cell block (CB) can also be attempted from the residual 
specimen if the sample appears cloudy, bloody, or blood-
tinged. Traditional CB sections not only serve as an impor-
tant diagnostic adjunct to LBP or cytologic smears but also 
are used for immunohistochemical (IHC) studies.

•	 There are many ways to prepare a CB and the methods 
continue to be revised. Our group compared the tradi-
tional CB with CBs processed on the Cellient™ automated 
cell block system (Hologic, Toronto, Canada) [34]. The 
Cellient™ system, the first fully automated CB system, 
improves cell recovery when compared with traditional 
methods. The vacuum-assisted filtration concentrates 
available cells within the block, resulting in consistently 
high quality and a diagnostic CB in less than 1  hour, 
which can be used for IHC.

•	 Horton et al. [19] studied the utility of Cellient™ CBs in 
the evaluation of thyroid FNAs submitted in Cytolyt, 
with an emphasis on low-cellularity specimens. TP 
slides were first prepared from thyroid FNA.  After 
assessment using TBSRTC criteria, Cellient™CBs were 
requested on samples with residual FNA material and an 
initial cytologic impression of ND/Unsat or AUS/FLUS, 
and on apparently benign samples with marginally ade-
quate cellularity. Overall, the CB findings resulted in a 
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change of the initial TP impression in 15% of cases, the 
vast majority of which were initially ND/Unsat. 
Moreover, 31% of the ND/Unsat TP samples became 
diagnostic with a CB. The CB findings contributed to a 
change in diagnosis in 8% of AUS/FLUS cases. The 
low-cellularity benign samples gained very little addi-
tional information from the CB.

•	 Currently, TP is being used more often than SP for non-
gynecological cytology, including FNA, so more represen-
tations of TP cases will be seen. The choice of LBP depends 
on individual laboratory preferences and needs, however.

•	 Cytomorphological appearance is comparable with TP 
and SP, with subtle differences, as listed in Chap. 1 and 
mentioned elsewhere. A learning curve is essential for 
adapting to the cytomorphologic features of the LBP 
technique, and it is hoped that this volume will educate 
cytologists in the differences between CS and LBP and 
the subtle differences between TP and SP.

�The Role of Rapid On-Site Evaluation 
for Adequacy Assessment and Application 
to LBP

•	 Air-dried Diff-Quik (DQ)–stained smears are prepared 
for rapid on-site adequacy evaluation (ROSE).

•	 ROSE of thyroid FNA reduces the ND/Unsat rate. This 
assessment provides a preliminary diagnosis, ensures 
that the sample is adequate, limits the number of passes, 
allows for appropriate specimen triage for ancillary 
studies including molecular tests, and often facilitates 
clinical decision-making. It is cost-saving, as a repeat 
FNA is avoided [35].

•	 ROSE cannot be performed for LBP, as the collected sam-
ple is immediately rinsed in the collection medium, but 
ROSE can be performed if LBP are used in conjunction 
with DQ-stained smears. Cytologists or clinicians who per-
form ROSE can make one or two DQ-stained smears per 
pass and if the specimen is adequate, the remaining sample 
can be rinsed in the liquid-based collection medium.

•	 The gauge of the FNA needle and FNA technique also 
influence the ND/Unsat rate. For solid and mixed nod-
ules, the non-aspiration FNA method using a 25G needle 
with multiple (≥3) passes results in a higher diagnostic 
rate for thyroid FNA than does a single pass with a 22G 
needle, with or without aspiration.

•	 The study by Zhu et al. [35] revealed that when the num-
ber of needle passes was fewer than three, the nondiag-
nostic rate could be 25% or more, but it was significantly 
reduced to 11% with four passes performed per thyroid 
lesion. The authors concluded that, with ROSE, four to 
six passes per thyroid nodule is the optimal number to 
maximize diagnostic certainty.

�The Role of Ultrasound-Guided FNA

•	 Ultrasound-guided FNA (USGFNA) is preferred over 
palpation-guided FNA (PGFNA).

•	 Although the rate of ND/Unsat FNA is reported to be 
lower with USGFNA, 10% to 35% of cases continue to be 
nondiagnostic. This rate includes both CS and LBP.

•	 USGFNA is more advantageous in nonpalpable, predomi-
nantly cystic nodules or nodules with previous ND/Unsat 
FNA.

•	 The 2015 ATA guidelines for management of adult 
patients with thyroid nodules and differentiated thyroid 
cancer indicate that PGFNA remains an acceptable alter-
native for FNA of a palpable thyroid nodule that meets 
sonographic criteria for biopsy [17].
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Fine Needle Aspiration of Benign 
Thyroid Nodules
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�Introduction to Benign Thyroid Lesions

•	 The prevalence of thyroid nodules in the general popula-
tion ranges from 2% to 6%, but only 10–20% of these 
nodules are malignant. The clinical challenge is to iden-
tify those nodules requiring surgical management.

•	 In this clinical setting, fine needle aspiration (FNA) repre-
sents an invaluable diagnostic tool for characterizing thy-
roid nodules. FNA aids in identifying nodules that require 
surgery and decreases the overall incidence of thyroidec-
tomy in patients with benign disease. It has found world-
wide application because of its simplicity, safety, 
cost-effectiveness, and accuracy, with a reported sensitiv-
ity of 80–98% and specificity of 58–100%.

•	 Benign cytology is the most common diagnostic result of 
FNA, with a reported negative predictive value (NPV) 
greater than 95%.

•	 The Bethesda System for Reporting Thyroid 
Cytopathology (TBSRTC) predicts that the risk of malig-
nancy (ROM) of a solitary thyroid nodule with a benign 
cytology on FNA is 0–3%. However, a meta-analysis of 
14 studies encompassing over 43,000 patients reported a 
significantly higher ROM of 3–5%, when resection was 
used as the gold standard [35].

•	 The overall false-negative (FN) rate depends on four 
important parameters: sampling error, poor specimen 
quality, scant specimen, and cytologic interpretation.

–– Sampling errors can result from multiple factors, 
including the nature of the nodules, multiple suspi-
cious nodules, the use of palpation-guided FNA 
(PGFNA) vs. ultrasound-guided FNA (USGFNA), the 
FNA technique, and the skill of the operator.

–– Poor specimen quality, usually encountered with con-
ventional smears (CS), includes poor cellular preserva-

tion due to multiple smear-related artifacts such as 
air-drying artifact, overlapping and thick cellular areas, 
and abundant blood and ultrasound gel. All these ele-
ments partially or completely obscure cell details. In 
such cases, identifying benign or neoplastic cells can 
be a challenge.

–– Scant specimen can be due to the nature of the lesion, 
inadequate sampling, or the discarding of diagnostic 
sample with the needle and syringe after CS have been 
made.

–– Cytologic interpretation errors occur most commonly 
in nodules with focal features of papillary thyroid car-
cinoma (PTC) or microPTC.

•	 The cytologic criteria for FNA of thyroid lesions were 
devised on conventional smears, which have been the 
preparation of choice, especially in settings where rapid 
onsite specimen evaluation (ROSE) is available.

�Liquid-Based Preparations (LBP) in Benign 
Thyroid FNA

•	 Despite the initial controversy regarding the efficacy of 
the use of LBP alone, good results have been achieved in 
recent years [9, 14, 18, 36, 41]. Studies have shown that 
ThinPrep® (TP) has diagnostic equivalence to CS, but 
one should acknowledge the cytologic differences 
between the two preparations with regard to the amount 
and character of colloid, architectural features, back-
ground elements, and nuclear and cytoplasmic details.

•	 Details of the LBP collection and processing techniques and 
cellular morphology have previously been published [25].

•	 For a reliable diagnosis on LBP, features of thyroid FNA 
as seen on CS need to be slightly modified.

•	 Accurate recognition of benign lesions on LBP requires 
familiarity with the alterations in the amount and charac-
ter of colloid, architecture, and cytomorphology (Tables 
4.1 and 4.2).
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Table 4.1  Features of benign lesions in LBP and conventional smears

Cytological features SurePath (SP) ThinPrep (TP) Conventional smears (CS)
Cellularity Increased, allows assessment of overall 

specimen cellularity but not individual 
passes

Increased, allows assessment of overall 
specimen cellularity but not individual 
passes

Variable, allows assessment of 
cellularity for each pass with ROSE

Macrofollicles 3-D, cells in orderly honeycomb Flat monolayer, may be smaller; cells 
in orderly honeycomb

Large to medium-sized, cells in 
orderly honeycomb

Clusters More clustered, with cellular overlap Tighter, crowded with cellular overlap Loose aggregates of cells, may be 
crowded

3-D Configuration Present, more 3-D, difficult to 
interpret, requires continuous focusing 
at higher magnification

May be seen, easy to interpret, loss of 
cellular preservation may be seen in the 
large aggregates

May be seen, easy to interpret

Single Cells and 
Cell Shrinkage

Increased, cell shrinkage apparent Increased, cell shrinkage apparent Not increased; no cell shrinkage

Cytoplasm Fewer details, fragile, fragmented, 
lipofuscin pigment visible

May be disrupted, with naked nuclei, 
lipofuscin pigment visible

May be disrupted with naked nuclei, 
lipofuscin pigment visible

Nuclei Fewer details, shrunken, round, regular 
with dense chromatin; PTC nuclear 
features retained

Shrunken, round, regular with dense 
chromatin, PTC nuclear features 
retained with few INPI

Maintained size and all diagnostic 
features

Amount of Colloid Reduced and different Reduced and different Abundant watery colloid
 � Thin Colloid Wrinkled tissue paper, napkin fold, 

granular
Wrinkled tissue paper, napkin fold, 
granular

Diffuse thin layer or coalescing 
“broken glass” pieces

 � Thick Colloid Dense, in chunks, round to oval 
aggregates or dense droplets

Fragmented chunks, round to oval 
aggregates or dense droplets

Diffuse dried and cracked “desert 
sand” or diffuse thick bands

Number of 
Macrophages

Present, hemosiderin pigment retained Increased, hemosiderin pigment 
retained

Present, hemosiderin pigment retained

Stroma Reduced Reduced and fragmented Retained as large fragments
Lymphocytes in LT Increased, evenly dispersed; fewer 

lymphohistiocytic aggregates
Increased, evenly dispersed; fewer 
lymphohistiocytic aggregates

Increased, dispersed, and 
lymphohistiocytic aggregates

Obscuring Elements 
(blood, US gel)

Reduced, clean background, less/no 
obscuring elements

Reduced, clean background, less/no 
obscuring elements

Present; background usually bloody, 
with obscured cells

Artifacts Reduced; 3-D clusters, cells in 
different planes of focus and cellular 
overlap present

None/reduced; cells in one plane, no 
cellular overlap, cells in the periphery 
appear distorted

Several due to technique, including 
air-drying, thick cellular areas, 
overlapping cell clusters

Additional Slides Processed from residual specimen Processed from residual specimen Cannot be prepared
Sensitivity and 
Accuracy

Currently recommended use with CS 91.0% sensitivity; 89.4% accuracy; 
similar to CS; can be used as a sole 
preparation

Similar to LBP, can be used with LBP

3-D three-dimensional, FN false negative, INPI intranuclear pseudoinclusions, LBP liquid-based preparations, LT lymphocytic thyroiditis, PTC 
papillary thyroid carcinoma, ROSE rapid onsite specimen evaluation, US ultrasound

Table 4.2  Morphologic criteria for benign thyroid lesions on LBP and CS

Histological 
Diagnosis SurePath (SP) ThinPrep (TP) Conventional Smears (CS)
MNG/BFN Small sheets, clusters, and 

macrofollicles of small, 
monomorphic follicular cells with 
clear or granular cytoplasm, 
wrinkled tissue paper–like thin 
colloid, or small clumps or globules 
of dense colloid, histiocytes

Small sheets, clusters, and 
macrofollicles of small, 
monomorphic follicular cells with 
clear or granular cytoplasm, 
wrinkled tissue paper–like thin 
colloid, or small clumps or globules 
of dense colloid, histiocytes

Abundant, diffuse thin or thick colloid; large 
sheets and macrofollicles of small follicular 
cells, histiocytes

Colloid Nodule Small clumps of dense colloid 
(colloid globules)

Small clumps of dense colloid 
(colloid globules)

Abundant and clumped

Lymphocytic 
(Hashimoto’s) 
Thyroiditis

Mixture of small clusters of 
follicular cells and/or Hürthle cells, 
lymphocytes; small clumps of 
colloid. Multinucleated histiocytes 
may or may not be present.

Mixture of small clusters of 
follicular cells and/or Hürthle cells, 
lymphocytes; small clumps of 
colloid. Multinucleated histiocytes 
may or may not be present 
(diagnosed less frequently on TP 
slides than on CS).

Inflammatory cells (mostly mature 
lymphocytes, few plasma cells), epithelioid 
histiocytes; lymphohistiocytic aggregates, 
small clusters of follicular cells, sometimes 
with Hürthle cell metaplasia; scant colloid. 
Multinucleated histiocytes are diagnosed more 
frequently on CS than on TP.

MNG/BFN multinodular goiter/benign follicular nodule
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•	 In addition, although TP and SurePath™ (SP) are both 
LBP, one must also be aware of the subtle differences 
between the two methods (Table 4.3).

•	 A study by the College of American Pathologists, as part 
of their Interlaboratory Comparison Program in Non-
Gynecologic Cytology [19], concluded that LBPs per-
formed better than CS for cases with a benign reference 
diagnosis. Cytopathologists also seemed to have the high-
est concordance for this diagnosis.

•	 The benign entities discussed in this chapter are those 
most commonly encountered in thyroid FNA practice. 
For less common benign entities, readers are referred to 
specialty textbooks.

�Multinodular Goiter/Benign Follicular 
Nodule (MNG/BFN)

•	 Goiter is thyroid enlargement. A simple goiter can become 
multinodular through repeated episodes of hyperplasia 
and involution (degeneration) of follicular epithelium with 
colloid accumulation within dilated follicles. Grossly, the 
thyroid gland shows asymmetric diffuse or nodular 
enlargement. The nodules are irregular and variable in 
size. Histology reveals multiple irregularly dilated and 
variably sized microfollicles and macrofollicles, lined by 
flattened to hyperplastic epithelium, with or without 
degenerative cystic and hemorrhagic change (Fig. 4.1a, b).

a b

Fig. 4.1  Multinodular goiter (MNG). (a) MNG of the thyroid gland 
with asymmetric nodular enlargement. The nodules are irregular, 
brown, and variable in size. (b) Histology of MNG with multiple irreg-

ularly dilated follicles of variable sizes, including both microfollicles 
and macrofollicles (H&E stain)

Table 4.3  Morphological criteria for benign thyroid lesions on SP and TP

Technical and Cytological 
Features SurePath (SP) ThinPrep (TP)
Technique Method employs density gradient separation and 

centrifugation, a cell enrichment process producing cells 
devoid of blood and other obscuring materials. The cells of 
interest are separated as a result of the simple sedimentation 
of cells on the slide surface without any applied pressure, 
and the SP method produces a more 3-D configuration for 
both single cells and clusters than CS and TP.

Membrane filtration method; the cells of interest 
are separated when the liquid collection medium 
is drawn through a filter using negative pressure 
pulse.

Cells Tends to retain large tissue fragments, cellular elongation More cellular dyscohesion and fragmentation
Lymphocytes Number of lymphocytes is slightly increased; infiltrate 

follicular cells, lymphocytes are evenly dispersed, with 
fewer lymphohistiocytic aggregates than CS

Number of lymphocytes increased but less than 
in SP; infiltrate follicular cells, lymphocytes are 
evenly dispersed, with fewer lymphohistiocytic 
aggregates than CS

Peripheral Blood  
Contamination

Lymphocytes from the lysed blood may give a false 
assessment of lymphocytic thyroiditis

Lymphocytes from the lysed blood may give a 
false assessment of lymphocytic thyroiditis

Diagnosis Easier method for diagnosis of lymphocytic thyroiditis than 
the TP method

Less easy than SP and CS

Experience for Interpretation Required to avoid diagnostic pitfalls Required to avoid diagnostic pitfalls

CS conventional smears

4  Fine Needle Aspiration of Benign Thyroid Nodules
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•	 MNG/BNF reflects morphologic changes of the different 
stages of the disease, which include early follicular hyper-
plasia, cycles of involution/regeneration, and nodule for-
mation. Hürthle cell metaplasia, hemorrhage, cystic 
degeneration, and calcification may occur in all stages.

�Cytology of MNG/BFN on LBP

•	 Typical features of MNG/BFN are easily identified on the 
two LBP, TP and SP, with subtle differences from and 
similarities to the features seen on CS (see Table 4.2).

•	 The main overall differences between LBP and CS are that 
architecture is more disrupted in LBP: sheets, macrofolli-

cles and microfollicles appear smaller and tighter and fol-
licular cells may reveal more cell shrinkage, with smaller 
nuclear size, lower nuclear-cytoplasmic (N:C) ratio, more 
disruption of the cytoplasm, an increase in the number of 
naked nuclei, and a prominence of nucleoli. Thick and thin 
colloid appears more clumped than on CS (Fig. 4.2a–i).

•	 In TP, uniform follicular cells form small, flat, orderly 
sheets with cells arranged in a “honeycomb” configura-
tion, with macrofollicles (spheres or balls), cell clusters, a 
few microfollicles, and singly dispersed cells with col-
loid, histiocytes, and other degenerative changes in the 
background (see Fig. 4.2a–d).

•	 In SP, follicular cells also appear as both flat, orderly 
sheets in a “honeycomb” arrangement and as macrofol-

Fig. 4.2  Cytology of MNG. (a–d) Typical field of view in MNG show-
ing benign follicular cells, hemosiderin pigment-laden macrophages, 
and colloid in the two liquid-based preparations (LBP), ThinPrep® (TP, 
a–d) and SurePath™ (SP, e–g), and in conventional smears (CS, h and 
i). Note subtle differences between the two LBP. (a–c) In TP, follicular 
cells form small, flat sheets with “honeycomb” arrangement of benign-
appearing, uniform follicular cells with coarsely textured chromatin. 
Note the granular clumps of thin colloid and green-black granules of 
lipofuscin pigment (c). (d) Macrofollicles (spheres or balls) with oval 
and round configuration of benign-appearing follicular cells. (a–d, Pap 

stain, TP). (e–g) SP shows large, flat, and orderly sheets of follicular 
cells. Cell sheets are usually bigger and less fragmented than with TP, 
but the various sheets of follicular cells and background elements 
appear at various planes of focus. A macrofollicle (g) appears evenly 
spaced with round, uniform nuclei and low nuclear-cytoplasmic (N:C) 
ratio. All intracytoplasmic pigments are retained (e–g, Pap stain, SP). 
(h, i) In CS of MNG, note similarity in the macrofollicular architecture 
with that in d. Thin colloid has a faint, diffuse, cracked appearance. (h, 
Diff-Quik (DQ) stain, CS; i, Pap stain, CS)

a b

c d
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Fig. 4.2  (continued)
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licles, cell clusters, a few microfollicles, and singly dis-
persed cells. Cell sheets are usually bigger and less 
fragmented than on TP.  The follicular cells appear 
smaller and at various planes of focus, revealing a more 
three-dimensional (3-D) appearance of cell clusters, 
which may be difficult to interpret and require constant 
focusing at higher magnifications. Background elements 
of colloid, histiocytes, and other degenerative changes 
are retained and may also appear in different planes of 
focus (see Fig. 4.2e–g).

•	 On CS, follicular cells form small and large flat and 
folded sheets and large and medium-sized macrofollicles. 
Cytology correlates well with histology and LBP, with 
subtle differences (see Fig. 4.2h, i).

•	 On LBP, macrofollicles may appear smaller, but they 
remain intact and maintain similar features to 
CS. Unlike CS, where blood may obscure cell detail, 
the cells are clearly visible as benign on LBP 
(Figs. 4.3a–e and 4.4a, b).

•	 Colloid is readily identified on LBP (see Figs. 4.2a, b, e 
and 4.3a).

•	 Thin and thick colloid has a unique appearance:
–– Thin, watery colloid appears diffuse or as aggregates 

of granular deposits, napkin-folds, and sheets of wrin-
kled tissue paper (Fig. 4.5a–d). Watery colloid appears 
more clumped in TP than in SP, where it may be more 
diffuse in distribution. On CS, this type of colloid 
forms a diffuse, thin layer or appears as coalescing 
“broken glass” pieces (Fig. 4.5e, f).

–– In LBP, thick colloid appears as markedly fragmented 
chunks, round to oval aggregates, or dense droplets 
(globules), which show a dual staining pattern with a 
blue-staining periphery and central eosinophilia on Pap 
stain (Figs. 4.6a, b). On CS, this type of colloid appears 
as diffuse, dried and cracked desert sand, as diffuse 
thick bands, or as bigger globules (Figs. 4.6c, d).

•	 Cytoplasmic pigments are retained, including hemosid-
erin (see Figs. 4.2a, e and 4.5a, d) and green-black gran-
ules of lipofuscin pigment (Fig. 4.2c).

•	 Hürthle cell metaplasia is commonly observed in MNG/
BFN, appearing similar to CS with subtle differences. The 
cells are polarized, with round nuclei, granular cytoplasm, 
and a low N:C ratio. In LBP, nuclei may appear smaller, and 
cytoplasm can either retain the granular quality or have a 
soft, lacy appearance with distinct boundaries 
(Fig. 4.7a–d).

�Salient Points for LBP in MNG/BFN

•	 In LBP, collection of specimens in an alcohol-based pre-
servative solution eliminates air-drying artifacts.

•	 Immediate cell fixation in LBP allows for better visual-
ization of cytomorphology of follicular cell clusters.

•	 In LBP, the background is clean, as the collection medium 
also disintegrates red blood cells and mucus that may 
interfere with cytologic interpretation.

•	 Cells in each LBP slide are representative of all the mate-
rial that is collected in the vial.

•	 Preparation of two LBP -based slides will improve speci-
men adequacy.

•	 In LBP, alterations in background, architecture, and cyto-
morphology can be understood to be a result of the fixa-
tion, homogenizing, and filtration process. These steps 
explain the cell shrinkage, appearance of colloid, frag-
mentation of cell sheets and macrofollicles, and follicular 
cell morphology.

•	 In the TP method, the cells of interest are separated when 
the liquid collection medium is drawn through a filter 
using negative pressure pulse. Thus, the cells appear in a 
true monolayer, but colloid, lymphocytes, and large tissue 
fragments are reduced, and the tissue fragments are more 
fragmented than on CS.

•	 In the SP method, the cells of interest are separated as a 
result of simple sedimentation and are transferred onto 
the slide surface without any applied pressure, so both 
single cells and clusters have a more 3-D configuration 
than on CS or TP.

•	 Various types of metaplasia, including Hürthle cell and 
squamous metaplasia, are often seen in MNG/BFN. These 
are seen as flat sheets, 3-D clusters, or single cells.

•	 The approach to diagnosis of MNG/BNF involves assess-
ment of two elements, the amount of colloid and the num-
ber of follicular cells. Generally, the more colloid, the 
more likely the lesion is benign, and the more cells, the 
more likely the lesion is neoplastic. In TP, the amount of 
thin colloid may be diminished and is therefore difficult 
to quantify, requiring a closer evaluation of architectural 
and cytological features.

•	 However, a large study by the College of American 
Pathologists [19] found that LBP perform better than CS 
for MNG/BFN.  The key diagnostic features of MNG/
BFN, including watery colloid and follicular cells in mac-
rofollicles and as large tissue fragments, are easily identi-
fied and better preserved in LBP than in CS.

•	 Features favoring MNG/BFN include variation in cyto-
logic features between follicular cell groups in nuclear 
size, chromatin compaction, and amount of cytoplasm; 
focal marked nuclear pleomorphism as part of benign 
endocrine atypia; and the presence of macrophages (after 
cystic PTC is excluded).

•	 Follicular cells at the peripheral edge of the TP slide com-
monly appear distorted, blurred, and poorly-stained, an 
artifact associated with the TP technique.

•	 Ultrasound gel may mimic colloid. It appears as blue-
purple, lace-like material, which may be closely associ-
ated with follicular cells (see Fig. 3.4). Lack of 
thyroglobulin staining confirms ultrasound gel.

R. S. Hoda and E. Austin
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a b
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e

d

Fig. 4.3  Macrofollicles. (a, b) Macrofollicle in TP with oval and round 
configuration of benign follicular cells. Although this is a 3-D structure 
it retains a monolayer appearance of evenly spaced follicular cells in the 
same plane of focus, and all cells are visible in one plane. Note the thin 

colloid (Pap stain, TP). (c, d) Macrofollicle in CS with similar appear-
ance (c, DQ stain, CS; d, Pap stain, CS). (e) Histology of MNG with 
microfollicles and macrofollicles, lined by flattened to hyperplastic epi-
thelium (H&E stain)
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a b

Fig. 4.4  Macrofollicles in LBP and CS. The appearance of MNG/BFN 
in TP (a) and SP is similar to the features seen in CS (b), with subtle 
differences. Note the similarities between the macrofollicular appear-

ance in CS and that seen in Figs. 4.2d, g and 4.3a, b, except that abun-
dant blood partially obscures cell detail in CS. (a, Pap stain, TP; b, Pap 
stain, CS)

a b

c d

Fig. 4.5  Thin colloid in LBP and CS. Colloid is readily identified on 
LBP with a unique appearance of thin and thick colloid. (a–d) Thin, 
watery colloid appears as diffuse or aggregates of granular deposits, 
napkin-folds, and sheets of wrinkled tissue paper. Note the retained 

cytoplasmic hemosiderin pigment (a–c, Pap stain, TP; d, Pap stain, SP.) 
(e, f) On CS, this type of colloid forms a diffuse, thin layer or coalesc-
ing “broken glass” pieces. (e, DQ stain, CS; f, Pap stain, CS)
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Fig. 4.5  (continued)

a b

c d

Fig. 4.6  Thick colloid in LBP and CS. (a, b) On LBP. thick colloid has 
a unique appearance, appearing as markedly fragmented chunks, round 
to oval aggregates, or dense droplets (globules), which show a dual 
staining pattern with a blue-staining periphery and central eosinophilia 

on Pap stain (a, Pap stain, TP; b, Pap stain, SP.) (c) On CS, this type of 
colloid appears as diffuse dried and cracked desert sand (DQ stain, CS). 
(d) On CS, thick colloid can appear in bigger, eosinophilic globules 
(Pap stain, CS)
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•	 Studies have demonstrated a higher incidence of thyroid can-
cer in patients with MNG than in the general population.

•	 Cytopathologists have maximum concordance for inter-
pretation of the benign category.

•	 The false-negative (FN) rate of a benign diagnosis is 
0–3% if noninvasive follicular thyroid neoplasm with 
papillary-like nuclear features (NIFTP) and microPTC 
are excluded.

•	 The main causes for FN diagnoses include errors of 
sampling and cytologic interpretation. Sampling errors 
occur with inadequate biopsy of the nodule harboring 
malignancy. Interpretation error may occur with poor 
specimen quality, such as multiple CS with air-drying 
artifact, thick cellular areas, and/or obscuring back-
ground blood.

•	 Poor specimen quality can occur when the material is not 
representative, scant, or poorly preserved so that neoplas-
tic cells cannot be identified. Poor specimen quality is 
also implicated in false-positive (FP) diagnoses, when the 

cytopathologist attempts to force a diagnosis in cases with 
marginal material.

•	 FN diagnoses may also occur when focal features of clas-
sic PTC are misinterpreted as Hürthle cells or cyst-lining 
cells. The morphology of the latter may overlap with PTC.

•	 To reduce FN diagnoses, cases in which a clearly defined 
macrofollicular component is not identified should not be 
classified as benign. Whether these cases are best classi-
fied as atypical or nondiagnostic is less clear [35].

•	 The advent of USGFNA has decreased rates of nondiag-
nostic cytology and FN rates.

•	 False-positive diagnosis of nodular hyperplasia in LBP 
may occur when a hyperplastic nodule shows increased 
cellularity, papillary-like formation, and microfollicles. 
True papillae are absent and microfollicles are usually a 
small component.

•	 When the FNA yields a benign result, the NPV is >95%; 
when the FNA yields a malignant result, the positive pre-
dictive value (PPV) is >99%.

a b

c d

Fig. 4.7  Hürthle cell metaplasia in LBP and CS. (a–c) Hürthle cell 
metaplasia is commonly observed in MNG/BFN.  In LBP, it appears 
similar to CS, with subtle differences. In LBP, the cells are polarized 
with round nuclei, granular cytoplasm, and low N:C ratio. The nuclei 

may appear smaller, and cytoplasm can either retain the granular qual-
ity or have a soft, lacy appearance with distinct boundaries (a, b, Pap 
stain, TP; c, Pap stain, SP). (d) The only difference in CS for Hürthle 
cell metaplasia is the larger sheet of cells (Pap stain, CS)
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•	 The American Thyroid Association (ATA) recommends a 
conservative follow-up strategy for a benign cytologic 
diagnosis [22]

�Main Differences Between LBP and CS in MNG/
BFN

•	 As suggested by Tables 4.1 and 4.2, the morphology of 
MNG/BFN in LBP differs from CS in two aspects:

–– The cells in each slide are a monolayered or 3-D repre-
sentative sample of the entire material collected in the 
vial. The residual preservative solution contains a vari-
able amount of leftover sample.

–– The automated process causes some changes in back-
ground, architecture, and cellular morphology, the 
most important being the appearance of colloid, as 
shown on Figs. 4.5 and 4.6.

•	 Reduction or loss of the watery colloid makes quantita-
tion difficult in LBP; it is more straightforward in CS. In 
TP, the amount of thin colloid may be diminished and 
therefore is difficult to quantify, requiring a closer evalu-
ation of the architectural and cytological features.

•	 Cells are smaller, with pronounced shrinkage, and clus-
ters of follicular cells are more crowded and tighter.

•	 Nuclear and cytoplasmic details are superior, particularly 
in TP, even with smaller cell size.

•	 Macrophages have more abundant pale cytoplasm, 
enlarged pale nuclei, and prominent nucleoli.

•	 Hürthle cells may be shrunken and more dissociated.

�Partially Cystic Thyroid Nodules (PCTNs) 
in MNG/BFN

•	 Prominent cystic degeneration often occurs in MNG/
BFN, comprising numerous macrophages and an ade-
quate number of follicular cells (Fig. 4.8a).

•	 True epithelial cysts in the thyroid are rare.
•	 Thyroid cysts with an inadequate number of follicular 

cells should be interpreted as Nondiagnostic or 
Unsatisfactory (ND/Unsat), as the frequency of malig-
nancy ranges from 5.2% to 17.6% in cystic thyroid nod-
ules, similar to the rate for solid thyroid nodules. Some 
sonographic features associated with malignancy in a 
PCTN include microcalcifications, irregular borders, and 
intranodular vascularity. In the absence of worrisome US 
features, 2015 ATA guidelines recommend conservative 
management [22].

•	 Reparative changes of cyst-lining cells is commonly seen 
as a focal finding with cystic degeneration.

•	 Cyst-lining cells are elongated, polygonal, and cohe-
sive, with dense or soft spindled cytoplasm, elongate to 

oval nuclei with grooves, powdery chromatin, and 
small to prominent nucleoli. The N:C ratio is low 
(Fig. 4.8b, c).

•	 Differential diagnosis of reparative changes in cyst-lining 
cells include cystic papillary thyroid carcinoma (PTC). 
Cells in cystic PTC lack spindle-cell morphology, and 
they show nuclear crowding and papillary microarchitec-
ture (Fig. 4.8d).

•	 Immunocytochemistry for CK-19, galectin-3, HBME-1 
and anti-CITED1 can be useful in distinguishing cystic 
PTC from benign cysts.

�Thyroglossal Duct Cyst

•	 Thyroglossal duct cyst (TDC) is a common congenital 
anomaly of the thyroid gland, usually found centrally.

•	 Normally, the thyroglossal duct obliterates and disappears 
by the tenth week of gestation, but a thyroglossal remnant 
can remain in the form of a cyst, tract, or duct, or as ecto-
pic thyroid within a cyst or duct.

•	 TDC usually presents as a painless cystic mass in the 
neck.

•	 It is treated by total thyroidectomy and surgical excision 
of the TDC.

•	 Cytologically, CS show columnar or round epithelial cells 
dispersed as sheets, small strips, or singly in a diffuse to 
granular proteinaceous background with histiocytes. 
Nuclei are round to oval with even chromatin. Cilia seen 
at the terminal end stain magenta in Diff-Quik (DQ) stain 
and eosinophilic Pap stain (Fig. 4.9a).

•	 In LBP, TDC proteinaceous material forms granular 
clumps and shows dispersed histiocytes and small clus-
ters of ciliated, columnar epithelial cells. Nuclear mor-
phology is well preserved, and the cilia stain light pink 
(Figs. 4.9b, c).

•	 The differential diagnosis of TDC includes branchial cleft 
cyst, lipoma, metastatic thyroid carcinoma, dermoid cyst, 
sebaceous cyst, and an enlarged lymph node.

•	 PTC can arise in a TDC, but this occurs in only 1% of all 
cases of TDC.

�Squamous Metaplasia (SM) in Thyroid 
Nodules on LBP

•	 Squamous metaplasia (SM) is rare in thyroid nodules, but 
it is seen in non-neoplastic and neoplastic lesions includ-
ing thyroid cysts, nodular hyperplasia, Hashimoto’s thy-
roiditis, and PTC.

•	 In CS, SM shows two-dimensional sheets with a pulled-
out appearance. Cells are enlarged and elongated to spin-
dled. Nuclei are crowded, with pale to dark chromatin and 
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intranuclear grooves; rarely, pseudoinclusions can be 
seen. Cytoplasm is dense and squamoid with distinct bor-
ders (Fig. 4.10a, b).

•	 In LBP, SM shows similar cells. The cells appear more 
cohesive and cell sheets appear tighter (Fig. 4.10c). A his-
tologic diagnosis may show nodular hyperplasia with 
extensive SM (Fig. 4.10d).

•	 SM should be in the differential diagnosis of thyroid nod-
ules with potentially benign cystic changes.

•	 Extensive SM with reactive atypia is a diagnostic dilemma 
in FNA.  It may mimic malignancy, including PTC and 
squamous cell carcinoma, and lead to false-positive results.

•	 Surgical resection may be an appropriate approach to 
confirm its benign nature.

a b

c

d

Fig. 4.8  Cystic degeneration in LBP and CS. Cystic degeneration 
often occurs in MNG/BFN, comprising numerous macrophages and 
an adequate number of follicular cells. (a) Cystic degeneration in a TP 
shows a flat sheet of uniform follicular cells in a background of abun-
dant thin colloid and scattered hemosiderin-laden macrophages. (b) 
Reparative changes of cyst-lining cells (CLC) is commonly seen as a 
focal finding with cystic degeneration. CLC are elongated, polygonal, 
spindled, and cohesive, with slightly dense spindled cytoplasm, elon-
gated to oval nuclei with grooves, powdery chromatin, and small to 
prominent nucleoli. The N:C ratio is low (a, b, Pap stain, TP). (c) In 

SP, cystic degeneration shows all features seen in TP, including sheets 
of uniform follicular cells and CLC in a background of abundant thin 
colloid and scattered hemosiderin-laden macrophages (Pap stain, SP). 
(d) Cystic papillary thyroid carcinoma (PTC) is in the differential 
diagnosis of CLC. Cells in cystic PTC show all nuclear features of the 
neoplasm, including irregularity, overlap, powdery chromatin, 
grooves, and pseudoinclusions. The cells lack the spindle-cell mor-
phology of CLC.  Immunocytochemistry for CK-19, galectin-3, 
HBME-1, and anti-CITED1 can be useful in distinguishing cystic 
PTC from benign CLC (Pap stain, TP)
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a b

c

Fig. 4.9  Thyroglossal duct cyst (TDC). (a), CS shows small sheets and 
small strips of columnar to round epithelial cells in a diffuse to granular 
proteinaceous background with histiocytes. Nuclei are round to oval 
with even chromatin; magenta-staining cilia are seen at the terminal end 

(DQ stain, CS). (b, c) TDC in TP shows large and small granular 
clumps of proteinaceous material, dispersed histiocytes, and small clus-
ters of ciliated, columnar epithelial cells. Nuclear morphology is well 
preserved, and cilia stain light pink (Pap stain, TP)

a b

Fig. 4.10  Squamous metaplasia (SM). (a, b) In CS, SM shows two-
dimensional sheets with a pulled-out appearance. Cells are enlarged, 
and elongated to spindled. Nuclei are enlarged with some bi-nucleation, 
pale to dark chromatin, and nucleoli. Intranuclear grooves occasionally 
can be seen, and rarely, pseudoinclusions (not shown). Cytoplasm is 
dense, squamoid, with distinct borders (a, DQ stain, CS; b, Pap stain, 

CS). (c) TP shows similar features as CS, except that the cells are in 
more cohesive groups with a less pulled-out 2-D appearance (Pap 
stain). (d) A histologic section of the total thyroidectomy specimen 
shows MNG with extensive SM. Note dilated follicles or small cysts 
with SM, surrounded by thyroid follicles (H&E stain)
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�Hashimoto’s Thyroiditis (Chronic 
Lymphocytic Thyroiditis)

•	 Hashimoto thyroiditis (HT), also known as chronic lym-
phocytic thyroiditis, is the most common type of lympho-
cytic thyroiditis.

•	 It is an autoimmune disease, with an incidence estimated 
to range from 0.3 to 1.5 cases per 1000 people.

•	 The disease is characterized by a cellular immune 
response involving T and B lymphocytic infiltration of the 
thyroid gland, as well as by a humoral immune response 
leading to the production of thyroid-specific antibodies, 
including antithyroid peroxidase antibodies (TPOAb).

•	 Grossly, the thyroid gland shows diffuse and symmetric 
enlargement. Occasionally it can be nodular. Cut surface 
is yellow-tan (Fig. 4.11a). Histologically, extensive lym-
phocytic infiltration with germinal center formation is 
seen, and some plasma cells are seen in close association 
with atrophic follicles lined by Hürthle cells (Fig. 4.11b). 
Lymphocytes are usually T-cell. Colloid is present. Giant 
cells and SM are also noted. HT looks similar in CS, TP, 
and SP.

•	 Diagnosis of Hürthle cell lesions is a challenge in both CS 
and LBP, as Hürthle cells in Hashimoto’s thyroiditis, MNG/
BFN, or Hürthle cell neoplasms display similar cytological 
appearance and may be difficult to distinguish.

�Cytology of HT on LBP

•	 The diagnosis of HT on CS is made when increased num-
bers of polymorphous lymphocytes, clusters of Hürthle 
(oncocytic) cells, and/or thyroid follicular cells and lym-
phocytic infiltration of epithelial cell clusters are present 
in varying proportions with scanty colloid, lymphohistio-
cytic aggregates, lymphoid tangles, scattered plasma 
cells, and giant cells (Fig. 4.12a–c).

•	 The diagnosis of thyroiditis on TP and SP is reliable, as 
all characteristic findings of HT are easily identified 
(Figs. 4.12d–f and 4.13a–d; see also Fig. 3.7).

•	 Specimens are usually hypercellular, with both Hürthle cells 
and/or thyroid follicular cells and lymphocytes, noted indi-
vidually and/or in clusters, lymphohistiocytic aggregates, 
lymphoid tangles, scattered plasma cells, and giant cells.

cc dd

Fig. 4.10  (continued)
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a b

Fig. 4.11  Chronic lymphocytic thyroiditis/Hashimoto’s thyroiditis 
(HT). (a) Gross specimen of a lobectomy with HT showing nodular, 
symmetric enlargement with a yellow-tan cut surface. (b) Histology 

shows extensive lymphocytic infiltration in close association with atro-
phic follicles lined by Hürthle cells. Lymphocytes are usually T cells. 
Colloid is present (H&E stain)

a b

Fig. 4.12  Hashimoto’s thyroiditis (HT) in CS and LBP. (a–c) 
Polymorphous lymphoid population, Hürthle cells, and lymphohistio-
cytic aggregate in HT.  Note abundant blood partially obscuring cell 
detail in the Pap-stained CS (a, DQ stain CS; b, c, Pap stain CS). (d–f) 
TP shows a polymorphous lymphoid population, Hürthle cells, and 

lymphohistiocytic aggregate. Note abundant, thin tissue paper colloid, 
granular cytoplasm of Hürthle cells, and the crisp nuclear morphology 
of these cells and lymphocytes compared with the CS. Lymphohistiocytic 
aggregate forms a tighter cluster in TP, but the cellular morphology is 
similar to the CS (d–f, Pap stain TP)
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e f

a b

Fig. 4.13  Hashimoto’s thyroiditis (HT) in TP and SP. (a) Characteristic 
cytomorphology of HT is seen on a TP slide. Lymphocytes may aggre-
gate and clump at the periphery of the slide and mimic follicular cells 
(Pap stain, TP). (b–d) SP also shows the characteristic cytomorphology 
of HT. Note the distinct cytoplasmic walls of Hürthle cells and well-

preserved morphology for these cells and lymphocytes. Lymphocytes 
are increased and appear in clusters, some adjacent to Hürthle cells. 
Note the somewhat 3-D appearance of cells; some lymphocytes appear 
on a different plane of focus (Pap stain, SP)

Fig. 4.12  (continued)
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•	 The most recent TBSRTC does not require a minimum 
number of Hürthle cells and/or thyroid follicular cells for 
an adequate diagnosis of HT.

•	 Lymphocytes are polymorphous and dispersed as isolated 
cells, in clusters, and infiltrate Hürthle cells. In LBP (par-
ticularly TP), lymphocytes form clumps towards the 
periphery of the slide (see Fig. 4.13a).

•	 Hürthle cells are arranged in flat sheets, small clusters 
with infiltrating lymphocytes, or as isolated cells, show-
ing small nuclei with or without nucleoli. The cytoplasm 
is well defined and granular (see Figs. 4.12d and 4.13a, 
b).

•	 Random cellular and nuclear atypia composed of large 
Hürthle cells with large nuclei and prominent nucleoli is 
usually present and favors a diagnosis of HT.

•	 Hürthle cells in HT can demonstrate atypical nuclear features, 
including elongation, grooves, and clearing with a less promi-
nent HT background and can be misinterpreted as PTC.

•	 Plasma cells and lymphohistiocytic aggregates may be 
prominent and are seen in close approximation to Hürthle 
cell clusters.

•	 The appearance of HT on cytologic preparations depends 
on the state of the disease. In the milder early phase, LBP 
show follicular cell clusters infiltrated by a few lympho-
cytes. As the disease progresses to a more severe form, 
LBP show follicular cell clusters infiltrated by moderate 
amounts of lymphocytes. In the late phase of the disease, 
the background shows an increased/dense lymphocytic 
infiltration in various stages of transformation, with fewer 
Hürthle and/or follicular cells.

�Salient Points for HT

•	 Clinical presentation is symmetric enlargement of thyroid 
gland.

•	 Diagnosis of HT is made with clinical imaging, serum 
thyroid peroxidase (TPO) antibody assessment, and FNA.

•	 Proper recognition of Hürthle cells, lymphocytes, and 
lymphohistiocytic aggregates virtually rules out a Hürthle 
cell neoplasm and prevents unnecessary surgery.

•	 HT may be the main cause for false-positive (FP) results 
on thyroid FNA. In a 2018 study by Rammeh et al. [34] of 
head and neck masses, all FP were reported in the thyroid 
group. These cases, cytologically classified suspicious for 
malignancy and PTC, proved to be lymphocytic thyroid-
itis on final histology.

•	 Problems in the differential diagnosis of HT may arise 
when there is a deviation in the proportions of the two cell 
components, Hürthle cells and lymphocytes. In cases of 
HT misdiagnosed as MNG/BFN, Hürthle cells may be 
present in a background of colloid with low numbers of 
lymphocytes. Cases of HT misdiagnosed as suspicious for 
PTC may show the nuclear changes described above for 
the cytology of HT.

•	 When a thyroiditis is suspected, the detection of lympho-
epithelial clusters in an inflammatory background is the 
pivotal clue for the diagnosis in LBP.

•	 Neoplasia most commonly associated with HT includes 
PTC and non-Hodgkin’s lymphoma.

•	 The incidence of coexisting thyroid neoplasia with HT 
ranges between 3% and 14%.

c d

Fig. 4.13  (continued)
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•	 PTC is the most common malignancy coexistent with 
HT.  The mechanism underlying this association is not 
fully understood, but PTC coexistent with HT is associ-
ated with improved prognosis.

•	 In the [34] study, the only case of HT with carcinoma 
showed evidence of increased lymphocytes in the back-
ground, occasional thyroid follicular cell cluster infil-
trated by lymphocytes, and many scattered, large 
atypical cells having large nuclei and intranuclear 
pseudoinclusions.

�Main Differences Between LBP and CS in HT

•	 As shown in Tables 4.1 and 4.2 and Fig. 4.12, the LBP 
appearance of thyroiditis is similar to that in CS except 
that the amount of background lymphocytes in LBP can 
be higher than normal because of the spinning of the 
material before the automated process. When a thyroiditis 
is suspected, the detection of lympho-epithelial clusters in 
an inflammatory background is the pivotal clue for the 
diagnosis and warrants a simple follow-up for the patient.

•	 Lymphocytes may be more evenly dispersed, with fewer 
lymphohistiocytic aggregates.

•	 Lymphocytes may clump at the periphery of the slide (par-
ticularly in TP) and may be mistaken for follicular cells.

•	 Hürthle cells may be shrunken and more dissociated.

�Riedel’s Thyroiditis

•	 Riedel’s thyroiditis (RT) is a rare form of chronic thyroid-
itis. Although the etiology is unknown, it may develop in 
the course of subacute thyroiditis. It may be associated 
with idiopathic fibrosis in other sites (retroperitoneum, 
lung, mediastinum, pancreas).

•	 Patients present with diffuse and painless enlargement of 
the thyroid with compressive symptoms.

•	 It is a fibroinflammatory process that partially destroys 
and replaces the thyroid parenchyma and often involves 
surrounding tissues.

•	 Grossly, the goitrous thyroid gland is hard (Fig. 4.14a). 
The mass may not be well defined and may involve extra-
thyroidal tissue, such as adjacent muscle and other struc-
tures. Cut surface is firm, yellow-tan to gray, and smooth. 
Histologically, spindle cells of dense fibrosis obliterate 
thyroid parenchyma and infiltrate adjacent skeletal mus-
cle and other structures. Patchy perivascular and infiltra-

tive inflammatory cells comprise lymphocytes, plasma 
cells, and eosinophils (Fig. 4.14b).

•	 On CS, FNA demonstrates moderate cellularity with frag-
ments of fibrous tissue with bland, spindle-shaped cells, 
myofibroblasts, and intense inflammatory infiltrate com-
posed of lymphocytes (Figs. 4.14c, d).

•	 On TP, the fibrosis forms clumps of spindle cells instead 
of being diffuse. Cells may be closely associated with 
inflammatory cells (Fig. 4.14e).

•	 The differential diagnosis includes a fibrous variant of 
HT, anaplastic carcinoma, solitary fibrous tumor, and 
sarcoma.

•	 Immunohistochemical studies (IHC) reveal a few scat-
tered B lymphocytes (CD20 positive) and numerous scat-
tered T lymphocytes (CD3 positive).

•	 RT has been claimed to be an IgG4-related disease.

�Graves’ Disease

•	 Graves’ disease is an autoimmune, diffuse hyperplastic 
disorder that causes hyperthyroidism and is usually clini-
cally diagnosed. It is more common in women and pres-
ents as diffuse enlargement of thyroid gland. 
Histologically, hyperplastic follicles with papillary 
infoldings without fibrovascular cores are seen. FNA is 
performed only when there is a dominant cold nodule that 
raises a suspicion for malignancy.

•	 On CS, Graves’ disease shows a hypercellular specimen 
with follicular cells in large branching sheets, with thin, 
watery colloid in the background. The nuclei are enlarged 
and vesicular and may show a prominent nucleoli. 
Nuclear atypia may be pronounced after anti-thyroid 
therapies. Cytoplasm is moderate to abundant and shows 
small secretory vacuoles. The most distinctive feature is 
“flame cells” or fire-flare appearance, represented by 
marginal cytoplasmic vacuoles with eosinophilic frayed 
edges; these are best seen on DQ stain.

•	 In LBP, Graves’ disease may be difficult to identify 
unless there is a clinical history. Cytology shows fea-
tures similar to those in CS, including enlarged nuclei 
with a prominent nucleoli. Cytoplasm is moderate to 
abundant and shows small secretory vacuoles. The 
“flame cells” or fire-flare appearance, represented by 
marginal cytoplasmic vacuoles with frayed edges, are 
evident and appear different from benign follicular cells 
(Fig. 4.15a–c).
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a b
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d

Fig. 4.14  Riedel’s thyroiditis (RT). (a) Gross appearance of a thyroid 
lobe in RT appears smooth with a yellow-tan to gray cut surface. The 
gland was hard and firm on palpation. (b) Histologic section of the thy-
roidectomy specimen shows spindle cells of dense fibrosis with inflam-
matory cells obliterating thyroid parenchyma and infiltrating adjacent 
skeletal muscle and adipose tissue. The patchy perivascular and infiltra-
tive inflammatory cells comprise lymphocytes, plasma cells, and eosin-
ophils (H&E stain). (c, d) CS of RT show a moderate cellularity with 

loosely cohesive fragments of fibrous tissue composed of bland, 
spindle-shaped cells (i.e., myofibroblasts) (arrows). Other areas showed 
inflammatory infiltrate composed of lymphocytes. Note the fibrous 
stroma, which stains magenta in DQ (c) and pale green in the Pap stain 
(d). (e) On TP, the spindle cells of fibrosis form cohesive clumps instead 
of being in loosely cohesive fragments. This may occur because of the 
non-neoplastic nature of the lesion. Cells are closely associated with 
inflammatory cells (Pap stain, TP)
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Atypical Cells of Undetermined 
Significance/Follicular Lesion 
of Undetermined Significance

Rana S. Hoda, Rema Rao, and Theresa Scognamiglio

�Introduction to Indeterminate Thyroid 
Nodules (ITN)

•	 Thyroid FNA has reduced the rate of unnecessary surger-
ies for benign thyroid nodules. High negative predictive 
value (NPV) of a benign FNA diagnosis has made it a 
valuable initial test for thyroid nodules.

•	 However, The Bethesda System for Reporting Thyroid 
Cytopathology (TBSRTC) classifies three of the six cate-
gories as having an indeterminate cytology on FNA, 
where it is not possible to specify whether a nodule is 
benign, neoplastic, or suspicious for malignancy:
–– Atypia of Undetermined Significance or Follicular 

Lesion of Undetermined Significance (AUS/FLUS)
–– Follicular Neoplasm or Suspicious for Follicular 

Neoplasm (FN/SFN), which includes cases of FN 
with Hürthle cell (oncocytic) features (FNHCT/
SFNHCT)

–– Suspicious for Malignancy (SM)
•	 Each category is associated with a different risk of malig-

nancy (ROM) and management options.
•	 Approximately 15–30% of thyroid nodules are classified 

as indeterminate.
•	 These indeterminate categories are diverse and heteroge-

neous, with significant interobserver and intraobserver 
variability due to broad overlap in their diagnostic crite-
ria. Indeterminate cytology is also challenging for clini-
cians and may often lead to either unnecessary surgery or 
additional expensive ancillary tests.

•	 The positive predictive value (PPV) of indeterminate 
results is 5–48% in resected cases.

•	 The relatively high risk of thyroid cancer in the FN/SFN 
(25–40%) and SM (50–75%) categories typically war-
rants surgical excision of the nodule. In contrast, nodules 
falling in the AUS/FLUS category have a ROM of about 
10–30%, which merits repeat FNA.

�AUS/FLUS Definition

•	 TBSRTC defines AUS/FLUS specimens as those that 
contain cells (follicular, lymphoid, or other) with archi-
tectural and/or nuclear atypia that is not sufficient to be 
classified as FN/SFN, SM, or malignant, but with atypia 
more marked than can be ascribed confidently to benign 
changes.

�Criteria for AUS/FLUS and Application 
in Liquid-Based Preparations (LBP)

•	 According to the second edition of TBSRTC, the types 
of aspirates that fall into the AUS/FLUS category are 
heterogeneous and apply to follicular, lymphoid, and 
other cells:
–– Aspirates with limited nuclear and/or architectural 

changes that quantitatively or qualitatively fall short of 
being SM or FN/SFN

–– Aspirates with artifacts (such as air-drying or excess 
blood) that limit optimal evaluation of the specimen. 
(This criterion does not apply to LBP, as specimen arti-
facts are few, if any.)

•	 Subclassification of AUS/FLUS is encouraged, to enhance 
communication with other pathologists and clinicians.

•	 Subclassification also distinguishes relevant differences 
in malignancy risk in this heterogeneous category, to help 
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guide management. AUS/FLUS interpretation due to 
cytologic atypia carries a higher ROM than AUS/FLUS 
interpretation made for architectural atypia.

�Cytology of Subcategories of AUS/FLUS 
and Application in LBP

•	 TBSRTC has described several scenarios in which AUS/
FLUS diagnosis could be used. These scenarios are 
extremely helpful to cytopathologists in conveying their 
level of concern to clinicians. The sections below discuss 
how these scenarios appear in LBP.

�Cytologic Atypia (Nuclear Atypia, AUS-N)

	(a)	 Focal cytologic atypia indicates the possibility of papil-
lary thyroid carcinoma (PTC) and includes the following 
scenarios:
•	 Mild nuclear atypia: Follicular cells are usually in a 

macrofollicular arrangement (benign-appearing) with 
rare cells showing some, but not all, nuclear features 

of PTC, including mild nuclear clearing (pale chro-
matin), enlargement, irregular membrane, and 
grooves. All features seen in conventional smears 
(CS) are retained in LBP (Fig.  5.1a, b). LBP may 
show smaller macrofollicles.

•	 Rare intranuclear pseudoinclusions (INPI): In LBP, 
INPI may appear small. If rare, they are difficult to 
detect and require careful screening for detection 
(Fig. 5.2a–c).

•	 Paucicellular specimen with the above nuclear fea-
tures (Fig. 5.3). In a paucicellular LBP, a second slide 
can be prepared to assess nuclear features.

	(b)	 Extensive but mild cytologic atypia:
•	 Most cells have mild nuclear enlargement and slightly 

pale chromatin, with occasional irregular membrane. 
In LBP, nuclei may appear smaller, so careful review 
for the other two features is important (Fig. 5.4a, b). 
INPI are either rare or not identified.

	(c)	 Atypical cyst-lining cells:
•	 Faquin et al. [11] described the cytologic features of 

cyst-lining cells (CLC) in benign thyroid cysts and in 
cystic PTC.  All the features also apply to LBP, but 

a b

Fig. 5.1  Atypia of undetermined significance with mild nuclear atypia. 
(a) On a conventional smear (CS), follicular cells show a rare group in a 
macrofollicular arrangement (benign-appearing) with cells showing loss 
of polarity, mild nuclear clearing (pale chromatin), enlargement, irregular 
membrane, and grooves. Other nuclear features of papillary thyroid car-
cinoma (PTC), including intranuclear pseudoinclusions (INPI), nuclear 

overlap, and crowding, are not present. This was the only abnormal group 
in this case. (b) In the same case, a ThinPrep (TP) slide shows an atypical 
macrofollicular cell group. Features are similar to those seen on CS, but 
the nuclear morphology is crisper owing to the lack of background blood. 
(Compare these atypical macrofollicular structures with benign macro-
follicles as shown in Chap. 4.) (a Pap stain, CS; b Pap stain, TP)
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a b

c

Fig. 5.2  Mild nuclear atypia with rare intranuclear pseudoinclusions 
(INPI). (a, b) Both these cases show rare INPI clearly visible in a single 
cell within the syncytial fragments. A few other nuclear features of PTC 
are noted, including enlargement, overlap, irregular membranes, chro-

matin clearing, and rare grooves. A molecular test in the case seen in b 
was abnormal and showed BRAF (V600E) mutation for PTC (Pap stain, 
TP). (c) Subsequent resection found PTC (H&E stain)

Fig. 5.3  Mild nuclear atypia 
in paucicellular specimen. 
This case shows all nuclear 
features of PTC except INPI 
(Pap stain, TP). Subsequent 
resection found PTC

5  Atypical Cells of Undetermined Significance/Follicular Lesion of Undetermined Significance
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subtle differences with CS will be noted, when pres-
ent (see Chap. 4).

•	 Benign CLC show changes of epithelial repair, includ-
ing flat two-dimensional sheets with elongated, pulled-
out appearance of well-spaced cells with “windows” 
separating the cells. The nuclei are enlarged and pale 
and cytoplasm has distinct borders. Background, in an 
adequate sample, shows benign follicular cells, mac-
rophages, and colloid. Cytomorphology in LBP is 
similar to CS, except that the CLC in SurePath™ (SP) 
slides show more cellular elongation (Fig.  5.5). 
Features seen in cystic PTC (see below) are lacking. In 
challenging cases, immunocytochemical/immunohis-
tochemical (ICC/IHC) stains for cytokeratin (CK)-19 
or galectin-3 can be performed on newly-prepared 
LBP slides from residual sample or on a cell block 
section ([27], and Chap. 14). Oertel [38] believes these 
cells can be diagnosed more specifically as squamous 
metaplasia. (See Chap. 4.)

•	 Atypical CLC (ACLC): TP shows show nuclear 
grooves, nucleoli, and enlargement and lacks repara-
tive features of pulled-out appearance and elonga-
tion of cells. ACLC may also show INPI, papillary 
architecture, nuclear crowding, mitotic figures, and 
psammoma bodies. Such specimens are commonly 
hypocellular and pose a potential pitfall, as they can-
not be reliably distinguished from a cystic PTC. In 
LBP, ACLC may be in small, cohesive sheets or dis-

persed singly. INPI may not be easily identified, and 
cracking of dense, inspissated colloid droplets may 
mimic psammoma bodies (Fig.  5.6a, b). In LBP, 
even benign CLC may show prominent nucleoli.

•	 ACLC show a similar morphology in CS (Fig. 5.6c). 
Cases with ACLC are either resected or tested for 
molecular markers. (See Chap. 14.) ICC/IHC staining 
for cytokeratin and thyroglobulin can be performed in 

a b

Fig. 5.4  Extensive mild nuclear atypia. (a, b) Most cells show all nuclear features of PTC except INPI. One nucleus in a shows a poorly formed 
INPI (Pap stain, TP)

Fig. 5.5  Benign cyst-lining cells (CLC). FNA of a benign thyroid cyst 
showing CLC with pulled-out, spindled morphology, arranged in a small, 
cohesive, flat sheet. The cells display well-defined cell borders and win-
dows similar to epithelial repair. Note benign follicular cells and hemo-
siderin-laden macrophages in a different plane of focus (Pap stain, SP)
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CS, cell blocks, and LBP to show that the ACLC are 
thyroid follicular cells.

•	 Cystic PTC shows nuclear enlargement, crowding 
and overlapping, INPI, psammoma bodies, multinu-
cleated histiocytes, dense hypereosinophilic colloid, 
and papillary architecture. Cystic PTC does not dis-
play repair-like features, such as elongated or spin-
dled cells (Fig. 5.7a–d). These features distinguish 
cystic PTC from ACLC of benign thyroid cysts.

	(d)	 Histiocytoid cells:
•	 Characteristic of cystic PTC
•	 Histiocytoid cells are larger than histiocytes, can be 

single, in microfollicular arrangements or in clusters 
with “knobby” or “scalloped” contours. Nuclei are 
rounder than histiocytes, cytoplasm may be scant, 
harder (glassy), with distinct cell walls and may 
have large discrete vacuoles and lacks hemosiderin 
and microvacuoles. N:C ratio is high (Fig. 5.8a–d).

a b

c

Fig. 5.6  Atypical cyst-lining cells (ACLC). (a, b) ACLC exhibit a flat-
tened sheet of follicular cells with oval to polygonal, overcrowded 
nuclei displaying irregularity, grooves, and pale chromatin (Pap stain, 
TP). (c) ACLC in a loosely cohesive cluster with cells in a wrapped-

around appearance. Nuclei are oval with pale chromatin and are mildly 
grooved (Pap stain, CS). Ultrasound had a benign solid and cystic 
appearance of nodular hyperplasia with no high-risk features, and a 
molecular test was benign
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•	 Rarely, cyst-lining cells have a hobnail appearance, 
virtually identical to the histiocytoid cells in cystic 
PTC, and cannot reliably be distinguished on cytol-
ogy [11]. Molecular testing or surgical resection is 
recommended in such cases.

•	 Normal histiocytes are smaller, with small pale, oval, 
or reniform nucleus and less cytoplasm; they are 
negative for cytokeratin immunostain.

�Architectural Atypia

	(a)	 Microfollicle formation:
•	 Scant-cellularity specimen with follicular cells in micro-

follicles or crowded 3-D clusters with scant colloid. It 
may represent limited sampling of FN/SFN. In LBP, 
these structures may appear more dissociated, smaller, 
and tighter; nuclei are more hyperchromatic (Fig. 5.9a–f).

a b

c d

Fig. 5.7  Atypical cells of cystic PTC. (a) All nuclear features of PTC 
can be seen in this syncytial fragment in a cystic background with 
numerous hemosiderin-laden macrophages. Although the atypical cells 
of cystic PTC may be difficult to distinguish from the ACLC of benign 

thyroid cysts, nuclear crowding and rare INPI help distinguish cystic 
PTC (Pap stain, TP). (b) Cystic PTC in a CS displays a streaming 
effect, but the nuclear features of PTC are obvious (Pap stain). (c, d) 
Subsequent resection of cystic PTC (H&E stain)
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	(b)	 Microfollicle formation and minimal nuclear atypia:
•	 Markedly cellular specimen with focally prominent 

microfollicles with minimal nuclear atypia. In LBP, 
microfollicles may appear more dissociated, smaller 
and tighter and nuclei are more hyperchromatic.

•	 Parathyroid hyperplasia may also present as an 
AUS-F (Fig. 5.10a, b).

�Cytological and Architectural Atypia

•	 Cytologic atypia is characterized by microfollicles and 
crowded 3-D configuration of follicular cells. Cytologic 
atypia is manifested by enlarged, overlapping nuclei with 
pale chromatin or clearing and grooves (Figs. 5.11a–c and 
5.12a–f).

a b

c d

Fig. 5.8  PTC with histiocytoid cell morphology. (a, b) Two cases with 
histiocytoid cell morphology in cystic PTC.  These nuclei are larger, 
round, and hyperchromatic, with grooves and small nucleoli compared 
with histiocytes seen in the background. In both cases, the histiocytoid 
cells display a clustered appearance with a “knobby” or “scalloped” 
contour or “hobnail” appearance. Cytoplasm is scant and finely vacuo-

lated to hard, with distinct cell walls. The nuclear-cytoplasmic (N:C) 
ratio is moderately high (Pap stain, TP). (c) CS from the same case. 
Note similar morphology and hard, “glassy” cytoplasm (DQ stain, CS). 
A molecular test was abnormal. (d) Subsequent resection found an 
intracystic PTC. Note the knobby cluster of cells near the cyst lining 
(H&E stain)
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Fig. 5.9  Architectural atypia with Microfollicle Formation. (a–c) 
These three cases had scant cellularity. Follicular cells displayed 
smaller and tighter, crowded 3-D groups and microfollicles with nuclear 
overlapping and scant colloid. Note the thick, globular colloid in the 
first two images. These cases may represent limited sampling of FN/

SFN (a, b Pap stain, SP; c Pap stain, TP). (d) Same case as above in a 
DQ-stained CS. Note the microfollicle formation similar to SP and TP 
and nuclear enlargement. (e, f) Subsequent resection showed follicular 
adenoma with intact capsule without capsular and vascular invasion and 
microfollicular pattern of arrangement (H&E stain)

a

c

b

•	 This pattern may represent noninvasive follicular thy-
roid neoplasm with papillary-like nuclear features 
(NIFTP).

•	 A diagnosis of AUS/FLUS with architectural and nuclear 
atypia with an option of giving a differential diagnosis of 
the follicular variant of PTC (FVPTC) and its more indo-
lent form, NIFTP, helps clinicians. They better understand 
the nature of the lesion and its associated ROM and can 
provide the patient optimal treatment, reducing overtreat-
ment and morbidity.

�Hürthle Cell Predominance or Oncocytic Change

	(a)	 Clinical setting is not suggestive of a benign lesion:
•	 Scant-cellularity specimen comprising exclusively or 

almost exclusively of Hürthle cells with minimal col-
loid. It may represent limited sampling of FNHCT/
SFNHCT.  In LBP, cytoplasm of Hürthle cells may 
become less dense and lightly granular, nuclei are 
smaller, and nucleoli may be prominent even in 
benign Hürthle cells (Fig. 5.13a–d).
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f

d e

Fig. 5.9  (continued)

a b

Fig. 5.10  Architectural atypia with microfollicle formation and mini-
mal nuclear atypia. (a) This specimen was cellular, with focally promi-
nent microfollicles with minimal nuclear atypia (DQ stain, CS). (b) TP 
from the same case shows microfollicles also with minimal nuclear 
atypia in a background of thin colloid (Pap stain). Resection showed 
nodular hyperplasia. (c) In another case, TP shows a distinct microfol-
licular aggregate with minimal nuclear atypia and a subtle “salt and 

pepper” appearance in a background of thin colloid-like material (Pap 
stain). Molecular testing was positive for PTH gene; clinically, the 
patient had hyperparathyroidism. FNA was performed to confirm para-
thyroid cells, but this information was not provided to cytopathologist. 
(d, e) This composite shows the resected parathyroid adenoma and the 
CS with cytologic features similar to the LBP (d H&E stain; e Pap stain, 
CS)
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Fig. 5.10  (continued)
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	(b)	 Clinical setting suggests a benign Hürthle cell nodule 
such as in Hashimoto’s thyroiditis (HT) or multinodular 
goiter (MNG):
•	 Hürthle cells in cohesive flat sheets with smaller, darker 

nuclei, lacking nuclear atypia and abundant colloid. In 
TP, some thin colloid may be lost. (See Chap. 4.)

•	 Clinical features may be of HT, but lymphocytes are 
lacking. Note that lymphocytes may be reduced in 
TP. (See benign Hürthle cell features above.)

•	 Hürthle cells in cohesive flat sheets with few lympho-
cytes; lymphocytes may be reduced in TP. In this set-
ting, correlation with clinical and imaging findings 
and serum antibody assessment is advised.

•	 Multiple nodules with Hürthle cells may represent 
MNG with Hürthle cell metaplasia rather than a 
Hürthle cell neoplasm (Fig. 5.14a–e).

�Atypia Not Otherwise Specified (AUS-NOS)

	(a)	 Follicular cells with pronounced nuclear enlargement 
and prominent nucleoli:
•	 Follicular cells show nuclear enlargement and promi-

nent nucleoli.
•	 This scenario lacks nuclear features of PTC.
•	 This subcategory is most useful when these features 

exist either in the absence or uncertainty about clini-
cal history of Graves’ disease, carbimazole treatment 
for Graves’ disease, radioactive iodine or ionizing 
radiation to the neck, or other pharmaceutical agents 
(Fig. 5.15a–e).

•	 In LBP, prominent nucleoli alone should not be con-
sidered atypical, as this feature can also be present in 
benign lesions.

a b

c

Fig. 5.11  Cytological and architectural atypia. (a, b) Architectural 
atypia is displayed by follicular cells in microfollicles. Cytologic atypia 
is manifested by enlarged, overlapping nuclei with irregularity, clear-
ing, and grooves (a Pap stain, SP; b Pap stain, TP). Note the difference 

in microfollicles in SP and TP. The lumen of the microfollicle in SP was 
visible when the plane of focus was adjusted. (c) Subsequent resection 
showed a follicular variant of PTC (FVPTC) (H&E stain)
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Fig. 5.12  Cytological and architectural atypia. (a–c) This case showed 
both types of atypia. Architectural atypia is displayed by follicular cells 
in crowded 3-D arrangements and microfollicles. Cytologic atypia is 
manifested by enlarged, overlapping nuclei with clearing and grooves 
(Pap stain, TP). (d) Air-dried DQ-stained CS displays microfollicular 
architecture. (e) Microfollicles and nuclear clearing and grooves are 

seen on Pap stain (CS). The appearance of cytology in CS is compara-
ble to LBP, but with more abundant background blood. Molecular tests 
showed gene mutation. (f) Subsequent resection showed a noninvasive 
follicular thyroid neoplasm with papillary-like nuclear features (NIFTP) 
(H&E stain)
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Fig. 5.13  Atypia with Hürthle cell predominance or oncocytic change. 
This case, processed with Pap stain and both SP (a) and TP (b), com-
prised exclusively of Hürthle cells with background minimal colloid. 
The Hürthle cells display a 3-D configuration. The nuclei are monoto-
nous and round, with small to prominent nucleoli. Cytoplasm is moder-
ate in amount, dense and granular, with distinct contours. Morphology 

is similar in both types of LBP. Such a case may represent limited sam-
pling of FNHCT/SFNHCT. (c) DQ-stained CS of the same case shows 
less distinct cytoplasmic outlines. Note morphologic similarity with 
LBP. (d) Histologic section of Hürthle cell adenoma on lobectomy 
(H&E stain)

5  Atypical Cells of Undetermined Significance/Follicular Lesion of Undetermined Significance



70
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Fig. 5.14  Atypia with Hürthle cell predominance or oncocytic change. 
(a, b) This case presented as a multinodular goiter (MNG) and Hürthle 
cells. On TP and Pap stain (a, b), the Hürthle cells form flat sheets with 
small nuclei and abundant granular cytoplasm. Nucleoli are not present. 
The background shows thin colloid (Pap stain). (c, d) CS in the same case 

illustrate some problems associated with CS: The DQ-stained slide (c) is 
over-stained and cell morphology is barely discernible, and the Pap-
stained CS (d) shows thick cellular clumps obscured by blood. Some mac-
rofollicles and few Hürthle cells are also barely discernible. Lobectomy (e 
H&E stain) showed Hürthle cell metaplasia in nodular hyperplasia
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d

Fig. 5.15  Atypia not otherwise specified (AUS-NOS). In this patient 
with untreated Graves’ disease, CS display large and tall follicular cells 
in small clusters. Nuclei are enlarged and vesicular, with abundant, 
finely granular cytoplasm and vacuoles of varying sizes containing 
deposits of colloid. In DQ stain (a), the marginal cytoplasmic vacuoles 
with colloid appear as pink-red frayed edges, hence the name “flare 

cells” or “flame cells.” Note the edges in the Pap stain (b), showing the 
peripheral cytoplasmic vacuoles and more light-blue staining of col-
loid. A cytospin slide (c, Pap stain) shows similar morphology, as does 
a TP slide (d). The histology of Graves’ disease shows scalloped colloid 
and tall follicular cells (e, H&E stain)
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	(b)	 Psammomatous calcifications in the absence of nuclear 
features of PTC
•	 The specimen should be carefully screened for 

nuclear features of PTC. “Lamellar bodies” of inspis-
sated colloid may be indistinguishable from true 
psammomatous calcifications (Fig. 5.16).

•	 In LBP, small globules of thick colloid may display 
radial cracking and mimic psammoma bodies.

�Atypical Lymphoid Cells, Rule Out Lymphoma

•	 There is atypia of lymphoid cells but it is not sufficient for 
a diagnosis of lymphoma. In LBP, morphology of atypical 
lymphocytes is well preserved, but they appear smaller 
and may clump and mimic follicular cells. Background 
lymphoglandular bodies may be seen as a few small, dot-
like structures. In CS (particularly DQ stain), lympho-
glandular bodies stain magenta and are very useful in 
identifying a lesion as lymphoid (Fig. 5.17a–c).

•	 Flow cytometry on repeat FNA can be advised if the nod-
ule is clinically suspicious.

Fig. 5.16  Psammomatous calcification in the absence of nuclear fea-
tures of PTC. In this case, the cells do not show all nuclear features of 
PTC (Pap stain, TP). Resection did show classic PTC

a

b

c

Fig. 5.17  Atypical lymphoid cells, rule out lymphoma. (a) Atypical 
lymphocytes not sufficient for a diagnosis of lymphoma. Morphology 
of atypical lymphocytes is well preserved. Note a bare nucleus (8 
o’clock) with a tiny lymphoglandular body (Pap stain, TP). (b) Atypical 
lymphocytes with prominent lymphoglandular bodies (DQ stain, CS). 
Flow cytometry, performed on a repeat FNA, showed a B-cell lympho-
proliferative disorder. (c) Histologic section from needle core biopsy 
showed a B-cell lymphoma (H&E stain)
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�Updates in TBSRTC for AUS/FLUS

•	 No change in terminology.
•	 AUS/FLUS are synonymous terms, and laboratories 

should only use one term.
•	 The category of AUS/FLUS should be used only when 

absolutely necessary.
•	 The proposed rate for this category is less than 7% of thy-

roid FNAs. In the literature, the range of AUS/FLUS has 
been reported to range from 3% to 20%.

•	 Intralaboratory quality assurance (QA) monitoring must 
be performed to prevent potential overuse.

•	 Reproducibility of AUS/FLUS is fair at best.

�Salient Points for AUS/FLUS

•	 The main goal of creating a category called AUS/FLUS 
was to decrease unnecessary thyroid resections. Therefore, 
efforts have been made to identify the ROM in this 
category.

•	 The ROM in AUS/FLUS is about 10–30%.
•	 The malignancy rates in recently published studies using 

TBSRTC show a wide range of 6–48% in resected cases.
•	 In a systematic review and meta-analysis by Valderrabano 

et al. [44], the risk of cancer was 2.6 times greater in inde-
terminate thyroid nodules with nuclear atypia than in 
indeterminate thyroid nodules without nuclear atypia.

•	 ROM and clinical management have been updated in the 
new edition to reflect changes (see Table 2.2).

•	 AUS/FLUS is the most challenging category among the 
six diagnostic categories of TBSRTC and is interpreted as 
the “grey zone” by clinicians.

•	 Ultrasound classification of thyroid nodules is based on a 
standardized system for examination of the thyroid called 
the Thyroid Imaging Reporting and Data System 
(TIRADS). Ultrasound characteristics also have been 
shown to be helpful in stratifying the ROM in nodules 
with AUS/FLUS. Patients with AUS/FLUS and patients 
with nuclear atypia and high-risk ultrasound features 
according to the American Thyroid Association (ATA) 
(Haugen et al. 2015) are at increased risk of having a thy-
roid malignancy.

�Role of Molecular Tests in AUS/FLUS

•	 The treatment approaches for TBSRTC categories II, V, 
and VI are well established in light of their malignancy 
rates, but treatments for categories III and IV, with rates of 
10–30% and 25–40%, are subject to debate. Actual man-
agement may also depend on other factors besides the FNA 
diagnosis, such as clinical and ultrasonographic findings.

•	 AUS/FLUS subcategorization may have a prominent impact 
on the evolving landscape of molecular testing, which is fast 
becoming an integral part of indeterminate FNA.

•	 Judicious use of molecular testing in conjunction with 
indeterminate cytology aims to improve preoperative 
diagnostic accuracy. Future studies will need to validate 
the performance of molecular marker tests in specific 
cytological scenarios.

•	 Commercially available molecular tests such as Afirma 
Genomic Sequencing Classifier (GSC), ThyroSeq v3 
Genomic Classifier (GC), ThyGeNEXT®, and ThyraMIR® 
are useful for the 15–30% of indeterminate thyroid FNAs. 
They may also be useful for NIFTP (see Chap. 14).

•	 Molecular tests are expensive.

�Management of AUS/FLUS

•	 Most guidelines, including the 2015 ATA guidelines 
(Haugen et al.), have recommended conservative manage-
ment in most instances for an initial AUS/FLUS interpre-
tation, with either repeat ultrasound-guided FNA or 
molecular testing.

•	 A repeat FNA usually results in a more definitive diagno-
sis, but about 20–25% of nodules repeatedly receive a 
diagnosis of AUS/FLUS.
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Follicular Neoplasm/Suspicious 
for Follicular Neoplasm

Rana S. Hoda, Rema Rao, and Theresa Scognamiglio

�Introduction

•	 Thyroid FNA is a highly accurate modality for initial 
assessment of a nodule. A benign result has a negative pre-
dictive value (NPV) greater than 95%, and a malignant 
diagnosis has a positive predictive value (PPV) of 94–96%. 
But in 15% to 30% of cases, FNA renders an indetermi-
nate diagnosis, leading to a clinical management dilemma.

•	 In The Bethesda System for Reporting Thyroid 
Cytopathology (TBSRTC), one of the indeterminate cat-
egories is Follicular Neoplasm/Suspicious for Follicular 
Neoplasm (FN/SFN), which carries a risk of malignancy 
(ROM) of 25% to 40%.

•	 This category also has a Hürthle cell form entitled 
Follicular Neoplasm Hürthle Cell (Oncocytic) Type/
Suspicious for Follicular Neoplasm Hürthle Cell 
(Oncocytic) Type (FNHCT/SFNHCT). (See Chap. 7.)

•	 Follicular-patterned lesions of the thyroid can be derived 
from thyroid follicular cells or nonthyroid follicular cells. 
They can represent benign, neoplastic, or malignant enti-
ties. Benign lesions include an adenomatoid nodule; 
benign neoplastic lesions include follicular adenoma (FA) 
and parathyroid adenoma; malignant lesions include fol-
licular carcinoma (FC), the follicular variant of papillary 
thyroid carcinoma (FVPTC), and its more indolent form, 
noninvasive follicular thyroid neoplasm with papillary-
like nuclear features (NIFTP).

•	 Cytology cannot accurately distinguish between these 
entities, because of their morphologic overlap. A defini-

tive diagnosis requires surgical resection, with histologic 
assessment for the presence of a capsule.

•	 The histologic diagnosis of FA, FC, FVPTC, and NIFTP 
relies on the examination of the entire capsule for the pres-
ence or absence of capsular and/or vascular invasion and cer-
tain other histologic criteria. Cytology cannot distinguish 
between these entities, and the accuracy of diagnosing follic-
ular-patterned lesions in cytology will remain a “gray zone.”

•	 The likelihood that a nodule with an FN/SFN diagnosis is 
neoplastic is 65–85%, and 69.7% of patients undergo sur-
gery. The rate of malignancy is low, however; only 
25–40% will have a malignant outcome on histologic 
examination. Papillary thyroid carcinoma (PTC) is the 
most common malignancy, accounting for 27–68% of 
cases. This wide range is due to the presence of NIFTP 
and FVPTC, as well as other factors [2, 18].

•	 Molecular markers in conjunction with cytology are rec-
ommended in this category, to better select nodules for 
surgery that have a high probability of malignancy.

•	 Because liquid-based preparations (LBP) are increasingly 
being used for thyroid cytology, awareness of the unique 
background, architecture, and nuclear features of FN/SFN 
is crucial to distinguish it from its mimics, and for correla-
tion with molecular test results and histological diagnosis.

�Definition of FN/SFN

•	 The TBSRTC defines FN/SFN as a moderately cellular or 
cellular aspirate composed of follicular cells, most of 
which are arranged in an altered architectural pattern 
characterized by significant cell crowding and/or 
microfollicle formation. Nuclear atypia is mild and 
includes increased nuclear size, contour irregularity, and/
or chromatin clearing. True papillae and intranuclear 
pseudoinclusions (INPI) are absent. Some nuclear fea-
tures of PTC may be present and raise the possibility of 
FVPTC or NIFTP.
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�Definition of a Microfollicle

•	 The TBSRTC and Faquin and Clark, 2005 list the follow-
ing characteristics in the definition of a microfollicle:

–– Small, flat group of 6 to 12 follicular cells arranged in 
a circle or wreath-like arrangement that is at least two-
thirds complete.

–– Follicular cells are crowded and overlapping.
–– The lumen of the microfollicle may contain a small 

amount of inspissated colloid.
–– Most microfollicles are of uniform size.

�Updates in TBSRTC for FN/SFN

•	 No change in terminology.
•	 The term “SFN” is preferred, because it is difficult to dis-

tinguish FN from its benign mimics on FNA cytology. 
Most importantly, to determine the malignant nature of 
follicular lesions requires histologic assessment of the 
capsule for capsular or vascular invasion.

•	 A comment can be added to the cytology report about the 
possibility of FVPTC or NIFTP in the presence of oval 
nuclei with chromatin clearing and INPI (see Table 6.1).

Table 6.1  Follicular thyroid lesions: diagnosis and management

Diagnosis Ultrasound findings Cytological features on LBP
Molecular 
findings Histology Managementa

Hyperplastic/
adenomatoid 
nodule (HN)

May be solid/cystic, 
spongiform, isoechoic

Low to high cellularity, 
unremarkable follicular cells in 
sheets, and macrofollicles without 
nuclear atypia; microfollicles may 
be seen, cytoplasm is scant to 
moderate, colloid is thick and thinb; 
various degenerative changes

Genes 
involved in 
thyroid growth 
and hormone 
synthesis

Either no capsule or 
insufficient 
encapsulation with both 
microfollicles and 
some medium-sized 
follicles

Resection (if 
symptomatic) or 
observation

Follicular 
adenoma (FA)

Solitary, solid, variable 
echoic pattern

Low to moderate cellularity, 
monotonous follicular cells with 
minimal/no nuclear atypia, forming 
microfollicles, trabeculae and 
crowded 3-D clusters, +/− 
macrofollicles; scant cytoplasm; 
scant, dense colloid in droplets. 
Lacks cystic changes or nuclear 
atypia of PTC

RAS mutations Solitary, no invasive 
growth pattern; 
surrounded by a fibrous 
capsule; microfollicular 
and macrofollicular 
growth pattern

Molecular test 
and lobectomy

Follicular 
carcinoma 
(FC)

Isoechoic to hyperechoic; 
thick, irregular halo; may 
show infiltrative features, 
usually macro-
calcifications, solitary 
nodule, NS >2 cm

Low to moderate cellularity, 
follicular cells with minimal/no 
nuclear atypia in MIFC. In WIFC 
enlarged, pleomorphic nuclei, 
abnormal chromatin and/or 
prominent nucleoli arranged in 
microfollicles, trabeculae, crowded 
3-D clusters, and single cells; 
transgressing vessels. Lacks nuclear 
atypia of PTC

RAS mutations Large, solitary; MIFC 
shows capsular or 
vascular invasion; 
WIFC lacks a defined 
capsule and extends 
into the thyroid 
parenchyma

Molecular test; 
lobectomy or 
total 
thyroidectomy

FVPTC/
NIFTP

Large, hypoechoic, solid 
nodule; irregular margins, 
discontinuous halo, 
intranodular vascularity, 
microcalcifications

Microfollicles with nuclear features 
of PTC including nuclear 
enlargement, elongation, 
overlapping, irregularity with 
chromatin clearing, rare grooves, 
and INPI

RAS mutations Nuclear features of 
PTC with a dominant 
>50% follicular growth 
pattern. Two subtypes: 
encapsulated (includes 
NIFTP) and infiltrative

Lobectomy or 
total 
thyroidectomy

Parathyroid 
adenoma (PA)

Homogeneously 
hypoechoic; difficult to 
distinguish from a thyroid 
follicular cell nodule

Cellular with microfollicles and 
cohesive clusters of cells that 
resemble follicular cells; nuclei are 
round, with coarse granular 
chromatin and variable atypia; 
cytoplasm is abundant, oncocytic. or 
clear; colloid is absent. Follicular 
and parathyroid cells cannot be 
cytologically distinguished; 
immunostains for TG and PTH help.

Parathyroid 
gene

FVPTC follicular variant of papillary thyroid carcinoma, INPI intranuclear pseudoinclusions, LBP liquid-based preparations, MIFC minimally 
invasive follicular carcinoma, NIFTP noninvasive follicular thyroid neoplasm with papillary-like nuclear features, NS nodule size, PTH parathor-
mone, PTC papillary thyroid carcinoma, TG thyroglobulin, WIFC widely invasive follicular carcinoma
aActual management may depend on other factors (clinical ultrasound)
bSee description of thick and thin colloid in LBP in Chap. 4
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•	 Intralaboratory quality assurance (QA) monitoring and 
correlation with molecular test results must be performed 
to prevent potential overuse.

•	 The recommended management guidelines of the 
American Thyroid Association (ATA) [19] include molec-
ular testing (see Chap. 14) and lobectomy.

�Criteria for FN/SFN Diagnosis 
and Application in LBP

•	 The TBSRTC, as well as Clark and Faquin [10], 
Bommanahalli et  al. [4], and Han et  al. [18], have 
described in detail the architectural and cytological fea-
tures and the differential diagnosis of follicular-patterned 
lesions in conventional smears (CS). These features also 
apply to LBP, but with some modifications, which are 
addressed below.

•	 Cytologic criteria in CS and the differences in LBP:
–– Cellularity: High in CS (Fig. 6.1a). Cellularity may be 

less in LBP than in CS (Fig. 6.1b, c).
–– Colloid: Scant and thick or absent in CS, and may 

form bands or big globules (Fig. 6.2a). In LBP, thick or 
dense colloid appears as small droplets or small glob-
ules or thick bands. The globules may become dissoci-
ated from microfollicles and appear scattered in the 
background (Fig.  6.2b, c). When these globules are 
noticed, careful screening of architecture and cells 
should be performed. The globules of thick colloid 
may crack and mimic a psammoma body (Fig. 6.2b).

•	 Architecture features: In CS, follicular cells can be 
arranged in microfollicular pattern, the trabecular pattern, 
multilayer rosettes (cellular ball clusters), branching 3-D 
ribbon-forming cell sheets, syncytial cellular fragments, 
and many isolated cells [18]. All architectural patterns are 
retained in LBP, with subtle alterations.

a b

c

Fig. 6.1  Cellularity in FN/SFN. (a) Increased cellularity in Diff-Quik 
(DQ)–stained conventional smear (CS) in follicular adenoma (FA). (b, 
c) LBP with slightly less cellularity in two different cases of FA (seen 

in Figs. 6.10 and 6.12 respectively). Also note thick and thin colloid in 
both LBP. (b Pap stain, TP; c Pap stain, SP)
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a b

c

Fig. 6.2  Colloid in FN/SFN. (a) The CS also shows colloid as thick 
bands in a case of follicular variant of papillary thyroid carcinoma 
(FVPTC). Note the prominent nucleoli and the abundant background 
blood (Pap stain). (b) Thick globular colloid in TP from the case of 
noninvasive follicular thyroid neoplasm with papillary-like nuclear 
features (NIFTP) seen in Fig. 6.18. The globular colloid is dissoci-

ated from microfollicles and appears scattered in the background. 
Note the cracking of the thick globular colloid, which may mimic a 
psammoma body (Pap stain). (c) Thick colloid appears in thick bands 
in SurePath™ (SP) from the case of FA seen in Fig. 6.12 (Pap stain). 
The images below include other appearances of colloid in follicular 
neoplasms (FN)

–– Microfollicles: In CS, microfollicles appear as a flat 
group of less than 15 follicular cells in a circle or 
wreath-like arrangement with a well-defined lumen, 
which sometimes contains a small amount of thick, 
inspissated colloid. Follicular cells are overlapping 
and crowded. Microfollicular pattern is seen in most 
cases of FN/SFN. It can also be seen in HN/adenoma-
toid nodule and FVPTC. So this pattern is not specific 
to FN/SFN. In LBP, the microfollicles may be tighter 
and smaller, with a preserved lumen that sometimes 
shows thick inspissated colloid. In ThinPrep® (TP), 
microfollicles may appear more isolated. In SurePath™ 
(SP), microfollicles appear more 3-D, with a greater 
depth of focus. To visualize the lumen of the microfol-
licle in SP requires constant focus adjustment 
(Fig. 6.3). It is important to understand the morphol-

ogy of a macrofollicle to be able to distinguish it from 
a microfollicle. Macrofollicles are large, with orga-
nized and polarized cells without nuclear overlap. In 
LBP, macrofollicles appear as circular cell balls, 
whereas in CS they usually are stretched because of 
smearing effect (Fig. 6.4).

–– Trabecular arrangement: This is also known as cellular 
ribbons. In CS, trabeculae are composed of crowded 
and overlapping follicular cells with a well-defined 
contour. Trabecular arrangement is mostly seen in FN/
SFN. In LBP, there may be fewer trabeculae, perhaps 
owing to fragmentation caused by individual liquid-
based processing techniques (Fig. 6.5).

–– Branching 3-D ribbon-forming cell sheets: In CS, 
these formations appear as crowding/overlapping 
complex branching sheets. These can be seen in FN/

R. S. Hoda et al.
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a b

c d

e f

Fig. 6.3  Microfollicles in FN/SFN. (a) Microfollicle in a ThinPrep® 
(TP) slide from the case of FA in Fig. 6.10 appears as a flat group of 
cells, yet the three-dimensionality is retained. It comprises a tighter, 
wreath-like arrangement of round nuclei with overlap with dense, 
inspissated colloid in the lumen (Pap stain). (b) Another example of a 
microfollicle on TP (Pap stain). (c, d) Microfollicle in SP from the case 
of FA in Fig. 6.12; it appears more 3-D, with a greater depth of focus. 

The lumen of the microfollicle is visible in a different plane of focus (c 
Pap stain). (e) Microfollicle in CS from the case of adenomatoid nodule 
in Fig. 6.9 also appears as a flat group. Thick colloid is not visible in the 
lumen. Note the prominent nucleoli and the abundant background 
blood. The background is clean and devoid of blood in the two LBP. (f) 
Histologic section showing microfollicular pattern from a case of FA 
(H&E stain)
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a b

c

e

d

Fig. 6.4  Macrofollicular morphology in nodular hyperplasia. (a) 
Macrofollicle in TP showing a monolayered and orderly arrange-
ment of round nuclei with granular chromatin and abundant delicate 
cytoplasm (Pap stain). (b, c) Macrofollicle in a CS shows a similar 
appearance. Note the slightly stretched-out appearance in CS (b DQ 
stain; c Pap stain); (d, e) Whole mount histologic section of nodular 

hyperplasia showing marked variation in shape and size of follicles, 
with large follicles showing abundant colloid. A discontinuous and 
thin fibrous capsule can be seen compressing the surrounding thy-
roid follicles. Higher magnification shows macrofollicles and 
microfollicles with abundant colloid relative to follicular epithelium 
(H&E stain)
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a b

c

Fig. 6.5  Trabecular arrangement in FN/SFN. (a) In CS, trabeculae 
show crowding and overlapping follicular cells with a well-defined con-
tour. (b) SP shows trabecular arrangement in the case of FA seen in 

Fig. 6.12. (c) TP shows trabecular arrangement in the case of NIFTP 
seen in Fig. 6.18. Note the crisp architectural and nuclear morphology 
in LBP (Pap stain)

SFN and can also be seen in FVPTC, in which they are 
more monolayered. In LBP, although present, there 
may be fewer complex branching sheets, perhaps 
owing to fragmentation caused by individual liquid-
based processing techniques (Fig. 6.6).

–– Multilayer rosettes: The well-defined lumen seen in 
microfollicles is not present; groups are referred to as 
crowded 3-D groups or microacinar arrangement or 
multilayered cellular ball clusters. In CS, follicular 
cells form variably sized groups with irregular shapes 
and loss of honeycomb arrangement. Unlike microfol-
licles, colloid is usually not associated with this pat-
tern, so they are described as a “rosette” and are also 
seen in HN/adenomatoid nodules and FVPTC. In LBP, 
these structures appear tighter and smaller, with more 
crowding/overlapping of follicular cells. In TP, the 
rosettes appear flattened, yet all layers of cells can be 

appreciated. In SP, rosettes appear 3-D, and constant 
focusing at high magnification is required to appreci-
ate all cells (Fig. 6.7).

–– Dispersed isolated cells: CS show loosely cohesive clus-
ters and singly dispersed follicular cells, morphologi-
cally similar to cells in groups or microfollicles. These 
are also more common in FN/SFN. LBP may show more 
dispersed single cells not only in FN/SFN but also in 
non-neoplastic and other neoplastic conditions (Fig. 6.8).

•	 Nuclear and cytoplasmic features: On CS, nuclei are 
round to ovoid with slight hyperchromasia, finely granu-
lar chromatin, overlapping, and grooves. Cytoplasm is 
scant. In LBP, similar nuclear features are seen. Follicular 
cells and nuclei appear smaller and cytoplasm is usually 
visible, even if scant. Note the nuclear and cytoplasmic 
features in the above images.
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a b

Fig. 6.6  Branching 3-D ribbon-forming cell sheets in FN/SFN. (a) 
DQ-stained CS shows monolayered crowding and overlapping complex 
branching sheets from the case of FVPTC shown in Fig. 6.17. (b) The 

TP from another case of FVPTC shows a well-preserved and monolay-
ered branching ribbon-forming cell arrangement (Pap stain). This archi-
tectural feature appears monolayered in FVPTC and more 3-D in FN

a b

Fig. 6.7  Multilayer rosettes in FN/SFN. (a) CS from another case of 
FVPTC shows a crowded 3-D or overlapping cell group or multilay-
ered cellular ball cluster loss of honeycomb arrangement. Compare 
with the benign macrofollicle in Fig. 6.4b, c. Unlike microfollicles, 
colloid is usually not associated with this pattern, so they are 

described as a “rosette.” (b) TP from the case of follicular carcinoma 
(FC) in Fig.  6.15 shows a multilayered cellular ball. Note similar 
appearance to the CS, except that the blood clings to the tumor cells 
without obscuring them, instead of being diffuse as in the CS. (a, b 
Pap stain)

–– Nucleoli may be present. In LBP, nucleoli may be 
prominent even in benign lesions because of the imme-
diate liquid fixation of the collected sample.

–– Nuclei are more uniform in FA and HN/adenomatoid 
nodules and show anisonucleosis in FC and FVPTC 
(see Figs. 6.15, 6.16, and 6.17).

–– Nuclei of HN/adenomatoid nodules are similar to 
those of FN/SFN except that they are evenly spaced in 
monolayer honeycomb sheets with no overlap.

–– Nuclei of FVPTC are slightly elongated with ground-
glass or vesicular chromatin, INPI, and grooves. In LBP, 

nuclear changes of FVPTC may be more subtle than 
classic PTC, especially in NIFTP, in which the nuclei 
may appear smaller, with rare grooves and rare INPI.

–– Cytological atypia is not a prominent feature of 
follicular-patterned lesions, except for atypia of FC, 
when suggestive of PTC or insular carcinoma.

•	 In summary, the most specific criteria for FN/SFN in CS 
and LBP are the architectural criteria (trabecular pattern, 
overlapping of the branching sheets, and more isolated 
cells) and the nuclear criteria (round nuclei with a granu-
lar chromatin pattern).
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�Cytologic Differential Diagnosis of FN/SFN

•	 As shown on Table 6.1, the cytologic differential diagno-
sis of FN/SFN Includes hyperplastic/adenomatoid nod-
ule, FA, FC, FVPTC, and NIFTP.

�Adenomatoid Nodule

•	 Adenomatoid nodule is a dominant nodule in multinodu-
lar goiter.

•	 Histologically, adenomatoid nodule shows poor encapsu-
lation, with a variable mixture of macrofollicles and 
microfollicles. Architecture and cells within the nodule 
are similar to surrounding thyroid parenchyma.

•	 Cytologically, it shows high cellularity, with uniform fol-
licular cells in macrofollicles and microfollicles, and flat, 
monolayer honeycomb sheets that fold over on themselves. 
The nuclei are evenly spaced, round, and slightly hyper-

chromatic with inconspicuous nucleoli, regular nuclear 
contour, and coarsely-granular chromatin. Occasional 
larger nuclei can be seen. Colloid may be abundant, and 
degenerative changes of hemorrhage, fibrosis, and cyst for-
mation and Hürthle cell metaplasia are usually present. 
LBP show all the above features with better-preserved cell 
morphology (Fig. 6.9; see also Figs. 4.1 and 6.4).

�Follicular Adenoma

•	 Most patients with FA or FC present with a solid thyroid 
nodule while asymptomatic. Patients may also have other 
benign thyroid diseases.

•	 FA is a benign encapsulated neoplastic follicular cell 
proliferation.

•	 It is usually solitary, but rarely is multiple and solid. On 
imaging, the nodule is most often “cold.”

a b

c

Fig. 6.8  Dispersed isolated cells in FN/SFN. (a, b) SP and TP from 
two different cases of FA, the latter from the case shown in Fig. 6.10. 
Both show loosely cohesive clusters, microfollicles, and singly dis-
persed follicular cells, morphologically similar to cells seen in the 

groups and microfollicles (Pap stain). (c) CS shows microfollicles and 
singly dispersed follicular cells from another case of FN/SFN (DQ 
stain). Thin colloid in DQ stain is diffuse and stains violet
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Fig. 6.9  Adenomatoid nodule. Aspirate from an adenomatoid nodule 
shows slightly irregularly shaped macrofollicles, few microfollicles, 
and few flat sheets in a background of scant, thin colloid. (a) Thin col-
loid in DQ stain (CS) is diffuse and stains violet. (b) In the Pap stain 
(CS) it appears granular and stringy. Nuclei show variable degrees of 
atypia with enlargement, slight overlap, hyperchromasia, small nucle-
oli, and occasional grooves. (c, d) The TP also shows slightly irregular 
macrofollicles. On higher magnification, they may appear as a con-
glomerate of microfollicles, but they differ from true microfollicles by 
the lack of overcrowding and overlapping. Nuclear features are similar 

to the Pap-stained CS. Note the abundant thin, tissue paper–like wrin-
kled, watery colloid closely associated with follicular cells (Pap stain). 
(e) Gross image of the well-defined, dominant adenomatoid nodule, 
which appears to be encapsulated and has a yellow-tan, shiny and bulg-
ing cut surface. (f–h) The nodule was partially encapsulated. Histologic 
section at low magnification shows surrounding fibrous tissue of vary-
ing thickness. Histologic sections of higher magnification show a 
microfollicular and solid growth pattern. Such cases can be misinter-
preted as FA, but molecular tests would not show any abnormalities 
(H&E stain)

a b

c d

e f
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•	 Histologically, the tumor shows a predominantly microfol-
licular growth pattern with interspersed macrofollicles, sur-
rounded by a fibrous capsule that compresses the 
surrounding thyroid parenchyma. Architecture and cells 
within the nodule differ from the surrounding thyroid paren-
chyma. Nuclear features of PTC and degenerative changes 
of hemorrhage, fibrosis, and cyst formation are lacking.

•	 Histologic subtypes include oncocytic Hürthle cell, 
signet-ring cell, clear cell, lipomatous, hyalinizing tra-
becular adenoma, and atypical FA.

•	 Tumor does not recur or metastasize.
•	 FA is treated by lobectomy.
•	 Cytologically, all architectural and cellular features 

described above are seen in LBP. Although cytology can-
not distinguish FA from FC, the FA shows little or no 
nuclear atypia (Figs. 6.10, 6.11, and 6.12).

•	 Molecular alterations: Most common are RAS mutations; 
a few patients show PAX8/PPARγ translocations.

�Adenolipoma (Lipoadenoma)

•	 Adenolipoma or lipoadenoma is a histologic subtype of 
FA.

•	 It is a rare benign neoplasm, encapsulated and composed 
of various proportions of mature adipose tissue and thy-
roid follicles.

•	 Cytologically benign follicular cells are seen with fat 
(Fig. 6.13).

�Hyalinizing Trabecular Adenoma (HTA)

•	 This rare neoplasm is regarded as a histologic subtype of 
FA.

•	 Grossly, HTA is usually a single, solid, well-circumscribed 
or encapsulated lesion (measuring 2.5  cm or less) that 
presents a homogeneous and delicately lobulated yellow-
tan cut surface.

•	 Histologically, HTA is characterized by circumscrip-
tion, no invasion, a trabecular growth pattern, intratra-
becular and intertrabecular hyalinization, and nuclear 
features of PTC, including grooves and numerous 
INPI.

•	 HTA may be difficult to distinguish from PTC in FNA 
cytology. Almost 60% are either diagnosed as suspicious 
or positive for PTC. HTA may also mimic medullary thy-
roid carcinoma (MTC), but immunostaining for calcito-
nin and chromogranin are positive in MTC.

•	 Cytologically, tumor cells are cohesive and radially 
arranged around acellular, hyaline-like stromal material. 
Papillary and sheet-like fragments are absent. Cells are 
round or fusiform (spindled) with numerous INPI and 
grooves. Psammoma bodies may occasionally be present 
(Fig. 6.14).

•	 The MIB-1 clone of Ki-67 immunostain shows cytoplas-
mic positivity, unlike the nuclear staining seen in other 
tumors, where it is performed to determine the prolifera-
tion index. Special requirements must be observed when 
using MIB-1.

g h

Fig. 6.9  (continued)
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Fig. 6.10  Follicular adenoma (FA). (a) DQ-stained CS from fine nee-
dle aspiration (FNA) shows a cellular aspirate with follicular cells as 
dispersed microfollicles, and single cells that are devoid of cytoplasm 
or appear as naked or “bare” nuclei. Nuclei are small, round, and mono-
morphous with minimal or no cytological atypia. Cytoplasm is soft and 
ill-defined. (b) This is touch-imprint H&E-stained CS, which explains 
the high cellularity. Architectural features are similar to the DQ-stained 
CS.  Cytologically, the nuclei show more detail, with fine chromatin 

with/without small nucleoli. Some microfollicles show dense eosino-
philic colloid in the lumen. (c–g) FNA of the same case in TP (Pap 
stain) shows a microfollicular pattern and few single cells. Nuclear fea-
tures, although better preserved, are similar to those in the H&E-stained 
CS. Compared with CS, the differences with TP are lower cellularity, 
better cellular and nuclear morphology, single cells retaining cyto-
plasm, well-defined cell borders, and a microfollicle lumen containing 
dense, inspissated colloid
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�Follicular Carcinoma

•	 FC is a follicular epithelial thyroid neoplasm with cap-
sular or vascular invasion and/or metastatic potential. It 
is classified as minimally invasive and widely invasive.

•	 It comprises 10–20% of all thyroid malignancies.
•	 It commonly occurs in women in the fifth or sixth decade 

of life, as a painless mass.
•	 FC differs markedly from PTC in epidemiology, ultra-

sound features, pathological and molecular features, and 
clinical behavior.

•	 It is usually solitary and “cold” or hypofunctioning on 
imaging. Most tumors are sporadic or linked to 
irradiation.

•	 Histologically, capsular and vascular invasion, invasion 
to thyroid parenchyma, or extrathyroidal extension 
(ETE) is identified. Thus, FA and FC cannot be distin-
guished on cytology, and the capsule must be histologi-
cally assessed. Specialized thyroid pathology textbooks 
list the criteria for definition and assessment of invasion.

•	 Cytology shows nuclear atypia (anisonucleosis), nuclear 
overlap, and a more 3-D appearance (Figs. 6.15 and 6.16). 
FA and FC cannot be distinguished on FNA cytology.

•	 Molecular alterations: Most common are RAS mutations 
and PAX8/PPARγ translocations.

�Follicular Variant of PTC (FVPTC)

•	 This variant is the second-most-common type, after the 
classic variety of PTC.

•	 It has cytological features of classic PTC and architec-
tural features of FC.

g

Fig. 6.10  (continued)

a

b

c

Fig. 6.11  Follicular adenoma (FA) (same case as in Fig.  6.10). (a) 
Follicular adenoma showing capsule and light tan cut surface. (b, c) 
This is an encapsulated tumor that is architecturally and cytologically 
different from the surrounding thyroid tissue. The tumor growth pattern 
is microfollicular; it is lined by cuboidal cells with round, uniform 
nuclei, few with nucleoli, and a moderate amount of amphophilic, well-
defined cytoplasm (H&E stain)
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Fig. 6.12  Follicular adenoma (FA). (a) DQ-stained CS shows all 
architectural patterns seen in FA. (b–f) SP slides show moderately high 
cellularity (b), small sheets (c), distinct microfollicles (d, e), trabeculae 
(f), and isolated cells (b). Nuclei are enlarged and slightly irregular, 
with small nucleoli. Cytoplasm is delicate and ill-defined to well-
defined. Luminal colloid is not evident, but dense clumps and bands of 
thick colloid can be seen (Pap stain). All features of FA in SP slides are 
similar to features seen on TP slides (see Fig. 6.10), except that the cells 
appear more 3-D, with a greater depth of focus and cells in different 

planes of focus in SP. Note out-of-focus single cells. (g) Gross of FA 
showing a solitary tumor of about 1.5 cm, with a moderately thick cap-
sule and light brown, shiny cut surface. Minute cystic foci are noted. (h, 
i) Histology shows an intact fibrous capsule containing blood vessels. 
No invasion was identified. The tumor growth pattern is almost normo-
follicular, with some features of a hyperfunctioning (toxic) FA, such as 
the scalloping of the colloid and slight columnar morphology of cells at 
the bottom of the image. Some extracapsular normal thyroid is noted 
(H&E stain)
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c d
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g h
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Fig. 6.12  (continued)

•	 For the nuclei, histologic and cytologic criteria are simi-
lar; they include nuclear enlargement, overlapping, irreg-
ularity of contour, chromatin clearing, intranuclear 
grooves and INPI (Fig. 6.17).

•	 Histologically, it is divided into two subtypes, encapsu-
lated (eFVPTC) and infiltrative non-encapsulated 
(neFVPTC). The encapsulated type is split into two cate-
gories: a borderline, very low-risk tumor (NIFTP, dis-
cussed below); and a typically invasive encapsulated 
FVPTC. (See Chap. 9.)

�Noninvasive Follicular Neoplasm 
with Papillary-like Nuclear Features (NIFTP)

•	 NIFTP shows nuclear atypia (anisonucleosis), nuclear 
overlap, and a more 3-D appearance, with a different 
chromatin pattern than FC (Fig. 6.18).

�Parathyroid Adenoma

•	 There are no ultrasound features that distinguish parathy-
roid from thyroid.

•	 Parathyroid comprises three different types of cells: chief, 
oxyphil, and water clear cells.

•	 Chief cells are morphologically similar to thyroid follic-
ular cells, and oxyphil cells are similar to Hürthle cells.

•	 Pathological distinction between parathyroid and thyroid 
can be challenging.

•	 Cytologically, the parathyroid samples are hypercellular, 
with cells arranged as disorganized two-dimensional and 
three-dimensional fragments. Nuclei are round, uniform, 
and overlapping, with stippled neuroendocrine-type chro-
matin, inconspicuous nucleoli, and a high nuclear-
cytoplasmic (N:C) ratio. Vascular proliferation is 
prominent. The background shows many naked “bare” 
nuclei and no colloid (Fig. 6.19).
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a b

c

e

d

Fig. 6.13  Lipoadenoma or adenolipoma. These are rare variants of FA 
composed of mature adipose tissue (fat) and thyroid follicles. Fat may 
represent metaplastic changes. (a) The DQ-stained CS is overstained 
and shows an irregular sheet of follicular cells. No fat cells were pres-
ent. (b, c) TP shows microfollicles with enlarged, slightly irregular 

nuclei with nucleoli. No fat cells were present (Pap stain). (d) Gross of 
adenolipoma showing a solitary nodule with a yellow and greasy cut 
surface and a focus of cystic change. (e) Histologic section shows a 
variable proportion of mature fat and microfollicular epithelium (H&E 
stain)
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Fig. 6.14  Hyalinizing trabecular adenoma (HTA). (a) Low magnifica-
tion shows cells organized in trabecular clusters and microfollicular 
structures. Hyaline material stains green-blue and is also visible. (b, c) 
Tumor epithelial cells are elongated and fusiform, with small nucleoli 
and finely granular cytoplasm associated with acellular hyaline stroma. 
Rare vague INPI and grooves are present, but not as frequent as they 
usually are in HTA (a–c Pap stain, TP); (d, e) Low magnification of the 
histologic section shows an encapsulated tumor with a thin capsule and 
trabecular architecture. High magnification shows polygonal and fusi-

form tumor cells arranged in trabeculae and supported by a delicate 
fibrovascular stroma. Nuclei are elongated, spindled, and fusiform, with 
scattered grooves; cytoplasm is abundant. One “yellow body” staining 
pink can be seen in the top of the image (H&E stain). (f) Cell block 
from another case of HTA showed one psammoma body and prompted 
a closer inspection of the TP slide. (g) The TP slide had only a few 
groups of cells. High magnification shows a group of elongated and 
fusiform cells. Intranuclear grooves and vague pseudoinclusions are 
seen in cells in the lower part of the image (TP, Pap stain)

a b

c d
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•	 Cytological features seen in follicular neoplasms, espe-
cially FC, include nuclear atypia, nucleoli, and a lower 
N:C ratio. Follicular cells also show cytoplasmic lipofus-
cin granules (see Fig. 6.19d).

•	 PTH assay or immunostaining for PTH and thyroglobulin 
can be of diagnostic value.

•	 Parathyroid lesions are usually interpreted as a follicular 
lesion of undetermined significance (FLUS) or FN/
SFN. Subsequent molecular testing can detect the para-
thyroid gene and sometimes, chromogranin gene.

�Cell Block Preparations from LBP Sample

•	 Unlike CS, a residual LBP sample can be used to process 
a cell block. A dedicated FNA pass is not required.

g

Fig. 6.14  (continued)

Fig. 6.15  Follicular carcinoma (FC). (a, b) Cytology of CS shows FC as 
microfollicles and overlapping groups of cells. Nuclei show atypia and 
are enlarged (compare with red blood cells), irregular, and hyperchro-
matic, with nucleoli (a DQ stain; b Pap stain). Scant, dense colloid is 
seen in the Pap-stained CS. (c–e) Cytological features of FC in TP. Note 
microfollicles and trabecular arrangement. Nuclear features are similar 

to those in CS, but more well-preserved. Dense colloid clings to tumor 
cells (Pap stain). (f) Cut surface of FC shows a solitary, solid tumor of 
about 2.5 cm, with a tan-brown surface and thick, irregular capsule. (g, 
h) Histology of the FC shows capsular and vascular invasion, which is a 
diagnostic finding. (i) High magnification shows a microfollicular archi-
tecture with enlarged, atypical nuclei and nucleoli (g–i H&E stain)
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Fig. 6.15  (continued)
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Fig. 6.16  Follicular carcinoma (FC). In another case of FC, note the 
similarity between CS (a, b) and TP (c–e) in architectural patterns, 
including microfollicles, cell balls, “rosettes,” single cells, and nuclear 
features. The main difference is that partially obscuring blood compro-
mises cell detail in CS. The TP shows well-preserved cells with nuclear 

atypia comprising enlarged, round to irregular, and hyperchromatic 
nuclei with nucleoli (a DQ stain, CS; b Pap stain, CS; c–e Pap stain TP). 
(f) Cut surface of the encapsulated tumor (about 4 cm); (g) Histologic 
image shows capsular invasion (H&E stain)
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g

Fig. 6.16  (continued)

a

b

c

Fig. 6.17  Follicular variant of papillary thyroid carcinoma (FVPTC). 
(a) Nuclear features concerning for PTC are noted, including enlarged 
oval nuclei with nuclear clearing, fine (powdery) or ground-glass–
appearing chromatin, and rare grooves (Pap stain, TP). (b) CS shows 
similar appearance (Pap stain). (c) Microscopically, the tumor shows a 
microfollicular architecture with clear nuclei (H&E stain)

•	 Rekhtman et  al. [39] described a simple and readily 
adoptable modification of the HistoGel method, which 
results in the greatest capture of cells. Using their tech-
nique, FNA collected in CytoLyt provided a significant 
increase in sufficiency for potential molecular and other 
ancillary studies.

•	 All cell blocks at our laboratory are being processed using 
this protocol, with excellent results (Fig. 6.20).

�Educational Points for FN/SFN

•	 Histopathologic follow-up of the FN/SFN category 
includes benign hyperplastic/adenomatous nodule, FA, 
FC, FVPTC, and NIFTP.

•	 TBSRTC estimates the overall ROM in this category to be 
25–40%. If NIFTP is not considered as carcinoma, the 
ROM changes to 10–40%.

•	 The 2015 ATA guidelines recommend molecular tests and 
surgical removal of the thyroid nodule because of the 
associated ROM.

•	 Subclassification based on the presence of architectural 
versus nuclear atypia shows significantly higher malig-
nancy rates in FN/SFN nodules with nuclear atypia [29].

•	 A recent multivariate model based on several clinical, 
ultrasonographic, and cytological parameters concluded 
that calcification, nodule size, nuclear atypia, and tobacco 
use may predict the risk of thyroid cancer in patients with 
thyroid nodules diagnosed as FN/SFN on FNA [31]. In 
this study, 33.8% of patients had thyroid carcinoma. PTC 
was the most common type, seen in 66.7% of cases.

•	 Microfollicular patterns with nuclear atypia are associ-
ated with an ROM of 7% [25].
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•	 For FN/SFN, the concordance rate between the final his-
tological and initial cytological diagnoses on FNA 
ranges from 32% to 62%. Adenomatoid nodules are the 
main cause of poor histologic correlation with FN/SFN, 
the reason cytopathologists prefer “SFN” for this 
category.

•	 The diagnosis of FVPTC is most challenging because of 
its scant evidence of the typical nuclear features of PTC 
and overlapping cytological features of both benign and 
malignant follicular lesions. This challenge is com-
pounded in cases with scant cellularity and subtle nuclear 
features of PTC within otherwise benign-appearing fol-
licular aspirates.

�Role of Molecular Tests in FN/SFN

•	 The treatments proposed for TBSRTC categories II, V, 
and VI are well established, considering their malig-
nancy rates of 0–3%, 50–75%, and 97–99% respec-
tively, but the best treatment options for category III 
(AUS/FLUS, with a 10–30% malignancy rate) and cat-
egory IV (FN/SFN, 25–40%) are subject to debate 
about different approaches. Management of actual 
patients also may depend on factors in addition to the 
FNA diagnosis, such as clinical and ultrasonographic 
findings.

•	 The 2015 ATA guidelines recommend molecular testing 
in conjunction with cytopathology interpretation.

•	 Commercially-available molecular tests include the 
Afirma® Genomic Sequencing Classifier (GSC) 
(Veracyte, South San Francisco, CA); ThyroSeq® v3 
genomic classifier (GC) (UPMC, Pittsburgh, PA); and 
ThyGeNEXT®/ThyraMIR® (Interpace Diagnostics, 
Parsippany, NJ). These are useful for the 15–30% of 
indeterminate thyroid FNAs and may be useful for 
NIFTP. (See Chap. 14.)

•	 FC and FA primarily show RAS point mutations (NRAS, 
HRAS, and less frequently KRAS) and PAX8/PPARγ rear-
rangements. RAS mutations are found in up to 40–50% of 
FC and 20–40% of FA; PAX8/PPARγ fusions are found in 
30–40% of FC and 2–13% of FA [12].

�Management of FN/SFN

•	 As per the 2015 ATA guidelines, diagnostic surgical 
excision (lobectomy) should be performed. Molecular 
testing can be performed for malignancy risk assess-
ment in conjunction with clinical and ultrasonographic 
features.

a

b

c

Fig. 6.18  Noninvasive follicular neoplasm with papillary-like nuclear fea-
tures (NIFTP). (a, b) Note the difference of nuclear shape and chromatin 
between FC (Fig. 6.16) and nuclear features of NIFTP. (c) Tumor cells form 
microfollicles, which appear tighter in TP. Nuclei show mild atypia, cellular 
enlargement, powdery chromatin, and intranuclear grooves. The follow-up 
histologic examination revealed NIFTP (a DQ stain; b, c Pap stain, TP)
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Fig. 6.19  Parathyroid adenoma. (a, b) Cellular parathyroid sample 
cells arranged as disorganized 2-D and 3-D fragments. Nuclei are 
round, monotonous, and uniform, with stippled, neuroendocrine-type 
chromatin, inconspicuous nucleoli, and a high nuclear-cytoplasmic 
(N:C) ratio. Low magnifications show vascular proliferation. The back-
ground shows single cells, some of which are “bare” nuclei, devoid of 

cytoplasm. Colloid is absent (Pap stain, TP). (c) Histology of the chief 
cell type of parathyroid adenoma (H&E stain). (d, e) Cytologically, 
parathyroid cells are difficult (if not impossible) to distinguish from 
thyroid follicular cells without PTH assay or immunostaining for PTH 
and thyroglobulin. Follicular cells show cytoplasmic lipofuscin gran-
ules, as seen on image d (Pap stain, TP)
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Follicular Neoplasm Hürthle Cell 
(Oncocytic) Type/Suspicious 
for Follicular Neoplasm Hürthle Cell 
(Oncocytic) Type

Rana S. Hoda, Rema Rao, and Theresa Scognamiglio

�Hürthle (Oncocytic) Cells

•	 Hürthle cells are follicular-derived oncocytic cells orig-
inally described by Askanazy in 1898. They are also 
referred to as oncocytic, oxyphilic, and Askanazy cells.

•	 Hürthle cells are characterized as large, polygonal cells 
with abundant eosinophilic and granular cytoplasm, rep-
resenting an abundance of mitochondria. The nuclei are 
enlarged and round, with a prominent nucleolus, and the 
cytoplasmic borders are distinct. These cells are generally 
larger than normal thyroid follicular cells.

•	 Hürthle cells can be seen in a wide range of non-neoplastic 
and neoplastic lesions. Thus, differentiating benign 
Hürthle cell (oncocytic) change from true Hürthle cell 
neoplasms (HCN) on fine needle aspiration (FNA) is 
challenging and fraught with pitfalls.

•	 The non-neoplastic or benign thyroid lesions that may 
show Hürthle cell (oncocytic) change include Hashimoto’s 
thyroiditis (chronic lymphocytic thyroiditis [CLT]), 
Hürthle cell metaplasia (HCM) in multinodular goiter 
(MNG), and dominant adenomatous nodules.

•	 Neoplastic conditions of Hürthle cells include Hürthle 
cell adenoma (HCA), Hürthle cell carcinoma (HCC), and 
oncocytic variants of thyroid carcinoma such as papillary 
thyroid carcinoma (PTC), follicular carcinoma, and med-
ullary thyroid carcinoma (MTC).

•	 WHO considers HCA and HCC as variants of follicular 
adenoma and follicular carcinoma. Follicular neoplasms 
composed predominantly of Hürthle cells (>75%) are 
classified as HCN.

•	 HCN differ from the non-Hürthle cell follicular neo-
plasms in cytologic appearance and have different molec-
ular genetic profiles.

�Clinical Significance of HCN: Impact on Risk 
of Malignancy

•	 The presence of oncocytic cells in thyroid neoplasms 
appears to indicate a higher risk of malignancy (ROM) 
and should not be overlooked on microscopic examina-
tion. However, FNA has a low sensitivity and negative 
predictive value (NPV) in differentiating benign from 
malignant HCN.

•	 Studies emphasize a more aggressive biological behavior 
and worse clinical outcome for HCC compared with non-
oncocytic follicular carcinoma.

•	 Studies based on histological follow-up have used clinical 
parameters to stratify patients with an FNA diagnosis of 
HCN into groups with high and low risk of malignancy.

•	 Bronner et  al. [1] found that 67–80% of Hürthle cell 
(oncocytic) tumors measuring at least 3.5 cm were histo-
logically malignant.

•	 Giorgadze et al. [12] showed that the ROM was higher in 
patients at least 40 years of age and in nodules measuring 
at least 2 cm. Both age and size were significant. Malignant 
lesions were also more common in men, although the dif-
ference was not statistically significant. These authors 
concluded that cytological assessment combined with 
various clinical variables (size of the nodule, age, and sex 
of the patient) might be helpful in predicting malignancy.

�TBSRTC Definition

•	 The Bethesda System for Reporting Thyroid 
Cytopathology (TBSRTC) defines Follicular Neoplasm 
Hürthle Cell (oncocytic) Type/Suspicious for Follicular 
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Neoplasm Hürthle Cell (oncocytic) Type (FNHCT/
SFNHCT) as a cellular aspirate that consists exclusively 
(or almost exclusively) of Hürthle cells.

�Updates in TBSRTC for FNHCT/SFNHCT

•	 Both diagnostic terms, FNHCT and SFNHCT, are 
acceptable.

•	 SFNHCT is preferred over FNHCT because 16–25% of 
cases prove on resection to be benign Hürthle cell change 
rather than HCN.

•	 Oncocytic is used for Hürthle cell neoplasms.
•	 The implied ROM of this category is 10–40%.

�Cytologic Criteria for Diagnosis of FNHCT/
SFNHCT and Application in LBP

•	 All diagnostic criteria devised and seen in CS are evident 
in LBP, with subtle differences:

–– Cellularity: Generally high in CS. Cellularity may be 
less in LBP.

–– Presentation: Hürthle cells in CS are predominantly 
dispersed as isolated cells, flat sheets, loosely cohesive 
groups, microfollicles, papillary or syncytial tissue 
fragments, and crowded, irregular 3-D groups. “Bare” 
or naked nuclei also occur. Transgressing vessels are 
present. In LBP, cellular arrangements are the same, 
except there may be more single cells and more loosely 
cohesive or 3-D clusters.

–– Hürthle cells: Polygonal, mostly uniform or monoto-
nous in a given tumor, but can be variable small to 
large cells, with well-defined cell borders. The 
nuclear-cytoplasmic (N:C) ratio is variable. Hürthle 
cells are easily recognizable in LBP, with similar fea-
tures as CS.

–– Nuclei: Single, binucleation to multinucleation is fre-
quent; central to eccentric location; uniform, round, 
smooth nuclear membrane; finely granular, evenly dis-
tributed chromatin; intranuclear grooves and pseu-
doinclusions (INPI) can be seen. Small and large cell 
dysplasias are noted. In LBP, the nucleus retains its 
location, shape, and nucleoli, but it may appear smaller 
and darker, with denser, more compact chromatin than 
in CS.  Binucleation is present. Nuclear detail and 
nucleoli are more easily detected. Small and large cell 
dysplasia is maintained.

–– Nucleoli: Cherry-red macronucleoli are seen in HCN 
(particularly HCC). In LBP macronucleoli are retained 
and may appear more basophilic. LBP may also show 

prominent nucleoli in Hashimoto’s thyroiditis. Look 
for lymphocytes infiltrating clusters of Hürthle cells.

–– Cytoplasm: Abundant, intracytoplasmic granules can 
be seen. The granules appear blue to gray-pink in 
Romanowsky-type stains and green on Papanicolaou 
(Pap) stain. LBP show similar features. The cytoplasm 
may sometimes appear frothy with microvacuoles in 
LBP.

–– Background elements and colloid: Colloid is generally 
scant or absent; psammoma bodies can be seen. 
Colloid may be apparent in LBP, though scant. Other 
background features are similar.

–– Lymphoplasmacytic infiltrate and germinal center 
cells: Not present. LBP shows similar feature.

–– Histiocytes with or without hemosiderin: Present or 
absent. LBP shows similar feature.

–– Regular-type benign follicular cells: Absent. They 
may be sampled from adjoining benign thyroid, par-
ticularly if FNA is performed without ultrasound guid-
ance. LBP shows similar feature.

–– Stroma: Transgressing vessels, but they may not 
always be present. Transgressing vessels are retained 
and clearly evident in LBP.

•	 TBSRTC divides the cellular and nuclear atypia into 
small cell and large cell dysplasias. Both types are evi-
dent in LBP:
–– Small cell dysplasia: The cells have a diameter that is less 

than twice the nuclear diameter, often with bland cells, 
less abundant granular cytoplasm, and high N:C ratio.

–– Large cell dysplasia: The cells demonstrate at least 
twice the variation in the nuclear diameter, often with 
prominent nucleoli and irregular nuclear outlines; very 
large cells with abundant granular cytoplasm.

–– Some cases may show a combination of small cell and 
large cell dysplasia.

�TBSRTC Problematic Scenarios  
for FNHCT/SFNHCT and Application to LBP

•	 All problematic scenarios outlined in the TBSRTC for CS 
also apply to LBP:

•	 Minimum necessary criteria: (These apply to oncocytic 
proliferations in patients with MNG or lymphocytic thy-
roiditis and distinguish FNHCT/SFNHCT from other 
neoplasms such as PTC, MTC, and parathyroid tumors.
–– Sparsely cellular aspirate composed entirely of Hürthle 

(oncocytic) cells. In LBP, cellularity may be low, as 
part of the specimen preparation technique. In our lab-
oratory, such cases are interpreted as Hürthle cell nod-
ule or AUS/FLUS with oncocytic features.
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–– Markedly cellular aspirate composed entirely of 
Hürthle (oncocytic) cells or “Hürthleoid” cells without 
atypia or dysplasia. This appearance of cells with non-
watery colloid can be seen in LBP. Such cases in our 
laboratory are interpreted as Hürthle cell nodule. 
Subsequent molecular testing will provide helpful 
information for proper patient management (observa-
tion or lobectomy).

–– Clearly abnormal sample with partial or minimal 
Hürthle (oncocytic) cell differentiation. This appear-
ance of cells can be seen in LBP. Such cases in our 
laboratory are interpreted as Hürthle cell nodule or 
FNHCT/SFNHCT. Subsequent molecular testing will 
provide helpful information for proper patient 
management.

–– Clearly abnormal sample with watery colloid. In LBP, 
some watery colloid is usually evident in Hürthle cell 
lesions.

•	 Oncocytic proliferations in patients with MNG or lym-
phocytic thyroiditis (LT):

–– Hürthle cell metaplasia commonly occurs in MNG. In 
LBP, normal follicular cells, metaplastic Hürthle cells, 
and colloid are seen, but metaplastic Hürthle cells pre-
dominate in some cases; in our laboratory, these are 
interpreted as Hürthle cell nodule. Metaplastic Hürthle 
cells form flat, cohesive sheets with well-defined cell 
borders and an organized and polarized cell arrange-
ment with distinct cell walls. They have a low N:C and 
lack nuclear atypia or dysplasia. The latter feature is 
most important in distinguishing metaplasia from 
HCN.

–– In some LT cases, the lymphocytic component may be 
absent or less prominent. In LBP, the lymphocytic com-
ponent may be reduced as part of preparation. Careful 
assessment of Hürthle cell morphology and finding of 
lymphocytes infiltrating Hürthle or follicular cell clus-
ters and lymphohistiocytic aggregates is required to 
avoid pitfalls. In LT, Hürthle cells may show atypia that 
may mimic PTC. Correlation with serology and clinical 
and radiologic findings is important.

•	 Distinguishing FNHCT/SFNHCT from other neoplasms:
–– It is imperative to obtain clinical information, ultrasound 

findings, and results of other pertinent clinical tests.
–– Careful review of cytological features.
–– Immunohistochemistry for specific lesions, such as cal-

citonin or parathormone (PTH) immunostains, if MTC 
or parathyroid lesion are a diagnostic consideration.

–– Molecular profile will help in further characterization 
of the specific lesion. If MTC was a diagnostic consid-
eration and the molecular test is positive for RET muta-
tion, the patient will be treated appropriately. Similarly, 

PTH gene will be detected if the lesion is of parathy-
roid origin.

–– Oncocytic tumors tend to undergo ischemic necrosis, 
especially after FNA.

�Differential Diagnosis of Hürthle Cell Lesions

•	 Non-neoplastic entities:
–– Hürthle cell metaplasia in MNG, adenomatoid (domi-

nant) nodule with Hürthle cell metaplasia in MNG, 
and Hashimoto’s thyroiditis (Table 7.1).

•	 Neoplastic entities:
–– HCA, HCC. It is important to note that almost all benign 

and malignant epithelial tumors of the thyroid and para-
thyroid have a Hürthle cell (oncocytic) variant, includ-
ing parathyroid adenoma (PA), follicular adenoma (FA), 
follicular carcinoma (FC), PTC, and poorly differenti-
ated carcinoma. Anaplastic thyroid carcinoma is an 
exception that does not have an oncocytic variant.

�Benign Hürthle Cell Lesion Versus HCN

•	 Hürthle cell metaplasia in MNG (Fig.  7.1), adenoma-
toid (dominant) nodule in MNG with Hürthle cell meta-
plasia (Figs.  7.2 and 7.3) and Hashimoto’s thyroiditis 
(Fig. 7.4) all show abundant colloid and Hürthle cells in 
flat 2-D sheets with honeycomb cell arrangement in CS 
and LBP [9].

�HCN Including HCA and HCC

•	 HCA (Figs.  7.5 and 7.6) and HCC are relatively rare 
tumors of follicular cell origin.

•	 The true HCN category represents only 3–5% of all thy-
roid neoplasms, and HCC accounts for only 2–3% of all 
thyroid cancers.

•	 Similar to follicular neoplasms, invasive HCN demon-
strating capsular and/or vascular invasion is defined as 
HCC (Figs. 7.7, 7.8, 7.9, and 7.10).

•	 HCC is considered as a distinct clinicopathological entity 
because of its genetic profile, more aggressive clinical 
course, and association with a higher rate of distant 
metastases than the other well-differentiated thyroid can-
cers (Fig. 7.11).

•	 Cytology cannot distinguish benign HCA from its malig-
nant counterpart. HCA or HCC can only be reliably diag-
nosed after histological assessment of the tumor capsule 
and lymphovascular invasion. FNA is used as a reliable 
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screening test only and classifies oncocytic tumors as 
indeterminate for malignancy.

•	 The ROM of Hürthle cell lesions reported as indetermi-
nate on cytology is 10–40%.

•	 Cytological features:
–– Exclusively Hürthle cells
–– Dyshesion
–– Nuclei: small cell or large cell dysplasia where nuclei 

are irregular, overlapping or overcrowded, and hyper-
chromatic, with grooves and macronucleoli. The N:C 
ratio is high in small cell dysplasia and low in large 
cell dysplasia.

–– Transgressing vessels
–– Colloid that is absent or scant and sometimes forms 

basophilic structures with concentric lamellations

–– In Hashimoto’s thyroiditis and MNG, Hürthle cell 
nuclei can show anisonucleosis and hyperchromasia 
but lack large nucleoli.

•	 Molecular tests may be helpful.
•	 Surgical resection (lobectomy) is the recommended 

management.

�Cytological Criteria in the Literature 
for Distinguishing HCA from HCC

•	 There are no absolute cytological criteria (including 
ploidy analysis and morphometric analysis of nuclear fea-
tures) or architectural criteria to distinguish between 
benign and malignant HCN.

Table 7.1  Follicular thyroid lesions, Hürthle cell (oncocytic) type: diagnosis and management

Diagnosis
Ultrasonographic 
findings Cytological features on LBP Molecular findings Histology Managementa

HCM in 
MNG

May be solid or cystic, 
spongiform and 
isoechoic

Low to high cellularity; flat, 
two-dimensional sheets without 
nuclear atypia or dysplasia; 
abundant colloid

– Unencapsulated, or 
insufficient encapsulation 
with macrofollicles and 
microfollicles

Observation. 
Resection, if 
symptomatic

Hashimoto 
thyroiditis 
(CLT)

Diffusely enlarged 
thyroid with 
heterogeneous 
echotexture

Low cellularity; >90% HC; some 
colloid; sheets >50%; HC with 
nuclear atypia of PTC; 
lymphocytes infiltrating follicular 
and Hürthle cells, plasma cells, and 
tingible body macrophage

– Unencapsulated; Hürthle 
cells and 
lymphoplasmacytic 
infiltration; germinal 
center formation

Observation or 
conservative 
treatment

HCN No specific feature 
predicts malignancy

Moderate to high cellularity, 
monotonous HC; non-
macrofollicular pattern (single cells 
>50%, syncytia and crowded 3-D 
clusters); small or large cell 
dysplasia; smooth nuclear 
membrane; prominent or 
macronucleoli; pale blue 
intracytoplasmic granules; 
transgressing vessels; no colloid

Somatic and 
germline mutation 
in GRIM-19; Copy 
number alterations

Large, solitary, HCC 
capsular or vascular 
invasion

Lobectomy or 
total 
thyroidectomy

PTC-OV Hypoechoic, solid; 
irregular, discontinuous 
halo, 
microcalcifications, 
intranodular vascularity

Tumor comprises HC with nuclear 
features of PTC, grooves, INPI, 
abundant colloid

BRAFV600E 
mutation, RET/
PTC 
rearrangements

Encapsulated or invasive 
oncocytic neoplasm with 
nuclear features of PTC

Total 
thyroidectomy

MTC-OV Usually nodule with 
heterogeneous echo 
pattern

Immunostains positive for 
calcitonin, negative for TG

RET mutation Oncocytic neoplasm with 
nuclear features of MTC

Lobectomy or 
total 
thyroidectomy

Parathyroid 
adenoma 
(PA)

Homogeneously 
hypoechoic, difficult to 
distinguish from a 
thyroid follicular cell 
nodule

Cellular with microfollicles; 
dispersed cells resemble follicular 
cells; round nuclei; coarse granular 
chromatin; variable atypia; 
cytoplasm abundant oncocytic or 
clear, colloid absent; vascular 
fragments. Immunostains negative 
for TG, positive for PTH.

Parathyroid gene Encapsulated; cellular; 
chief cells, some oxyphil 
cells; delicate capillary 
network; rim of 
compressed normal tissue

Lobectomy

CLT chronic lymphocytic thyroiditis, CNAs copy number alterations, HC Hürthle cells, HCM Hürthle cell metaplasia, HCN Hürthle cell neoplasm, 
INPI intranuclear pseudoinclusions, LBP liquid-based preparations, MNG multinodular goiter, MTC-OV medullary thyroid carcinoma, oncocytic 
variant, PTC-OV papillary thyroid carcinoma, oncocytic variant, PTH parathormone, TG thyroglobulin
aActual management may depend on other factors (clinical ultrasound); also see American Thyroid Association management guidelines [13]
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•	 10–25% of HCA are aneuploid, but aneuploidy predicts a 
more aggressive clinical behavior in histologically proven 
HCC.

•	 Elliot et al. [11] performed a morphologic study to distin-
guish benign Hürthle cell lesions from HCN. The authors 
found that 6 of 14 cytologic features were statistically sig-
nificant in predicting HCN:

–– Non-macrofollicular architecture
–– Absence of background colloid
–– Absence of chronic inflammation
–– Presence of transgressing vessels
–– >90% Hürthle cells
–– >10% single Hürthle cells

•	 They also found that the first four features, when present in 
combination, are highly predictive of HCN.

•	 Other published features of HCN include predominantly 
Hürthle cells, monotonous population, marked dyshesion, 
the presence of microfollicles, nuclear crowding, small 
cell and large cell dysplasia, and intracytoplasmic vacu-
oles. All these features are clearly applicable to LBP.

•	 Renshaw et  al. [25] focused on features seen more 
commonly in HCC rather than HCN.  These include 
predominantly Hürthle cells, scant colloid, and one of 
the following: small cell dysplasia, large cell dysplasia, 
crowding or syncytia, and dyshesion (numerous single 
cells and barely cohesive cells). All HCC in the study 

a b

c d

Fig. 7.1  Normal thyroid follicular cells and metaplastic Hürthle cells 
in a multinodular goiter (MNG). (a, b) Normal thyroid follicular cells 
(non-Hürthle cells) are smaller than Hürthle cells and have a different 
cell shape, with smaller nuclei. Compare the size of normal thyroid fol-
licular cells with red blood cells (RBCs). (a DQ stain, CS; b Pap stain, 
SurePath™ [SP]). (c, d) Hürthle cell metaplasia in MNG. Hürthle cells 
form flat, cohesive sheets with organized and polarized cell arrange-
ment, well-defined cell borders, and a low nuclear-cytoplasmic (N:C) 

ratio; they lack nuclear atypia or dysplasia. The latter feature is most 
important in distinguishing metaplasia from Hürthle cell neoplasms 
(HCN). Hürthle cells are large and polygonal, with enlarged round to 
oval nuclei, small nucleoli, and abundant dense and granular cytoplasm 
with distinct cytoplasmic borders. Compare the size of metaplastic 
Hürthle cells with RBCs. (c Pap stain, ThinPrep® [TP]; d Pap stain, 
SP). Hürthle cells appear similar in both liquid-based preparations 
(LBP), but in SP, the cells appear in different planes of focus
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could be identified using these criteria, but 63% of 
HCA and 25% of non-neoplastic Hürthle-cell lesions 
could not be reliably classified as benign using these 
criteria.

•	 Díaz del Arco and Fernández Aceñero [9] concluded that 
the absence of colloid, high cellularity, >25% of isolated 
Hürthle cells, the presence of 3-D groups, transgressing 
vessels, nuclear irregularity, prominent nucleoli or macro-
nucleoli, coarse chromatin, hyperchromatism, pleomor-
phism, and diffuse large cell dysplasia were features 
significantly associated with malignancy.

•	 To heighten awareness about cytological diagnosis of 
HCN, cytological criteria should be assessed in conjunc-
tion with the clinical parameters and correlated with 
molecular and subsequent histological findings.

�Parathyroid Adenoma

•	 There are no ultrasound features that distinguish parathy-
roid from thyroid. Thus, pathological distinction between 
parathyroid and thyroid can be challenging.

•	 Parathyroid comprises three different types of cells: chief, 
oxyphil, and water clear cells.

•	 Chief cells are morphologically similar to thyroid fol-
licular cells, and oxyphil cells are similar to Hürthle 
cells.

•	 Cytologically, the parathyroid samples are hypercellular, 
with cells arranged as disorganized 2-D and 3-D frag-
ments. Nuclei are round, uniform, and overlapping, with 
stippled “salt-and-pepper” neuroendocrine-type chroma-
tin, inconspicuous nucleoli, and a high N:C ratio. Vascular 

a b

c

Fig. 7.2  Hürthle cell metaplasia in an adenomatoid nodule (SP). This 
nodule presented as a dominant solid, 1.5-cm nodule in MNG. Cytology 
was interpreted as a Hürthle cell nodule/lesion. A lobectomy revealed 
nodular hyperplasia with a dominant 1.5-cm oncocytic nodule. (a) SP 
shows Hürthle cells arranged in a cluster with small nuclei and no 

apparent nucleoli (Pap stain). (b, c) Histologic sections show the onco-
cytic nodule with no capsule and surrounding hyperplastic features. 
Note the infarcted focus in image (c) which resulted from a prior FNA 
of the nodule (H&E stain)
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a b

c

e

d

Fig. 7.3  Hürthle cell metaplasia in an adenomatoid nodule (TP). This 
nodule presented as a stable, predominantly solid, 1.2-cm nodule with 
punctate internal echogenic foci. Cytology was interpreted as a Hürthle 
cell nodule/lesion. A lobectomy revealed nodular hyperplasia with a 
dominant 1.2-cm oncocytic nodule. (a, b) Conventional smears (CS) 

show variably sized Hürthle cell nuclei with nucleoli. Note the abun-
dant blood in the Pap-stained slide (a DQ stain; b Pap stain). (c, d) TP 
from the same case, with well-preserved morphology and granular 
oncocytic cytoplasm (Pap stain). (e) Histologic section shows the ade-
nomatoid nodule with oncocytic features (H&E stain)

7  Follicular Neoplasm Hürthle Cell (Oncocytic) Type/Suspicious for Follicular Neoplasm Hürthle Cell (Oncocytic) Type



110

proliferation is prominent. The background shows many 
naked “bare” nuclei and no colloid.

•	 Parathyroid cells may be distinguished cytologically as 
follicular cells in a FN/SFN, showing nuclear atypia and 
nucleoli. Follicular cells also show cytoplasmic lipofuscin 
granules.

•	 PTH assay or immunostaining for PTH and thyroglobulin 
can be of diagnostic value and can be used for 
confirmation.

•	 Clinical correlation with PTH assay performed from the aspi-
rated sample can also be confirmatory of parathyroid cells.

•	 Parathyroid lesions are usually interpreted as a follicular 
lesion of undetermined significance (FLUS) or FN/
SFN.  Subsequent molecular testing can help in further 
characterization. If the lesion is a parathyroid lesion, the 
test may detect parathyroid gene.

�Follicular Carcinoma, Oncocytic Type

•	 The lesion comprises >75% oncocytic cells. Diagnostic 
criteria are the same as for conventional follicular carci-
noma (Fig. 7.12). For comparison, Fig. 7.13 shows a case 
of follicular adenoma with oncocytic features.

�Papillary Thyroid Carcinoma, Oncocytic Type

•	 The oncocytic variant of PTC (PTC-OV) is composed 
of oncocytic cells with abundant granular and eosino-
philic cytoplasm and classic nuclear features of PTC, 
including enlarged, elongated, crowded, and overlap-
ping nuclei showing irregularity, small nucleoli, chro-
matin clearing, prominent grooves, and INPI.  The 

a b

c d

Fig. 7.4  Chronic lymphocytic (Hashimoto’s) thyroiditis (CLT). (a) CS 
showing an aggregate of Hürthle cells with lymphohistiocytic cells 
close to the group (DQ stain). (b) In the same case, TP shows Hürthle 
cells with lymphoid cells and histiocytes in close association (Pap 

stain). (c) A lymphohistiocytic aggregate in Hashimoto’s thyroiditis 
(CLT) in a CS (Pap stain). (d) A lymphohistiocytic aggregate in 
Hashimoto’s thyroiditis (CLT) in TP (Pap stain). Note the similarity in 
cytomorphology
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Fig. 7.5  Histologically proven Hürthle cell adenoma (HCA). (a–c) On 
CS, HCA shows high cellularity with dense cytoplasm, small to promi-
nent nucleoli, and a relatively low N:C ratio. The lesion was diagnosed 
as SFNHCT (a DQ stain; b, c Pap stain). (d–f) When the same case was 
processed as TP, all cytologic features of CS are retained. Although the 

cytoplasm appears dense, the cytoplasmic granularity is more apparent 
in LBP (Pap stain). (g) Gross image of HCA showing a well-
circumscribed and encapsulated 1.5-cm tumor. (h, i) Histologic sec-
tions of HCA. Note the thin capsule (H&E stain)

a b

c d

e f
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g h

i

Fig. 7.5  (continued)

a b

Fig. 7.6  Cytologic diagnostic criteria for FNHCT/SFNHCT in LBP. 
(a–c) Another case of HCA showing high cellularity, with cells dispersed 
singly, flat sheets, and clusters. Nucleoli are present and the N:C ratio is 

relatively low compared with the case of HCA above. Colloid is absent 
(Pap stain, TP). (d) Cluster of neoplastic Hürthle cells with transgressing 
vessels (Pap stain, TP). Note cytoplasmic granularity and eosinophilia
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Fig. 7.6  (continued)

a b

c d

Fig. 7.7  FNHCT/SFNHCT with small cell dysplasia. (a, b) CS shows 
small cells with less abundant cytoplasm, eosinophilic granules, and high 
N:C ratio. Nuclei are enlarged, central to eccentrically placed, and have 

prominent nucleoli. (a DQ; b Pap stain). (c–e) Small cell dysplasia in TP 
showing similar cytology as CS. Some thin colloid is evident (Pap stain). 
(f) Histologic section from Hürthle cell carcinoma (HCC) (H&E stain)
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Fig. 7.8  FNHCT/SFNHCT with large cell dysplasia. (a, b) CS shows 
loosely cohesive and cohesive large cells with abundant granular cyto-
plasm and macronucleoli (a DQ; b Pap stain). (c, d) In TP, the same 
case shows similar features (Pap stain). A subsequent molecular test 

showed CNAs. (e) Gross specimen of Hürthle cell carcinoma. Lower 
left shows normal thyroid. (f, g) Resected HCC showing capsular inva-
sion; high magnification shows cytology similar to the CS and TP 
(H&E stain)

a b

c d

e f

Fig. 7.7  (continued)
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Fig. 7.8  (continued)

g

e f

a b

Fig. 7.9  FNHCT/SFNHCT with vascular proliferation. (a, b) On TP, 
this HCA shows a loosely-cohesive group of tumor cells and another 
fragment with vascular endothelial cells surrounding and transgressing 
the cell group (Pap stain). (c–e) Cell block made from residual TP vial 

showing HCA (H&E stain). Note abundant material with Hürthle cells 
in microfollicles and intact vascular fragments in the cell block, similar 
to the vascular fragment seen in the TP. The cell block was processed 
utilizing the technique published by Rekhtman et al. [24]
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c

e

d

Fig. 7.9  (continued)

a b

Fig. 7.10  FNHCT/SFNHCT on SP. (a–d) Mix of small and large cell dysplasia of tumor cells with granular cytoplasm, relatively high N:C ratio, 
and small to large nuclei with nucleoli. Note eosinophilic cytoplasmic granules in image a. (Pap stain, SP)
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Fig. 7.10  (continued)

a b

c d

Fig. 7.11  Hürthle cell carcinoma (HCC) first diagnosed as metastasis 
to hip bone. The thyroid HCC was discovered after the patient first pre-
sented with metastasis to the hip bone. (a–d) Oncocytic tumor cells 
with high N:C ratio, enlarged hyperchromatic nuclei with prominent 
nucleoli, and cytoplasm with eosinophilic granules (Pap stain, SP); (e–
g) Cell block (CB) section from the hip FNA shows an oncocytic tumor. 
Immunohistochemistry was positive for thyroglobulin and showed 

cytoplasmic staining; PAX8 was positive with nuclear staining (e H&E 
stain, CB); f thyroglobulin immunostain; g PAX8 immunostain). (h) 
Histologic section of HCC from the needle core biopsy of hip metasta-
sis (H&E stain). Thyroid FNA was later performed on a solitary 2.5-cm 
nodule and was diagnosed as HCC, after review of the prior hip metas-
tasis. The tumor was not resected
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Fig. 7.11  (continued)

follicular variant of PTC may show a microfollicular 
architecture with similar nuclear features, but fewer 
INPI (Fig. 7.14).

•	 PTC-OV is rare, with a reported incidence of 1–11%.
•	 The pure form of PTC-OV is very rare and must be dif-

ferentiated from the HCN and tall cell variant (TCV) of 
PTC, both of which also have abundant eosinophilic 
cytoplasm. The latter is also characterized by cells that 
are two to three times as tall as they are wide. PTC-OV 
can be distinguished from HCN based on nuclear 
features.

•	 It is debatable whether PTC-OV confers a more aggres-
sive clinical course and increased risk of recurrence when 
compared with classic PTC.

•	 Management and follow-up of patients should be based 
on American Thyroid Association guidelines [13].

�Medullary Thyroid Carcinoma, Oncocytic Type

•	 Medullary thyroid carcinoma (MTC), the most common 
tumor to be distinguished from HCN, is covered in detail 
in Chap. 10.

•	 Both tumors are characterized by a single-cell monomor-
phous pattern, round plasmacytoid nuclei that may be single 
or binucleated to multinucleated, and oncocytic cytoplasm. 
MTC can be cytologically distinguished from HCN by the 
presence of a double population of variable plasmacytoid 
and spindle cells, coarsely granular neuroendocrine-type 
chromatin, and lack of prominent nucleoli.

•	 Immunocytochemistry can be performed to avoid diag-
nostic pitfalls. For MTC, negativity for thyroglobulin of 
the neoplastic parafollicular C-cells and positivity for cal-
citonin should be confirmed.
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Fig. 7.12  Follicular carcinoma, oncocytic variant (FC-OV). This case 
was diagnosed on FNA as FNHCT/SFNHCT with large cell dysplasia. 
(a–c) CS displays enlarged, round to oval nuclei, and macronucleoli. 
Cytoplasm appears denser on the DQ stain and more granular on the Pap 
stain (a, b DQ stain; c Pap stain). (d–f) The same case processed as TP 
showed similar cytoplasmic and nuclear morphology. Note monomor-
phous nuclei, cytoplasmic granules staining pale green, rare histiocytes 

with hemosiderin, and some thin colloid clinging to tumor cells (Pap 
stain). (g) Histologic section of FC-OV from the resection specimen 
(H&E stain). After comparison with the case of HCC shown in Fig. 7.8, 
it becomes evident that these two tumors cannot be distinguished cyto-
logically. Molecular testing may be helpful, as the two tumors have dif-
ferent genetic profiles. For example, the PAX8/PPARγ rearrangement 
seen in 26–53% of FC is rare in HCC ([6]; Máximo et al. 2016)

a b

c d

e f
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Fig. 7.12  (continued)

a b

c d

Fig. 7.13  Follicular adenoma, oncocytic variant (FA-OV). This case of 
HCA was also diagnosed on FNA as FNHCT/SFNHCT. (a, b) 
DQ-stained CS shows a cellular aspirate with singly dispersed, large 
polygonal cells with abundant dense cytoplasm, distinct cell borders, 
small round to oval nuclei, and a low N:C ratio. (c) A Pap-stained 
Cytospin™ slide shows similar morphology with small nucleoli and 

thin granular colloid in the background. (d) Histologic section of 
FA-OV. Note the intact capsule and compressed, benign thyroid paren-
chyma (H&E stain). After comparison with the case of HCC shown in 
Fig. 7.8 and FC-OV in Fig. 7.12, it becomes evident that distinguishing 
Hürthle cell tumors on cytology is challenging. Molecular testing may 
be helpful in detecting the genetic profile

•	 Immunocytochemistry works well on LBP owing to the 
more visible neoplastic cells and clean background. A 
small amount of monoclonal antibody is required for 
LBP.

�Metastatic Carcinoma Mimicking Thyroid 
Hürthle Cell Neoplasm

•	 Usually, there is a clinical history of a non-thyroid 
malignancy.

•	 Metastatic tumors of breast, kidney, or melanoma, among 
other oncocytic tumors, may mimic primary thyroid HCN 
(see Chap. 11).

•	 Immunocytochemistry can be performed on LBP for con-
firmation of primary versus metastatic tumor.

R. S. Hoda et al.



121

a b

c d

e f

Fig. 7.14  Papillary thyroid carcinoma, follicular variant (FVPTC) 
with Hürthle cell features. (a) DQ-stained CS shows a microfollicular 
fragment of tumor cells with enlarged round to oval nuclei, nucleoli, 
nuclear overlap, and occasional intranuclear grooves (left side). 
Intranuclear pseudoinclusions (INPI) were rare. (b, c) The Pap-stained 
TP shows similar cytological features. One vague INPI can be seen at 

the 12 o’clock position in image b. Architecturally, a microfollicular 
arrangement and syncytial pattern are evident. (d, e) Histologic section 
from the FVPTC with Hürthle cell features showing capsular invasion. 
A rare INPI can be seen in the high magnification in the middle of the 
field (H&E stain). (f) Histologic section of metastatic PTC with Hürthle 
cell features in one positive cervical lymph node (H&E stain)
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�Salient Points for FNHCT/SFNHCT

•	 The diagnostic accuracy of detecting HCNs by FNA 
cytology of thyroid nodules is in the range of 85–90%.

•	 Salient cytological criteria for diagnosis of a HCN include 
overall high cellularity comprising predominantly of 
Hürthle (oncocytic) cells that are dispersed mostly in a 
single-cell pattern, large cell and small cell dysplasia, 
prominent nucleoli, transgressing vessels, absent colloid, 
and lack of background chronic inflammation.

�Ultrasound Features of HCN

•	 No specific ultrasonographic findings can predict 
malignancy.

�Molecular/Genetic alterations in HCN: 
The Role of Molecular Tests

•	 HCA:
–– RET/PTC and PAX8/PPARγ gene rearrangements
–– RAS mutations are less common than in follicular ade-

noma (FA); they are seen in about 30% of cases.
–– Monosomies are more frequent than polysomies.
–– Somatic and germline mutation in GRIM-19

•	 HCC:

Most important is:

–– Copy Number Alterations (CNAs). ThyroSeq® v3, per-
formed on the FNA, includes CNAs and is found to have 
greater positive predictive value (PPV) for identifying 
HCC.

�Management of FNHCT/SFNHCT

•	 Lobectomy if cytology indicates HCN, as per ATA 2015 
management guidelines (Haugen et al. 2015)

•	 Molecular finding of CNAs with ThyroSeq® v3 may 
make a more convincing argument in favor of total 
thyroidectomy.

•	 HCC often has less radioiodine avidity, and patients may 
benefit from a more complete thyroidectomy.
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Suspicious for Malignancy

Rana S. Hoda, Rema Rao, and Theresa Scognamiglio

�Introduction

•	 The majority of thyroid nodules are benign, but a small 
percentage, about 10–15%, are malignant. According to 
The Bethesda System for Reporting Thyroid 
Cytopathology (TBSRTC), 3% of all thyroid fine needle 
aspiration (FNA) specimens are classified as Suspicious 
for Malignancy (SM).

•	 Ultrasound (US) and cytopathology are the two initial 
modalities in the assessment of the thyroid nodule.

•	 FNA of the thyroid is the most important test to determine 
whether a thyroid nodule that is suspicious on US is 
benign or malignant. A review by Jackson [11] reported 
sensitivity of 89–98% and specificity of 92%.

•	 Molecular tests can be performed in suspicious thyroid 
nodules to assist in the preoperative clinical decision mak-
ing, for selection of the most appropriate surgical 
management.

•	 Diagnosis of “Suspicious for Malignancy (SM)” is 
included in the indeterminate category of TBSRTC.   
Other entities in this category include Atypia of 
Undetermined Significance or Follicular Lesion of 
Undetermined Significance (AUS/FLUS, Chap. 5), 
Follicular Neoplasm or Suspicious for a Follicular 
Neoplasm (FN/SFN, Chap. 6), and Follicular Neoplasms 
of Hürthle Cell Type (FNHCT/SFNHCT, Chap. 7).

•	 The category of SM is used mainly for cases with features 
that are not quantitatively or qualitatively sufficient to 
make a definitive diagnosis of malignancy.

•	 SM is applied mainly to cases that are suspicious for 
papillary thyroid carcinoma (PTC), which have subtle 
nuclear and architectural changes of PTC such as 
enlarged, irregular nuclei with grooves and fine, pale 
chromatin with clearing. Intranuclear pseudoinclusions 
(INPI) are scarce or absent, and papillary structures 
with fibrovascular cores and psammoma bodies are 
absent.

•	 Other cases in the SM category include those with fea-
tures suggestive of medullary thyroid carcinoma 
(MTC), lymphoma, or malignancy not otherwise speci-
fied (NOS).

•	 Cases diagnosed cytologically as SM can be triaged to 
molecular testing for more diagnostic information.

•	 Management is usually a conservative resection, such as a 
lobectomy. A more extensive surgical procedure may be 
undertaken if molecular tests show a high-risk mutation 
such as BRAFV600E, seen in PTC.

•	 If lymphoma is suspected, repeat FNA is recommended 
for flow cytometry, and needle core biopsy to determine 
the type of lymphoma, in order to select the proper 
management.

�TBSRTC Definition of Suspicious 
for Malignancy (SM)

•	 TBSRTC defines “Suspicious for Malignancy (SM)” to 
be used when cytologic features (most often of PTC) raise 
a strong suspicion of malignancy but the findings are not 
sufficient for a conclusive diagnosis. Cases suspicious for 
a follicular or Hürthle cell neoplasm are excluded from 
this category. Cases diagnosed as SM are more likely to 
be malignant.
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�Updates in TBSRTC for SM

•	 SM has an implied risk of malignancy (ROM) of 45–60% 
if noninvasive follicular thyroid neoplasm with papillary-
like nuclear features (NIFTP) is not considered as cancer; 
if it is, the ROM is 50–75%.

•	 The positive predictive value (PPV) of an SM diagnosis is 
70%.

•	 Because the risk of malignancy in the SM category is 
high, the distinction between SM and the “Malignant” 

category may not be of much clinical significance. Most 
patients are managed by total thyroidectomy. Preoperative 
molecular testing may be helpful in identifying high-risk 
mutations.

�Differential Diagnosis of SM

•	 Table 8.1 lists the of SM:
–– PTC

Table 8.1  Suspicious for malignancy category: differential diagnosis on liquid-based preparations (LBP)

Diagnosis Cytological features on LBP
Distinguishing features for 
differential diagnosis Molecular findings Management

A. Suspicious for 
PTC (classic)

Review the 4 TBSRTC-described patterns for this 
category. Most nuclear features of PTC are 
present, with few INPI. Papillary structures and 
psammoma bodies are absent.

BRAFV600E 
mutation, RET/PTC 
1 and 3 gene 
rearrangement

Lobectomy/total 
thyroidectomya

 � 1. DDX: 
Hashimoto 
thyroiditis 
(CLT)

Follicular/Hürthle cells with lymphocytes, plasma 
cells, and lymphohistiocytic aggregates. PTC-like 
nuclear atypia (including focal enlargement, 
grooves, and chromatin clearing) may be seen.

Focal nuclear changes of 
PTC; prominence of 
nucleoli. Serum antibodies 
against thyroid-specific 
antigens.

Molecular findings 
of PTC are absent.

Observation or 
treated by thyroid 
hormone 
replacement

 � 2. DDX: 
Hyperplastic 
nodule

Smaller, darker nuclei; prominent nucleoli; 
grooves; rare INPI. Papillary structures are few, 
short, with fewer ramifications, and are mixed 
with benign macrofollicles and microfollicles, 
brown pigment in cytoplasm, background of a 
cyst (abundant watery colloid & macrophages).

History of Graves’ disease; 
smaller, darker nuclei; 
prominent nucleoli, no 
other atypia, cytologic 
variation, abundant thin 
colloid

Molecular findings 
of PTC are absent.

 � 3. DDX: 
Hyalinizing 
trabecular 
adenoma 
(HTA)

Usually many nuclear features of PTC, including 
grooves and many INPI. Trabecular pattern and 
intracellular hyaline material is present.

Cytoplasmic staining with 
MIB-1 immunostain, 
unlike typical nuclear 
staining

RET/PTC1 gene 
rearrangement

Lobectomy

B. Suspicious for 
cystic PTC

Hypocellular specimen with blood, foamy and 
hemosiderin-laden macrophages, epithelial cells 
with nuclear features of PTC, atypical 
histiocytoid cell clusters with abundant dense or 
vacuolated cytoplasm and scalloped borders, 
epithelioid giant cells with dense cytoplasm and 
rare psammoma bodies

Mutations present Lobectomy/total 
thyroidectomya

 � 1. DDX: 
Normal 
cyst- lining 
cells

Reparative, stretched-out/streaming 2-D cohesive 
sheets of spindled or polygonal polarized cells 
with distinct borders, mildly enlarged pale nuclei 
with smooth contours, grooves, moderate to 
dense granular cytoplasm, associated 
hemosiderin-laden macrophages and benign 
follicular cells

Patchy changes, elongated 
or spindled nuclei, large 
nucleoli, associated benign 
follicular cells

Molecular findings 
of PTC are absent.

Observation

C. Suspicious for 
MTC

Low cellularity or poorly preserved specimen 
with mostly singly dispersed, small spindled cells 
with spindled or oval eccentric nuclei. 
Background amyloid may be present. 
Immunostain positive for calcitonin and 
chromogranin, negative for thyroglobulin.

RET mutation Total thyroidectomy 
and cervical lymph 
node dissection, if 
proven

Suspicious for 
lymphoma

Low cellularity or poorly preserved specimen 
with mostly singly dispersed small, round cells 
with irregular round, central or eccentric nuclei, 
small nucleoli. Background lymphoglandular 
bodies may be present. Immunostain positive for 
LCA and negative for thyroglobulin.

Mutations of 
thyroid neoplasia 
absent

Flow cytometry, 
incisional biopsy for 
typing and pertinent 
treatment

CLT chronic lymphocytic thyroiditis, DDX differential diagnosis, PTC papillary thyroid carcinoma
aUsual management is lobectomy, but total thyroidectomy may be performed if molecular test shows a high-risk mutation such as BRAFV600E
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–– MTC
–– Lymphoma
–– Metastatic malignancy
–– Other malignant tumors, NOS

�Cytologic Features of PTC

•	 High cellularity with cells arranged in syncytial frag-
ments, cellular swirls, papillary fragments

•	 Nuclear features of enlargement, intranuclear pseudoin-
clusions, grooves, molding, nucleoli, and chromatin pal-
lor and clearing.

•	 Liquid-based preparations (LBP) easily display all the 
architectural and nuclear features of PTC.

�TBSRTC Criteria for Diagnosis  
of SM and Application in LBP

�Suspicious for PTC

•	 TBSRTC has put forth four cytological patterns, A–D, for 
cases suspicious for PTC.

•	 These patterns were described on conventional smears but 
are applicable to LBP.

–– Pattern A (Patchy nuclear changes of PTC): Specimens 
are of moderate or high cellularity with cells arranged 
in macrofollicles and display patchy nuclear changes 
of PTC including, enlargement, pallor, grooves, mem-
brane irregularity, molding, and few or no 
INPI. Papillary structures and psammoma bodies are 
not present (Figs. 8.1a–e, 8.2a–c, and 8.3).

–– Pattern B (Incomplete nuclear changes of PTC): 
Specimens are of moderate or high cellularity with 
generalized but incomplete nuclear changes of PTC, 
including mild to moderate enlargement, mild pallor, 
grooves, and few or no INPI.  Nuclear membrane 
irregularity and molding, papillary structures, and 
psammoma bodies are not present (Figs. 8.4a–h and 
8.5a–d).

–– Pattern C (Sparse cellularity with nuclear changes of 
PTC): Specimens show many nuclear changes of PTC, 
but the specimen is of sparse cellularity (Figs. 8.6a, b 
and 8.7).

–– Pattern D (Cystic degeneration): Cases show cystic 
degeneration with hemosiderin-laden macrophages, 
some nuclear features of PTC, few or absent INPI, 
occasional atypical “histiocytoid” cells, and no papil-
lary structures or psammoma bodies (Figs. 8.8a–d and 
8.9a, b).

�Suspicious for MTC

•	 Specimens are sparsely or moderately cellular; they quan-
titatively or qualitatively fall short of a definitive diagno-
sis of MTC:
–– Singly dispersed, small to medium-sized monomor-

phic cells with eccentric round to oval nuclei and a 
high nuclear-cytoplasmic (N:C) ratio. Cellular and 
nuclear morphology may be poorly preserved.

–– Because the specimens have low cellularity, there may 
not be enough sample for ancillary immunocytochem-
ical or immunohistochemical (ICC/IHC) studies.

–– If LBP are used, an attempt can be made to process 
additional LBP slides for immunocytochemistry 
(ICC), but only if the laboratory has validated ICC on 
LBP as per the guidelines of the College of American 
Pathologists (CAP) [13].

•	 All diagnostic criteria seen in conventional smears (CS) 
are evident in LBP with subtle differences (Figs.  8.10, 
8.11, and 8.12).

�Suspicious for Lymphoma

•	 Specimens are sparsely or moderately cellular; they quan-
titatively or qualitatively fall short of a definitive diagno-
sis of lymphoma:
–– Singly dispersed, small to medium-sized, monomor-

phic, atypical lymphoid cells with round to irregular 
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a b

c

e

d

Fig. 8.1  Suspicious for papillary thyroid carcinoma (PTC): patchy 
nuclear changes of PTC in ThinPrep® (TP) (TBSRTC Pattern A). In all 
these four separate cases, nuclear features of PTC were patchy and 
intermixed with benign follicular cells. All were submitted for molecu-
lar testing, which showed BRAFV600E mutations. Subsequent total 
thyroidectomy found classic PTC. (a) This irregular sheet shows all 
nuclear features of PTC (except intranuclear pseudoinclusions [INPI]), 
including enlargement, membrane irregularity, grooves, chromatin 

clearing, “powdery chromatin,” and small nucleoli. (b) This sheet 
shows all nuclear features of PTC, including one well-formed INPI. (c) 
This sheet shows all nuclear features of PTC, with a suggestion of INPI 
in the center of the field. (d) This sheet shows all nuclear features of 
PTC, including nuclear molding. One poorly-formed INPI is noted at 
the 11 o’clock position. (a–d Pap stain, TP) e, Conventional smear (CS) 
preparation (Pap stain) from the case seen in a. Note similar cytology
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nuclei, nucleoli, and a high N:C ratio. Cellular and 
nuclear morphology may be poorly preserved.

–– Rarely, lymphocytes in a case of lymphocytic thyroid-
itis may be deemed atypical.

–– Since the specimens have low cellularity, there may 
not be enough sample for ancillary ICC/IHC studies.

–– If LBP are used, an attempt can be made to process 
additional LBP slides for ICC, but only if the labora-
tory has validated ICC on LBP as per CAP guide-
lines [13].

–– Repeat FNA to collect a sample for flow cytometry can 
be recommended.

•	 All diagnostic criteria seen in CS are evident in LBP with 
subtle differences (Figs. 8.13a–e and 8.14a–c).

�Suspicious for Metastatic Malignancy

•	 Tumors of breast, kidney, melanoma, and lymphoma may 
metastasize to the thyroid and may mimic primary thyroid 
malignancy. (See Chap. 11.)

•	 Metastatic tumor can be suspected if cytological features 
and ICC/IHC do not corroborate a thyroid tumor.

•	 Usually, there is a clinical history of a nonthyroid 
malignancy.

•	 Review of the prior primary and pertinent ICC/IHC can 
be performed on additional LBP for confirmation of pri-
mary versus metastatic tumor.

a

b

c

Fig. 8.2  Suspicious for PTC: patchy nuclear changes of PTC in 
ThinPrep® (TBSRTC Pattern A). (a, b) This nodule showed patchy 
nuclear features of PTC including enlargement, molding, membrane 
irregularity, grooves, chromatin clearing, “powdery chromatin,” and 
small nucleoli. No INPI were noted (Pap stain, TP). (c) Histologic sec-
tion shows classic PTC (H&E stain)

Fig. 8.3  Suspicious for PTC: patchy nuclear changes of PTC in 
SurePath™ (SP) (TBSRTC Pattern A). This macrofollicular sheet 
shows all nuclear features of PTC except INPI, including enlargement, 
molding, membrane irregularity, grooves, chromatin clearing, “pow-
dery chromatin,” and small nucleoli. Note the more three-dimensional 
(3-D) appearance in SP (Pap stain)
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Fig. 8.4  Suspicious for PTC: incomplete nuclear changes of PTC in 
ThinPrep® (TBSRTC Pattern B). (a–c) The specimen was cellular 
and showed syncytia, papillae, and single cells with mild to moderate 
PTC-like atypia. Nuclear features included enlargement, grooves, 
chromatin clearing, “powdery chromatin,” and small nucleoli. 

Membrane irregularity was mild and no INPI were noted (Pap stain, 
TP). (d) Immunostain for CK19 was strongly positive, and a diagnosis 
of suspicious for PTC was rendered (TP). (e–g) Diff-Quik (DQ) stain of 
CS on the same case show morphologic similarity. (h) Histologic sec-
tion shows classic PTC (H&E stain)

a b

c d

e f
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g h

Fig. 8.4  (continued)

a b

c d

Fig. 8.5  Suspicious for PTC: incomplete nuclear changes of PTC in 
SurePath™ (TBSRTC Pattern B). (a–d) Specimen was moderately cellular 
and showed syncytia, papillae, and few single cells with mild to moderate 

PTC-like atypia. Nuclear features included enlargement, focal molding, 
grooves, chromatin clearing, “powdery chromatin,” and small nucleoli. 
Membrane irregularity was mild and no INPI were noted (Pap stain, SP)
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•	 All diagnostic criteria seen in CS are evident in LBP with 
subtle differences.

�Suspicious for Malignancy, Not Otherwise 
Specified (SM-NOS)

•	 SM-NOS is a category reserved for anaplastic or undif-
ferentiated thyroid carcinoma or other tumors that cannot 

be categorized further because of an inability to perform 
immunostaining and/or molecular testing (Fig. 8.15a–f).

�Salient Points for SM

•	 Yang et al. [20] studied the causes of cyto-histologic cor-
relations and discrepancies. The overall discrepancy rate 
between cytology and histology was 15.3%. The most fre-
quent cause of false-negative cytologic diagnoses was 
sample inadequacy. Cases of PTC that were false-negative 
were of inadequate or borderline cellularity. The new 
TBSRTC patterns for cases suspicious for PTC may help 
reduce the false-negative rate. The diagnosis of a benign 
thyroid lesion should be made only on adequate samples, 
but the presence of atypical cells or cellular patterns 
always should be addressed regardless of cellularity.

•	 In the same study, Yang et al. also indicated that cystic 
PTC is a cause for false-negative cytology diagnosis 
because of scant abnormal cells in a cystic background. 
The presence of clusters of epithelial cells with dense, 
squamous-like cytoplasm, enlarged nuclei containing 
multiple vacuoles (histiocytoid cells), a necrotic back-
ground, and papillary structures should suggest cystic 
PTC, especially in patients with lymph node 
metastasis.

•	 In the study by Yang et al. [20], the follicular variant of 
PTC (FVPTC) accounted for almost 68% of the malig-
nancies that were diagnosed as a follicular neoplasm (FN) 

a b

Fig. 8.6  Suspicious for PTC: sparse cellularity with most nuclear changes of PTC in ThinPrep® (TBSRTC Pattern C). (a, b) This specimen was 
sparsely cellular but displayed all nuclear features of PTC (Pap stain, TP)

Fig. 8.7  Suspicious for PTC: sparse cellularity with most nuclear 
changes of PTC in SurePath™ (TBSRTC Pattern C). This specimen 
was sparsely cellular but displayed all nuclear features of PTC (Pap 
stain, SP)

R. S. Hoda et al.



133

a b

c d

Fig. 8.8  Suspicious for PTC: changes of cystic degeneration in 
ThinPrep® (TBSRTC Pattern D). (a) DQ-stained CS shows a cystic 
background with hemosiderin-laden macrophage and a cluster of atypi-
cal “histiocytoid” cells with enlarged nuclei with occasional grooves and 
nucleoli and vacuolated cytoplasm. (b) In the same case, TP shows similar 

cytological features. Note the “histiocytoid” cell cluster with enlarged 
round nuclei, nucleoli, occasional grooves, and denser cytoplasm. (c) 
Less scalloped (histiocytoid) group with a macrophage in the back-
ground. Note well-preserved nuclear features suspicious for PTC (b, c 
Pap stain). (d) Histologic section shows intracystic PTC (H&E stain)

a b

Fig. 8.9  Suspicious for PTC: changes of cystic degeneration in 
SurePath™ (TBSRTC Pattern D). (a, b) Pap-stained SP shows a cystic 
background with hemosiderin-laden macrophage and clusters of atypi-
cal cells with “histiocytoid cell-like” morphology. Nuclei were 

enlarged, with occasional grooves and nucleoli and vacuolated cyto-
plasm. Although the case has a more 3-D appearance, the nuclear 
changes of PTC as outlined above are evident (Pap stain)

8  Suspicious for Malignancy



134

Fig. 8.10  Suspicious for medullary thyroid carcinoma (MTC) in 
ThinPrep®. (a–c) The foci shown in these CS were the only diagnostic 
cells. The smears show large, singly dispersed cells and a cluster of 
plasmacytoid cells (compare size with RBCs). Nuclei appear round and 
uniform with occasional nucleoli, which are more apparent in the Pap-
stained CS (b, c). Almost all cells have retained their cytoplasm. Note 
the eosinophilic, acellular, amorphous thick colloid-like or amyloid-

like material (a DQ stain, CS; b, c Pap stain, CS). (d–g) Pap-stained TP 
of the same case shows similar morphology. Note the more basophilic, 
acellular, amorphous thick colloid-like or amyloid-like material in d. 
The singly dispersed plasmacytoid cells were more prominent towards 
the periphery of the slide. Molecular test showed RET mutation. h The 
lobectomy showed a 2-cm firm tumor. (i) The tumor was histologically 
diagnosed as MTC (H&E stain)

a b

c d

e f
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g h

i

Fig. 8.10  (continued)

a b

Fig. 8.11  Suspicious for MTC in ThinPrep®. (a, b) Another case suspicious for MTC processed with TP showed a sparsely cellular sample with 
singly -dispersed, spindled cells with spindled to round nuclei, small nucleoli, and occasional binucleation (Pap stain)
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a b

Fig. 8.12  Suspicious for MTC in SurePath™. (a, b) A case suspicious for MTC processed with SP showed a sparsely cellular sample with poorly 
preserved, enlarged, singly dispersed spindled cells with spindled to round nuclei, small nucleoli, and occasional binucleation (Pap stain)

a b

Fig. 8.13  Suspicious for lymphoma. (a, b) CS show a relatively mono-
morphic population of enlarged, atypical lymphoid cells (a DQ stain; b 
Pap stain). (c, d) The same case in TP shows predominantly large, atyp-
ical lymphoid cells with cleaved, irregular nuclei and few nucleoli. 
Note a few lymphoglandular bodies in the background. This case is 

suspicious for lymphoma (c, d Pap stain, TP). Repeat FNA for flow 
cytometry was performed and was interpreted as CD10-positive B-cell 
lymphoproliferative disorder with kappa light chain restriction, com-
patible with follicular lymphoma. (e) Needle core biopsy of the thyroid 
showed follicular lymphoma (H&E stain)
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on FNA. An effort should be made to distinguish between 
FN and FVPTC, mainly by looking for nuclear features of 
PTC, which will be present in FVPTC. The distinction is 
important, as the management is lobectomy for FN but 
total thyroidectomy for FVPTC.

•	 In a study by Luu et al. [14], an SM diagnosis predicted 
cancer 67.9% of the time in the ThinPrep® (TP) group 
and 78.6% of the time in the CS group.

�Ultrasound (US) Features of SM

•	 General high-risk US features include a solitary, solid, 
and hypoechoic nodule with microcalcifications, a taller-
than-wide shape, irregular margins, increased intranodu-
lar vascularity, the absence of a “halo,” and evidence of 
local invasion.

•	 In addition to high-risk US features, high-risk clinical 
parameters should also be considered before treatment 
options are selected:

–– Family medical history (genetic background), includ-
ing family history of thyroid cancer

–– Age <20 or >70 years
–– Irradiation of the neck and head area (particularly in 

childhood)
–– Male gender
–– Rapid growth of nodule during follow-up
–– Nodule larger than 4 cm
–– Compression symptoms of hoarseness, dysphagia, and 

pain caused by a large tumor
–– Fixation of the nodule to surrounding tissue
–– Ipsilateral cervical lymphadenopathy

•	 Most clinical thyroid societies recommend that FNA 
should be performed on all thyroid nodules 1  cm or 
larger.

�The Role of Molecular Tests

•	 SM is included in the indeterminate category.

d

e

c

Fig. 8.13  (continued)
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a b

c

Fig. 8.14  Suspicious for lymphoma. (a, b) In this case suspicious for 
lymphoma, clinical information was that the patient had Waldenström 
macroglobulinemia. TP showed atypical cells that appeared to have a 

lymphoplasmacytic cell morphology (Pap stain). (c) Immunostain for 
CD38 was positive. Repeat FNA for flow cytometry showed lympho-
plasmacytic lymphoma

•	 Many clinicians now request molecular analysis for this 
diagnosis, and many insurance companies will reimburse 
for the test.

•	 Specific types of genetic alterations may lead to a more 
definitive preoperative diagnosis. (See Table 8.1.)

�Management of SM

•	 Management of patients with an SM diagnosis is complex 
and is influenced by many factors.

•	 Guidelines of the American Thyroid Association (ATA) 
recommend molecular testing for the SM category after 
review of clinical and radiological information. Molecular 
testing is recommended if the nodule and cytology are 
suspicious for PTC. Final management depends on patient 
preference after surgical consultation.

•	 Molecular testing will also be helpful if MTC is 
suspected.

•	 If lymphoma is suspected, flow cytometry and an inci-
sional biopsy are recommended.

•	 Metastatic tumors are treated accordingly.

R. S. Hoda et al.
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a b

c d

e f

Fig. 8.15  Suspicious for malignancy, not otherwise specified (NOS). 
(a, b) The CS showed sheets and clusters of cohesive cells with spin-
dled to oval, enlarged nuclei with stippled, clumped chromatin and 
small nucleoli. Nuclear features of PTC were not present (Pap stain). 
(c–e) TP shows cohesive clusters of cells with more overlapping and 

crowding and better nuclear morphology than seen in CS.  Note the 
clean background in TP (Pap stain). (f) Histologic section from the 
lobectomy showed a spindle-cell tumor that was positive only for 
vimentin (H&E stain)
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Positive for Malignancy: Papillary 
Thyroid Carcinoma and Its Variants

Rana S. Hoda, Rema Rao, and Theresa Scognamiglio

�Classic Papillary Thyroid Carcinoma (PTC)

•	 Approximately 5% (2–16%) of all thyroid fine needle 
aspiration (FNA) results are malignant.

•	 PTC is the most common form of thyroid cancer, com-
prising 83% of all diagnosed thyroid cancers.

•	 Diagnostic accuracy of cytology for PTC is high; when a 
diagnosis of PTC is rendered, 94–96% prove to be PTC 
on resection.

•	 It occurs in all age groups, including children, and peaks 
in the 3rd and 4th decade. The male-to-female ratio is 1:4.

•	 The incidence of thyroid carcinoma has almost tripled. The 
most common type is classic PTC (c-PTC), but the follicu-
lar variant of PTC (FVPTC) and noninvasive follicular thy-
roid neoplasm with papillary-like nuclear features (NIFTP) 
are also being diagnosed with increasing frequency.

•	 Risk factors for PTC include exposure to radiation during 
childhood, ionizing radiation to the neck, and genetic 
susceptibility.

•	 PTC usually presents as a thyroid nodule (which may be 
incidental); sometimes lymph node metastasis is the ini-
tial presentation.

•	 PTC spreads via lymphatics to regional lymph nodes and 
less commonly to the lungs.

•	 Overall, the long-term prognosis for patients with c-PTC 
is excellent. Variants such as the tall cell variant, colum-
nar cell variant, and diffuse sclerosing PTC have a more 
aggressive behavior, with higher rates of metastases, 
recurrence, and possibly mortality.

�Pathologic Features of Classic PTC (c-PTC)

•	 Grossly, c-PTC appears as an ill-defined nodule with 
irregular borders. It is commonly multifocal. The cut sur-
face is variable; the tumor usually lacks a capsule, can be 
solid or friable with some cystic areas or can show evi-
dence of papillary structures, is tan-brown in color with 
whitish foci of fibrosis, and may show gross calcifications 
(Figs. 9.1a and 9.6i).

•	 Histologically, c-PTC shows an infiltrative tumor com-
prising papillary architecture with a component of neo-
plastic follicles, classic nuclear features (as described 
below), psammoma bodies, and fibrosis (Figs.  9.1b–d 
and 9.6j, k).

�TBSRTC Definition of c-PTC

•	 The Bethesda System for Reporting Thyroid Cytopathology 
(TBSRTC) defines c-PTC as a malignant neoplasm of fol-
licular epithelial cells with a papillary architecture and a 
constellation of characteristic nuclear features.

�Cytologic Criteria of c-PTC

�Architectural Criteria

•	 Papillary architecture (Fig. 9.2).

�Nuclear Criteria (Figs. 9.3, 9.4, 9.5, and 9.6)

•	 Enlargement and/or elongation
•	 Irregularities in size, shape, and membrane
•	 Pale and dispersed, “powdery” or fine chromatin
•	 Crowding (nuclear molding) and overlapping
•	 Grooves
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•	 Cytoplasmic invagination into the nucleus (intranuclear 
pseudoinclusions [INPI])

•	 Small, peripherally located nucleoli

�Psammoma Bodies

•	 Less frequently seen on FNA than in histology (Fig. 9.7)
•	 When psammoma bodies are associated with nuclear 

features of PTC, the positive predictive value (PPV) is 
100%.

�Other Features of c-PTC

•	 Architectural features of papillae, monolayered syncy-
tial fragments, and cellular swirls (see Figs. 9.3, 9.4, 9.5, 
and 9.6).

•	 Cellular features of “hobnail” cells, Hürthle cells, and 
squamoid metaplasia (Fig. 9.8).

•	 Background features of a variable amount of thick, ropy 
or “bubble-gum” colloid and multinucleated giant cells 
(Fig. 9.9).

a b

c d

Fig. 9.1  Classic papillary thyroid carcinoma (c-PTC): Pathologic fea-
tures. (a) The solitary tumor is about 2.5 cm and shows a discrete but 
ill-defined mass. The cut surface is tan-brown with whitish areas repre-
senting intramural fibrosis. (b) Low magnification of a histologic sec-
tion of the tumor shows an infiltrative tumor comprising papillary 
architecture with a component of neoplastic follicles. (c) The tumor is 

composed predominantly of well-formed papillae. Scattered multinu-
cleated giant cells can be seen. (d) The nuclei are enlarged and elon-
gated and demonstrate overlapping. Chromatin clearing (Orphan Annie 
nuclei) is appreciated, as well as nuclear irregularity and grooves. 
Intranuclear pseudoinclusions (INPI), which represent invaginations of 
the cytoplasm into the nucleus, are also present (b–d, H&E stain)
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�TBSRTC Modification in the Definition of PTC

•	 The definition of PTC was modified with the reclassifica-
tion of NIFTP as a neoplasm rather than malignancy. To 
avoid false positives due to NIFTP, TBSRTC suggests lim-
iting use of the “malignant” category to cases with “clas-
sic” features of PTC (papillary fragments with fibrovascular 
cores, psammoma bodies, and INPI). The modified defini-
tion conforms to the histological criteria of c-PTC and 
may help improve cyto-histological correlations.

•	 TBSRTC emphasizes that a small number of malignant 
cytologic interpretations will be followed by a histologic 
NIFTP diagnosis, and thus an optional note may be used 
when the diagnosis “malignant: PTC” is rendered: “Note: 
A small proportion of cases (~3–4%) diagnosed as malig-
nant, PTC, may prove to be NIFTP on histopathologic 
examination.”

•	 TBSRTC also recommends that follicular-patterned 
tumors with some nuclear features of PTC but lacking 
true papillary structures, INPI, and psammoma bodies 
may represent NIFTP and should be designated either as 
a follicular neoplasm or suspicious for a follicular neo-
plasm (FN/SFN) or as suspicious for malignancy.

•	 Cases that do not show unequivocal features of PTC are 
best characterized as suspicious for PTC or atypia of unde-
termined significance (AUS), depending on the quantity 
and quality of cellular material. In such cases, molecular 
testing will prove helpful in further patient management.

�Cytomorphologic Differences Between LBP 
and CS

•	 Morphologic differences between liquid-based prepara-
tions (LBP) and conventional smears (CS), as seen in 
many of the figures, are predominantly due to immedi-
ate liquid fixation, lack of the smearing effect, and auto-
mated processing techniques of LBP, as detailed in 
Chap. 1.

•	 In LBP, architecturally, there is fragmentation of large 
papillary fragments, more 3-D cell clusters, and more 
single cells as a result of the homogenizing step of LBP.

•	 All nuclear features of PTC are retained in LBP, but nuclear 
size is smaller; nucleoli are more prominent, appear eosin-
ophilic, and may be associated with a perinuclear “halo”; 
nuclear membrane irregularity and nuclear grooves become 
more obvious; INPI are small or less evident; cytoplasm is 
scantier; and the nuclear-cytoplasmic (N:C) ratio is higher. 
These differences from CS are due to immediate liquid 
fixation and lack of the smearing effect.

a

b

c

Fig. 9.2  Cytologic features of c-PTC: Papillary structures on conven-
tional smears (CS) and ThinPrep® (TP). (a) Intact papillary structure 
with fibrovascular core seen on CS (Pap stain). (b) Intact papillary 
structure with fibrovascular core, seen on TP (Pap stain). In liquid-
based preparations (LBP), such intact branching papillary architecture 
is rare. (c) The papillary structure shown is the form usually seen in 
LBP (TP, Pap stain)
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a b

c

e

d

Fig. 9.3  Cytologic features of c-PTC on CS. (a) Diff-Quik (DQ)–
stained CS of c-PTC showing a monolayered sheet of tumor cells 
with cellular swirling. Fibrosis is indicated by magenta bands inter-
spersed within the sheet of cells. (b, c) Higher magnification shows 

elongated nuclei with intranuclear grooves and INPI.  A lightly 
stained DQ slide can display nuclear features and background ele-
ments. (d, e) Pap-stained CS shows similar cellular morphology
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•	 Although LBP give better cytomorphology for follicular 
cells, the papillary structures do appear smaller (frag-
mented) or may not be seen at all (see Fig. 9.6).

•	 The identification of both nuclear features and papillary 
structures with psammoma bodies is suggested to render 
a PTC diagnosis in liquid-based and CS cytology. (See 
the definition of PTC above.)

�Differential Diagnosis of c-PTC

•	 Benign follicular nodule: Monolayered syncytial frag-
ments may mimic benign follicular cells. Close inspec-
tion will see nuclear overlapping/crowding and molding 
in c-PTC.

•	 Hashimoto’s thyroiditis: This may show subtle nuclear 
clearing and grooves, but other nuclear features of PTC 
are not present.

�Histologic Variants of PTC that Can 
Be Diagnosed on FNA

•	 Follicular
•	 Macrofollicular
•	 Oncocytic or oxyphilic
•	 Clear cell
•	 Warthin-like
•	 “Hobnail”
•	 Tall cell
•	 Columnar cell
•	 Cribriform-morular

�Molecular Profile of PTC

•	 BRAFV600E mutation is the most common genetic alter-
ation seen in PTC; it occurs in 40–45% of cases. It is also 
specific to PTC.

a b

c d

Fig. 9.4  Cytologic features of c-PTC on ThinPrep® (TP). (a–d) 
Four different cases of c-PTC showing architecture similar to that 
seen on CS, with classic nuclear features of c-PTC including enlarged 

and elongated or oval nuclei with overlapping, nuclear membrane 
irregularity, fine pale chromatin, grooves, INPI, and small nucleoli 
(TP, Pap stain)
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a b

c

e

d

Fig. 9.5  Cytologic features of c-PTC on SurePath™ (SP). (a–e) Three different cases (a–c) of c-PTC showing architecture similar to that seen on 
CS and TP, with the classic nuclear features of c-PTC as described above. Note good cellularity in (a). (SP, Pap stain)
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Fig. 9.6  Gross, cytologic, and histologic features of c-PTC. (a) The 
Pap-stained CS shows monolayered, large syncytial and branching 
sheets and some papillary structures. (b, c) On TP, the same case 
shows high cellularity with fragmentation of papillary structures and 
of large syncytial, monolayered sheets. Papillae are present (Pap 
stain). (d) One intact papillary structure was retained (TP, Pap 
stain). (e, f) Classic nuclear features of PTC with crisp morphology 
(TP, Pap stain). (g) Immunostain for CK19 showed strong positivity. 

(h) Pap-stained CS with PTC nuclei. Note that the nuclear features 
are better preserved on TP. (i) Gross picture of this c-PTC shows a 
discrete but ill-defined mass. The mass is predominantly solid with 
focal cystic change. The cut surface is tan- brown to yellow with a 
granular appearance, which reflects the underlying papillary archi-
tecture. (j, k) Typical c-PTC showing well-formed, complex, branch-
ing and ramifying papillae with fibrovascular core with characteristic 
nuclear morphology (H&E stain)

a b

c

e

d

f
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Fig. 9.6  (continued)
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•	 The other common mutation is in the RAS gene.
•	 Other genes are also involved, but with a lower 

frequency.
•	 More detailed analyses of molecular abnormalities in PTC 

are found in the 2019 book by Nikiforov et al., Diagnostic 
Pathology and Molecular Genetics of the Thyroid [4].

�Follicular Variant of PTC (FVPTC)

•	 FVPTC is the second-most-common variant of PTC, 
accounting for about 18–30% of all PTC.

�Classification of FVPTC

•	 FVPTC is classified into two categories:
–– Follicular Variant, Infiltrative

•	 Irregular infiltrative border, lacks a capsule
•	 Clinical and biologic behavior similar to classic PTC
•	 Molecular alterations similar to c-PTC, such as 

BRAFV600E; RAS mutations are rare.
–– Follicular Variant, Encapsulated/Well-Demarcated

•	 Tumors with a capsule or well-demarcated border
•	 Molecular and clinical features similar to follicular 

carcinoma, but with moderate to well-developed 
nuclear features of PTC

•	 Follicular variant, encapsulated/well-demarcated 
with capsular invasion: These tumors show inva-
sion, either capsular or vascular.

•	 Follicular variant, encapsulated/well-demarcated, 
noninvasive: This category is for the rare tumors 

a b

Fig. 9.7  Psammoma bodies in c-PTC. Psammoma bodies are less fre-
quently seen in FNA than in histology and should be associated with 
abnormal cells to be significant. (a) A psammoma body in the middle of 

a cell cluster of PTC (Pap stain, TP). (b) Gross image shows a well-
delineated mass with a tan-red cut surface. Minute calcifications can be 
appreciated

Fig. 9.8  “Hobnail” cells of c-PTC. “Hobnail” cells have eccentric 
nuclei attached to a fibrovascular core (Pap stain, TP)
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a b

c

e

d

Fig. 9.9  Colloid and multinucleated giant cells in c-PTC. (a) DQ-stained 
CS shows magenta-staining, ropy colloid and multinucleated giant 
cells. (b) Pap-stained TP shows bluish, ropy colloid in the middle and 

bubble-gum colloid at top right. (c) Pap-stained SP shows bubble-gum 
colloid. (d, e) Pap-stained TP shows multinucleated giant cells
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that lack invasion but do not completely fulfill the 
criteria for NIFTP (>30% solid/trabecular/insular 
growth pattern, or high-grade features).

•	 A subset of noninvasive follicular variants can be 
reclassified as NIFTP if they meet the inclusion cri-
teria shown in Table 9.1.

�Clinical and Imaging Features of FVPTC

•	 The tumors involve younger patients and are often larger 
than c-PTC.

•	 Ultrasonography shows oval to round, isoechoic to 
hypoechoic nodules with or without a hypoechoic rim 
(Fig. 9.10a). In contrast, nodules of c-PTC are taller than 
wide and appear markedly hypoechoic.

•	 The hypoechoic rim is also more commonly encountered 
in FVPTC than in c-PTC.

•	 The imaging features of FVPTC show a greater degree of 
overlap with follicular lesions such as nodular hyperpla-
sia and follicular adenoma.

�Pathological Features of FVPTC

•	 Grossly, encapsulated invasive FVPTC is similar to 
NIFTP. The lesions appear well-circumscribed and solid, 
with an average size of about 2–4  cm (Fig.  9.10b). 
Infiltrative FVPTC also appears predominantly solid but 
shows gross invasion (Fig. 9.10c).

•	 On histology, the tumors can be minimally invasive or 
widely invasive and composed of small to medium-sized 
follicles lacking papillae (Fig. 9.10d, e). The cells lining 
the follicles show enlarged, oval and pale nuclei with 
nuclear overlap and intranuclear grooves. INPI are pres-
ent but markedly less in number than in c-PTC (especially 
with the minimally invasive FVPTC) and are very similar 
to NIFTP.

�Cytological Features of FVPTC: Application 
to LBP

•	 As described above, two variants of FVPTC are observed, 
the encapsulated (invasive) variant and the infiltrative 
variant. The encapsulated variant is more common than 
the infiltrative variant. The encapsulated, noninvasive 
variant of FVPTC is now referred to as NIFTP and will be 
discussed separately.

•	 Cytology cannot distinguish between these various 
FVPTC categories.

•	 The aim of this chapter is to highlight features of FVPTC.
•	 Cytologic features of FVPTC mirror histology in that the 

aspirate smears show thick colloid, prominent microfolli-
cles with enlarged nuclei, pale chromatin, nuclear grooves, 
and occasional pseudoinclusions. Syncytial clusters can 
also be seen. Psammoma bodies or papillary structures are 
generally lacking (Figs. 9.11, 9.12, 9.13, and 9.14).

•	 The features of FVPTC on LBP are fairly similar to 
CS. FVPTC lack papillary structures, and almost all cases 
of FVPTC show a microfollicular pattern and nuclear 
grooves.

•	 The infiltrative variant of FVPTC tends to show more 
INPI.

•	 In some cases, the features can be subtle and focal, lead-
ing to FVPTC being diagnosed as one of three indetermi-
nate Bethesda categories, categories III, IV, and V.

•	 If FVPTC is suspected on cytology (suspicious for malig-
nancy), an optional note such as “The cytomorphologic 
features are suspicious for FVPTC or its recently 
described indolent counterpart, NIFTP” is recommended 
per TBSRTC.

•	 The sensitivity of a diagnosis of FVPTC on FNA is 
approximately 42%, and specificity is 83%.

•	 In a study by Lin et al. [9], the sensitivity for a diagnosis 
of FVPTC on FNA was 25%, compared with 74% for 
conventional PTC.

Table 9.1  Consensus diagnostic criteria for diagnosing NIFTP on his-
tology (Endocrine Pathology Society)

Major inclusion criteria
 � Encapsulation/well demarcated
 � Follicular growth (<1% papillae)
 � Nuclear features of PTC
 � No papillae
Exclusion criteria
 � Invasion (vascular and/or capsular)
 � Solid/trabecular growth >30%
 � Tall cell, columnar, or cribriform-morular morphology
 � “True” papillae >1%
 � Psammoma bodies
 � Tumor necrosis
 � High mitotic activity (>3/10HPF)

HPF high-power field, NIFTP noninvasive follicular thyroid neoplasm 
with papillary-like nuclear features, PTC papillary thyroid carcinoma
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Fig. 9.10  Follicular variant of PTC (FVPTC). (a) Ultrasound image of 
a case of FVPTC showing an oval, predominantly hypoechogenic nod-
ule with an irregular abutting border inferiorly, corresponding to inva-
sion. (b) Grossly, the encapsulated, invasive FVPTC appeared 
well-circumscribed, encapsulated, and solid, with an average size of 

about 2–4 cm. (c) The infiltrative FVPTC appears predominantly solid 
but shows gross invasion, corresponding to the ultrasound image in (a). 
(d, e) Histology showing an encapsulated lesion composed of irregu-
larly shaped follicles with nuclei showing features of PTC. (d) shows 
evidence of capsular invasion (H&E stain)
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a b

Fig. 9.11  FVPTC: Appearance on CS. (a) Air-dried smear shows a 
cellular aspirate with mostly loose or fragmented microfollicles, with 
some nuclear enlargement (DQ stain, CS). (b) Alcohol-fixed smear 
shows the striking microfollicular architecture, with nuclei showing 

features of PTC such as nuclear enlargement, pallor, and peripherally 
placed nucleoli. Note the elongate nuclei, (some with angulation), in 
contrast to round and regular nuclei of follicular adenoma. The micro-
follicles show thick colloid in the lumen (Pap stain, CS)

a b

c

Fig. 9.12  FVPTC: Appearance on LBP. (a) LBP showing a cellular sam-
ple composed of loose microfollicles (Pap stain, TP). (b, c) Higher magni-
fication of the microfollicles. (b) shows compacted but irregularly shaped 

microfollicles; (c) shows appreciable nuclear atypia, in which the nuclei 
appear paler than the adjacent lymphocyte and are significantly enlarged 
in comparison to the lymphocytes and red blood cells (Pap stain, TP)
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a b

c d

e f

Fig. 9.13  FVPTC: Appearance on LBP. In these two other cases of 
FVPTC, the sample was sent only in TP preservative solution. (a–c) In 
this case, LBP shows a cellular aspirate composed of microfollicles. In 
(a) the follicular cell nuclei are loosely clustered around a central thick 
fragment of colloid. In (b, c) we can see a cellular area composed of 
compacted but loose microfollicles, with nuclei showing enlargement, 
pallor, and overlap. In (b) the thick fragment of colloid is extruded from 
the microfollicle and displaced away from the lumen. In both (b, c) the 
nuclear enlargement and pallor are striking when compared with the 

adjacent lymphocytes. We can also appreciate the peripherally placed 
nucleoli. The increased cellularity and the nuclear features help in a 
diagnosis of FVPTC. In this case, FVPTC was suspected, and the case 
was reported as “Suspicious for PTC” with an optional note “The cyto-
morphologic features are suspicious for a FVPTC or its recently 
described indolent counterpart NIFTP” (Pap stain, TP). (d, e) In this 
case, note the microfollicle with the nuclear features as described above 
and dense luminal colloid (Pap stain, TP). (f) Histology showed FVPTC, 
with histologic findings similar to the cytologic findings (H&E stain)
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�Molecular Profile of FVPTC

•	 The molecular profile of encapsulated invasive FVPTC 
is similar to that of NIFTP in that it is closer to that seen 
in the follicular adenoma/carcinoma group of tumors, 
characterized by general lack of BRAFV600E and by 
the prevalence of RAS mutations (and in some cases, 
PPARγ rearrangement). It tends to have an excellent 
prognosis.

•	 Infiltrative FVPTC, on the other hand, is similar to c-PTC, 
with lymph node metastases. It can show mutation in 
BRAFV600E.

�Noninvasive Follicular Thyroid Neoplasm 
with Papillary-Like Nuclear Features (NIFTP)

•	 The tumor (described by Nikiforov et al. [18]) represent 
a  distinct class of thyroid tumor that were previously 
referred to as the “encapsulated noninvasive variant of 
FVPTC.” They have very low risk of adverse outcome 
and have a set of reproducible histologic criteria 
(Table 9.2). The encapsulated invasive and diffusely infil-
trative types of FVPTC are discussed separately.

•	 In thyroid cytopathology, the introduction of NIFTP is a 
diagnostic challenge, as follicular-patterned lesions 
(including adenomatous nodule, follicular adenoma, fol-
licular carcinoma, and FVPTC) have overlapping cyto-
logical features and cannot be reliably distinguished.

•	 In particular, it is extremely challenging to make a defini-
tive diagnosis of FVPTC and NIFTP, and it is even more 
challenging to distinguish FVPTC and NIFTP on cytol-
ogy alone. The degree to which the nuclear features are 
displayed in FVPTC and NIFTP vary from case to case 
and between observers.

a

b

c

Fig. 9.14  FVPTC: Appearance on CS and SP. (a) This example of the 
cytology of an infiltrative FVPTC shows microfollicles and follicular cell 
nuclei with prominent intranuclear inclusions. Intranuclear inclusions are 
not so common in the encapsulated variant or NIFTP, but can be seen 
readily in the widely infiltrative FVPTC (Pap stain, CS). (b, c) FVPTC on 
a SP specimen, showing high cellularity with dense cellular clusters or 
cell balls and some individual microfollicles, which on higher magnifica-
tion show nuclear features of PTC including INPI (Pap stain, SP)

Table 9.2  Diagnostic criteria for NIFTP

1. Yes for encapsulation or clear demarcation
2. Yes for follicular growth pattern with
 � <1% papillae
 � <30% solid/trabecular/insular
 � No psammoma bodies
3. Yes for nuclear features of PTC (Nuclear score 2–3)a

4. No invasion
5. No high mitotic activity
6. No tumor necrosis

aNuclear score dependent on (a) size and shape (enlargement, elonga-
tion, and overlap); (b) membrane irregularities (grooves, folds, irregu-
lar contours, INPIs); and (c) chromatin characteristics (“glassy” 
nuclei; powdery, delicate chromatin; chromatin margination to the 
membrane; and clearing). Two of the above three categories must 
show adequate features (i.e., score 2 of 3) to allow for cytomorpho-
logic diagnosis of NIFTP

9  Positive for Malignancy: Papillary Thyroid Carcinoma and Its Variants



156

•	 The nuclear features also can be extremely subtle, espe-
cially in NIFTP, thus allowing for these cytologic samples 
to be diagnosed as one of the indeterminate categories: 
Suspicious for Malignancy (SM, 18–35%), FN/SFN (25–
30%), or AUS/FLUS (10–35%).

•	 NIFTP has also had the most impact on the TBSRTC implied 
risk of malignancy (ROM). The introduction of NIFTP as 
nonmalignant has produced an appreciable decrease in the 
ROM, in the indeterminate categories of TBSRTC.

•	 Faquin et al. [16] reported that the impact on the ROM of 
reclassifying noninvasive FVPTC as NIFTP was most 
pronounced and statistically significant in the three inde-
terminate categories. The ROM for AUS/FLUS decreased 
from 31% to 18%, for FN/SFN from 33% to 18%, and for 
SM from 83% to 59%.

•	 Zhou et al. [20] recently demonstrated similar findings of a 
decrease in ROM with the reclassification of NIFTP in a 
large, multi-institutional study. They also found the great-
est decrease in ROM in the indeterminate categories (8.7% 
for AUS/ FLUS, 7.9% for FN/SFN, and 10.9% for SM), but 
the impact overall (especially on the SM category) was far 
less in this study than in prior studies, highlighting the vari-
ability in pathologists’ cytologic and histopathologic diag-
nostic thresholds and clinicians’ management thresholds.

•	 The introduction of NIFTP also reduced the PPV of the 
malignant category for thyroid FNA from 99% to about 
94–96%.

•	 The decreases in the ROM and the PPV have raised some 
concerns in the cytology community about the classifica-
tion of follicular-patterned lesions with focal features of 
PTC and the effect of changes in the cytologic interpreta-
tion on downstream patient management.

•	 Because of its lower ROM, NIFTP can be successfully 
treated by lobectomy alone. Total thyroidectomy and sub-
sequent radioiodine ablation are not necessary.

�Imaging Features of NIFTP

•	 On ultrasonography, NIFTP usually appears as round to 
oval, well-circumscribed nodule, varying in echogenicity 
from hypoechoic to isoechoic to hyperechoic, with a 
hypoechoic rim (Fig. 9.15a).

�Pathological Features of NIFTP

•	 Gross findings include a well-circumscribed, solid nodule 
with an average size of about 2–4 cm (Fig. 9.15b). The 
nodule can be completely to partially encapsulated or 
may lack a capsule. It can occasionally grow larger.

•	 On histology, NIFTP must be well-demarcated, with or 
without a capsule, showing no evidence of capsular and/
or vascular invasion (Fig. 9.15c). The tumor is composed 

largely of follicles (predominantly microfollicular) with 
nuclei showing features like PTC. No “true” papillae or 
psammoma bodies are identified (see Tables 9.1 and 9.2).

�Cytological Features of NIFTP

•	 Cytologic features of NIFTP largely mirror histology except 
for capsulation and demarcation, which are impossible to 
assess on cytology alone. The aspirate of NIFTP is a follic-
ular-patterned aspirate composed of microfollicles. The 
nuclei show features of PTC that include overlap, pallor, 
membrane irregularity, and peripherally placed nucleoli, but 
intranuclear inclusions are rare to absent (Fig. 9.16a–d).

•	 By definition (as on Table 9.2), cytologic features noted in 
c-PTC such as psammoma bodies, papillae, and promi-
nent INPI should be absent.

•	 A prospective study by Strickland et al. [19] showed that 
the presence of a microfollicular architecture and the 
absence of papillae, psammomatous calcifications, and 
INPI help in distinguishing potential NIFTP cases from 
c-PTC.

•	 As previously mentioned, cytological distinction between 
potential NIFTP and FVPTC may be more challenging. 
As per Legesse [17], infiltrative FVPTC may occasionally 
show architectural features typical of papillae, irregular 
branching linear and swirling sheets, and INPI, in com-
parison to NIFTP. Most cases of NIFTP lack INPI; those 
present were very few.

•	 Although all the above cytologic features can be recog-
nized in LBP, currently data on the cytomorphology of 
NIFTP on LBP are limited.

•	 Similar to what is seen on CS, NIFTP lack prominent pap-
illary structures on LBP. Bizzarro et al. [15] in the largest 
published series on the cytomorphologic features of 
FVPTC on LBP, showed that almost all cases of FVPTC 
show a microfollicular pattern and nuclear grooves. In par-
ticular, NIFTPs showed minimal nuclear size enlargement 
(14 μm to 20 μm) when compared with infiltrative FVPTC 
or c-PTC. The presence or absence of colloid in the back-
ground appeared to be an insignificant finding. As in CS, 
prominent papillae, psammoma bodies, and increased 
INPI should not be present (Figs. 9.16e–h and 9.17).

•	 Presence of high mitotic rate, tumor necrosis, and more 
than one-third of solid growth excludes a tumor from the 
NIFTP category.

•	 As many of these follicular patterned lesions fall under 
the indeterminate category, adding an immunohistochem-
ical panel of CK19, HBME-1, and galectin-3 may reduce 
the indeterminate diagnosis in about 95% of cases, cate-
gorizing them rightfully as FVPTC and not benign.

•	 Cytopathologists need to be aware of the cytological cri-
teria that may suggest NIFTP, although it cannot be accu-
rately diagnosed on FNA alone. It requires histopathologic 
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examination to exclude features such as frank invasion, 
capsular or vascular invasion, papillary architecture, 
mitotic activity, necrosis, or solid growth.

�Molecular Profile of NIFTP

•	 Molecular testing appears to play a role in further charac-
terizing the variants of PTC. NIFTP tends to harbor the 
RAS mutation and PAX8/PPARγ gene rearrangement and 
lack BRAFV600E.

•	 Strickland et al. [19], in their study on molecular testing of 
a cohort of 56 thyroid FNAs already stratified as NIFTP/
FVPTC or c-PTC, showed that seven of eight cases favored 
to be NIFTP/FVPTC showed molecular results supporting 
conservative management (NRAS-1, wild type-6).

�TBSRTC Recommendations for FVPTC 
and NIFTP

•	 Given the ensuing challenges in diagnosing NIFTP on 
cytology alone and its placement in the indeterminate cat-
egories, TBSRTC recommends optional notes explaining 
the conundrum in ruling out NIFTP or FVPTC based on 
cytology alone.

•	 If a lesion is diagnosed as a follicular neoplasm, TBSRTC 
recommends an optional note such as “Although the 
architectural features suggest a follicular neoplasm, some 
nuclear features raise the possibility of an invasive FVPTC 
or its recently described indolent counterpart, NIFTP; 
definitive distinction among these entities is not possible 
on cytologic material.”

a b

c

d

Fig. 9.15  NIFTP: Imaging, gross, and histologic findings.  
(a) Ultrasound image of NIFTP, showing a round to oval, well-
circumscribed, predominantly solid nodule with mostly isoechoic 
areas punctuated with some hypoechoic to hyperechoic areas. A 
hypoechoic rim is not conspicuous here. (b) Grossly, NIFTP can grow 
larger, but on average are about 2–4 cm in size. This image of NIFTP 
shows a well-circumscribed and encapsulated solid nodule. The cap-
sule surrounding the tumor may be thin to thick, and it may be well to 

partially encapsulated or unencapsulated, as long there is a discrete 
interface between the tumor and the surrounding thyroid parenchyma. 
The nodule in this image shows a thin capsule. The nodule must be 
well sampled, with sectioning along the tumor-capsular-parenchymal 
interface to rule out any invasion, either capsular or vascular. (c) The 
corresponding histology shows a well-circumscribed, thinly encapsu-
lated nodule that is well delineated from the surrounding thyroid 
parenchyma (H&E). (d) High magnification of the tumor (H&E)
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Fig. 9.16  NIFTP: Cytologic and histologic findings. This is a case of a 
well-circumscribed 2-cm nodule in the right lower lobe. (a) The air-dried 
smear is cellular, composed mostly of compacted and loose microfolli-
cles. The background shows mostly blood and lacks colloid. (b) Higher 
magnification of the air-dried smear shows loose microfollicles with 
nuclear enlargement and nuclear sizes ranging from 2 to 4 times the size 
of the adjacent red blood cells. Even on this DQ stain, the nuclei look pale 
and show overlapping in some foci. Although nuclear abnormalities are 
noted here, it is best to use alcohol-fixed smears to appreciate these 
nuclear features (a, b, DQ stain, CS). (c, d) Alcohol-fixed smears show-
ing microfollicles with considerable nuclear enlargement when com-
pared with the adjacent red blood cells. In (c) a group of microfollicles 
are admixed with blood, but the nuclear features are still well appreciated, 
including crowding, nuclear enlargement, and pallor (c, d, Pap stain, CS). 

(e, f) LBP from the same case show similar nuclear alterations as seen on 
the smear preparations. In LBP, the clusters appear much tighter and 
more cohesive, and the cell size appears smaller. Nevertheless, the pres-
ence of irregularly shaped microfollicles with nuclear enlargement, over-
lap, and pallor can be appreciated. In all these slides (including smears), 
no prominent INPIs are evident. The cytomorphologic features in this 
case warranted a call of follicular neoplasm/suspicious for a follicular 
neoplasm (FN/SFN, Bethesda IV) (Pap stain, TP). (g, h) Histology 
showed a well-circumscribed, encapsulated nodule composed of folli-
cles. On higher magnification, the nodule is composed of a follicular 
growth pattern (predominantly microfollicles), with nuclear features of 
PTC such as enlargement, overlap, grooves, pale chromatin, and irregular 
membranes. INPIs are not readily identified (H&E stain)

a b
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d
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•	 If a FVPTC is suspected on cytology (suspicious for malig-
nancy), TBSRTC recommends an optional note such as 
“The cytomorphologic features are suspicious for a FVPTC 
or its recently described indolent counterpart, NIFTP.”

�Salient Points for FVPTC and NIFTP

•	 Introduction of NIFTP as nonmalignant and the modi-
fied ROM that followed has led to some changes in 
how we approach follicular-patterned lesions on 
cytology.

•	 The key is to avoid diagnosing follicular-patterned PTC 
as overtly malignant. Some helpful features on cytology 
include a follicular-patterned lesion with microfollicles 
showing nuclear features of PTC such as crowding, slight 
enlargement, overlap, and grooves, and lacking promi-
nent intranuclear inclusions.

•	 Cytological characteristics of NIFTP on LBP are less 
understood. Nevertheless, the cytologic features of NIFTP 
on LBP are similar to what is seen on CS, with less evi-
dence of pseudoinclusions and less bloody background 
(see Fig. 9.17).

•	 The recommendation is to use the “SM” or “FN/SFN” 
category with a note of the possibility that it may be 
FVPTC or NIFTP.

•	 Sampling for molecular testing is always recommended 
in follicular-patterned lesions mimicking PTC.  If 
molecular testing determines a RAS mutation over a 
BRAF, a likelihood of NIFTP can be entertained.

•	 Preoperative determination of the likelihood of NIFTP is 
important, as lobectomy is the treatment of choice, not 
total thyroidectomy.

•	 In summary, NIFTP is a noninvasive thyroid tumor of fol-
licular origin and nuclear features of PTC, with a poten-
tial for invasion to invasive encapsulated FVPTC.  It is 
therefore considered a precursor of carcinoma, with low 

rates of recurrence and metastatic potential. Imaging find-
ings and preoperative cytology are not definitive.

�Tall Cell Variant of PTC (TCV-PTC)

•	 TCV-PTC, an aggressive variant of PTC, comprises 
3–11% of all PTC.

•	 Originally reported by Hawk and Hazard in 1976, this 
variant includes tumor cells with nuclear features of PTC 
that are two to three times as tall as they are wide, which 
are therefore referred to as “tall cells.”

�Clinical and Imaging Features of TCV-PTC

•	 TCV-PTC commonly presents at an older age (about 
55 years) and with increasing rates of lymph node metas-
tasis and extrathyroidal extension (ETE). Its 5-year 
disease-free survival (81%) is poorer than that of conven-
tional PTC (98%).

•	 On ultrasound imaging, TCV-PTC appears as markedly 
hypoechoic, predominantly solid nodule with frequent 
internal microcalcifications, ETE, and lymph node metas-
tasis (Fig. 9.18a).

�Pathological Features of TCV-PTC

•	 Grossly, the tumors are usually large with extrathyroidal 
extension, solid, firm, pale tan to white.

•	 On histology, for a diagnosis of TCV-PTC, at least 30% 
of the tumor must be composed of tall cells. This per-
centage is controversial, as it has been noted that tumors 
with even 10% of tall cells (so-called PTC with tall cell 
features) carry a relatively aggressive prognosis 
(Fig. 9.18b, c).

g h

Fig. 9.16  (continued)
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Fig. 9.17  NIFTP: Cytomorphology, with emphasis on LBP. (a–f) illus-
trate a case of a solid, 2.7-cm nodule with a previous diagnosis of fol-
licular lesion of undetermined significance (FLUS). (a), The air-dried 
smear shows a compact group of microfollicles with nuclear enlarge-
ment, crowding, and pallor (Diff-Quik, CS). (b) An alcohol-fixed smear 
shows similar features of loose clusters of follicular cells with nuclear 
atypia as described above. Note the left lower group, showing a follicu-
lar cell nucleus with grooves (Pap stain, CS). (c–e) LBP show nuclear 
features similar to the aspirate smears. The background is less bloody 
(c). INPIs are rare in NIFTP, but (d) shows a group of follicular cells on 

the right with an INPI; the background shows blood. (e) shows a micro-
follicle with nuclear features as described above. A diagnosis of FLUS 
was rendered. Molecular testing showed an NRAS mutation (c–e, Pap 
stain, TP). (f) The corresponding histology was NIFTP; note the thin 
capsule surrounding the lesion. The nuclear features on histology mirror 
those on cytology (H&E stain). (g–i) LBP from another case of NIFTP, 
with a cytologic diagnosis of FN/SFN (Bethesda IV), showing a cellular 
sample composed of microfollicles with nuclear enlargement, pallor, 
overlap, and peripherally placed nucleoli. Note the presence of thick col-
loid (scant in i) (g–i, Pap stain, TP)
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�Cytology of TCV-PTC: Application to LBP

•	 FNA can aid in the preoperative identification of the tall 
cells. The aspirates show tall cells with increased onco-
cytic cytoplasm, with a low N:C ratio, prominent cell out-
lines, and nuclear features of PTC with multiple 
intranuclear “soap bubble–like” pseudoinclusions when 
compared with conventional PTC (Figs. 9.18d–i and 9.19).

•	 Kaw [23] described tissue fragments with scalloped outer 
borders on conventional smears of TCV-PTC.

•	 Features are similar on LBP, but LBP is superior in the 
detection of tall cells because cellular preservation is bet-
ter than on CS.

•	 Lee et al. [24], in their study on SurePath™ (SP) samples 
of TCV-PTC, showed findings such as tall cells with onco-
cytic cytoplasm and distinct cell borders well appreciated 

in LBP samples. In dense clusters, these tall cells were 
better appreciated in the periphery of the cell cluster.

•	 Our group’s study of TCV-PTC on ThinPrep® (TP) [21] 
showed that cytologic features of these tall cells, as 
described on CS, could readily be identified on TP, and 
TP appeared to have better cellular preservation. The 
most helpful diagnostic feature included increased num-
bers of tall cells arranged as both single cells and in the 
periphery of the cell groups, with oncocytic cytoplasm, 
distinct cell borders, and cytoplasmic tails. We first 
described “cytoplasmic cuff”—the peripheral rim of cyto-
plasm noted on some monolayered and syncytial groups—
as a feature of TCV-PTC.

•	 The “soap bubble–like” INPIs described as a notable fea-
ture of TCV-PTC on CS are present in TP samples but 
may be less appreciated.

g

i

h

Fig. 9.17  (continued)
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Fig. 9.18  Tall cell variant of PTC (TCV-PTC): Imaging, gross, and histo-
logic findings. (a) Ultrasound image of TCV-PTC, showing a markedly 
hypoechoic but predominantly solid nodule with internal vascularity. 
Compared with classic PTC, TCV-PTC tends to show frequent internal 
microcalcifications, extrathyroidal extension, and lymph node metastasis. 
(b) Gross image of TCV-PTC showing a predominantly tan-brown solid 
nodule with some cystic foci; it is poorly circumscribed, with blurring of 
the borders between the nodule and the adjacent thyroid parenchyma. (c) 
Histology of the nodule shows tumor cells arranged as tall cells (with 
length at least 2–3 times the width) and moderately abundant cyto-
plasm. The nuclear features appear similar to the classic PTC (H&E). 

(d) Preoperative FNA cytology. This air-dried aspirate smear shows tumor 
cells with decreased N:C ratio, abundant oncocytic cytoplasm, and 
enlarged nuclei. Compare the nuclear sizes of the tumor cells to that of the 
adjacent RBCs. The cell borders appear to be well defined (DQ stain, CS). 
(e, f) The alcohol-fixed smears show all nuclear features similar to PTC, 
such as nuclear enlargement, pallor, membrane irregularity, grooves, over-
lap, and INPIs; an occasional cell (bottom left) shows multiple “soap 
bubble”–like INPIs (Pap stain, CS). (g–i) LBP from this aspirate shows 
tumor cells that appear to have more cytoplasm and are “tall” (better 
appreciated at the edges of the cluster). The nuclear features are similar to 
those of c-PTC. Note the laminated psammoma body (Pap stain, TP)
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�Molecular Profile of TCV-PTC

•	 Notable molecular alterations include BRAFV600E muta-
tions; TCV-PTC shows the highest frequencies when 
compared with c-PTC.

•	 Also seen are loss of heterozygosity for chromosome 1 
(D1S243) and the p53 gene (TP53) and RET/PTC3 
rearrangement.

�Cystic PTC

•	 Partially cystic thyroid nodules (PCTNs) are commonly 
seen on ultrasound.

•	 Li et al. [30] published a detailed ultrasonographic assess-
ment of PCTNs.

•	 Most cystic thyroid nodules are a result of degenerative 
changes arising in underlying lesions. A true epithelial 
cyst of the thyroid is rare.

•	 4.6–17.6% of PCTNs are malignant.

•	 Among malignant neoplasms, cystic change is the second 
most common in PTC. Up to 50% of PTC lesions are at 
least partially cystic, and about 10% are predominantly 
cystic.

•	 The guidelines of the American Thyroid Association 
(ATA) [28] recommend that PCTNs with suspicious ultra-
sound features or nodules with the greatest dimension 
>1.5 cm should undergo FNA and follow-up.

�Imaging Features of Cystic PTC

•	 Li et al. [30] described suspicious features of a PCTN:
–– Irregular and eccentrically located solid component 

within the cyst, comprising at least 50% of the lesion
–– Microcalcifications
–– Increased vascularity in the solid component or cyst 

wall
•	 Based on these features, ultrasound differentiated malig-

nant from benign PCTN with 84.6% sensitivity, 84.0% 
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Fig. 9.18  (continued)
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Fig. 9.19  TCV-PTC: Cytologic findings on LBP. These images show 
examples of TCV-PTC on LBP (Pap stain, TP). (a) The cluster of tumor 
cells from a case of TCV-PTC. Note the soap bubble–like (multiple) 
INPIs in a few of these nuclei. (b, c) These are tighter, flat sheets and 
dense cellular branching clusters of tumor cells. Cells arranged in the 
periphery of these sheets show a cytoplasmic “palisade” with apical 
cytoplasm and basal nuclei showing features of PTC. Baum et al. [21] 

highlighted this feature in LBP of TCV-PTC, referring to it as “cyto-
plasmic cuff.” (d) Similar cytoplasmic cuffing; well-defined cell out-
lines and moderately abundant oncocytic cytoplasm can be seen in 
TCV-PTC on LBP. LBP appear to preserve the cell outlines better than 
CS. (e) This example shows single tall cells, better appreciated on 
LBP. Note that the nuclear sizes of the tumor cells are fairly enlarged 
when compared with the lymphocytes in the background
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specificity, and 84.0% accuracy; the positive predictive 
value (PPV) was 20.4% and the negative predictive value 
(NPV) was 99.1%.

�Pathological Features of Cystic PTC

•	 PTC may undergo cystic change.
•	 Grossly, a multicystic tumor can be seen.
•	 Histologically, papillary structures are noted facing the 

lumen of the cyst (Fig. 9.20).

�Cytopathology of Cystic PTC: Application to LBP

•	 Cystic PTC is predominantly cystic; the nodule contains 
thin, watery fluid accompanied by abundant histiocytes 
and vacuolated (histiocytoid) tumor cells.

•	 Specimens are usually hypocellular.
•	 Faquin et al. [27] and the 2nd edition of TBSRTC [25]) 

outlined cytological features of cystic PTC, and Mokhtari 
et al. [31] outlined newer cytological features, discussed 

below. All the cytological features were described on CS 
but are equally applicable to LBP.

•	 Cystic PTC shows a cystic background with numerous 
hemosiderin-laden macrophages, thin watery colloid, 
cystic debris, large epithelioid giant cells with many 
nuclei, and rare psammoma bodies.

•	 Epithelial cells are sparse, composed of cells with nuclear 
features of PTC. Hypervacuolated cells with a “histiocyt-
oid cell” morphology are also present.

•	 Cells appear as isolated plasmacytoid cells with occa-
sional signet-ring forms, and also may be arranged in 
syncytial fragments, small groups with irregular bor-
ders, small clusters with a radial distribution of cells 
(cartwheel pattern), small ball-like cellular clusters 
(cellular swirls), papillae or follicles, and clusters of 
“histiocytoid” cells with scalloped, well-defined 
borders.

•	 Although all nuclear features of PTC are present, nuclear 
grooves are prominent, “powdery” chromatin may be less 
prominent, and INPIs may be occasional. Cytoplasm is 
abundant, vacuolated, and granular or dense (Figs. 9.21, 
9.22, 9.23, 9.24, and 9.25).

a b

c
d

Fig. 9.20  Cystic PTC: Gross and histologic features. (a) Gross appearance of a cystic PTC. (b, c) Histology of cystic PTC. Note the attached and 
dislodged papillary structures. (d) High magnification shows all nuclear features of PTC (b–d, H&E stain)
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a b
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Fig. 9.21  Cystic PTC: Cytologic findings. (a, b) CS shows an irregular 
sheet and small, ball-like cellular clusters (cellular swirls) in a cystic 
background with many hemosiderin-laden macrophages (a, DQ stain, 

CS; b, Pap stain, CS). (c) On the same case, TP shows similar findings. 
Even in the irregular sheet of tumor cells, some cell swirling is visible 
(Pap stain)

a b

Fig. 9.22  Cystic PTC: Cytologic findings on TP. (a) Cystic PTC 
showing enlarged cells with granular cytoplasm and well-defined cell 
walls. Note focal radial distribution of cells (cartwheel pattern) on bot-

tom left. All nuclear features of PTC, including a well-formed INPI 
(middle) are evident. (b) Cystic PTC with a giant multinucleated cell 
(a, b, Pap stain, TP)
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Fig. 9.23  Cystic PTC: Cytologic and histologic findings on LBP. (a) 
Isolated, enlarged plasmacytoid cells in comparison to RBCs in the 
background. Note the well-formed INPI (middle) (Pap stain, SP). 

(b) Isolated, enlarged plasmacytoid cells in comparison to RBCs. Note 
the cystic background with many hemosiderin-laden macrophages (Pap 
stain, TP). (c) Histology of cystic PTC (H&E stain)

a b

Fig. 9.24  Cystic “histiocytoid” PTC: Pathologic features. (a) 
DQ-stained CS shows a cluster of cells with “histiocytoid” morphology 
and scalloped borders. Cells and nuclei are enlarged (compare with 
RBCs) and cytoplasm is granular. (b–e) TP images of various cell 
groups from this case show also clusters of cells with “histiocytoid” 
morphology and scalloped borders. Cells and nuclei are enlarged (com-

pare with RBCs) and cytoplasm is granular to vacuolated to dense, with 
distinct cell outlines. An occasional signet-ring form (c) can be seen. 
All nuclear features of PTC are apparent, including an INPI in (c). 
(f) Histology of this case shows crisp “histiocytoid” morphology at the 
top of the field and similar morphology in the detached papillary struc-
tures (H&E stain)
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�Diagnostic Pitfalls of Cystic PTC

•	 A pitfall of cystic PTC is that aspirates may be sparsely 
cellular and interpreted as nondiagnostic, leading to false 
negative results. In the study by Li et al. [30] of PCTNs, 
7.8% had a nondiagnostic cytology result. The risk of 
malignancy for nondiagnostic thyroid nodules varies 
between 2% and 15%.

•	 Another pitfall is that many benign and non-neoplastic 
lesions may undergo cystic degeneration; benign cyst lin-
ing cells may mimic PTC and lead to false positive results.

�Distinguishing Cystic PTC from Benign Cystic 
Nodules

•	 Faquin et al. [27] and Mokhtari et al. [31] have also indi-
cated some cytological features that may help in distin-
guishing cystic PTC from benign cystic nodules:

–– Presence of large and irregular multinucleated giant 
cells with many nuclei and dense cytoplasm

–– Psammoma bodies
–– Isolated plasmacytoid cells
–– Dense cytoplasm and dusty chromatin
–– Cells with PTC nuclear features arranged as papillae
–– Clusters with scalloped borders lined by enlarged cells 

and nuclei
–– Cellular swirls
–– Clusters with a cartwheel pattern.

•	 Cystic PTC shows cell crowding and overlapping, 
whereas cells in benign cystic lesions usually occur in 
small, flat, cohesive and polarized sheets with distinct cell 
borders and windows between cells.

•	 See Chaps. 4 and 5 for distinguishing features and images 
of benign cyst lining cells and cystic PTC.

�Oncocytic Variant of PTC (OV-PTC)

•	 Carr et al. [32] published a detailed analysis on OV-PTC.
•	 Oncocytic thyroid cells, also known as Hürthle or oxy-

philic cells, are generally larger than normal follicular 

c d
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Fig. 9.24  (continued)
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cells. They are polygonal and are characterized by 
abundant eosinophilic cytoplasm due to the accumulation 
of numerous abnormal mitochondria.

•	 Oncocytic changes may be seen in both benign and malig-
nant thyroid neoplasms. (See Chaps. 4, 6, and 7.)

•	 To be histologically considered an OV-PTC, oncocytic 
change should apply to at least 75% of the tumor.

�Clinical Behavior and Prognosis of OV-PTC

•	 The incidence of OV-PTC has been reported to be 1–11%.
•	 Clinical behavior and prognosis are variable. In their 

study, Carr et  al. concluded that when matched with 
c-PTC of similar stage and age, OV-PTC does not appear 
to have worse histopathologic characteristics or a sig-
nificantly worse prognosis. Some studies have suggested 

a more aggressive behavior of OV-PTC, with extrathy-
roidal extension and higher rates of disease recurrence 
and mortality.

•	 According to Carr et al. [32], the pure form of OV-PTC is 
very rare and must be differentiated from TCV-PTC, 
which also has abundant eosinophilic cytoplasm but is 
characterized by cells that are two to three times as tall as 
they are wide.

�Gross and Histologic Features of OV-PTC

•	 Grossly, OV-PTC shows a well circumscribed mass with 
a mahogany-brown cut surface (Fig. 9.26a).

•	 The histologic criteria used for the diagnosis of 
OV-PTC include a predominant papillary pattern of 
growth with the same nuclear morphological features 

a b

c d

Fig. 9.25  Cystic PTC: Cytologic and histologic findings on SP. (a, b) Both 
images show the same small “histiocytoid” cell cluster in a cystic back-
ground. Cells can be focused in different planes, showing subtle nuclear 
features of PTC, particularly grooves, chromatin changes, and small nucle-

oli. (c) Another example of cystic PTC on SP shows PTC nuclei, including 
an INPI, in a cystic background with many hemosiderin-laden macro-
phages (a–c, Pap stain). (d) Histology showing several detached “histiocyt-
oid” cell clusters, which appear in FNA specimens (H&E stain)
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a b
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Fig. 9.26  Oncocytic variant of PTC (OV-PTC): Gross and histologic 
features. (a) OV-PTC showing a well-circumscribed mass with a brown 
cut surface. (b–d) Though the predominant pattern of growth is usually 
papillary, follicular growth pattern can be seen. On high power, the 

tumor cells have a granular eosinophilic cytoplasm. Nucleoli are gener-
ally present but are not prominent. The nuclei show classic nuclear fea-
tures of PTC (H&E stain)

seen in c-PTC, such as irregularly shaped, elongated, 
and crowded nuclei with chromatin clearing, promi-
nent grooves, and pseudoinclusions. Nucleoli are gen-
erally present but are not prominent. The majority of 
cells should exhibit granular eosinophilic (oncocytic) 
cytoplasm (Fig. 9.26b–d).

•	 Follicular growth pattern can also be seen.

�Cytological Features of OV-PTC

•	 Aspirates comprise oncocytic cells arranged in papillae, 
sheets, and microfollicles, and also singly dispersed 
(Figs. 9.27, 9.28, and 9.29).

•	 All nuclear features seen in c-PTC are present.

•	 Background lymphocytes are generally absent.
•	 Cytological differential diagnosis of OV-PTC includes 

Hürthle cell carcinoma, oncocytic variant of follicular 
carcinoma and medullary thyroid carcinoma (MTC), and 
metastatic tumors with oncocytic differentiation.

•	 As per TBSRTC, if the constellation of nuclear features of 
PTC are not evident, the case is best diagnosed as Follicular 
Neoplasm of Hürthle cell type or Suspicious for a Follicular 
Neoplasm of Hürthle cell type (FNHCT/SFNHCT).

�Warthin-Like Variant of PTC (WLV-PTC)

•	 WLV-PTC is a rare variant of PTC with a clinical presen-
tation and prognosis similar to classic PTC.
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•	 Apel et  al. [35] first described the tumor and named it 
“Warthin-like” because it resembles Warthin tumor of 
salivary glands, histologically comprising oncocytic and 
lymphocytic cells.

�Imaging and Pathological Features of WLV-PTC

•	 The most common ultrasound features of WLV-PTC are a 
solid and hypoechoic appearance, with a wider-than-tall 
shape [38].

•	 Grossly, the tumor appears solid, well-circumscribed, and 
brown (Figs. 9.30a and 9.32a).

•	 Histologically, WLV-PTC shows a papillary architecture 
lined by oncocytic cells with nuclear features of PTC and 

dense lymphoplasmacytic infiltration of the papillary 
stalks. Lymphoid follicles can also be seen (Fig. 9.30b–d).

�Cytological Features of WLV-PTC

•	 Preoperative diagnosis of WLV-PTC on FNA is challeng-
ing because chronic lymphocytic thyroiditis (CLT, 
Hashimoto thyroiditis) also shows abundant lymphocytes 
and oncocytic (Hürthle) follicular epithelial cells, and 
also because WLV-PTC can arise in a background of CLT.

•	 CS and TP samples of WLV-PTC show irregular and pap-
illary clusters with oncocytic cytoplasm and many lym-
phocytes within the tumor clusters and background 
(Figs. 9.31 and 9.32b).

a b

Fig. 9.27  OV-PTC: Cytological features on CS and SP. (a) Pap-stained 
CS shows loosely cohesive, enlarged oncocytic cells with a moderate 
amount of granular basophilic to eosinophilic cytoplasm, with round to 
oval, eccentrically placed nuclei with nuclear features of PTC. Some 

cells are binucleated, and small nucleoli are visible. (b) Pap-stained SP 
of the same case shows a cluster of cells with all nuclear features of 
PTC and dense to granular cytoplasm. Nucleoli are a bit more promi-
nent than on CS

a b

Fig. 9.28  OV-PTC: Cytological features on CS and TP. (a) Pap-stained CS of another case shows features similar to the case of OV-PTC in 
Fig. 9.27. (b) Pap-stained TP from this case shows distinct oncocytic cytoplasm and all nuclear features of PTC
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a b

Fig. 9.29  OV-PTC: Cytological features on TP. (a, b) Another case of OV-PTC showing PTC nuclear features; a small INPI can be seen in (b) 
(Pap stain, TP)

a b

c

d

Fig. 9.30  Warthin-like variant of PTC (WLV-PTC): Gross and histologic 
features. (a) Gross of a WLV-PTC showing a well-circumscribed mass 
with a tan-brown cut surface. (b) Whole-mount histologic section shows 
that the tumor is arising in the background of chronic lymphocytic thy-

roiditis. (c, d) On higher power, a papillary growth pattern is prominent. 
The papillae are lined by follicular cells with abundant eosinophilic cyto-
plasm. Nuclear features of PTC are evident. The fibrovascular cores are 
expanded by a lymphoplasmacytic infiltrate (b–d, H&E stain)
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a b

c

e

d

Fig. 9.31  WLV-PTC: Cytological features on TP. (a–d) TP shows 
round and irregular clusters of oncocytic cells with nuclear features of 
PTC closely associated with lymphocytic infiltrate. (e) Only this image 
shows lymphoid cells within the tumor cell clusters, unlike the finding 

by Kim et al. [39], which showed many of them. Unlike the 2014 study 
by Chong et al., which used SP, the TP slides in our case retained the 
background lymphocytes (a–e, Pap stain, TP)
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•	 Yousef et  al. [41] first described cytologic features of 
WLV-PTC. Since then, nuclear features typical of PTC, 
combined with oncocytic cytoplasm and lymphocytic 
background, have been considered to be the cytologic fea-
tures of WLV-PTC

•	 In 2018, Kim et  al. published cytological features of 
WLV-PTC on CS and TP, and indicated that the lympho-
cytic smear pattern was similar in both.

•	 Chong et al. [36] published a case report on WLV-PTC 
using CS and SP. They reported that conventional prep-
arations showed low cellularity, with mainly isolated 
follicular cells and some small, irregular clusters in a 
lymphocyte-rich background. The follicular cells 
displayed an abundant polygonal morphology and con-
tained well-defined cytoplasm and centrally or eccen-
trically located, round to oval nuclei with fine chromatin 
and inconspicuous nucleoli or micronucleoli. The 
tumor cells showed many nuclear grooves and occa-
sional INPIs, which were highly suggestive of PTC. On 

the SP preparation, the cellularity was higher, there 
were few or no INPIs, and background lymphocytes 
were absent.

•	 Cytologic differential diagnosis of WLV-PTC includes 
c-PTC with CLT (PTC-CLT), CLT, OV-PTC, and follic-
ular neoplasm with oncocytic features. WLV-PTC can 
be distinguished from PTC-CLT by the presence in 
WLV-PTC of an increased number of lymphocytes 
within cell clusters and in the background. This feature 
can be seen in both CS and TP.  In CLT, the nuclei are 
round with prominent nucleoli, and they may show sub-
tle chromatin clearing and grooves, but they lack papil-
lary architecture and INPI.  Paker et  al. [40] indicated 
that the most important differential point that may help 
in the recognition of WLV-PTC is the mixture of lym-
phocytes and oncocytic follicular cells, tissue fragments, 
and papillary structures.

�Genetic Profile of WLV-PTC

•	 This tumor harbors RET/PTC fusions, indicating that it is 
a variant of PTC.

�Cribriform-Morular Variant of PTC (CMV-PTC)

•	 Cameselle-Teijeiro et al. [42] published a detailed overall 
analysis of CMV-PTC.

•	 CMV-PTC is classically associated with familial adeno-
matous polyposis (FAP), but it can also occur as a spo-
radic neoplasm.

•	 It has a marked female preponderance (F:M ratio of 31:1), 
particularly affecting those of a young age.

•	 In FAP patients, extracolonic manifestation includes thyroid 
tumors. The prevalence of thyroid cancer in FAP is 12%.

•	 In patients with FAP, CMV-PTC is generally multifocal 
and/or bilateral (multinodular appearance), whereas the 
tumors in sporadic cases tend to occur as single 
nodules.

•	 Prognosis is good.
•	 Preoperative cytologic diagnosis of CMV-PTC is possible 

based on cytological features and immunohistochemistry 
(Table 9.3), which may lead to the early detection of FAP 
and correct clinical management.

�Pathologic Features of CMV-PTC

•	 Grossly, the tumors are well delimited (Fig. 9.33).
•	 Histology is characteristic and shows a variety of patterns, 

including cribriform, morular, papillary, trabecular, solid, 
and follicular. Tumor cells are tall, cuboidal, or spindled 
and pseudostratified. Cytoplasm is abundant. Nuclei are 

a

b

Fig. 9.32  WLV-PTC: Cytological features on SP. (a) Gross of a WLV-
PTC, showing a well-circumscribed mass with a tan-brown cut surface 
and small focus of cystic change. (b) Cluster of atypical follicular cells 
with abundant oxyphilic cytoplasm and some nuclear features of 
PTC. Lymphoid stroma is not evident. A few lymphoid cells were seen 
in a different plane of focus (b, Pap stain, SP)
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Table 9.3  Characteristic features of the Cribriform-morular variant of 
PTC (CMV-PTC)

Histology
 � Cribriform, solid, trabecular, papillary, follicular, columnar
 � Squamous morules
 � Focal PTC features
Immunostains
 � Thyroid transcription factor-1 (TTF-1)
 � Thyroglobulin
 � Aberrant nuclear staining with β-catenin
 � Estrogen receptor (ER)
 � Progesterone receptor (PR)

Fig. 9.33  Cribriform-morular variant of PTC (CMV-PTC): Gross 
appearance. This total thyroidectomy specimen shows two well-
demarcated tumors. The cut surface of the right-sided nodule is tan; it 
appears to have a capsule

a b

c d

Fig. 9.34  CMV-PTC: Histologic features. Tumors show a mixture of growth patterns: cribriform and trabecular (A); morular (B); papillary 
(C), and solid (D) (H&E stain)

generally hyperchromatic, with the occasional nuclear fea-
tures of c-PTC such as grooves, chromatin clearing, INPI, 
and overlapping. Usually in the solid areas, there are inter-
spersed nodular squamoid whorls (morules), which show 
cells with peculiar nuclear clearing (Figs. 9.34 and 9.35).

9  Positive for Malignancy: Papillary Thyroid Carcinoma and Its Variants



176

�Cytologic Features of CMV-PTC: Application 
to LBP

•	 CMV-PTC can be diagnosed on FNA using a combina-
tion of cytologic findings and immunostaining, particu-
larly for TTF-1 and β-catenin [43].

•	 All cytological features seen on CS are also present in 
LBP.

•	 The samples are usually hypercellular, showing most of 
the architectural patterns and cytological features seen in 
histology (Figs. 9.36, 9.37, 9.38, 9.39, and 9.40).

•	 Typical nuclear features of c-PTC are not present.

�Immunostaining for CMV-PTC

•	 As shown in Table  9.3, the main immunohistochemical 
positivity is seen for thyroid transcription factor-1 (TTF-
1), estrogen and progesterone receptors, and nuclear and 
cytoplasmic staining for β-catenin. The latter is character-
istic of this tumor type and may be performed in FNA 
with features of CMV-PTC.

•	 Negative immunostains include calcitonin and cytokera-
tin 20.

a b

c d

Fig. 9.35  CMV-PTC: Histologic and immunohistochemical fea-
tures. (a) Histology of CMV-PTC showing a morule that lacks kera-
tinization (H&E stain). (b–d) Tumor shows cytoplasmic and nuclear 

immunoreactivity for β-catenin (a hallmark for this tumor) and 
intense nuclear positivity for estrogen receptor (ER) and progester-
one receptor (PR)
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�Differential Diagnosis of CMV-PTC

•	 Differential diagnoses with overlapping pathologic pat-
terns include MTC, poorly differentiated thyroid carci-
noma, and metastatic breast and colonic tumors.

•	 Immunohistochemical positivity for TTF-1 and β-catenin 
in CMV-PTC help in distinguishing between them.

�Molecular Profile of CMV-PTC

•	 Patients with FAP have a germline mutation in the APC 
gene that works as an antagonist of the WNT/β-catenin 
signaling pathway. This is a non-BRAF-non-RAS sub-
type of the molecular classification of thyroid tumors 
[42].

�Management of CMV-PTC

•	 Clinicians should be alerted to the possibility of FAP 
when a diagnosis of CMV-PTC is made.

Fig. 9.36  CMV-PTC: Cytological features. This 25-year-old woman 
presented with multiple bilateral thyroid nodules. A diagnosis of “sus-
picious for malignancy, suspect CMV-PTC” was rendered. Material 
was not submitted for molecular testing. Familial adenomatous polypo-
sis (FAP) was clinically suspected. The patient underwent a total thy-
roidectomy based on cytology diagnosis and immunohistochemical 
analysis. The DQ-stained smear shows a cribriform appearance com-
prising cells with faint, indistinct cytoplasm and small round-to-oval, 
overlapping nuclei with tiny nucleoli

a b

Fig. 9.37  CMV-PTC: Cytological features on CS and TP. Pap-stained 
CS (a) and TP (b) show a cribriform appearance with round empty 
spaces within large cell clusters or formed by anastomosing bars and 

arches of cells without fibrovascular stroma. Tumor cells have faint, 
indistinct cytoplasm and small round-to-oval, overlapping nuclei with 
grooves, tiny nucleoli, and peculiar chromatin clearing
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•	 The 2015 ATA guidelines recommend total thyroidectomy.
•	 Elevated expression of estrogen and progesterone recep-

tors and activation of the WNT/β-catenin pathway may 
prove useful as putative therapeutic targets in cases that 
do not respond to conventional therapy.

�Columnar Cell Variant of PTC (CCV-PTC)

•	 CCV-PTC is an aggressive but uncommon variant of 
PTC, which was first described by Evans in 1986.

•	 It occurs predominantly in women.
•	 Because its behavior is more aggressive, preoperative 

diagnosis of this type of PTC is important so that effective 
surgical treatment can be instituted early.

�Pathological Features of CCV-PTC

•	 Grossly, the tumor is usually large, ovoid, tan, and firm, 
with a fleshy or granular cut surface (Fig. 9.41a, b).

•	 Histologically, CCV-PTC demonstrates papillae or gland-
like structures lined by columnar cells with prominent 
nuclear stratification. Cytoplasm is scant, and nuclei are 
elongated and lack INPI and grooves (Fig. 9.41c, d).

�Cytological Features of CCV-PTC: Application 
to LBP

•	 CCV-PTC lacks classic nuclear features of PTC, so it is a 
challenge to identify this subtype of PTC in FNA.

•	 Specimens are usually hypercellular and show papillary 
structures with fibrovascular cores lined by elongated 
cells with nuclear pseudostratification, syncytial frag-
ments, clusters, and single cells. Complex branching 
architecture of the cellular fragments, rosette-like forma-
tion, and acinar formation may also be seen (Fig. 9.42).

•	 Cells are monotonous, small to medium in size, columnar, 
and spindle-shaped.

•	 Cytoplasm is wispy and scant. Cytoplasm may also 
appear as elongated cytoplasmic tails.

a b c

Fig. 9.38  CMV-PTC: Cytological features on TP and CS. (a–c) Morula formation. Hyaline globules are visible in (c). Note the cuboidal nuclei, 
peculiar chromatin clearing, and clean background. Columnar cells were not seen in our case (a, c, DQ stain, CS; b, Pap stain, TP)
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•	 Nuclei show little or no atypia, pseudostratification, are 
oval to spindled with finely granular or darker chromatin, 
and rare or absent INPI and grooves.

•	 Colloid may be minimal, and psammoma bodies are absent.

�Immunohistochemistry of CCV-PTC

•	 The tumor cells in both columnar cell and tall cell areas 
have demonstrated the following immunohistochemical 
staining profile:

–– Positive for TTF-1, CK19, galectin, Hector battifora 
mesothelial-1 (HBME-1) (focal), and thyroglobulin 
(focal)

–– Negative for synaptophysin, calcitonin, monoclonal 
CEA, and caudal-type homeobox gene 2 (CDX-2)

�Differential Diagnosis of CCV-PTC

•	 TCV-PTC in cytology specimens can be distinguished 
from CCV-PTC by the cytoplasmic oxyphilia of the 
tumor cells, the absence of nuclear pseudostratification, 
and the presence of nuclear features of PTC, including 
“soap bubble”–like nuclear pseudoinclusions.

•	 MTC can be distinguished from CCV-PTC by immuno-
histochemical positivity for calcitonin and neuroendo-
crine markers.

•	 Metastatic adenocarcinomas from an intestinal, endo-
metrial, or pulmonary primary can be distinguished 
from CCV-PTC by immunohistochemical positivity for 
both thyroglobulin and TTF-1 in the latter and by perti-
nent immunohistochemical markers for the suspected 
metastatic tumor.

a b

Fig. 9.39  CMV-PTC: Cytological features on TP. (a, b) Pap-stained TP shows complex papillae. Note nuclear features that are suggestive but not 
characteristic of c-PTC
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a b

Fig. 9.40  CMV-PTC: Cytological features on TP and CS. (a, b) Pap-stained TP and DQ show solid architectural features

a b

Fig. 9.41  Columnar cell variant of PTC (CCV-PTC): Gross and histo-
logic features. Grossly, CCV can present as a well-circumscribed mass 
or widely invasive tumor. (a, b) These gross specimens from two differ-
ent cases of CCV-PTC show infiltrative tumors with a tan-white cut 

surface, which replaced the majority of the affected lobes. (c) Histologic 
section of CCV-PTC shows elongated and tightly packed follicles. 
(d) The nuclei are pseudostratified and hyperchromatic. Nuclear fea-
tures of PTC are lacking (c, d, H&E stain)
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c d

Fig. 9.41  (continued)

a b

c d

Fig. 9.42  CCV-PTC: Cytologic features on CS and TP. (a) CS shows a 
papillary structure with an inner fibrovascular core. Elongated cells at the 
periphery show pseudostratification. Nuclei show minimal atypia and are 
round to oval, overlapping or crowded, with slightly granular to clear 
chromatin and small nucleoli. INPI and grooves were not observed. The 

specimen was hypercellular (Pap stain). (b) The TP slide is also hypercel-
lular but shows fragmentation of the bigger papillary structures that were 
seen in the CS, flat sheet, and numerous singly dispersed columnar/spin-
dled cells. (c, d) Note cell clusters and dispersed single cells. Nuclear 
features are similar to those described for the CS (b–d, Pap stain, TP)
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Medullary Thyroid Carcinoma

Rema Rao, Theresa Scognamiglio, and Rana S. Hoda

�Introduction to Medullary Thyroid 
Carcinoma

•	 Medullary thyroid carcinoma (MTC) represents 1–2% of 
thyroid carcinomas.

•	 MTC occurs in sporadic and familial forms; sporadic 
MTC accounts for 75% of cases.

•	 Familial cases occur in the setting of multiple endocrine 
neoplasia (MEN) 2A/2B and familial MTC.

•	 Activating point mutations in the RET proto-oncogene 
located on chromosome 10 are responsible for familial 
forms of MTC and can also occur in up to 80% of spo-
radic cases.

•	 Sporadic MTC usually presents as a single, solitary nod-
ule. Patients are usually in their 5th or 6th decade

•	 Familial MTC tends to present in the 2nd or 3rd decade 
and is usually multifocal.

•	 Grossly, MTC nodules appear circumscribed and unen-
capsulated (Fig.  10.1a, b). Histologically, MTC can 
demonstrate various growth patterns and cytologic fea-
tures; a number of variants have been described 
(Fig. 10.1c, d).

�TBSRTC Definition of MTC

•	 The Bethesda System for Reporting Thyroid 
Cytopathology (TBSRTC) defines MTC as a malignant 
neuroendocrine tumor arising from C cells (parafollicular 
cells) of the thyroid gland.

�Cytologic Criteria for Diagnosis  
of MTC on Conventional Smears (CS)

•	 On fine needle aspiration (FNA), MTC is typically cat-
egorized as suspicious for malignancy (Bethesda V) or 
malignant (Bethesda VI), and rarely as Atypia of 
Undetermined Significance (AUS, Bethesda III) or 
benign (Bethesda II).

•	 In a study of 28 cases of FNA aspirates of MTC with 
surgical follow-up, Dyhdalo and Chute [5] showed one 
case interpreted as benign, four as AUS/FLUS, one as 
FN/SFN, five deemed suspicious for malignancy, and 17 
as positive for malignancy. The few discordant cases 
tended to show air-drying artifact and lacked typical fea-
tures of MTC, such as plasmacytoid appearance and 
dyshesion.

•	 In CS, the aspirates show moderate to high cellularity 
and are composed of groups and clusters and single 
tumor cells. The tumor cells show round to oval nuclei 
with nuclear pleomorphism and a neuroendocrine-type 
salt-and-pepper chromatin. The tumor cells typically 
show eccentrically placed nuclei and granular cytoplasm 
imparting a “plasmacytoid” appearance, although spin-
dled, oncocytic, or clear cell types can be seen.

•	 The cells can also be arranged as trabeculae or in micro-
follicles (Fig. 10.2a–d). The tumor cells can frequently 
be binucleate or multinucleate and can exhibit intranu-
clear cytoplasmic pseudoinclusions (INPI) as well 
(Fig. 10.2e).

•	 Occasional bizarre neuroendocrine type atypia can be 
noted (Fig. 10.2f). The background can show colloid in 
some cases but typically shows dense, amorphous, stro-
mal material composed of “amyloid”, which is also well 
identified on smears and cell block sections (Fig. 10.2g, 
h). Among rare findings are cytoplasmic stippling, nuclear 
budding, and lymphoma-like cells.

•	 A cell block preparation is extremely helpful for ancillary 
confirmatory studies (Fig. 10.2h, i). Immunohistochemistry 
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can be strongly immunoreactive for calcitonin, CEA and 
other neuroendocrine markers (synaptophysin, chromo-
granin), and for TTF-1. Thyroglobulin is negative, and 
staining with PAX8 is variable (Fig. 10.2j).

�Cytologic Criteria for Diagnosis  
of MTC on LBP

•	 The cytologic features of MTC are fairly similar on LBP 
and CS.

•	 A few subtle differences include the appearance of tumor 
cell clusters and groups that are smaller and more frag-
mented on LBP than on CS. Also, single tumor cells are 
more prominent on LBP.

•	 In LBP, the presence of many small, singly dispersed 
spindle or plasmacytoid cells should raise suspicion for 
MTC (Figs. 10.3 and 10.4).

•	 Occasionally, in LBP, the cytoplasm may appear finely 
vacuolated and granularity may be inconspicuous.

•	 The background is relatively clean on LBP. Fragments of 
amyloid can appear fibrillary or dense on LBP, rather than 
only dense, as seen in CS (see Fig. 10.3d, e).

a

c d

b

Fig. 10.1  Gross appearance of medullary thyroid carcinoma (MTC). 
(a, b) Grossly, two cases of MTC appear as well-circumscribed, unen-
capsulated nodules, which can occasionally have an infiltrative border. 
The cut surface is tan-white or pink to gray. Hemorrhage and necrosis 

are usually absent. Calcifications may be seen. (c, d) Low-power view 
of the histology of MTC, showing the circumscribed edge of the tumor. 
Higher magnification shows the spindle cell type of MTC (H&E stain)
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Fig. 10.2  Fine needle aspiration (FNA) of MTC on conventional 
smears (CS). (a–c) On CS, aspirates of MTC show moderate to high 
cellularity and are composed of groups, clusters, and single tumor cells. 
The tumor cells show round to oval to spindled nuclei, with nuclear pleo-
morphism arranged predominantly as single cells and as loose trabecu-
lae (a–c, Diff Quik [DQ] stain). (d, e) Nuclei have a neuroendocrine-type, 
salt-and-pepper chromatin pattern. The aspirate shows binucleate and 
multinucleate tumor cells, which can be seen in cases of MTC. (d, Pap 
stain; e, Diff Quik). (f) MTC can show “bizarre”-type neuroendocrine 

atypia (Pap stain). (g) Amyloid appears dense and acellular and mixed 
with abundant background blood (Pap stain). (h, i) Cell block prepara-
tions of MTC shows amyloid as a cellular dense material closely associ-
ated with tumor cells. Amyloid can be identified by staining with special 
stain for Congo Red and using polarizing light microscopy which shows 
apple-green birefringence (h, i, H&E). (j) Immunostaining for calcitonin 
highlights these tumor cells by staining the cytoplasm. Almost all MTC 
stains positive for calcitonin. In calcitonin negative cases, the possibility 
of metastases and even a rare paraganglioma must be ruled out

a b

c d

e f
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�Variants and Differential Diagnosis of MTC

•	 Although most cases of MTC display a characteristic 
cytomorphology, MTC can demonstrate a variety of 
growth patterns and cytologic features.

•	 A number of variants have been described, as listed on 
Table 10.1 and illustrated in Fig. 10.5: Papillary (pseu-
dopapillary), oncocytic, follicular, giant cell, small cell, 
paraganglioma-like, spindle cell, clear cell, squamous 
cell, melanin-producing, angiosarcoma-like, and amphi-
crine (mucin-producing).

•	 Variable tumor morphology can make the diagnosis chal-
lenging; each of these variants can mimic other primary 
and secondary tumors.

•	 Diagnostic accuracy for MTC is not as high as for papil-
lary thyroid carcinoma (PTC) because of the diverse cyto-
logic appearance. A large meta-analysis showed that FNA 
could detect only about 50% of cases of MTC.

•	 Diagnostic accuracy can be increased by the use of immu-
nohistochemistry (IHC) and calcitonin assays in needle 
rinse.

�Oncocytic Variant of MTC (MTC-OV) vs Hürthle 
Cell Neoplasm

•	 The oncocytic variant of MTC (MTC-OV) tends to 
show a monomorphic proliferation of tumor cells with 
enlarged, eccentrically placed nuclei showing salt-and-

g h

ii jj

h

Fig. 10.2  (continued)
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Fig. 10.3  Cytology of MTC on ThinPrep®. (a) Intranuclear pseudoin-
clusions can be seen in MTC and can be well recognized on TP as in 
CS. Therefore, INPI are not entirely specific for papillary thyroid carci-
noma (PTC). (b, c) Just as in CS, the binucleate and multinucleate 
tumor cells can be prominent on TP. (c) One of the multinucleate cells 
shows an INPI and a few other tumor cells show bizarre nuclear atypia. 
(d, e) show appearances of “amyloid” on TP as dense amorphous stro-
mal material appearing separate or intermixed with tumor cells. In LBP, 

amyloid can appear fibrillary or dense. In these examples they appear 
dense. Images from two different cases of MTC (f–l and m–p) pro-
cessed with TP, showing tumor cells predominantly single, in trabecu-
lae, and in clusters, similar to CS.  Tumor cells are small and 
plasmacytoid to spindly in appearance. The cytoplasm of these cells on 
LBP shows microvacuolations and granularity (Pap stain, TP). When 
many small spindled to oval cells with spindled to oval nuclei are noted 
in LBP, it should raise a suspicion for MTC (Pap stain, TP)

a b

c d

e f
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i j

k l

g hh

Fig. 10.3  (continued)
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m n

o p

Fig. 10.3  (continued)

a b

Fig. 10.4  Cytology of MTC on SurePath™ (SP). (a–d) Images from 
a case of MTC processed as SP show mostly single tumor cells and 
loosely cohesive groups. Tumor cells are spindly in appearance, with 
plasmacytoid to spindly nuclei. Occasional cells are binucleated. The 

cytoplasm is also spindled. Note that some cells appear in a different 
plane of focus, and nuclear morphology is less well-preserved than on 
TP. In both types of LBP, the presence of singly dispersed small, spin-
dled cells should raise suspicion for MTC (Pap stain, SP)
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pepper nuclear chromatin and oncocytic cytoplasm, 
with granularity and cytoplasmic vacuolization 
(Fig. 10.6a–f). These oncocytic variants can be misdi-
agnosed as Hurthle cell neoplasms (HCN), especially if 
they appear cohesive and lack the plasmacytoid 
appearance.

•	 MTC can be cytologically distinguished from HCN by 
the presence of a variable population of plasmacytoid and 
spindle cells, salt-and-pepper granular chromatin, and 
lack of prominent nucleoli.

•	 HCN shows round nuclei, small nucleoli, and lack the 
neuroendocrine type of chromatin (Fig. 10.6g–i).

•	 Confirmation of the diagnosis of MTC can be facilitated 
with positive staining for calcitonin and negative thyro-
globulin staining.

�Hyalinizing Trabecular Tumor/Adenoma

•	 Hyalinizing trabecular tumor (HTT) also known as hya-
linizing trabecular adenoma (HTA) is a follicular-derived 
neoplasm that may resemble MTC both cytologically and 
histologically. (See Chap. 6 for more information on the 
hyalinizing trabecular tumor [HTT].)

Table 10.1  Medullary thyroid carcinoma (MTC) variants: differential diagnosis and their immunohistochemical profile

Variant Differential diagnosis
Immunohistochemistry (IHC)
Positive Negative

Papillary/pseudopapillary Papillary thyroid carcinoma (PTC) TTF-1, PAX8, TG Calcitonin, NE markers
Oncocytic Oncocytic neoplasm

PTC, oncocytic type
TTF-1, PAX8, TG Calcitonin, NE markers

Follicular/glandular Follicular neoplasm TTF-1, PAX8, TG Calcitonin, NE markers
Giant cell Anaplastic thyroid carcinoma (ATC) TTF-1 (variable), PAX8 (variable) Calcitonin, TG, NE markers
Small cell Metastatic small cell carcinoma NE markers Calcitonin
Paraganglioma-like Hyalinizing trabecular tumor (HTT) TTF-1, TG, Ki67 (membranous) Calcitonin, NE markers

Paraganglioma NE markers, S100 Calcitonin, TTF-1, CK
Spindle cell Sarcoma Variable Calcitonin, TTF-1, CK
Clear cell Follicular neoplasm with clear cells TTF-1, PAX8, TG Calcitonin, NE markers
Squamous cell Anaplastic thyroid carcinoma (ATC) TTF-1 (variable), PAX8 (variable) Calcitonin, NE markers, TG

PTC with squamous differentiation TTF-1, PAX8, TG Calcitonin, NE markers
Squamous cell carcinoma (SCC) P63, p40 Calcitonin, NE markers

Melanin-producing/pigmented Melanoma S100, HMB45, A103, SOX-10 Calcitonin, TG, CK, NE markers
Angiosarcoma-like Angiosarcoma CD34, CD31, ERG Calcitonin, TG, CK
Amphicrine Metastatic adenocarcinoma Variable depending on location Calcitonin, TG

CK cytokeratin, NE neuroendocrine, TG thyroglobulin

c d

Fig. 10.4  (continued)
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Fig. 10.5  Histology of MTC. The tumor may have a variable histologic 
appearance. Typical features include a combination of solid, nested, fol-
licular, and trabecular growth pattern. The tumor cells show a combina-
tion of spindle, epithelioid, and plasmacytoid morphology. The nuclei 
have a salt-and-pepper chromatin pattern and may contain inclusions. 
(a–c) Histologic sections of a case of MTC showing syncytial and tra-
becular patterns of growth. Tumor cells show nuclei with “salt-and-pep-
per” neuroendocrine pattern and infiltrating preexisting follicles. (d) In 
this MTC, the tumor cells tend to show varying cytomorphology, with 
some cells having a glandular appearance and some having a plasmacy-
toid appearance and low nuclear-cytoplasmic (N:C) ratio. The cytoplasm 
appears granular. (e, f) Histologic sections of MTC with prominent plas-
macytoid tumor cells. (g) In this histologic section of MTC, the tumor 

cells appear spindled and are growing in a sheet-like manner interspersed 
by plasmacytoid cells in nests. (h) The corresponding aspirate is cellular 
with markedly spindled cells with features very similar to that seen in the 
histologic section. Note the neuroendocrine chromatin pattern, which is 
readily appreciated on both cytology and histology. (Compare CS with 
the spindle cell morphology seen in TP in Fig. 10.3.) (i) Amyloid depos-
its are present in up to 80% of cases; they appear as amorphous hyaline 
material and strongly suggest MTC, but because they can be seen in 
other thyroid lesions not involving cancer cells they are not diagnostic of 
MTC but rather are a helpful feature in the presence of MTC cytology. 
(j) Histologic section of MTC with strong staining for calcitonin in the 
cytoplasm of the tumor cells. (k) Histologic section of MTC showing 
negative staining for thyroglobulin

a b

c d

e f
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•	 Both neoplasms may show isolated cells in loose cohesive 
clusters, spindle-shaped cells, and acellular hyaline mate-
rial. MTC can be distinguished from HTT by the presence 
of both plasmacytoid and spindle cells, frequent binucle-
ation and multinucleation, and salt-and-pepper granular 
chromatin, as opposed to the PTC-like nuclei of HTT 
(Fig. 10.7; see Fig. 6.14).

•	 Immunohistochemical stains for calcitonin and thyro-
globulin can aid in the distinction. MIB-1 immunostain 
has a distinct cytoplasmic and membranous staining in 
HTT unlike any other lesion/tumor.

g h

i j

k

Fig. 10.5  (continued)
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Fig. 10.6  Oncocytic variant of MTC (MTC-OV). (a, b) CS of 
MTC-OV show more granular cytoplasm and plasmacytoid nuclei on 
both DQ-stained CS (a) and Pap-stained CS (b). (c) Same case pro-
cessed as TP shows similar features. (d) Gross image of MTC-OV 
shows a large (about 4 cm), single, circumscribed, and non-encapsulated 
tumor with minute areas of hemorrhage. (e, f) Histologic section of 
MTC-OV showing oncocytic tumor cells with granular cytoplasm and 
characteristic salt-and-pepper neuroendocrine chromatin; this notable 
feature is absent in other oncocytic tumors of the thyroid gland, such as 
Hürthle cell tumors (H&E stain). (g, h) This case of Hürthle cell ade-

noma shows follicular cells with oncocytic cytoplasm in DQ-stained 
CS (g) and Pap-stained TP (h). In most cases, it may be difficult to 
distinguish HCN from MTC-OV on DQ stain. The Pap-stained slides 
are more helpful in distinguishing HCN from MTC-OV because the 
nuclear features are well preserved. The nuclei on TP lack the charac-
teristic neuroendocrine pattern of chromatin of MTC and also show 
nucleoli. Immunostaining for calcitonin and neuroendocrine markers 
and molecular testing, if performed, will help in rendering a definitive 
diagnosis. (i) Histologic section of Hürthle cell adenoma

a b

c d

e f
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�Parathyroid Adenoma

•	 A PTH assay performed on the FNA sample or positive 
staining for parathyroid hormone on smears or cell block 
preparations can confirm the presence of parathyroid 
cells. (See Chap. 13 on Parathyroid Gland Cytology.)

�Paraganglioma

•	 MTC may have a paraganglioma-like pattern.
•	 Paragangliomas are rarely intrathyroidal.
•	 The salt-and-pepper chromatin and trabecular appearance 

resemble MTC.
•	 Fine, metachromatic, neurosecretory granules are noted 

in the cytoplasm.
•	 Cell block preparation is helpful for ancillary studies, for 

a definite distinction: S100 and neuroendocrine markers 
are positive; staining for calcitonin, TTF-1, and thyro-
globulin are negative.

•	 Lesions are cytokeratin (CK)–negative, although 30% can 
express it.

g h

i

Fig. 10.6  (continued)

Fig. 10.7  Hyalinizing trabecular tumor (HTT) or adenoma (HTA). HTT 
or HTA showing loose, cohesive clusters of spindled cells with spindled 
to oval nuclei, few small INPI, closely associated hyaline material sur-
rounding cells in image. This material can be mistaken for dense colloid. 
The nuclear pallor, grooves, INPI, and membrane irregularities mimic 
PTC rather than the neuroendocrine-type pattern of MTC (Pap stain, TP)
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�Poorly Differentiated Thyroid Carcinoma

•	 The small cell variant of MTC, which consists of small 
uniform cells, may be difficult to distinguish from poorly 
differentiated thyroid carcinoma (PDTC) (Fig. 10.8). (See 
Chap. 11 for more information.)

•	 Unlike PDTC, necrosis and increased mitotic activity are 
usually absent in MTC aspirates.

�Anaplastic (Undifferentiated) Thyroid 
Carcinoma

•	 The spindle cell pattern of MTC with pleomorphic cells 
may be misinterpreted as anaplastic thyroid carcinoma.

•	 Anaplastic thyroid carcinomas generally are more cellu-
lar and show nuclear pleomorphism and associated necro-
sis (Fig. 10.9).

•	 Immunostain for calcitonin may be necessary to confirm 
the diagnosis.

�Metastatic Carcinoma Mimicking MTC

•	 Metastatic tumors considered in the differential diagnosis 
include renal cell carcinoma, melanoma, and metastatic 
neuroendocrine tumors.

•	 Immunohistochemical stains, as well as an underlying 
history of tumor, are useful in distinguishing MTC from 
its metastatic mimics.

�Ultrasound features of MTC

•	 On ultrasonography, MTC appears as a hypoechoic, ovoid 
to round, solid mass with or without microcalcifications 
(Fig. 10.10). Lesions are read mostly as “suspicious” for 
malignancy.

�Molecular/Genetic Alterations in MTC; 
the Role of Molecular Tests

•	 RET gene mutations (chromosome 10)

�Management of MTC

•	 Total thyroidectomy and central lymph node dissection
•	 Lateral neck dissection may be performed, depending on 

imaging and calcitonin levels.

Fig. 10.8  Poorly differentiated thyroid carcinoma. LBP of a case of poorly 
differentiated thyroid carcinoma, showing a cellular cluster with conspic-
uous follicular architecture, granular chromatin and nuclei (Pap stain, TP)

a b

Fig. 10.9  Anaplastic thyroid carcinoma. (a, b) This case of anaplastic 
thyroid carcinoma shows nuclear pleomorphism and a chromatin pat-
tern that is not the typical neuroendocrine pattern noted in MTC. Note 

the coarse chromatin and multiple nucleoli in the enlarged, spindled 
nuclei (a, Pap stain, CS; b, Pap stain, TP)
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•	 Genetic testing for germline RET mutations should be 
performed in patients with newly diagnosed MTC, 
according to the recently updated ATA management 
guidelines (Haugen et al.)

•	 Tyrosine kinase inhibitors are available for advanced 
disease.
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Fig. 10.10  Ultrasound features of MTC. This ultrasound image shows 
solid internal content, an ovoid to round shape, marked hypoecho-
genicity, and calcifications, findings suspicious of malignant nodules
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Other Malignant Tumors of the Thyroid 
and Metastatic Tumors to the Thyroid

Rema Rao, Theresa Scognamiglio, and Rana S. Hoda

�Other Malignant Tumors of the Thyroid

•	 This chapter discusses three other malignant tumors 
affecting the thyroid:

–– Anaplastic thyroid carcinomas (ATC)
–– Poorly differentiated thyroid carcinoma (PDCa)
–– Primary thyroid lymphoma

�Anaplastic (Undifferentiated)  
Thyroid Carcinoma

•	 Anaplastic thyroid carcinomas (ATC) classically present 
as a rapidly growing thyroid mass in an elderly patient. 
Because of the rapid growth, patients can present with 
symptoms of compression or involvement of structures 
adjacent to the thyroid. The symptoms therefore include 
dysphagia, hoarseness, and dyspnea.

•	 ATC has an aggressive course, with frequent extrathyroi-
dal extension (ETE) and metastases to regional lymph 
nodes and distant sites. The mortality rate is over 95% and 
the mean survival is 6 months from presentation.

•	 On ultrasonography, ATC appears as large, infiltrative 
thyroid mass with marked hypoechogenicity, necrosis, 
hemorrhage, dense calcifications, infiltration into sur-
rounding structures, and cervical lymph node involve-
ment in most cases (Fig. 11.1a).

•	 Grossly, ATC appears as a large, firm, tan-white to 
brown mass, with areas of necrosis and/or hemorrhage 
(Fig.  11.1b). The lesions are widely invasive, often 

replacing thyroid parenchyma and infiltrating the sur-
rounding structures of the neck.

•	 On histology, ATC is heterogenous, with a mixture of 
spindled, squamoid/epithelioid, and pleomorphic giant 
cells; the dominant pattern varies between these cell 
types. The spindled variant is the commonest, accounting 
for about 50% of these tumors. Rare variants include 
paucicellular, rhabdoid, and small cell.

•	 Common features for all variants include invasion, exten-
sive tumor necrosis, marked pleomorphism, and high 
mitotic activity. The tumor grows predominantly as solid 
sheets and lacks follicles. Colloid is absent; if seen, it is 
noted in the well-differentiated component (if present) or 
in pre-existing non-neoplastic follicles infiltrated by the 
tumor.

•	 On immunohistochemistry, low molecular weight cyto-
keratins are probably the most helpful marker, with at 
least weak or focal staining of the tumor cells.

•	 There is controversy in the interpretation of thyroglobulin 
immunoreactivity in ATC.  Reactivity for thyroglobulin 
has been reported in up to 50% of cases and has been 
described as weak and focal, but this positivity is gener-
ally considered to be overinterpretation of positivity in 
entrapped non-neoplastic follicular cells, well-
differentiated components, or diffusion of the stain from 
normal surrounding thyroid tissue. As such, thyroglobulin 
is of limited use in the evaluation of ATC. TTF-1 is rarely 
expressed in ATC.

•	 Like histology, on cytology, spindled cells are the com-
monest cell type in ATC.  The spindled cells appear 
enlarged and pleomorphic, with high-grade nuclei, and 
they show mitotic activity. Usually the spindled cells are 
admixed with pleomorphic giant cells and/or epithelioid/
squamoid–type cells; occasionally, these other cell types 
may be dominant (Fig. 11.1c–p).

•	 The presence of spindled cells in the aspirate raises a dif-
ferential diagnosis that includes medullary thyroid carci-
noma (MTC), Reidel thyroiditis, high-grade sarcoma, 
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Fig. 11.1  Anaplastic thyroid carcinoma (ATC): Imaging, gross, and cyto-
histologic findings. (a) This ultrasound image of a case of ATC shows a 
large thyroid mass with ill-defined borders and mixed echogenicity. 
Prominent areas of marked hypoechogenicity are noted, in addition to 
areas of necrosis and dense calcifications. (b) Grossly, ATC appears as a 
large, firm, tan-white to brown mass, with areas of necrosis and/or hemor-
rhage. (c, d) Air-dried aspirate smears from the same case show a dyshe-
sive population of pleomorphic cells, many showing a multinucleate giant 
cell morphology. The pleomorphism is marked, with nuclear sizes ranging 
from 1 to >10. The cytoplasm appears granular to mostly vacuolated (Diff 
Quik, CS). (e, f) Alcohol-fixed aspirates show similar findings as the air-
dried smears, but with better nuclear details. The nuclear chromatin 
appears dense, coarse, and irregular, with prominent nucleoli. Note the 
nuclear size comparison of the tumor cells with the adjacent lymphocytes. 
In this case, the pleomorphic cell type is the most dominant (Pap stain, 

CS). (g–l) These images represent the cytologic features of ATC of the 
pleomorphic giant cell type on a liquid-based preparation (LBP), 
ThinPrep® (TP). Figures g and i clearly depict the difference in the back-
ground when compared with CS. In LBP, the background appears to have 
less blood, and in LBP the blood elements appear more granular and con-
tain neutrophils and fibrin material; they can cling to the tumor cells, as 
seen on images j and k. The clusters appear tighter on LBP than on CS, as 
seen in image h. The nuclear morphology overall looks like that of the CS 
(g–l, Pap stain, TP). (m–p) The histologic findings seen in image (m) mir-
ror that of the cytologic findings. Image (m) shows a dyshesive population 
of pleomorphic cells with vacuolated to granular cytoplasm. The tumor 
stains for LMWCK (n), and shows most tumor cells staining for PAX 8 
(o). In (p), some tumor cells stain for TTF-1, but the adjacent group shows 
negativity. TTF-1 staining can be positive or negative in ATC; if present, it 
does not stain as diffusely as PAX 8 (m–p, Pap stain, TP)
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Fig. 11.1  (continued)
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melanoma, and metastatic tumors. PAX 8 proves to be a 
helpful marker when distinguishing ATC from other 
malignancies with about 75% of ATC showing reactivity 
(see Fig. 11.1). The expression seems to be related to the 
predominant growth pattern: More than 90% of squamoid 
variants show reactivity, but reactivity is less frequent in 
other variants (Table 11.1)

•	 ATC can occur de novo or can coexist with well-
differentiated or poorly differentiated malignancies in the 
thyroid (Fig. 11.2). The most common is the tall cell vari-
ant of papillary thyroid carcinoma (PTC), followed by the 
oncocytic variant of follicular carcinoma; a poorly differ-
entiated thyroid carcinoma is less likely.

•	 ATC is characterized by accumulation of several different 
genetic alterations. Compared with differentiated thyroid 

carcinomas, ATC tends to have at least two or more muta-
tions. BRAFV600E and RAS mutations, the most com-
mon alterations in well-differentiated thyroid carcinomas, 
remain the mutually exclusive main driver mutations in 
ATC, with BRAFV600E occurring in 29% of cases and 
RAS mutations in 23%.

•	 In addition, ATC is associated with a higher rate of 
telomerase reverse transcriptase (TERT) promoter 
mutations, seen in almost 73% of cases; these TERT 
promoter mutations tend to occur with BRAF or RAS 
mutations.

•	 In general, the coexistence of BRAF/RAS and TERT pro-
moter mutations is synergistic and confers an aggressive 
potential to the malignancy and a trend towards greater 
mortality in ATC.
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Fig. 11.1  (continued)
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•	 Inactivating mutations in TP53 play a major role in the 
tumorigenesis of ATC, with the overall prevalence in 
some studies being close to 60%.

•	 The efficacy of conventional treatments is limited in ATC 
because of the aggressive nature of the malignancy. 
Whenever possible, a multimodality approach with sur-
gery, adjuvant chemotherapy, and radiation should be used.

�Poorly Differentiated Thyroid Carcinoma 
(PDCa)

•	 PDCa is rare, about 4–7% of all thyroid cancers. It is bio-
logically intermediate between well-differentiated and 
undifferentiated (anaplastic) thyroid carcinoma, with a 
mean survival rate of about 50%.

•	 It is imperative to distinguish PDCa from other well-
differentiated thyroid cancers. Its aggressive nature pres-
ents increased chances of early recurrence and metastasis 
compared to its well-differentiated counterparts, necessi-
tating aggressive therapy.

•	 On imaging, PDCa occurs as a solitary, large, solid, pre-
dominantly hypoechoic oval to round nodule that is 
mostly well circumscribed and has rich internal vascular-
ity, with or without microcalcifications (Fig. 11.3a).

•	 Grossly, PDCas are large masses (often exceeding 5.0 cm 
in size) with a firm, solid, gray-white to brown cut surface 
with focal areas of necrosis. These tumors often show evi-
dence of gross invasion (Fig. 11.3b).

•	 On cytology, PDCa shows a highly cellular aspirate com-
posed of small cells arranged in a follicular, solid, syncytial, 
insular, or trabecular architecture with abundant single cells 
and bare nuclei on a background of blood. The cytoplasm is 
scant, and the nuclei are round and regular with granular 
chromatin and small nucleoli. There is no evidence of col-
loid and no nuclear features of PTC (Fig. 11.3c, d).

•	 The findings on liquid-based preparations (LBP) are simi-
lar to those on conventional smears (CS). The background 
may show reduced bare nuclei and necrosis, compared 
with CS (Fig. 11.3e, f). No studies to date have specifi-
cally identified the cytologic features of PDCa on LBP.

•	 Histologically, the commonest growth pattern is the insu-
lar growth pattern, recognized by well-defined nests or 
insulae with a fibrovascular outline. This can be the domi-
nant pattern, or it can be intermixed with other patterns 
such as solid, trabecular, and follicular. The tumor cells 
appear monotonous, with round nuclei, scant cytoplasm, 
a high N:C ratio, granular chromatin, and small nucleoli. 
No features of PTC should be noted. Mitoses and necrosis 
can be observed (Fig. 11.3g, h).

Table 11.1  Differential diagnosis of anaplastic thyroid carcinoma on FNA

Diagnosis Cytology Immunohistochemistry
Anaplastic thyroid carcinoma  
(ATC)

Spindled cells with high-grade nuclei, pleomorphism, 
mitoses (includes atypical)
Usually admixed with pleomorphic or squamoid cells

Positive: LMWCK, PAX 8
Negative: Thyroglobulin
Positive or negative: TTF-1

Squamous cell carcinoma Lacks extreme pleomorphism
Desmoplastic stromal spindle cells lack atypia

Positive: LMWCK
Negative: PAX 8, thyroglobulin, TTF-1

Medullary thyroid carcinoma  
(MTC)

Spindled and/or plasmacytoid with “salt and pepper” 
chromatin.
Bland nuclei.
Endocrine-type atypia.
Background can show amyloid.

Positive: CEA, calcitonin, neuroendocrine  
(NE) markers

High-grade sarcoma Primary or metastatic
Depends on the line of differentiation

Positive: SMA, desmin (if smooth muscle);  
CD34, ERG, CD31, FLI1 (if angiosarcoma)

Reidel thyroiditis Bland-appearing fibroblasts and reactive  
myofibroblasts admixed with non-granulomatous– 
type inflammatory cells
Can be cellular to paucicellular

Positive: SMA
Negative: CK, EMA

Spindle epithelial tumor with  
thymus-like differentiation  
(SETTLE)

Rare
Low-grade, bland-appearing spindled cells  
admixed with glandular epithelial cells
No high-grade features such as necrosis,  
pleomorphism, or increased mitoses

Positive: AE1/AE3, CAM 5.2, CK7,  
vimentin, CD117

LMWCK low molecular weight cytokeratins
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Fig. 11.2  ATC: Appearance on LBP. These images show an example 
of the spindled-cell variant of ATC on LBP (both TP and SurePath™ 
[SP]), associated with a well-differentiated component, papillary thy-
roid carcinoma (PTC). (a–c) These alcohol-fixed aspirates show the 
well-differentiated component, which was a PTC, as identified by the 
constellation of nuclear features, including nuclear overlap, grooves, 
membrane irregularity, pallor, and nuclear pseudoinclusions (a–c, Pap 
stain, CS). (d–f) The SP slides show the ATC component with promi-
nent spindled cells showing high-grade nuclei. In these SP images, you 

can appreciate the dimensionality of the aspirate with blurring of some 
cells in the background. Just as on TP, the background in SP shows less 
blood (d–f, Pap stain, SP). (g–j) Compared with SP, TP is a monolay-
ered preparation, which lacks dimensionality. The nuclear morphology 
otherwise looks fairly similar. On LBP, the single tumor cells appear 
more in number because of the preparatory technique (g–j, Pap stain, 
TP). (k) The surgical pathology follow-up of the tumor shows the 
prominent spindled cells with nuclear features similar to those seen in 
the SP and TP images. Note the high mitotic activity (H&E)

a b

c d

e f

R. Rao et al.



205

g h

j

k

i

Fig. 11.2  (continued)

11  Other Malignant Tumors of the Thyroid and Metastatic Tumors to the Thyroid



206

Fig. 11.3  Poorly differentiated thyroid carcinoma (PDCa): Imaging, 
gross, and cyto-histologic findings. (a) Ultrasonography shows a large 
mass in the thyroid with irregular borders and evidence of invasion. The 
mass shows mixed echogenicity with hypoechoic foci, possible areas of 
necrosis, and calcifications. (b) Grossly, the mass shows a firm, solid 
tan-brown to yellow cut surface; focal areas of necrosis and hemorrhage 
are noted. The borders of this mass appear lobulated in some areas and 
irregular in other areas. (c) This air-dried aspirate shows small cells 
arranged in a microfollicular architecture on a background of blood. 
The cytoplasm is scant and the nuclei are round and regular, with granu-
lar chromatin and small nucleoli. There is no evidence of colloid and no 
nuclear features of PTC (Diff-Quik, CS). (d) This alcohol-fixed aspirate 
shows similar features as seen on the air-dried aspirate. The nuclear 

chromatin is granular, and no nuclear features of PTC are seen (Pap 
stain, CS). (e, f) LBP of the same case with cytologic features similar to 
CS.  Unlike the CS, the background here is cleaner. The cell groups 
show microfollicular architecture and appear to be tighter than the 
groups in the alcohol fixed aspirates. The chromatin details are similar 
to that of CS (e, f, Pap stain, TP). (g, h) Histology images of the mass 
showing features similar to those noted in cytology, such as microfol-
licular architecture. The nuclei appear round and regular; small nucleoli 
are seen. Wide areas of invasion are noted (H&E). (i, j) Another case of 
PDCa with an insular growth pattern. On this LBP, the clusters appear 
tighter and the background is clean. Note that the cells are small, with 
round nuclei. The cytoarchitectural pattern here is key in helping with 
the diagnosis of poorly differentiated thyroid carcinoma (Pap stain, TP)
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•	 Studies so far indicate that solid, trabecular, insular (STI) 
cytoarchitectural patterns and high cellularity are strong 
cytologic indicators in diagnosing PDCa (Fig. 11.3i, j), in 
addition to small cells, single cells, high N:C ratio, granu-
lar chromatin, severe crowding, and mitotic activity are 
strong cytologic indicators in aspirates.

•	 Bongiovanni et al. [5] noted that the combined presence 
of an STI cytoarchitectural pattern, single cells, high N:C 
ratio, and severe crowding was highly predictive of PDCa.

•	 Because of the prominent follicular architecture in some 
cases and the lack of obvious papillary-like nuclear fea-
tures, PDCa is often classified as a follicular neoplasm 
(Bethesda IV/VI).

•	 The differential diagnosis of PDCa include follicular neo-
plasms, MTC, ATC, lymphoma, and metastases. The vari-
able cytoarchitectural patterns, markedly increased 
cellularity, granular chromatin, presence of mitoses and 
necrosis, and lack of colloid help distinguish PDCa from 
other follicular neoplasms. The cytoarchitectural patterns 
and the lack of “salt and pepper” chromatin, along with a 
lack of immunoreactivity to calcitonin, CEA, and neuro-

endocrine markers, help distinguish it from MTC.  The 
cytoarchitectural pattern of PDCa and the lack of immu-
noreactivity to lymphoid markers helps to distinguish it 
from lymphoproliferative neoplasms. Immunoreactivity 
to thyroglobulin, TTF-1, and PAX 8 as a panel helps to 
distinguish PDCa from other secondary malignancies to 
the thyroid.

•	 These tumors frequently carry RAS or BRAF mutations. 
Additional TERT promoter, TP53, and EIF1AX mutations 
have also been observed and are implicated in the aggres-
sive nature of the malignancy and the associated worse 
prognosis.

�Lymphomas Involving the Thyroid Gland

•	 Primary thyroid lymphoma (PTL) is a rare malignancy. It 
accounts for approximately 1–5% of all thyroid 
malignancies.

•	 It is most common in middle-aged to older women, with a 
mean age of 60–65.

g h
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Fig. 11.3  (continued)
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•	 Patients usually present with a mass that has rapidly enlarged. 
Compressive symptoms due to mass effect may be reported. 
Most patients are either euthyroid or hyperthyroid.

•	 Lymphomas are most frequently of the B-cell type. The 
most common subtypes are diffuse large B-cell lym-
phoma (DLBCL, 60–70%) (Fig.  11.4) and extranodal 
marginal zone lymphoma of mucosa-associated lymphoid 
tissue (MALT lymphoma, 20–30%).

•	 Almost all cases of PTL arise in the setting of Hashimoto 
thyroiditis, with an estimated relative risk of 67 to 80.

•	 On ultrasound imaging, the mass appears hypoechoic and 
asymmetrical.

•	 Grossly, the tumor can vary in size, and it may involve one 
lobe or both lobes. Tumors are lobular, multinodular, or 
diffuse and have a bulging, tan to white-grey cut surface.

•	 Microscopic appearance depends on the lymphoma sub-
type. The lymphoma usually effaces the normal thyroid 
parenchyma.

•	 Sheets of large, atypical lymphoid cells with destruction 
of thyroid parenchyma characterize DLBCL, the most 
common lymphoma subtype. The lymphocytic infiltrate 
often extends into adjacent fat and skeletal muscle. The 
cells have the appearance of centroblasts or immuno-
blasts. The tumor can be divided into germinal center–
like and non-germinal center–like.

•	 Immunohistochemically, the tumor cells are positive for 
CD20, CD79a, and PAX-5.

•	 MALT lymphoma can demonstrate a nodular to diffuse 
pattern. It is composed predominantly of small cells, 
including marginal zone cells, monocytoid-like B cells, 

a

c

b

Fig. 11.4  Diffuse large B-cell lymphoma in the thyroid gland: Cyto-
histologic findings. (a) Air-dried aspirates are the best for lymphoid 
lesions. The background here shows red blood cells and lymphoglandu-
lar bodies (bits of bluish-gray cytoplasmic material). The malignant 
lymphoid cells appear enlarged (with nuclear sizes two to three times 
that of a red blood cell), with virtually no cytoplasm, and prominent 
nucleoli. Fewer intermediate-sized lymphoid cells are also noted in the 

background (Diff Quik, CS). (b) On LBP, the cells appear smaller than 
on the air-dried aspirate, but note that the malignant lymphoid cells 
show virtually no cytoplasm and appear larger, with prominent nucle-
oli. The background is very clean, devoid of lymphoglandular bodies or 
blood (Pap stain, TP). (c) The surgical follow-up showed a diffuse large 
B-cell lymphoma (H&E)
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and plasma cells. Scattered large cells resembling centro-
blasts or immunoblasts can be seen.

•	 Lymphoepithelial lesions consisting of glandular epithe-
lium infiltrated by lymphoma cells, with destruction of 
the epithelium, are frequently seen. Lymphoma cells may 
colonize the germinal centers of reactive follicles and 
mimic follicular lymphoma.

•	 Immunohistochemically, MALT lymphoma is character-
ized by CD20, CD79a, and BCL-2 positivity; the tumor 
cells are negative for CD10, BCL-6, and CD5.

•	 Treatment usually consists of adjuvant chemotherapy and 
radiation. Prognosis varies depending on the subtype. 
Patients with MALT lymphoma have a higher 5-year 
disease-specific survival.

•	 Sensitivity for diagnosing PTL in cytology has varied 
from 39% to 72%.

•	 Aspirates are generally cellular and consist of non-
cohesive cells. Lymphoglandular bodies can be seen in 
the background.

•	 FNA of large B-cell lymphomas are highly cellular and con-
sist of large cells with coarse chromatin, prominent nucleoli, 
and basophilic cytoplasm. Necrotic debris may be seen.

•	 Aspirates from low-grade lymphomas such as MALT 
lymphoma show predominantly small lymphocytes and 
plasma cells. The small cells have vesicular chromatin, 
small nucleoli, and a moderate amount of cytoplasm. 
Occasionally, larger cells with prominent nucleoli may be 
seen (Fig. 11.5).

a b

c d

Fig. 11.5  Lymphoplasmacytic lymphoma involving the thyroid gland: 
Cyto-histologic findings. (a, b) LBP showing small to intermediate-
sized lymphoid cells; the majority show a plasmacytoid morphology. 
The cell outlines appear poorly defined (Pap stain, TP). (c) Immunostain 

for leukocyte common antigen (LCA) is positive, highlighting these 
plasmacytoid lymphoid cells (IHC). (d) Immunostain for CD38 is posi-
tive in lymphoplasmacytic lymphoma (IHC)
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•	 Because PTL typically arises in the background of 
Hashimoto thyroiditis, it may be difficult to make a diag-
nosis on FNA. The absence of oncocytes and follicular 
cells can help to distinguish lymphoma from Hashimoto 
thyroiditis.

•	 In equivocal cases, flow cytometry and immunohisto-
chemical studies are helpful.

�Metastatic Tumors to the Thyroid Gland

•	 Metastatic tumors to the thyroid are uncommon but not 
rare, encompassing about 1.4–3% of all thyroid malig-
nancies, increasing to 24% in autopsy studies.

•	 The interval from the diagnosis of the primary to the diag-
nosis of metastases can vary from months to years; some 
have been reported more than 20 years after the diagnosis 
of the primary.

•	 In patients with prior malignancies, metastases should be 
entertained in the differential diagnosis of any nodular 
enlargement in the thyroid.

•	 As always, FNA is the effective first step in managing 
thyroid nodules and ruling out the possibility of metasta-
ses to the thyroid. Nevertheless, diagnosing metastases 
without the history of a known primary could be challeng-
ing on FNA.

•	 Although FNA has been shown to achieve diagnostic 
accuracy of >90% in diagnosing metastases to the thy-
roid, some studies report lower accuracy rates (~58%) 
than when diagnosing a primary thyroid malignancy 
(90%). This difference could be due in part to the diffi-
culty in ruling out metastases in aspirates that are rich in 
spindled, clear, or pleomorphic (anaplastic) cells.

•	 The pathway of tumor seeding in the thyroid gland is 
through the lymphovascular route or through direct 
extension. The mechanism of tumor seeding in the thy-
roid is controversial at best. Some studies postulate that 
the high blood flow and increased velocity prevent 
tumors from depositing in the thyroid gland, and the 
high oxygen and iodine content does not cater to tumor 

growth in the thyroid gland, but destruction of the thy-
roid parenchyma by a disease process sets the stage for 
tumors to proliferate.

•	 Tumor-to-tumor metastasis can also happen in the thyroid 
gland; for example, tumor metastasis from other organs 
has been known to occur within a primary thyroid neo-
plasm such as a follicular adenoma.

•	 The most common primaries to metastasize to the thyroid 
gland include kidney (~34%), lung, breast, GI tract, mela-
noma, and head and neck cancers. Less common are 
metastases from gynecologic, hematopoietic, soft tissue, 
and genito-urinary tract malignancies.

•	 The overall management includes surgical resection of 
the metastatic lesion; patients treated surgically have lon-
ger survival than those treated using non-surgical 
approaches.

•	 The cytologic features of the metastases are similar to the 
primary tumors for both CS and LBP. In almost all cases, 
the clinical history, morphologic comparison with the 
patient’s primary, and/or further workup using ancillary 
studies on cell block material are necessary for diagnostic 
confirmation (Table 11.2, Figs. 11.6 and 11.7).

Table 11.2  Ancillary immunohistochemical studies helpful in differ-
entiating the metastatic tumors to the thyroid gland

Tumor Tests
Renal cell carcinoma Positive: CD10, RCC, PAX-8, CAIX 

(renal cell markers)
Negative: TTF-1 and thyroglobulin 
(thyroid follicular cell markers); calcitonin 
(medullary cancer marker).

Breast carcinoma Positive: GATA3, estrogen receptor (ER)
Negative: TTF-1, PAX-8, thyroglobulin, 
calcitonin

Lung adenocarcinoma Positive: TTF-1, napsin A, +/− P63
Negative: PAX-8, thyroglobulin, calcitonin

Squamous cell 
carcinoma (lung and 
other)

Positive: P40, P63
Negative: TTF-1, PAX-8, thyroglobulin, 
calcitonin

Colorectal primary Positive: CK20, CDX2
Negative: CK7, TTF-1, thyroglobulin, 
PAX-8, calcitonin
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Fig. 11.6  Metastatic squamous cell carcinoma to the thyroid gland. 
This is an example of esophageal squamous cell carcinoma metastasiz-
ing to the thyroid gland. (a) This air-dried aspirate shows single cells 
with dense blue cytoplasm, also referred to as “Robin’s egg blue” cyto-
plasm. This blue color is suggestive of keratinization in these tumor 
cells (Diff Quik, CS). (b) The alcohol-fixed smear shows single cells 
and loose clusters of malignant squamous cells with orangeophilia in 
the cytoplasm, compatible with keratinizing squamous cell carcinoma 

(Pap stain, CS). (c, d) The LBP of the same case shows keratinized 
malignant squamous cells, which appear fairly similar to those seen in 
the alcohol-fixed CS.  In (d) we can appreciate a cluster of non-
keratinized malignant squamous cells adjacent to the keratinized malig-
nant cell. The background is less striking, with less blood. The 
cytoplasm can appear orange to yellow and refractile in keratinized 
malignant squamous cells (c, d, Pap stain, TP). (e) Histologic follow-up 
showing squamous cell carcinoma (H&E)
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Fig. 11.7  Metastatic breast carcinoma to the thyroid gland. (a) Air-
dried aspirate showing a loose cluster of malignant cells with vacuo-
lated cytoplasm and markedly enlarged and hyperchromatic nuclei with 
nucleoli (Diff Quik, CS). (b, c) Alcohol-fixed smears showing a similar-
looking cluster. The chromatin is coarse and the nucleoli appear large 
and prominent. The cytoplasmic details are not so clear as in the air-
dried aspirate (Pap stain, CS). (d) On LBP, the similar clusters appear 

more cohesive and tighter, but the nuclear details are almost identical to 
those on the CS (Pap stain, TP). (e) The accompanying cell-block sec-
tion shows cytomorphologic details similar to those noted on CS and 
LBP (H&E). (f) A GATA3 stain is positive in a breast primary and is 
staining the tumor cell nuclei (IHC). (g) The resection sample was a 
metastatic breast carcinoma (H&E)

a b

c d
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Immunocytochemistry 
and Immunohistochemistry on Liquid-
Based Preparations of Thyroid FNA

Megha Joshi, Sumita Gokhale, and Rana S. Hoda

�Introduction

•	 Immunocytohistochemistry/immunohistochemistry 
(ICC/IHC) has become an indispensable tool in the prac-
tice of surgical pathology and cytology. In our daily clini-
cal practice, most specimens from thyroid fine needle 
aspiration (FNA) and liquid-based preparations (LBP) are 
diagnosed without the routine use of immunostain, but 
IHC can be used judiciously on the corresponding cell 
block in certain situations to confirm or rule out a diagno-
sis. Scraping of thick Diff-Quik (DQ)–stained smears into 
the CytoLyt/CytoRich Red (collection media for ThinPrep 
[TP] and SurePath [SP] respectively) at the time of rapid 
on-site evaluation (ROSE) to prepare the cell block can 
further enhance the yield, and multiple immunostains can 
be performed on the cell block if needed.

•	 Immunocytochemistry (ICC) on liquid-based cytology 
preparations (such as TP slides) has also been described 
and validated previously (see the Suggested Reading). 
ICC on monolayer cytology slides is much cleaner, with 
less background staining, than on conventional smears, 
and it requires smaller amounts of both the specimen and 
the antibody. The use of LBP for ICC is especially useful 
for cases in which a cell block preparation may not be 
feasible (such as when the specimen shows poor 
cellularity).

•	 Additional slides can be prepared for ICC from the resid-
ual liquid-based vial.

•	 As is true for any other site, immunostains of thyroid 
FNA should be interpreted in the light of cytomorpho-
logic findings. Relying solely on immunostaining to make 
a diagnosis can often lead to error.

•	 Examples of ICC/IHC, performed on various lesions, 
have been shown in several chapters, including Chaps. 7, 
8, 9, 10, and 11.

�Papillary Carcinoma

•	 No single marker is sensitive or specific enough to diag-
nose malignant thyroid lesions. The use of a panel 
improves sensitivity and specificity of individual markers. 
Most authors recommend a panel of HBME-1 (Hector 
Battifora mesothelial-1), GAL-3 (Galectin-3) and CK19 
(cytokeratin 19) to differentiate papillary thyroid carci-
noma (PTC) from benign lesions.

•	 Other markers used in the above panel can include Cited-1 
(Cbp/p300-interacting transactivator with Glu/Asp-rich 
carboxy-terminal domain, 1), or FN-1 (Fibronectin-1), 
CD44v6, and E-cadherin. This marker panel is also useful 
in differentiating the follicular variant of PTC (FVPTC) 
from follicular carcinoma, though a subset of follicular 
carcinomas can stain with HBME-1 and Galectin-3.

•	 TROP2 (Trophoblastic cell surface antigen 2) is a newer 
marker that may hold promise in identification of classic 
PTC and FVPTC.

•	 As mentioned before, HBME-1, CK19, and Galectin-3 
are useful when used as a panel for the diagnosis of 
PTC. In general, these markers are strongest in PTC and 
weakest in benign thyroid nodules. Follicular carcinomas 
show an intermediate pattern of staining. The expression 
of CK19 and Gal-3 is often focal in benign epithelium and 
adenomatous nodules, and diffuse and strong in PTC. In 
one study, HBME-1 was found to be the most specific for 
carcinoma, and Gal-3, the most sensitive. In the same 
study, the expression of CK19 and HBME-1 was 100% 
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specific for malignancy. Rossi et al. [10] showed that the 
panel of HBME-1 and Galectin-3 has an accuracy rate of 
98% for the diagnosis of PTC, including the follicular 
variant (Fig. 12.1).

•	 In chronic lymphocytic thyroiditis and post-FNA reactive 
foci, false positive staining may be seen with CK19 and 
Galectin-3. It is important not to interpret this false posi-
tive staining as a sign of malignancy.

�BRAF

•	 The BRAF V600E antibody can be used to detect the 
BRAFV600E mutation in PTC. This mutation may be 
associated with a higher risk of recurrent, persistent dis-
ease; lymph node metastasis; and extrathyroidal exten-
sion. The BRAF mutation is negative in benign 
conditions, medullary thyroid carcinoma (MTC), and 
follicular carcinoma. The BRAFV600E mutation has 
been reported in 50% of PTC, with a lower frequency in 
FVPTC.

�Follicular Carcinoma

•	 Galectin-3 is a cell adhesion molecule. It is positive in a 
subset of follicular carcinomas, as well as in 
FVPTC. Though Galectin-3 may be expressed in hyper-
plastic nodules and follicular adenomas in a weak and 
focal manner, strong diffuse staining often denotes malig-
nancy. In a prospective study of thyroid FNA samples, the 
sensitivity of Galectin-3 to determine who gets surgery 
was 78%, and the specificity was 93%. HBME-1 is also 
strongly positive in >40% of follicular carcinoma and 
PTC, and negative or focally positive in hyperplastic nod-
ules or adenomas. p27 is one marker that is positive in 
benign and hyperplastic lesions and negative in follicular 
carcinomas and FVPTC.

�Medullary Thyroid Carcinoma (MTC)

•	 MTC is one of those tumors in the thyroid gland where 
immunostaining plays a key role in its accurate diagnosis. 
Although quite rare, accounting for only about 5% of all 
thyroid carcinomas, it is important to recognize MTC, as 
the tumors are highly aggressive and some cases may be 
familial.

•	 Because MTC is derived from the parafollicular C cells in 
the thyroid gland, it is negative for thyroglobulin and 
stains with calcitonin—an important distinction from 
some of the other, more common primary thyroid 
neoplasms.

•	 These tumors usually yield cellular specimens compris-
ing mostly of dyscohesive plasmacytoid and/or spindle 
cells. Based on morphology alone (depending on the pre-
dominant cell type), various tumors should be considered 
in its differential diagnosis: Hürthle cell neoplasms, PTC, 
undifferentiated carcinoma, poorly differentiated carci-
noma, and metastatic tumors (eg, neuroendocrine carci-
noma, melanoma, lymphoma).

•	 A useful set of immunostains to help confidently diagnose 
MTC and exclude others includes those that are mostly 
positive: calcitonin, TTF-1, chromogranin, and synapto-
physin (Fig. 12.2). Those that are negative are thyroglob-
ulin and S-100.

�Poorly Differentiated and Anaplastic 
Carcinomas

•	 It should be noted that poorly differentiated and anaplas-
tic carcinomas can be negative for TTF-1 and thyroglobu-
lin. In fact, TTF-1 may be positive in only 18% of 
anaplastic carcinomas, with focal and weak thyroglobulin 
staining, with variability ranging from 9% to 71%. For an 
undifferentiated malignancy, a panel with cytokeratin, 
leucocyte common antigen (LCA), thyroglobulin, TTF-1, 
calcitonin, chromogranin, and CEA is suggested.

�Metastasis

•	 The most common tumors that metastasize to the thyroid 
are carcinomas of kidney, breast, and lung origin. 
Elucidating a clinical history of cancer is of great impor-
tance in this instance, as thyroid FNA is a common and 
routine procedure, and breast and lung cancer is not 
uncommon in an elderly population. For known histories 
of malignancy, a limited number of immunostains may 
suffice: for renal cell carcinoma, CD10 and RCC; for 
breast carcinoma, GATA3; for lung, Napsin-A; for mela-
nomas, S100, MART-1, and HMB-45; for colon cancer, 
CK20 and CDX2; and for lymphomas, LCA/CD45.

•	 In patients with no known previous malignancy, a wider 
panel of immunostains may be selected, based on the 
morphology. A good “first-round” panel may include 
CK7, CK20, PAX8, RCC, S-100, TTF-1, Napsin-A, and 
CDX2. Additional stains may be obtained depending on 
the morphology and immunoprofile seen on the initial 
staining. For example, if S-100 is positive on the first 
round of staining and all others are negative, positive 
staining with additional immunostains for HMB45, Mart-
1, and MITF would help confirm a melanoma.

•	 It is important not to confuse a metastasis with a poorly 
differentiated primary thyroid carcinoma. Thyroglobulin 
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Fig. 12.1  Suspicious for follicular neoplasm. (a–d) ThinPrep (TP) and 
cell block sections showed architectural features of a follicular neo-
plasm with nuclear features suggestive of a follicular variant of papil-

lary thyroid carcinoma (FVPTC). Differential diagnosis of an FVPTC 
was added (a, b, Pap stain, TP; c, d, H&E stain). (e) CK19 immunostain 
showed diffuse cytoplasmic positivity
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Fig. 12.2  Medullary thyroid carcinoma. (a–c) TP and cell block sec-
tion showed features of medullary thyroid carcinoma (MTC) with large, 
singly dispersed, predominantly plasmacytoid cells and a few spindled 
cells. Nuclei were enlarged and mostly round, with some binucleated 

and multinucleated forms (a, b, Pap stain, TP; c, H&E stain). (d, e) 
Immunostains for calcitonin and chromogranin, performed on cell 
block sections, were positive and supported the diagnosis
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and TTF-1 can be of help in ruling out metastases in an 
unusual lesion, as follicular-derived lesions usually stain 
for thyroglobulin and TTF-1. It should be noted, however, 
that especially in metastasis in female patients, thyroid 
carcinoma can be positive for ER and PR and negative for 
thyroglobulin. A TTF-1 stain may come to the rescue in 
such situations, though TTF-1 is positive not only in lung 
cancer and in the thyroid lesions but also at times in 
colorectal, ovarian, breast, endometrial, and endocervical 
carcinomas. If the 8G7G3/1 clone of TTF-1 is used, aber-
rant expression is less than 2%.

�Lymphoma

•	 Lymphomas of the thyroid often arise in a background of 
Hashimoto’s thyroiditis. Mucosa-associated lymphoid 
tissue (MALT) lymphomas have a distinct immunophe-
notype and can be differentiated from diffuse large B-cell 
and follicular lymphomas by IHC. If a suspicion of lym-
phoma arises during ROSE, a sample for flow cytometric 
studies can and should be collected. In the absence of flow 
cytometry, the initial IHC panel could include CD3, CD5, 
CD10, CD20, CD23, CD30, Cyclin D1, Bcl2, Bcl6, 
PAX5, and Ki67.

•	 IHC can confirm a lymphoma diagnosis. Anaplastic carci-
nomas can also be distinguished from lymphomas by 
LCA/CD45 immunostain.

�Parathyroid Lesions

•	 Often, in a colloid-deficient microfollicular lesion, the 
use of immunostain for parathyroid hormone (PTH), 
TTF-1, and thyroglobulin can help confirm or dispute 
parathyroid origin. PTH is a good and reliable marker for 
lesions of the parathyroid, and it lends itself well for use 
in FNA samples, be it LBP or cell blocks. Up to 0.6% of 
thyroid FNAs can in actuality be parathyroid lesions. Use 
of the PTH marker is a simple and accurate way to avoid 
misdiagnosing a parathyroid sample as follicular 
neoplasia.
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Parathyroid Gland Fine Needle 
Aspiration Cytology

Rema Rao and Rana S. Hoda

�Parathyroid Gland

•	 Parathyroid glands are light yellow to brown and are 
small (about 2–7 mm). They tend to become prominent 
in pathological states, most commonly hyperparathy-
roidism. More than 80% of individuals have four para-
thyroid glands.

•	 Parathyroid glands can be located within other organs, 
most commonly the thyroid gland, where they are found 
in the perithyroidal fat.

•	 Normal parathyroid glands are not visible on ultrasonog-
raphy and there are no specific ultrasound (US) features 
that distinguish an enlarged parathyroid gland from a thy-
roid nodule.

•	 The parathyroid gland is composed of three different 
types of cells: chief, oxyphil, and water clear cells.

•	 Chief cells are morphologically similar to thyroid follicu-
lar cells, and oxyphil cells are similar to Hürthle cells 
(Figs. 13.1 and 13.2).

•	 Conventional smears (CS) of parathyroid fine needle 
aspiration (FNA) specimens are cellular and show vari-
able architecture, with cells arranged as disorganized, 
loosely cohesive two-dimensional (2-D) fragments and/
or tightly cohesive 3-D fragments, as well as papillary-
like structures and microfollicles. The microfollicle-like 
pattern may appear prominent, mimicking a follicular 
neoplasm (Fig. 13.3).

•	 Nuclei are round, uniform, and overlapping, with stippled 
“salt and pepper” neuroendocrine-type chromatin, incon-
spicuous nucleoli, and a high nuclear-cytoplasmic (N:C) 
ratio. Cell outlines may not be well appreciated. A promi-
nent capillary network may be noted. The background 
shows many naked “bare” nuclei and no obvious colloid, 
although colloid-like material can be observed in about 
8–20% of cases (Fig.  13.4). Occasional cells with oxy-
philic cytoplasm can be seen.

•	 In LBP, parathyroid aspirates show variable cellularity. A 
loose 2-D or microfollicular pattern may be commonly 
seen, but cells can also be seen in honeycombed sheets 
and clusters, as well as occasional papillary fragments 
(Fig. 13.5). The cell outlines are better preserved in LBP 
than in CS (Fig. 13.6). Nuclei tend to be smaller in LBP 
than in CS, although the nuclear features are fairly similar 
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Fig. 13.1  Parathyroid Cells. ThinPrep (TP) slide showing an oxyphil 
cell–rich parathyroid lesion, which can mimic a Hürthle cell lesion of 
the thyroid follicular cells. The chromatin has a stippled, “salt and pep-
per” appearance, unlike Hürthle cell chromatin, which is evenly distrib-
uted, with prominent nucleoli. Hürthle cell nuclei also tend to appear 
larger than the parathyroid follicular cell nuclei (Pap stain)
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in both CS and LBP. The “bare” naked nuclei are better 
appreciated in CS, as LBP tends to cluster cells and pro-
vides a clean background with reduced bare nuclei 
(Figs. 13.4 and 13.7; see Fig. 6.19 and Chap. 7).

•	 In SurePath™ (SP) samples, parathyroid cells appear more 
3-D than in ThinPrep® (TP), where they are monolayered 
and 2-D. The “bare” nuclei seem to be better observed in 
SP than in TP.

•	 In their study, Heo et al. [3] demonstrated the common 
features of parathyroid lesions on FNA observed on both 
CS and LBP, which include microfollicles, small nuclei 
with stippled lymphocyte-like chromatin, and naked 
nuclei in the background.

•	 Parathyroid follicular cells may be distinguished cyto-
logically from thyroid follicular cells in Follicular 
Neoplasm or Suspicious for a Follicular Neoplasm (FN/
SFN), although the distinction can be quite challenging. 
The nuclei tend to be smaller than the follicular cell 
nuclei of the thyroid follicles. The presence of a promi-
nent vascular pattern, frequent “bare” naked nuclei, and 
“salt and pepper” nuclear chromatin are other distin-
guishing features favoring a parathyroid lesion over 
thyroid. Follicular cells also show cytoplasmic lipofus-
cin granules (Fig. 13.8).

•	 The prominent papillary configuration in parathyroid 
aspirates and the presence of occasional intranuclear 
inclusions may cause confusion with papillary thyroid 
carcinoma (PTC), but the absence of the constellation of 
nuclear features of PTC and the presence of “bare” 

a b

Fig. 13.3  Parathyroid Adenoma (conventional smear [CS] and liquid-
based preparation [LBP]). Smears are cellular and show variable architec-
ture, with cells arranged as disorganized, loosely cohesive 2-D fragments 
and/or tightly cohesive 3-D fragments, as well as papillary structures, 
sheets, and microfollicles. The microfollicle-like pattern may appear 

prominent in some cases, mimicking a follicular neoplasm. (a) Parathyroid 
adenoma showing a cellular aspirate with cells arranged in sheets and 
small single cells in the background (DQ stain, CS). (b) Alcohol-fixed 
Pap-stained TP slide from the same patient shows prominent vascularity 
and a papillary configuration, with single cells in the background

Fig. 13.2  Parathyroid Cells. Another oxyphil cell–rich parathyroid lesion, 
which can potentially mimic Hürthle cell lesions of the thyroid follicular 
cells. The stippled chromatin in this image is unlike Hürthle cell chroma-
tin, which is evenly distributed, without prominent nucleoli (Pap stain, TP)
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a

b

Fig. 13.4  Parathyroid Adenoma (conventional smears). Nuclei are 
round, uniform, and overlapping, with stippled “salt and pepper” 
neuroendocrine-type chromatin, inconspicuous nucleoli, and low to high 
nuclear-cytoplasmic (N:C) ratio. Cell outlines may not be well appreci-
ated. (a) Air-dried Diff-Quik (DQ) smear of a parathyroid adenoma, 
showing cells in microfollicles and many single cells, with eccentrically 
placed nuclei and stippled chromatin. The plasmacytoid “eccentric” 
appearance of the nuclei can be mistaken for medullary carcinoma, 
which is in the differential diagnosis of a parathyroid adenoma on FNA. 
(b) Alcohol-fixed, Pap stained CS showing numerous “bare” nuclei. 
“Bare” nuclei are better appreciated on CS than on LBP. The presence of 
numerous naked nuclei can mimic lymphocytes, raising a differential 
diagnosis of chronic lymphocytic thyroiditis or a lymph node sampling. 
The stippled appearance of the chromatin is a clue towards a diagnosis 
of a parathyroid lesion, in addition to the other features mentioned

a

b

Fig. 13.5  Parathyroid Adenoma (LBP). (a, b) In LBP, parathyroid aspi-
rates show variable cellularity. A loose 2D pattern or a microfollicular 
pattern may be the patterns most commonly noted in LBP, but cells also 
can be seen in honeycombed sheets and clusters, as well as occasional 
papillary fragments. Both these images show parathyroid cells in micro-
follicles. The stippled appearance of the chromatin, (although not diag-
nostic) helps in distinguishing these cells from benign thyroid follicular 
cells (Pap stain, TP)

Fig. 13.6  Parathyroid (LBP). The cell outlines are better preserved in 
LBP than in CS (Pap stain, TP)

nuclei in the background help support a diagnosis of 
parathyroid cells (Fig. 13.9).

•	 Features of parathyroid hyperplasia, adenoma, and carci-
noma are similar in both CS and LBP.

•	 If a parathyroid lesion is suspected clinically or on rapid 
on-site evaluation of adequacy, procuring material for cell 
block preparation can prove to be of great value. 
Immunostaining for parathyroid hormone (PTH) and thy-
roglobulin can be of diagnostic value and is used for con-
firmation (Fig.  13.10). PTH assay on FNA material is 
extremely helpful and has the highest sensitivity and 
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specificity in the identification of parathyroid tissue sam-
pling on FNA.

•	 Clinical correlation with PTH assay performed from the 
aspirated sample can also be confirmatory of parathyroid 
cells.

•	 Parathyroid lesions are usually interpreted as a Follicular 
Lesion of Undetermined Significance (FLUS) or FN/
SFN.  Subsequent molecular testing can help in further 
characterization. If the lesion is a parathyroid lesion, the 
test may detect a parathyroid gene.

�Parathyroid Cyst

•	 Goomany et  al. [2] published a case and literature 
search on parathyroid cysts and demonstrated that this 
rare entity comprises about 0.5–1% of parathyroid 
lesions.

•	 They appear as solitary and asymptomatic swellings in 
the neck and can be found anywhere from the angle of the 
mandible to the mediastinum but are most common at the 
antero-inferior pole of the thyroid gland, mimicking a 
thyroid nodule.

•	 About 70% are non-functioning cysts.
•	 FNA demonstrates clear, colorless cystic fluid with raised 

PTH levels. Occasionally it can be yellow or brown.
•	 The FNA procedure is performed primarily to confirm the 

PTH levels.
•	 Goomany et al. [2] concluded that when measuring FNA 

PTH levels, a C-terminal PTH (C-PTH) is preferred over 
intact PTH in cyst fluids due to the possibility of rapid 

Fig. 13.7  Parathyroid (LBP). Many “bare” naked nuclei, can be seen 
in both CS and LBP but are better appreciated in CS (see Fig. 13.4). As 
seen here, LBP tends to cluster cells and provides a clean background 
with reduced “bare” nuclei in comparison to CS (Pap stain, TP)

a

b

c

Fig. 13.8  Parathyroid Adenoma (CS and LBP). Parathyroid cells 
appear similar in CS (a, Pap stain) and in LBP (b, Pap stain, TP). 
Lipofuscin may be seen in thyroid follicular cells as yellow to light-
brown granular pigment in the cytoplasm (c), not usually seen in para-
thyroid aspirates. The clinical significance of accumulation of lipofuscin 
in thyroid is not well understood and does not show any relation to 
thyroid dysfunction (Pap stain, TP)
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degradation of PTH into the biologically inactive 
C-terminal peptide.

•	 On histology, the cyst wall comprises a single layer of 
cuboidal or columnar epithelium staining positive for 
glycogen.

�Parathyroid Adenoma/Hyperplasia

•	 Parathyroid adenoma is the commonest cause of primary 
hyperparathyroidism.

•	 Ultrasonographic imaging and technetium sestamibi scin-
tigraphy are the main imaging modalities to preopera-
tively localize parathyroid adenomas or hyperplasia.

a

b

Fig. 13.9  Parathyroid Adenoma (LBP). (a) The prominent papillary-
like configuration seen here in parathyroid aspirates and the presence of 
occasional intranuclear inclusions may cause confusion with PTC, but 
the constellation of nuclear features of PTC is absent in parathyroid 
aspirates. (b) Another example of papillary-like configuration in LBP 
of parathyroid aspirates (a, b, Pap stain, TP)

a

b

c

Fig. 13.10  Parathyroid Adenoma (Cytology Cell Blocks from LBP). 
(a, b) Images of cellblocks prepared from parathyroid aspirates. If a 
parathyroid lesion is suspected on rapid on-site evaluation of adequacy, 
acquiring material for cellblock preparation can prove to be of great 
value, as immunostaining for parathyroid hormone (PTH) and thyro-
globulin can be performed for confirmation. A panel approach is better 
than using either stain alone. (a, b, H&E stain). (c) Histologic section of 
a parathyroid adenoma with follicular cells immunoreactive to PTH 
immunostaining
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•	 Johnson et al. [4] and Cho et al. [1] published characteris-
tic features of parathyroid adenoma on imaging, which 
include hypoechoic oval (or occasionally bean-shaped) 
lesion, with Doppler imaging showing a characteristic 
extrathyroidal feeding vessel and peripheral distribution 
of internal vascularity.

•	 Overall, US and sestamibi scan together have a combined 
sensitivity of 95%, versus either US (80%) or sestamibi 
scan (87%) alone.

•	 Parathyroid adenoma and hyperplasia are indistinguish-
able in cytology and histopathology.

•	 The cytomorphological features of parathyroid adenoma/
hyperplasia have been described above.

•	 On histology, the neoplastic cells are arranged in nests, 
cords, and microfollicles surrounded by a rich capillary 
network, with nuclear pleomorphism, multinucleation, 
and giant cell formation. Mitotic figures are rare. In most 
parathyroid adenomas, chief cells are the dominant cell 
type, followed by the oxyphil cells (Fig. 13.11). Tumors 
composed entirely of oxyphil cells are rare and are 
referred to as “oxyphil adenomas.”

•	 No capsular or vascular invasion or invasion into adjacent 
tissue has been noted.

�Parathyroid Carcinoma

•	 Rodriquez et  al. (2012) published histological features of 
parathyroid carcinoma. They indicated that macroscopi-
cally, parathyroid carcinoma is often multinodular, with a 
firm consistency. On histology, the tumor tends to show 

prominent lobular architecture separated by fibrous trabecu-
lae, the presence of cytologic atypia, and mitotic figures. 
The presence of invasion is an absolute criterion for diag-
nosing malignancy, with vascular and/or capsular invasion, 
extension to adjacent tissues, or the presence of metastases.

•	 Parathyroid carcinoma can have cytomorphology indis-
tinguishable from parathyroid hyperplasia/adenoma. 
Immunostaining for PTH and chromogranin will point 
toward the right diagnosis.
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Application of Molecular Tests 
in Indeterminate Thyroid FNA

Theresa Scognamiglio, Rana S. Hoda, Christina M. Narick, 
and Yuri E. Nikiforov

�Introduction to Molecular Genetics 
in Indeterminate Thyroid Nodules

•	 Indeterminate diagnoses on FNA is the major limitation 
of thyroid cytology. The problem results from cytological 
features overlapping between non-neoplastic and neo-
plastic follicular lesions, which are reflected by the low 
concordance among pathologists in the indeterminate cat-
egory. (See Chaps. 5, 6, and 7).

•	 The heterogeneity of the outcome in indeterminate cytol-
ogy on thyroid FNA results in either repeat FNA or surgi-
cal lobectomy.

•	 Molecular testing helps to stratify cytologically indeter-
minate thyroid nodules into clinically meaningful catego-
ries. These markers can serve as cytopathologic adjuncts 
to improve the accuracy of diagnostic testing of thyroid 
nodules [1, 2].

•	 The revised 2015 management guidelines of the American 
Thyroid Association (ATA) [3] recommend performing a 
mutational panel in cases with indeterminate cytology. 
The ATA includes “Suspicious for Malignancy” in the 
indeterminate category.

•	 Because of wide acceptance by all clinical thyroid organi-
zations, molecular tests are fast becoming an integral part 
of thyroid FNAs.

•	 They are increasingly being used as an adjunctive test for 
the 15–30% of thyroid FNAs falling in the indeterminate 
categories of The Bethesda System for Reporting Thyroid 
Cytopathology (TBSRTC):
	 (i)	 Atypia of Undetermined Significance or Follicular 

Lesion of Undetermined Significance (AUS/
FLUS)

	(ii)	 Follicular Neoplasm or Suspicious for a Follicular 
Neoplasm (FN/SFN) and those of the oncocytic 
(Hürthle cell) type (FNHCT/SFNHCT)

	(iii)	 Suspicious for Malignancy (SM)
•	 Molecular tests will improve preoperative diagnostic 

accuracy of thyroid FNAs to guide clinicians in the man-
agement of patients.

•	 They may also be useful for noninvasive follicular thyroid 
neoplasm with papillary-like nuclear features (NIFTP) 
(see Chap. 9).

�Commercially Available Molecular Tests

•	 Three molecular diagnostic tests for thyroid FNA speci-
mens are commercially available:
	1.	 Afirma Genomic Sequencing Classifier (GSC), 

2017, “rule-out” test:
–– Next-generation sequencing (NGS) analysis, devel-

oped to address limitations in detection of Hürthle 
cell lesions and improve specificity and positive 
predictive value (PPV)

–– Expanded from 142 genes to total of 10,196 genes, 
with 1115 core genes

–– Includes a series of classifiers: parathyroid, medul-
lary thyroid carcinoma (MTC), BRAFV600E, RET/
PTC, follicular content index, Hürthle cell index, 
and Hürthle cell neoplasm index

	2.	 ThyroSeq v3 Genomic Classifier (GC), 2017, “rule-
in” and “rule-out” test:
–– NGS analysis
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–– ThyroSeq v3 was built with three goals: (1) 
Expanding the ThyroSeq v2 test panel through the 
inclusion of recently discovered genetic markers 
related to thyroid nodules and cancer; (2) Enabling 
the analysis of additional classes of genetic altera-
tions that were not previously tested (ie, copy num-
ber alterations [CNAs]); (3) Improving the test’s 
accuracy for detecting various types of Hürthle cell 
(oncocytic) tumors.

–– ThyroSeq v3 is an expanded assay from 56 to 112 
thyroid-related genes for mutations, fusion, copy 
number variations, and gene expression.

	3.	 ThyGeNEXT/ThyraMIR, “rule-in” and “rule-out” 
test:
–– ThyGeNEXT: Targeted NGS analysis that has been 

expanded from a 7-gene mutation panel to a 
10-gene mutation panel, including TERT, with a 
38-member mRNA fusion panel.

–– ThyraMIR: Measures expression level of 10 miR-
NAs by RT-PCR to identify low-risk and high-risk 
thyroid nodules.

�Goals of Molecular Tests

•	 Avoid unnecessary surgery for benign nodules, or better 
predict a benign nodule.

•	 Distinguish between high-risk thyroid carcinoma, which 
would require total thyroidectomy, and low-risk carci-
noma, which could be treated with a lobectomy, or better 
predict a high-risk malignant nodule.

•	 Preoperatively detect high-risk thyroid carcinoma, so that 
a central lymph node dissection can be performed.

�Challenges of Molecular Testing

•	 They are expensive tests and should be used judiciously.
•	 Intra-laboratory monitoring of molecular test results and 

lack of correlation with concurrent FNA.
•	 Clinical follow-up of nodules with negative molecular 

test results has not yet established appropriate surveil-
lance intervals.

•	 Molecular test results in NIFTP are not yet fully under-
stood and documented.

•	 Understanding the value of second-opinion cytology 
review for an accurate diagnosis may reduce cost by pre-
venting an unnecessary molecular test.

•	 Accurate results depends on specimen sampling and 
preservation.

�Facts About Genomic Landscape of Thyroid 
Lesions

•	 The Cancer Genome Atlas results showed that BRAF, 
RET, and RAS mutations are the most common genetic 
alterations [1].

•	 BRAFV600E is the most common point mutation in clas-
sic papillary thyroid carcinoma (PTC). It can also be seen 
in poorly differentiated and anaplastic carcinomas of the 
thyroid.

•	 BRAF and TERT promoter mutations are high-risk muta-
tions that are indicative of an adverse prognosis in PTC.

•	 RAS (HRAS, NRAS and KRAS) is the second most com-
mon point mutation, which occurs mostly in follicular 
carcinoma. RAS mutation can also be seen in the follicular 
variant of PTC (FVPTC) and follicular adenoma. 
Additional mutations are found in follicular carcinomas 
[2, 3].

•	 RET/PTC gene rearrangement may be seen in PTC and in 
benign thyroid nodules.

•	 PAX8/PPARγ gene rearrangement, when present, indi-
cates follicular carcinoma.

•	 Hürthle cell carcinomas have a unique genomic land-
scape. Most common are copy number alterations 
(CNAs). Numerical chromosome changes involve loss 
and/or gain of whole chromosomes or chromosome arms. 
Widely invasive Hürthle cell carcinomas are polysomic, 
with universal duplication of chromosome 7. Most com-
mon loss is of chromosome 8.

•	 Most familial MTC has RET mutations.
•	 RET and RAS mutations are seen in a subset of sporadic 

MTC.
•	 Overexpression of microRNA 375 is well documented in 

MTC.
•	 Benign thyroid tumors can have mutations in the thyroid 

stimulating hormone (TSH) receptor, in addition to the 
other mutations described above.

�Application of Molecular Tests in Liquid-
Based Preparations (LBP)

•	 Krane et al. [4] demonstrated that molecular analysis can 
be performed on residual ThinPrep (TP) material even 
after prolonged storage at room temperature.

•	 Liquid-based FNA material allows for efficient RNA extrac-
tion for common point mutations and rearrangements.

•	 Molecular tests on residual LBP material can be performed 
routinely in a molecular cytology laboratory for com-
monly encountered abnormalities including BRAFV600E 
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and RAS point mutations and RET/PTC and PAX8/PPARγ 
rearrangements.

•	 Molecular testing on residual LBP material can also be 
performed if the molecular test fails because of inade-
quate cellularity when performed on the specimen in the 
molecular test preservative.

�Afirma Thyroid Molecular Test

•	 The Afirma gene expression classifier (GEC) was intro-
duced in 2012 to improve preoperative risk assessment of 
indeterminate thyroid nodules. The Afirma GEC mea-
sured the mRNA expression transcript levels of 167 
genes. The expression of those genes was used to classify 
indeterminate aspirates as either benign or suspicious. In 
a large, prospective multicenter validation study, the 
GEC showed a specificity of 52% with a sensitivity of 
92%. The GEC was designed to identify benign nodules 
and had a high negative predictive value (NPV) of 93%, 
with a PPV of 47% [5]. Nodules identified as benign 
could be followed; those with suspicious findings 
required diagnostic surgery. Additional studies demon-
strated similar high sensitivity and NPV [6, 7]. The GEC 
performance was limited in nodules with Hürthle (onco-
cytic) cytology, however. These nodules frequently dem-
onstrated an increased rate of suspicion on the GEC even 
though the risk of malignancy on subsequent resections 
was quite low [8, 9].

•	 A new, robust genomic sequencing classifier (GSC) was 
recently introduced with the aim of improving specificity 
while maintaining high sensitivity for malignancy. The 
GSC uses next-generation sequencing (NGS) and incor-
porates an ensemble model consisting of 12 independent 
classifiers. The model utilizes 10,196 genes, of which 
1115 are core genes that drive the prediction model. The 
Afirma GSC test includes seven additional components, 
including a parathyroid cassette, an MTC cassette, a 
BRAFV600E cassette, a RET/PTC1 and RET/PTC3 
fusion detection module, a follicular content index, and 
Hürthle cell and Hürthle neoplasm indices. The ensemble 
model, in addition to the follicular content index and 
Hürthle cell and Hürthle neoplasm indices, forms the core 
classifier engine for determining benign versus 
suspicious.

•	 Clinical validation of the Afirma GSC was performed in a 
multi-institutional prospective blinded validation study. 
The GSC was performed on a set of indeterminate thyroid 
nodules obtained by FNA samples from 49 academic and 
community centers from June 2009 to December 2010. 

Pathological review of all histology slides was performed 
by a panel of expert pathologists, who were blinded to the 
genomic and clinical data. The primary endpoint was sen-
sitivity, specificity, NPV, and PPV in Bethesda III and IV 
nodules.

•	 The study consisted of FNA samples previously used to 
validate the Afirma GEC.  Those samples were derived 
from 4812 aspirates collected from 3789 patients. 190 
indeterminate thyroid nodules from 183 patients had ade-
quate residual RNA for analysis and were examined by 
the GSC and compared with blinded expert pathology 
review, as well as the GEC.

•	 Of the 190 indeterminate FNA samples, 114 (60%) were 
Bethesda III and 76 (40%) were Bethesda IV. For Bethesda 
III nodules, the sensitivity was 92.9%, with a specificity 
of 70.9%. The PPV was 51% and NPV was 96.8%, with a 
cancer prevalence of 24.6%. For Bethesda IV nodules, the 
sensitivity and specificity were slightly lower, at 88.2% 
and 64.4% respectively. The PPV was 41% and NPV was 
95.0%, with a cancer prevalence of 22.4%.

•	 Overall, for Bethesda III and IV nodules, the GSC dem-
onstrated a sensitivity of 91% and specificity of 68%. 
The NPV and PPV were 96% and 47% respectively, 
with a cancer prevalence of 23.7%. Compared with the 
GEC, the GSC had a higher specificity and benign call 
rate, accurately classifying more indeterminate nodules 
as benign.

•	 Of the 190 indeterminate nodules, 17 (8.9%) were Hürthle 
cell adenomas and 9 were Hürthle cell carcinomas. The 
GSC had 88.9% sensitivity and 58.8% specificity for 
Hürthle cell lesions, which was significantly improved 
over the specificity of 11.8% for the Afirma GEC.  A 
recent independent validation study evaluated 600 nod-
ules from 563 patients and compared results of the GEC 
to the GSC with particular focus on the performance of 
these tests for nodules with Hürthle cell cytology. The 
study demonstrated a higher benign call rate for the GSC 
than for the GEC, and a decrease in the overall “suspi-
cious” rate, predominantly among nodules with Hürthle 
cell cytology [10].

•	 In summary, GSC demonstrates a high sensitivity and 
high NPV for cytologically indeterminate thyroid nodules 
(Bethesda II and IV). The test sensitivity of the GSC is 
similar to that of the GEC, although the test specificity is 
improved (GEC specificity 50%, vs. 68% for GSC). The 
increased specificity suggests that at least 30% more inde-
terminate nodules (Bethesda III and IV) that are histologi-
cally confirmed benign nodules will receive a benign 
result. This increase in benign call rate should allow more 
patients to avoid unnecessary diagnostic surgery [11].
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�Interpace Diagnostic Testing

�Introduction

•	 Oncogenic alterations detected in malignant thyroid nod-
ules often involve the MAPK and PI3K/AKT signaling 
pathways. BRAFV600E point mutation has been exten-
sively reported in PTC and also poorly differentiated and 
anaplastic thyroid cancers [12–14]. RAS mutations also 
have a distinct role in thyroid carcinogenesis and are found 
in follicular forms of thyroid carcinoma, including FVPTC 
and follicular thyroid carcinoma. These mutations are also 
associated with NIFTP and benign follicular adenomas 
[14–16]. Chromosomal rearrangements resulting in onco-
genic gene fusions, such as RET/PTC or PAX/PPARγ, 
also have clear association with classic PTC and follicular 
neoplasms, respectively [14, 17]. TERT promoter region 
mutations have been extensively reported in malignant 
thyroid nodules and occur at high frequency in nodules 
with aggressive clinicopathologic behavior, particularly if 
coexistent with BRAFV600E or RAS mutational change 
[18, 19]. Gene mutations occurring at lower frequency in 
the PI3K/AKT pathway (eg, AKT1, PIK3CA, PTEN) with 
synergistic oncogenic effects leading to cancer progres-
sion have also been reported [14]. Based on characteriza-
tion of molecular pathogenesis in thyroid lesions, both the 
National Comprehensive Cancer Network and ATA guide-
lines support molecular testing when FNA specimens are 
indeterminate (Bethesda category III, IV, or V) [20, 21].

•	 The ThyGeNEXT/ThyraMIR combination test, introduced 
in 2015, was originally developed by Asuragen and later 
acquired by Interpace Diagnostics (Parsipanny, NJ). 
Developed to assist clinical management decisions and sur-
gical triage, this test includes both an NGS-based analysis 
of DNA and messenger RNA (ThyGeNEXT) and a PCR-
based microRNA classifier (ThyraMIR). Sample evalua-
tion is performed at one of two CLIA-approved laboratories 
accredited by the College of American Pathologists (CAP), 
in Pittsburgh, PA, or New Haven, CT. The validated sample 
types include FNA specimens placed directly into an RNA 
preservative solution (provided in sample kits), cytology 
slide smears, and formalin-fixed paraffin-embedded 
(FFPE) recuts. The original ThyGenX panel included five 
genes (BRAFV600E, HRAS, KRAS, NRAS, and PIK3CA) 
and three RNA fusions (PAX/PPARγ, RET/PTC1, RET/
PTC3) known to have association with thyroid carcinoma. 
Because some mutations have a well-established strong 
association with malignancy, these mutations, when pres-
ent, indicate surgical intervention and can also clarify the 
appropriate surgical approach. In contrast, other genetic 
alterations, such as RAS mutations, have a less clearly 
defined malignancy risk, as these changes can be found in 
both benign and malignant thyroid nodules. These muta-
tions may be viewed as “weak” drivers with a complex role 

in neoplastic and malignant pathology. These mutations are 
reported in approximately 30% of all follicular adenomas, 
50% of NIFTP, 30–45% of follicular forms of thyroid car-
cinoma, and 20% of PTC [22–24]. Thus, the presence of 
RAS mutations alone cannot be equated with malignancy; it 
is best assessed as a moderate risk, which can be further 
evaluated by a gene expression classifier (such as 
ThyraMIR) or diagnostic lobectomy. From our interpretive 
perspective, the concept of a strong driver versus a weak 
driver relates to the PPV and strength of association to 
malignancy. The strong driver mutations are highly spe-
cific, and identification of such mutations in an aspirate 
from a thyroid nodule indicates the presence of malignancy 
with a high degree of certainty. In contrast, detection of a 
weak driver mutation alone is not sufficient to affirm malig-
nancy; this analysis may benefit from additional molecular 
information, such as miRNA expression profiling, to 
clearly and definitively discriminate between benign and 
malignant nodule status.

�ThyraMIR miRNA Classifier

•	 Recognizing that not all detected mutations carry identi-
cal malignancy risk, gene expression profiles can prove 
beneficial to further characterize malignancy risk and can 
provide an independent molecular approach for cancer 
diagnosis [25]. ThyraMIR is a microRNA (miRNA) clas-
sifier that evaluates 10 distinct miRNAs through targeted 
quantitative PCR (qPCR) as surrogate markers for onco-
genic or tumor suppressor activity. MicroRNAs, first 
identified in 1993, are small, noncoding RNAs (19–24 
nucleotides in length) that act to repress translation of cer-
tain messenger RNAs, and therefore play a critical role in 
regulation of gene expression at the posttranslational 
level. These miRNAS therefore impact proliferation, dif-
ferentiation, migration, apoptosis, metabolism, and stress 
response, clearly reflecting disease pathogenesis [26]. 
Numerous studies have identified the significance of miR-
NAs in various forms of carcinoma. miRNAS that are 
overexpressed (upregulated) in carcinomas are thought to 
function as oncogenes, promoting tumor development by 
negative regulation of genes that control cell differentia-
tion or apoptosis. In contrast, miRNAs that are underex-
pressed (downregulated) are thought to influence tumor 
suppressor activity. Clinical experience indicates that 
strongly positive miRNA status is most highly predictive 
of malignancy. Additionally, qualitative aspects of RNA 
expression are used to reflect the specific type and degree 
of cellular proliferation. In this way, the miRNA expres-
sion analysis serves as an objective, highly reproducible 
method to characterize and discriminate between benign 
and malignant thyroid nodules that do not demonstrate a 
strong oncogenic driver on ThyGeNEXT.
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�Combination Testing (NGS and microRNA)

•	 The key advantage of combination testing is its ability to 
rule in malignant nodules that lack oncogenic mutations, 
to rule out benign nodules with somatic mutations of 
uncertain clinical indication, to identify those lesions that 
are most likely benign; the result is overall improvement 
in patient management by guiding the surgical approach 
and identifying nonsurgical patients. The combination 
test is a risk-assessment tool, with results designated as 
highly likely benign, highly likely malignant, or moderate 
risk of malignancy. Nodules with strong driver mutations 
or with weak driver mutations and strongly positive 
ThyraMIR status are at markedly elevated risk of malig-
nancy [27]. Conversely, nodules that are fully negative for 
both NGS mutations/fusions and a negative microRNA 
classifier are highly likely to be benign. Because this 

combined test incorporates both NGS-based mutational 
testing and a microRNA classifier, it can be viewed as 
both a “rule in” and “rule out” test [28]. The combination 
of NGS mutational panel and miRNA analysis resulted in 
strong sensitivity (94%) and a calculated PPV of 74% at 
32% cancer prevalence, with an NPV of 94% [26]. 
Additional test performance data established through 
clinical validation is presented in Table 14.1.

�ThyGeNEXT (Expanded NGS Panel)

•	 With the limited 5-gene panel of ThyGenX, and addi-
tional oncogenic mutational change reported in the liter-
ature, Interpace recognized the need to expand the 
platform to ensure coverage of key oncogenic alterations, 
to improve management decisions and optimize patient 
care. Although additional markers in a diagnostic NGS-
based test would conceptually lead to improved test sen-
sitivity, it is important to note that broadening a panel to 
include rare mutations with uncertain clinical relevance 
could lead to increased false positive rates. On this basis, 
the additional markers incorporated into the panel were 
carefully selected based on reported clinical relevance 
for carcinoma or clinicopathologic aggressiveness.

•	 The ThyGenX test was transitioned to an expanded panel 
(ThyGeNEXT) to include 10 genes and 38 mRNA fusions 
(Table 14.2). Markers of aggressiveness, TERT and ALK, 
were added, as well as the RET protooncogene (indicative 
of MTC), PTEN, and GNAS. Additional fusions, including 

Table 14.1  Test performance of ThyGeNEXT/ThyraMIR combina-
tion testing

Cohort AUS/FLUS FN/SFN
Number of cases 109 58 51
Sensitivity (%) 89 (73–97) 94 (73–100) 82 (57–96)
Specificity (%) 85 (75–92) 80 (64–91) 91 (76–98)
PPV (%) 74 (58–86) 68 (46–85) 82 (57–96)
NPV (%) 94 (85–98) 97 (84–100) 91 (76–98)

Adapted from Labourier et al. [28]; with permission
AUS/FLUS atypia of undetermined significance or follicular lesion of 
undetermined significance, FN/SFN follicular neoplasm or suspicious 
for a follicular neoplasm, NPV negative predictive value, PPV positive 
predictive value

Table 14.2  Expanded ThyGeNEXT panel

DNA markers
mRNA fusion transcriptsGene Codon range

BRAF 598–615 NKX2–1 NTRK2/TERT
HRAS 9–20 PAX8 PRKARIA/RET
HRAS 59–76 TBP NCOA4/RET_3
KRAS 4–15 USP33 GOLGA5/RET_5
KRAS 55–65 CCDC6/RET ELKS/RET
NRAS 9–20 NCOA4/RET_4 TRIM24/RET
NRAS 55–67 PAX8/PPARg_1 TRIM33/RET
PIK3CA 540–551 PAX8/PPARg_2 KTN1/RET_8
PIK3CA 1038–1049 PAX8/PPARg_3 PCM1/RET_11
ALK 1191–1206 PAX8/PPARg_4 RFG9/RET_9
GNAS 843–855 (also known as 201–213) CREB3L2/PPARg TRIM27/RET
GNAS 864–879 (also known as 227–242) PARG/BMSI HOOK3/RET
RET 624–648 STRN/ALK NCOA4/RET_3d
RET 877–889 EML4/ALK AGK/BRAF
RET 918–930 TPM3/NTRK1 AKAP9/BRAF
PTEN 124–138 TFG/NTRK1 SPTLC2/BRAF
PTEN 134–154 TPR/NTRK1-1 THADA28/LOC389473
TERT Promoter region TPR/NTRK1-2 THADA29/LOC389473

ETV6/NTRK3-1 THADA31/IGF2BP3-2
ETV6/NTRK3-2 THADA30/IGF2BP3-3
SLC12A6/NTRK3 TRA2A/THADA

Adapted from Ablordeppey et al. [30]
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the NTRK and ALK fusions recently identified as possible 
therapeutic targets, were added to the panel.

•	 In a bridge study with ThyGenX, the ThyGeNEXT 
expanded panel demonstrated 100% concordance with 
the markers common to both panels (95% CI: 99.5–
100%). Both panels identified 24 positive markers and 
779 negative markers. As expected, ThyGeNEXT also 
identified additional mutations and fusions strongly asso-
ciated with aggressive forms of thyroid cancer (eg, TERT, 
RET, and ALK genes) in four cases (Table 14.3) [29].

�Cytology Slide Smears

•	 Based on well-recognized interobserver variability and 
sample heterogeneity, the use of diagnostic cytology slide 
smears for molecular analysis may prove beneficial. 
Kumar et  al. reported in abstract form [30] that 67% of 
cases diagnosed as “Insufficient” (Bethesda category I) 
proved to have adequate material for molecular analysis, 
and in 2 of 49 cases, a significant BRAFV600E mutation 
was identified. The proposed explanation for this finding 
lies not in the sensitivity of molecular analysis, but instead 
is likely a reflection of the known variability between each 
needle pass during the biopsy procedure. The actual cytol-
ogy slide smear used for microscopic diagnosis thus pres-
ents an opportunity not only to ensure that molecular 
testing is performed on the actual cellular material used for 
microscopic evaluation (therefore minimizing sample 
variation) but also to eliminate the need for additional 
sampling at the time of biopsy. Cytology slide smears for 
molecular testing present advantages not only to the 
pathology laboratory, with no need for special storage of 
material designated for specific molecular testing, but also 
to the sonographer performing the biopsy and to the 
patient, by eliminating the need for a dedicated needle 
pass. Internal validation data demonstrate that nucleic acid 
captured from cytology slides correlates with the presence 

of malignancy and also correlates with the previously vali-
dated combination testing performed on FNA biopsy spec-
imens aspirated into an RNA preservative solution. Overall 
results demonstrate 89% concordance between the results 
of NGS-based mutation sequencing and 90% concordance 
in miRNA expression–based testing [31].

�Testing/Logistics

•	 The combination testing platform can be performed on 
FNA aspirates placed into preservative solution, on cytol-
ogy slide smears (affording the opportunity to test the 
actual cells of concern microscopically), and on recuts 
from formalin-fixed paraffin-embedded (FFPE) blocks, 
as depicted in Fig. 14.1. The samples in preservative solu-
tion can be stored at room temperature for up to 6 weeks 
and require no special shipping conditions. Upon receipt 
at the laboratory, samples in preservative solution undergo 
extraction of total nucleic acid (TNA) using the standard 
phenol chloroform extraction method. Cytology slide 
smears undergo cover slip removal and microdissection 
into a buffer solution prior to nucleic acid extraction. 
Several quality assessments are in place to ensure ade-
quate material prior to analysis. Following amplification 
and library prep, samples undergo targeted NGS on 
Illumina MiSeq analyzers (illumina, San Diego, CA) to 
detect alterations in 10 genes (DNA) and 38 fusions 
(mRNA). Each NGS run includes positive controls and 
negative controls, and samples are analyzed for markers 
of thyroid follicular cells to ensure biopsy adequacy. Each 
sample is run in duplicate to confirm positive findings, 
and variants are detected as a percentage of total reads. In 
cases that do not show mutational change strongly associ-

Table 14.3  Additional molecular information provided by 
ThyGeNEXT

Specimen ThyGenX ThyGeNEXT Outcome
Smear Negative TERT p.C228T FTC
Smear BRAF p.V600E AGK/BRAF,  

BRAF p.V600E
PTC

Smear BRAF p.V600E TERT p.C228T,  
BRAF p.V600E

PTC

FNA BRAF p.V600E TERT p.C228T,  
BRAF p.V600E

PTC

FNA fine needle aspiration, FTC follicular thyroid carcinoma, PTC 
papillary thyroid carcinoma

Sample
accessioned

RNA retain

Smear containing
at least 50 cells

FFPE slide

Total nucleic
acid (TNA)
extraction

with reflex to

when
needed

ThyGeNEXT

ThyraMIR

Fig. 14.1  Interpace testing sample types
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ated with malignancy (BRAFV600E, TERT promoter 
region, RET/PTC), the sample is then subjected to miRNA 
analysis to further characterize malignancy risk. Adequacy 
is first determined based on quantity of nucleic acid, and 
each miRNA test run includes both positive and negative 
controls. Specific quality parameters are used to evaluate 
the presence of excessive blood, the presence of parathy-
roid (rather than thyroid) tissue, and overall performance 
of each miRNA, for inclusion in the proprietary mathe-
matical algorithm calculation. Each sample is run in 
duplicate and all positive findings are confirmed through 
repeat analysis.

•	 Board-certified pathologists interpret results of combina-
tion testing as shown in Fig. 14.2. Reporting incorporates 
consideration of the cytology diagnosis, as this denotes 
expected prevalence of disease based in TBSRTC.  If 
ThyGeNEXT identifies a “strong driver” mutation, the 
case is then reported out as high risk, and the miRNA clas-
sifier is not necessary for risk assessment. Conversely, if 
ThyGeNEXT shows no mutational change, and ThyraMIR 
status is also negative, these nodules, fully negative for 
genetic alterations, are most likely benign and can confi-
dently undergo surveillance, provided that there are no 
concerning patient or clinical features. The remaining nod-
ules then represent the gray zone, with a moderate level of 
risk. Reflex testing to ThyraMIR is indicated only in the 
absence of strong driver mutations. If no mutations are 
detected on NGS, or a weak driver mutation is detected, 

the miRNA analysis can prove beneficial. The grey zone 
remains evident in cases that have a weak driver mutation 
and either negative or weakly positive ThyraMIR status. 
This category represents a minority of clinical cases, but it 
remains nonetheless as we continue to further our under-
standing of genetic alterations in various forms of thyroid 
carcinoma and neoplasia. In all cases, clinicians must use 
the results of molecular testing in the context of the clini-
cal characteristics of their patients. Sonographic features, 
thyroid function testing, patient history, and patient prefer-
ence must all be considered in management decisions. 
Molecular analysis, supported by guidelines of both the 
ATA [3] and the National Comprehensive Cancer Network 
(NCCN) [20], can provide additional information in cases 
with indeterminate cytology, for consideration by the 
treating physician and the patient.

�ThyroSeq

�Test History and Test Design

•	 ThyroSeq is a molecular test for indeterminate thyroid 
nodules designed at the University of Pittsburgh Medical 
Center. It is based on the detection of specific molecular 
alterations in DNA and RNA that are characteristic of thy-
roid cancer. Since the test was first introduced in 2007, it 
has undergone expansion and improvement based on the 

Benign
(B-II)

No detectable
mutation Negative

(Low risk profile)

Positive
(High risk profile)

SURGERY
(Total or Hemi-Thyroidectomy)

Active surveillance

Weak mutation

Strong mutation*
(BRAF, TERT, RET/PTC)

Indeterminate
(B-III, B-IV, B-V)

Malignant
(B-VI)

C
yt

op
at

ho
lo

gy
 d
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gn

os
is

ThyGeNEXT ThyraMIR

Fig. 14.2  Interpretive algorithm for combination testing. Suggested 
patient management scenarios based on results from combined 
ThyGeNEXT + ThyraMIR test and cytological diagnosis. The actual 
management may differ because the clinical decisions are based on 
comprehensive evaluation of patient characteristics, sonographic find-
ings, and correlative clinical factors. NCCN guidelines for management 

of nodules with Bethesda III and Bethesda IV cytology diagnoses 
include consideration of molecular analysis. ∗ThyGeNEXT samples 
that are positive for BRAF, TERT, ALK, and RET/PTC will solely 
receive a ThyGeNEXT test result. ThyGeNEXT samples that test posi-
tive for markers that have a lower risk of malignancy, such as RAS, will 
also receive a ThyraMIR test result
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advances in the understanding of genetic mechanisms of 
thyroid cancer and the development of novel molecular 
techniques applicable to thyroid FNA samples.

•	 The first version of the test, ThyroSeq v0, was launched 
for clinical use in 2007. ThyroSeq v0 was a 7-gene panel 
that utilized Sanger sequencing and real-time PCR assays 
that were available at the time. The test detected muta-
tions in genes commonly mutated in thyroid cancer, 
including NRAS, HRAS, and KRAS, along with gene 
fusions RET/PTC1, RET/PTC3, and PAX8-PPARG. 
Though ThyroSeq v0 had high specificity and PPV, which 
made it a good “rule-in” test, it lacked sufficiently high 
sensitivity and NPV to be a good “rule-out” test. The test 
sensitivity of 62% did not allow diagnostic surgeries for 
mutation-negative nodules to be avoided in most clinical 
situations [32–34].

•	 The advent of next-generation sequencing (NGS) 
expanded diagnostic technology for thyroid cancer. NGS 
brought many advantages, including the ability to use a 
very small amount of sample, detect many types of genetic 
alterations in one test, and provide quantitative informa-
tion on genetic alterations. ThyroSeq v1 was launched in 
2013 as a 15-gene panel, with 78% sensitivity.

•	 The accelerated discovery of thyroid cancer markers, 
along with the expanding customized use of NGS tech-
nology, paved the way for ThyroSeq v2, which was 
launched in 2014. ThyroSeq v2 was a 56-gene panel that 
interrogated thyroid-specific hotspots for point mutations, 
insertions and deletions, gene fusions, and gene expres-
sion changes. This test version significantly increased 
sensitivity to 90%, as demonstrated in clinical validation 
studies, and similar levels were reported in independent 
post-validation studies [35–38].

�ThyroSeq v3

•	 The most recent and comprehensive test version was 
launched in November 2017 as ThyroSeq v3 Genomic 
Classifier (GC). Similar to ThyroSeq v2, ThyroSeq v3 GC 
uses NGS technology, but it has expanded to analyze 112 
genes and provide information on over 12,000 mutation 
hotspots and over 120 fusion types.

•	 The test detects five classes of alterations:
–– Mutations (single nucleotide variants, SNVs)
–– Insertion/deletion polymorphisms (indels)
–– Gene fusions
–– Gene expression alterations
–– Copy number alterations

•	 Additionally, ThyroSeq v3 utilizes a proprietary genomic 
classifier that relies on the algorithmic analysis of all 
detected genetic alterations to report test results as nega-
tive, currently negative, or positive.

•	 ThyroSeq v3 GC. is optimized for fresh thyroid FNA 
biopsy samples that are collected into nucleic acid preser-
vative solution, but the test is also available for cytology 
cell blocks and cytology smears, as well as for FFPE thy-
roid tissue sections.

•	 ThyroSeq v3 testing has several steps, as demonstrated in 
Fig. 14.4:
–– The test starts with an assessment of cellularity in the 

FNA sample, to ensure that the amount of nucleic acid 
isolated from the sample is sufficient for testing.

–– If the sample is adequate (as are about 97% of cases), 
the sample’s cellular composition is evaluated, to 
ensure that there is an adequate proportion of thyroid 
follicular cells. The test also allows for detection of 
C cells (indicative of medullary thyroid carcinoma), 
parathyroid cells, and other non-thyroidal cells dur-
ing this step.

–– Next, the ThyroSeq GC algorithm is used to process 
the generated NGS data.

–– It assesses each genetic alteration, mutation level, and 
combination of molecular alterations to estimate can-
cer probability in the nodule.

–– Test results are then reviewed, verified, and released by 
a board-certified pathologist. The ThyroSeq v3 GC. 
report provides probability of cancer in a given nodule, 
lists specific genetic alterations, and offers potential 
patient management, which is discussed later in this 
section.

�Analytical and Clinical Validation

•	 The most recent version of the test, ThyroSeq v3 
Genomic Classifier, was analytically validated in a 
study of 238 resected benign and malignant tissue sam-
ples, which included all major types of malignant and 
benign thyroid lesions, and 175 thyroid FNA samples 
with known surgical outcome [39]. The study estab-
lished limits of detection of every type of genetic altera-
tion assessed by ThyroSeq v3, including 
cancer-associated SNVs, indels, gene fusions, copy 
number alterations, and gene expression alterations. 
Because of the greater complexity of ThyroSeq v3, with 
the variety and number of alterations detected, a 
genomic classifier (GC) was established to categorize 
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test results as negative (likely benign) or positive (likely 
malignant). Using the tissue training set, GC scores 
were calculated for each sample, and GC cutoffs were 
established that distinguished cancer from benign nod-
ules with 94% sensitivity, 89% specificity, and 92% 
accuracy. The FNA validation set had a GC sensitivity 
of 98%, specificity of 82%, and 91% accuracy. The 
study established that the proportion of thyroid cells 
within a sample of 12% or higher was sufficient for reli-
able detection of all types of genetic alterations, whereas 
a proportion of 6% or lower was clearly insufficient for 
detection of such alterations. When the proportion of 
thyroid cells was between 6% and 12%, the sample had 
reliable detection of SNVs and gene fusions, but not 
other alteration types, and therefore was limited. 
Furthermore, the validation demonstrated that under 
variable stress conditions, ThyroSeq v3 GC generated 
reproducible and highly accurate results [39].

•	 ThyroSeq v3 Genomic Classifier was clinically validated 
in a prospective, double-blinded, multicenter clinical 
trial, with patient recruiting occurring at ten different 
study centers from January 2015 to December 2016 [40]. 
The primary outcomes of the clinical validation were the 

sensitivity, specificity, NPV, and PPV of ThyroSeq GC to 
predict the histopathological diagnosis of indeterminate 
thyroid nodules with Bethesda III and IV cytology. 
Because NIFTP is a surgically managed disease under 
current practice guidelines, it was included in the cancer 
group. Out of 782 enrolled patients with 1013 FNA sam-
ples, 257 samples had indeterminate cytology, informa-
tive ThyroSeq test results, and final surgical pathology 
diagnosis, and comprised the final informative study set. 
Central pathology review of histological slides was per-
formed by a panel of expert thyroid pathologists who 
were blinded to the cytology and molecular results.

•	 Of the 257 samples with indeterminate cytology, 154 
were Bethesda III, 93 were Bethesda IV, and 10 were 
Bethesda V. In Bethesda III and IV nodules combined, 
ThyroSeq GC demonstrated high sensitivity (94%) and 
reasonably high specificity (82%), as summarized in 
Table  14.4. In the same group, cancer/NIFTP preva-
lence was 28%, with a high NPV of 97%. The study 
found that 61% of nodules returned a negative ThyroSeq 
result, with a 3% residual cancer risk in those nodules. 
This 3% residual cancer risk is similar to that of benign 
cytology. Additionally, all false-negative nodules were 

Table 14.4  Performance of ThyroSeq v3 Genomic Classifier in cytologically indeterminate thyroid nodules

Performance in Bethesda III nodules (n = 154; disease prevalence 23%)
ThyroSeq result Cancer + NIFTP (n = 35) Benign (n = 119) Test performance, % (95% CI)
Positive 32 18 Sensitivity, 91 (77–97)

Specificity, 85 (77–90)
Negative 3 101 NPV, 97 (92–99)

PPV, 64 (50–77)
Performance in Bethesda IV nodules (n = 93; disease prevalence 35%)
ThyroSeq result Cancer + NIFTP (n = 33) Benign (n = 60) Test performance, % (95% CI)
Positive 32 15 Sensitivity, 97 (85–100)

Specificity, 75 (63–84)
Negative 1 45 NPV, 98 (89–100)

PPV, 68 (54–80)
Performance in Bethesda III and IV nodules (n = 247; disease prevalence 28%)
ThyroSeq result Cancer + NIFTP (n = 68) Benign (n = 179) Test performance, % (95% CI)
Positive 64 33 Sensitivity, 94 (86–98)

Specificity, 82 (75–87)
Negative 4 146 NPV, 97 (93–99)

PPV, 66 (56–75)
Performance across the entire cohort (n = 257; disease prevalence 30%)
ThyroSeq result Cancer + NIFTP (n = 76) Benign (n = 181) Test performance, % (95% CI)
Positive 71 34 Sensitivity, 93 (86–97)

Specificity, 81 (75–86)
Negative 5 147 NPV, 97 (93–99)

PPV, 68 (58–76)

From Steward et al. [41]; with permission.
NIFTP noninvasive follicular thyroid neoplasm with papillary-like nuclear features, NPV negative predictive value, PPV positive predictive value
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low-risk tumors that were intrathyroidal, without vascu-
lar invasion or clinical evidence of nodal or distant 
metastasis.

•	 The clinical trial found that ThyroSeq v3 GC demonstrated 
a PPV of 66% in a cohort of nodules with a cancer/NIFTP 
prevalence of 28%. The test correctly classified all (n = 10) 
Hürthle cell carcinoma and all (n = 5) hyperplastic Hürthle 
cell nodules. Of 34 Hürthle cell adenomas, 21 (62%) were 
correctly classified. Furthermore, ThyroSeq correctly clas-
sified one medullary thyroid carcinoma and one metastatic 
renal cell carcinoma, as well as all 11 NIFTP nodules as 
positive. There were 34 test-positive nodules that were 
pathologically benign as either adenomas or hyperplastic 
nodules. Among the test-positive nodules with benign sur-
gical pathology, 94% (32 of 34) showed one or more 
clonal molecular alterations in a large proportion of cells, 
which could indicate neoplasia, not hyperplasia.

•	 ThyroSeq v3 GC also provided specific genetic alteration 
information to inform cancer probability in the 105 test-
positive nodules. Depending on the specific genetic alter-
ation, the probability of malignancy or NIFTP varied 
from 59% to 100% in these nodules.

•	 Overall, the study found that utilizing ThyroSeq testing 
may allow diagnostic surgery to be avoided in up to 61% 
of all Bethesda III/IV nodules and 82% of nodules with 
benign pathology. The study also concluded that when 
ThyroSeq results are positive, the additional detailed 
genetic alteration information may aid physicians in 
determining individualized treatment for patients, in cor-
relation with imaging and other clinical information [40].

�Patient Management Using ThyroSeq Results

•	 A feature unique of ThyroSeq is that, in addition to pro-
viding positive or negative test results, it reports the 
genetic profile of a given tumor, which allows refinement 
of the cancer probability in the tested nodule and provides 
cancer prognostication information, data that may help to 
inform the most appropriate management of patients. The 
refined cancer probability and potential patient manage-
ment are shown in Fig. 14.4.

•	 There are three main categories of ThyroSeq results. A 
“negative” result is assigned when there are no genetic 
alterations detected in the sample. These nodules are 
expected to be non-clonal hyperplasias. As demonstrated in 
the ThyroSeq clinical validation study, the residual risk of 
malignancy in a ThyroSeq-negative, Bethesda III or IV 
nodule is about 3%, which is similar to that of benign cytol-
ogy. According to the NCCN guidelines, observation can 
be considered when molecular testing, along with clinical 
and ultrasound features, predicts a risk of malignancy com-
parable to the risk in benign FNA cytology [20]. Therefore, 
in Bethesda III and IV nodules, a negative ThyroSeq result, 

in correlation with imaging and other relevant clinical 
information, may allow for patient observation.

•	 A “currently negative” ThyroSeq result is rendered when a 
low-risk gene mutation was detected, typically in a subpop-
ulation of the cells in the sample. The mutation alone is not 
sufficient to cause full cancer development, but the cells car-
rying the mutation form a clone, or tumor, which is typically 
an adenoma. The mutant clone could undergo expansion 
and acquire additional mutations that could lead to cancer 
development. With this test result, patients may benefit from 
active surveillance with a repeat of the clinical exam and a 
potential FNA repeat with molecular testing in a year, if 
there is no suspicious imaging or other risk factors.

•	 A ThyroSeq “positive” result indicates that one or several 
genetic alterations associated with a significant cancer 
risk have been detected. As shown in Fig. 14.4, the spe-
cific alteration type correlates with level of risk and 
potential management. For example, a sample with mul-
tiple high-risk mutations is essentially diagnostic of can-
cer, with a patient likely requiring a total thyroidectomy 
and possibly regional lymph node dissection, depending 
on the specific molecular alterations present. Because an 
isolated RAS or RAS-like mutation has significant prob-
ability (40–80%) of low-risk cancer or NIFTP, patients 
are likely to benefit from therapeutic lobectomy. Also, as 
shown near the top of Fig. 14.3, ThyroSeq detects para-
thyroid disease, medullary thyroid carcinoma, and meta-
static disease, which allows individualized management 
for these patients.

Fig. 14.3  Steps in ThyroSeq v3 Genomic Classifier testing. (From 
Nikiforova et al. [40]; with permission)
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�Summary

•	 ThyroSeq v3 Genomic Classifier has been validated in the 
largest clinical validation study of any commercial molecu-
lar test offered for thyroid FNA samples. Its use can prevent 
up to 61% of thyroid surgeries for nodules with Bethesda 
III and IV cytology and up to 82% of diagnostic surgeries 
for histologically benign nodules. It provides clinicians 
with specific molecular results, informing more individual-
ized patient management. Ultimately, however, selection of 
the most appropriate patient management requires an inte-
grated approach that includes imaging and other clinical 
information along with cytology and molecular results.
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