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Abstract
Background  Predominantly macrofollicular architecture in invasive encapsulated follicular variant of papillary thyroid 
carcinoma (IEFVPTC-MF) is rare and often a cause of misinterpretation during pre-operative work-up and histopathology 
evaluation. We comprehensively evaluated the radiological, cytological, gross, microscopic, molecular and follow-up char-
acteristics of four such cases, intending to increase its recognition and add our experience to the limited literature available.
Methods  All such histopathologically-proven cases of IEFVPTC-MF were retrieved from the departmental archives. 
The clinical details, thyroid ultrasound, cytology and thyroid scan findings were reviewed. Allele-specific PCR for BRAF 
p.V600E, KRAS, NRAS, and HRAS mutations, and FISH assays for ETV6::NTRK3 fusion and RET fusions were performed.
Results  There were four cases of IEFVPTC-MF diagnosed between 2021 and 2022, involving two males and two females. 
The median age at presentation was 27 years, and the duration of the disease was 1–10 years. Thyroid ultrasound was TR1 
(benign; n = 1), TR2 (not suspicious; n = 2), or TR4 (moderately suspicious; n = 1). Cytology was categorized as nondiag-
nostic (n = 1), benign (n = 1), and atypia of undetermined significance (n = 1). The three nodules with available cytology 
smears showed abundant colloid. Cells were arranged as sheets/microfollicles/clusters. Nuclei were predominantly round 
with minimal/focal elongation, membrane irregularity, and cellular crowding. On gross examination, cut surfaces of the 
tumors showed variable amounts of colloid. The tumors were solid-cystic. Histopathology revealed partially encapsulated 
multinodular tumors. There were prominent pseudopapillae projecting into the lumina of macrofollicles. Nuclei were pre-
dominantly round with variable nuclear atypia, including chromatin clearing and multifocal presence of nuclear grooves. 
Pseudoinclusions were identified in two. Molecular analysis revealed NRAS codon 61 mutation and ETV6::NTRK3 fusion in 
one case each. Two patients had cervical lymph node and hematogenous metastases. Post-radio-active iodine, the response 
was structurally incomplete (n = 2), indeterminate (n = 1) and excellent (n = 1).
Conclusions  Macrofollicular architecture in invasive encapsulated follicular variant of papillary thyroid carcinoma is a 
major pitfall in thyroid oncology practice. Long-standing disease, and ultrasonographic and cytological features that overlap 
with benign disease, often lead to underdiagnosis during pre-operative evaluation. As patients may consequently develop 
distant metastases and have inadequate treatment response, there is a need for more vigilant understanding of the spectrum 
of macrofollicular thyroid disease for accurate diagnosis. ETV6::NTRK3 or other fusions, when found, present opportunities 
for targeted therapy.

Keywords  Macrofollicular invasive encapsulated follicular variant of papillary thyroid carcinoma · IEFVPTC · Cytology · 
Radiology · Molecular · Thyroid cancer

Introduction

Invasive encapsulated follicular variant of papillary thyroid 
carcinoma (IEFVPTC) with predominantly macrofollicu-
lar architecture, as it is currently recognized was initially 

described by Albores-Saavedra in 1991 as a distinctive sub-
type of PTC. The diagnosis was based upon the presence, 
at least focally, of the nuclear features of PTC (PTC-N). Of 
the 17 cases in the series, only five showed capsular inva-
sion [1]. However, as per the 2022 WHO classification of 
thyroid tumors, a follicular-patterned tumor needs to show 
invasive features besides PTC-N for characterization as 

Extended author information available on the last page of the article

http://orcid.org/0000-0001-7037-4444
http://crossmark.crossref.org/dialog/?doi=10.1007/s12105-023-01584-4&domain=pdf


900	 Head and Neck Pathology (2023) 17:899–909

1 3

PTC, relegating most of the previously reported entities to 
a diagnosis of noninvasive follicular thyroid neoplasm with 
papillary-like nuclear features (NIFTP) [2]. Macrofollicu-
lar-patterned tumors can be overtly infiltrative and behave 
like classic PTC, BRAFV600E-like. Alternatively, they may 
have focal capsular (when encapsulated) or focal peripheral 
(if circumscribed but unencapsulated) infiltration. The lat-
ter group of RAS-driven or RAS-like driven tumors are akin 
to follicular thyroid carcinomas. Hence, as per the recent 
WHO guidelines, five of the predominantly macrofollicular 
cases with evidence of infiltration in the series by Albores-
Saavedra would have been characterized as IEFVPTC, and 
the majority would have been NIFTP.

The issue for malignant tumors with predominantly mac-
rofollicular architecture is that they are often unnoticed, 
especially as a component of thyroid follicular nodular dis-
ease. The abundant colloid flattens the follicular cells mak-
ing PTC-N virtually inapparent [3]. The difficulty in histo-
pathological diagnosis of macrofollicular NIFTP/IEFVPTC 
reflects in the cytologic and radiologic evaluation of these 
nodules, too. Owing to the rarity and likely under-recog-
nition of these lesions, especially given the predominantly 
favorable outcomes following surgery, the cytological [4], 
radiological [5] and gross tumor appearance [6–9] of these 
tumors are not well characterized. Here, we report a compre-
hensive description of the radiological, cytological, gross, 
microscopic and molecular features of a small series of four 
such cases seen at our institute over the past two years. A 
review of the available literature along with diagnostic pit-
falls is also discussed.

Materials and Methods

Between 2021 and 2022, 946 thyroid specimens were 
received for histopathology examination in the department 
of Pathology, All India Institute of Medical Sciences, New 
Delhi. Of these, 208 (22%) were PTC, including 45 FVPTC. 
Among the latter, there were 36 IEFVPTC and 9 invasive. 
Of the IEFVPTC, four showed a predominantly (> 50% of 
tumor area) macrofollicular architecture with follicles meas-
uring > 200 µm in diameter, diagnostic PTC-N, and lacked 
true papillae [1]. The cases were reviewed by endocrine 
pathologists (SA, MCS). Patients were staged in accordance 
with the 8th edition of the American Joint Committee on 
Cancer (AJCC) [10]. The pre-operative thyroid ultrasound 
images, fine needle aspirate (FNA) smears and images of the 
resection specimens were retrieved.

A specialist (DK) re-assessed the radiology dataset for 
the following parameters: nodule composition, echogenic-
ity, shape, margin, echogenic foci, halo, echotexture and the 
ACR TI-RADS (American College of Radiology Thyroid 
Imaging Reporting & Data System) score.

The cytology preparations included direct smears stained 
with May-Grunwald Giemsa and Papanicolaou stains. The 
slides were analyzed by two pathologists (SA, SY) for cel-
lularity, presence and nature of colloid, architecture, nuclear 
characteristics, and the presence of any other findings like 
resorption vacuoles, giant cells, cyst macrophages, and 
oncocytic cells.

Molecular analysis was performed using DNA extracted 
from formalin-fixed, paraffin-embedded tumor tissue 
for the hotspot thyroid carcinoma-associated mutations 
involving BRAF, KRAS, NRAS, and HRAS genes. The 
EntroGen thyroid mutation analysis kit (THDNA-RT64, 
Entrogen Inc, CA, USA) was used for the purpose. The kit 
includes 5 primer mixes: first for detecting BRAF V600E, 
second for KRAS p.G12A/D/R/V, KRAS p.G13D, third for 
KRAS p.G12C/S, fourth for NRAS p.Q61H/L/K/R, and fifth 
for HRAS p.G12V, HRAS p.G13R, HRAS p.Q61R. The 
detailed protocol of the allele‐specific real‐time polymer-
ase chain reaction (PCR) has been previously described 
elsewhere [11]. Formalin-fixed, paraffin-embedded sec-
tions from tumors that were negative for the above muta-
tions were evaluated for ETV6::NTRK3 fusion by dual 
fusion fluorescence in situ hybridization (FISH) probes 
(#CT-PAC245-10-OG; CytoTest Inc., USA). Four-microm-
eter sections were deparaffinized in xylene and dehydrated 
in ethanol. After air-drying at room temperature, slides 
were dipped in Pretreatment (PT)-1 buffer (#PS021-CC, 
BioMarq) at 98 °C for 1 h, followed by a 5-min wash in 
saline sodium citrate (SSC) buffer (#V4261, Promega) and 
then in MQ water. 1 mg/mL of pepsin (#P7012-1G, Sigma 
Aldrich) was used for digestion at 37 °C followed by wash-
ing using SSC buffer and MQ water (3 min each). Dehy-
dration of the tissue samples was done by passing through 
increasing grades of ethanol. The probe mixture (5 μl per 
slide) was applied to the region of interest. Probe/speci-
men denaturation was performed at 77 °C for 5 min with 
subsequent overnight incubation at 37 °C in a hybridiza-
tion chamber (ThermoBrite StatSpin, Abbott Molecular). 
The sections were washed the next day in 2X SSC (2 min 
at 73 °C) followed by 2X SSC (2 min at room tempera-
ture) and counterstained with 4,6-diamidino-2-phenylin-
dole (DAPI) (#CT-ACC004-20-D, CytoTest Inc., USA) 
and visualized under a fluorescence microscope (Zeiss 
Axio Imager.D2; Carl Zeiss microscopy). Signals were 
scored at least in 100 non-overlapping intact nuclei, and 
the number of test signals (orange and green) was noted. 
Cases with ≥ 30% nuclei showing fusion of red and green 
signals were considered harboring ETV6::NTRK3 fusion. 
The remaining tumors lacking NTRK fusion were further 
assessed for RET fusions using break-apart probes (#CT-
PAC051-10-OG; CytoTest Inc., USA). Two immediately 
adjacent red/green signals or a fused yellow signal indicate 
intact RET. Cases with at least 7.6% of cells displaying 
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split signals ≥ two signal diameters between the 5’ and 3’ 
signals and/or single 3’ (green) patterns were considered 
RET fusion-positive [12].

The patients were followed-up in the Department of 
Nuclear Medicine with I-131 whole-body planar scintigra-
phy, serum thyroglobulin (TG) levels and anti-Tg antibod-
ies. Where appropriate, they were administered therapeutic 
radioactive iodine (RAI). Treatment response was defined 
per the American Thyroid Association (ATA) guidelines 
as Excellent response: negative imaging, absent anti-
Tg antibodies, and either suppressed Tg < 0.2 ng/mL or 
TSH stimulated Tg < 1 ng/mL; Biochemically incomplete 
response: negative imaging, and suppressed Tg ≥ 1 ng/
mL or stimulated Tg ≥ 10 ng/mL in the absence of anti-Tg 
antibodies or rising anti-Tg antibody levels; Structurally 
incomplete response: Structural or functional evidence of 
disease with any Tg level with or without anti-Tg antibod-
ies; Indeterminate response: Nonspecific findings on imag-
ing studies, faint uptake in thyroid bed on RAI scanning, 
non-stimulated Tg detectable but < 1 ng/mL, stimulated 

Tg detectable but < 10 ng/mL, or anti-Tg antibodies sta-
ble or declining in the absence of structural or functional 
disease [13].

Results

Patient Demographics

Table 1 provides the clinical details along with a summary of 
the radiology, cytology, histopathology and molecular find-
ings. The median age of the patients was 27 years (range 
21–33 years). There were two males and two females. The 
duration of the disease ranged from 1 to 10 years (median, 
6 years).

Ultrasound Features

The thyroid ultrasound findings were available for review in 
three patients and have been detailed in Table 2 and Fig. 1. 

Table 1   Clinical, radiology, cytology, histopathology and molecular findings of the cases

ACR TI-RADS American College of Radiology Thyroid Imaging Reporting & Data System, AJCC American Joint Committee on Cancer; Ki-67 
LI: Ki-67 labelling index, NA not applicable/available; USG ultrasonogram

Parameters Case 1 Case 2 Case 3 Case 4

Age (years) 21 32 22 33
Sex Female Female Male Male
Duration of disease 10 years 10 years, rapid size increase 

over 6 months
2 years 1 year

Tumor size (cm) 10 11.5 6 5
Laterality Left lobe Right lobe Left lobe Left lobe
Thyroid USG:
ACR-TIRADS score

TR4
(Moderately suspicious)

TR1
(Benign)

TR2
(Not suspicious)

NA

Cytology Bethesda I Bethesda III Bethesda II NA
Primary surgical procedure Left hemithyroidectomy Right lobectomy Left hemithyroidectomy Left hemithyroidectomy
Second surgery None Completion thyroidectomy 

and right neck lymph 
node dissection; associ-
ated papillary microcar-
cinoma

Completion thyroidectomy; 
normal thyroid

None

Extrathyroidal extension Absent Absent Absent Absent
Lymph node metastases Present (central compart-

ment)
Present (central compart-

ment & right Level IV)
Absent Absent

Distant metastases Lung Lung, bone None None
Adjoining thyroid Normal thyroid Thyroid follicular nodular 

disease
Normal thyroid Lymphocytic thyroiditis

AJCC Stage (8th edition) pT3aN1aM1
(II)

pT3aN1bM1 (II) pT3aN0M0 (I) pT3aN0M0 (I)

Molecular None NRAS mutation None ETV6::NTRK3
Radioactive iodine 150 mCi followed 6 months 

later by 120 mCi
150 mCi followed 6 months 

later by 200 mCi
Single dose of 30 mCi Single dose of 30 mCi

Follow-up 12 months: Structurally 
incomplete response

12 months: Structurally 
incomplete response

6 months: Indeterminate 
response

6 months: Excellent 
response
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While case 1 was TR4 (moderately suspicious), the others 
were TR1 (benign) or TR2 (not suspicious). Extrathyroidal 
extension was absent in all.

Cytological Features

Aspiration cytology smears were available in three cases, 
of which one (Case 1) showed only thin colloid and cyst 
macrophages. Being a TR4 nodule, the aspirate was consid-
ered nondiagnostic. Aspirate from Case 2 showed follicular 
cells arranged as honeycomb sheets and tight 3-dimensional 
fragments in a colloid-rich background. Although the nuclei 
were predominantly round, there was focal elongation and 
occasional nuclear grooves, leading to a diagnosis of atypia 
of undetermined significance (Fig. 2a, b; Table 3). Case 
3 was moderately cellular and had a hemorrhagic back-
ground. The cells were arranged as loose clusters with scat-
tered microfollicles. The nuclei were predominantly round 
and minimally enlarged. Grooves were rare. The case was 
categorized as benign (Fig. 2c, d; Table 3). In Case 4, the 

aspirate was performed in a private laboratory and reported 
as a colloid nodule, with many benign follicular cells, col-
loid and hemosiderin-laden macrophages. The smears were 
not available for review.

Macroscopic, Histopathological and Molecular 
Findings

Gross macroscopic (formalin-fixed) images were avail-
able for Cases 1, 2 and 3. The tumors varied in size from 
5 to 11.5  cm, were solid-cystic, and showed variable 
amounts of colloid. While Case 1 had a unique spongi-
form appearance (Fig. 3a), Case 2 had nodular growth 
(Fig. 3b). Case 3 had abundant colloid on the surface 
mimicking thyroid follicular nodular disease (Fig. 3c). 
At least one section per centimeter of the tumor was pro-
cessed for microscopy, with number of sections being ten, 
thirty-one and twelve for Cases 1, 2, and 3, respectively. 
These sections included the periphery and the center of 
the tumor. Case 4 had been grossed at a private laboratory 

Table 2   Thyroid 
ultrasonographic characteristics 
of the cases

ACR T​I​ ​-​​RA​DS​A​merican College of R​adi​olo​gy Thyroid Imagin​g R​epo​r​ting &​ Da​ta ​Sys​tem​

Parameters Case 1 Case 2 Case 3

Composition Solid-cystic Predominantly cystic Solid-cystic
Echogenicity Isoechoic Hypoechoic Isoechoic
Shape Wider Wider Wider
Margin Smooth Smooth Smooth
Echogenic foci Microcalcifications None None
Halo Complete None Incomplete
Echotexture Heterogeneous Homogeneous Homogeneous
ACR TI-RADS score TR4

(Moderately suspicious)
TR1
(Benign)

TR2
(Not suspicious)

Fig. 1  ​​ Thy​roid Ultrasound images of the cases​:​ a​ C​ase 1- a solid-
cystic le​sio​n h​aving focal sp​ong​ifo​r​m p​att​ern​ an​d scattered micr​o​cal​
cif​ica​tions. b Case 2- a pre​dom​ina​ntly cystic​ le​sio​n​ wi​th ​few septa-
tion​s​, l​ack​ing high-risk featu​res​. ​c Case 3-​ a ​sol​id-cystic l​esi​on ​that 

is isoechoi​c w​ith​ the surrounding thyroid parenchyma and having an 
incomplete​ ha​lo.​ The lesion is wider than tall and does not show any 
high-risk features
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Fig. 2   Cytological features of 
the cases: a A tight fragment of 
follicular epithelial cells along 
with cyst macrophages (arrow) 
in a colloid-rich background 
(400X, May Grunwald-Giemsa; 
case 2). b A sheet of follicular 
cells showing nuclear crowding, 
focal elongation and occasional 
grooves (400X cropped and 
enlarged, May Grunwald-
Giemsa; case 2). c Dyscohesive 
clusters of follicular cells hav-
ing round but mildly enlarged 
nuclei (200X, May Grunwald-
Giemsa; case 3). d Follicular 
cells arranged as microfollicles 
and dyscohesive clusters having 
round, mildly enlarged nuclei 
with minimal overlapping 
(400X cropped and enlarged, 
May Grunwald-Giemsa; case 3)

Table 3   Cytological features of cases

Parameters Case 1 Case 2 Case 3

Cellularity None Low Moderate
Architecture – Honeycomb sheets, tight fragments Dyscohesive clus-

ters, microfol-
licles

Nuclear shape – Round, focal elongation Round
Nuclear overlap/crowding – Present, focal Present, minimal
Nuclear enlargement – Mild Mild
Nuclear grooves/membrane irregularity – Present, focal Rare groove
Pseudoinclusions – Absent Absent
Oncocytic change – Absent Absent
Multinucleate giant cells – Absent Absent
Chromatin – Fine granular Fine granular
Nucleolus – Absent Absent
Colloid Thin, abundant Thin and thick, abundant Absent
Cyst/ hemosiderin–laden macrophages Few Many Many
Other findings – Resorption vacuoles –
Bethesda category Nondiagnostic (I) Atypia of undetermined significance, nuclear 

atypia (III)
Benign (II)
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and four tumor blocks were available for review. Micro-
scopically, all tumors were at least partially encapsulated 
and showed a multinodular growth pattern, with nodules 
separated by fibrous septae (Fig. 4a). Within the nodules, 
tumor cells were arranged as colloid-filled macrofollicles 
(Fig. 4b) with interspersed microfollicles. Tumors showed 
scalloping of colloid and pseudopapillary infoldings into 
the macrofollicles (Fig. 4c), mimicking thyroid follicular 

nodular disease. Case 1, in addition, showed focal non-
psammomatous calcification, and Case 4 had small foci of 
oncocytic metaplasia with occasional psammoma bodies. 
All cases had predominantly round nuclei but there was 
conspicuous nuclear enlargement, prominent chromatin 
clearing and patchy nuclear membrane irregularities with 
associated nuclear grooves (Fig. 4d). Pseudoinclusions 
were well-developed and diffuse in Case 1 (Fig. 4e). In 

Fig. 3   Macroscopic features of the cases: a Spongy gross appearance 
with large colloid-filled cysts of variable sizes, separated by fibrous 
septae (Case 1), b A multinodular tumor showing large colloid-filled 
cysts and solid grey-white haemorrhagic areas (Case 2), c A large 

nodular and heterogenous tumor. The nodules have a glistening, 
translucent cut-surface due to abundant colloid, resembling thyroid 
follicular nodular disease (Case 3)

Fig. 4   Histopathological features of the cases: a Multinodular growth 
pattern with tumor nodules separated by fibrous septae (40X, Hema-
toxylin & Eosin; Case 4), b Microscopic image depicting a macrofol-
licle measuring 1352.46 µm (40X, Hematoxylin & Eosin; Case 3), c 
Focal pseudopapillary arrangement of tumor cells (100X, Hematoxy-
lin & Eosin; Case 4), d Diagnostic nuclear features of PTC includ-
ing elongation, crowding, overlapping, chromatin clearing and occa-

sional grooves, more evident in central portion of the image (arrow) 
(400X, Hematoxylin & Eosin; Case 3), e Predominantly round nuclei 
but prominent intranuclear inclusion in case 1 (arrow) (400X, Hema-
toxylin & Eosin; Case 1), f Nodular infiltrative edge of tumor (arrow) 
(100X, Hematoxylin & Eosin; Case 4), g Lymph node with metastatic 
disease (40X, Hematoxylin & Eosin; Case 2)



905Head and Neck Pathology (2023) 17:899–909	

1 3

Case 4, these were rare and found in the foci of oncocytic 
metaplasia. None were noted in Cases 2 and 3. Increased 
mitoses (≥ 5/2mm2) and necrosis were absent in all. 
Instead of mushrooming-type infiltration, the tumors 
showed nodular infiltration into the adjacent thyroid 
parenchyma (Fig. 4f). Angioinvasion was absent in all.

Case 1 and Case 2 had cervical lymph node metastases. 
Case 1 had metastases involving the central compartment 
dissected during the primary surgery. In Case 2, nodal 
disease involved the right lateral and central compart-
ments and was removed during the second-stage surgery. 
The metastases had similar histomorphology to the pri-
mary tumor. There was a predominantly macrofollicular 
architecture with fewer microfollicles and absent papillae 
(Fig. 4g).

Molecular studies revealed NRAS mutation in Case 
2. Both the primary tumor and the lymph node metas-
tasis harbored the mutation. ETV6::NTRK3 fusion was 
detected in Case 4. All the assessed cases showed normal 
RET patterns (Fig. 5).

Follow‑up

Hematogenous metastases were noted in Cases 1 (lung) 
and 2 (lung, bone) on I-131 whole-body iodine planar 
scintigraphy performed 47 days and 73 days after pri-
mary surgery, respectively (Table 1). Therapeutic RAI 
was administered to all four patients (Table 1). While 
Cases 1 and 2 had a structurally incomplete response at 
12 months, Case 4 had an excellent response at 6 months. 
Case 3 showed no residual/recurrent disease at 6 months 
but the stimulated thyroglobulin level was 7.0 ng/mL 
(indeterminate response).

Discussion

In thyroid, macrofollicular architecture is typically associ-
ated with benign pathology, particularly thyroid follicular 
nodular disease. Rarely, it may be seen as the predominant 
architecture in PTC or follicular thyroid carcinoma [1]. Such 
cases pose a diagnostic challenge at all tiers of patient evalu-
ation [14]. The macrofollicular variant (previously a unique 
subtype of PTC) was first described by Albores-Saavedra in 
1991 [1]. Since then, various authors have published their 
experience as case reports or series [5, 6, 9, 14–18], the larg-
est based on a cohort of 11 patients [14]. The 2022 WHO 
classification no longer recognizes the macrofollicular vari-
ant as a distinct subtype of PTC. Instead, a macrofollicular 
arrangement of cells has been included among architectural 
patterns in NIFTP, well-differentiated thyroid tumors of 
uncertain malignant potential (WDT-UMP), IEFVPTC, fol-
licular thyroid adenoma and follicular thyroid carcinoma [2]. 
Additionally, only those encapsulated follicular-patterned 
cases that have invasive features besides PTC-N can now be 
called ‘carcinoma’ [2]. Hence, all the previous studies on 
macrofollicular PTC, based solely on the diagnostic criteria 
laid down by Albores-Saavedra [1], likely included NIFTP 
and WDT-UMP.

Thyroid Ultrasound

Macrofollicular lesions lack the typical ultrasound findings 
associated with PTC. Although a few authors have detailed 
thyroid ultrasound findings in patients with macrofollicular 
thyroid tumors [5, 7, 14] none have provided a TI-RADS 
score for those associated with malignancy. Of the five cases 
studied by Fukushima, two were characterized as benign on 
ultrasound and three as suspicious [7]. PTC are typically 

Fig. 5   Molecular characteristics of the cases: a Graph showing NRAS 
mutation in case 2 (arrow), as detected by allele‐specific real‐time 
polymerase chain reaction, b Fluorescence in situ hybridization assay, 
performed using dual fusion probes, showing ETV6::NTRK3 gene 

fusion as depicted by fused green and red signals in case 4 (arrows), c 
Fluorescence in situ hybridization assay, performed using break-apart 
probes, showing two fused red and green signals per nucleus, indicat-
ing lack of RET gene rearrangements (case 3)
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solid, markedly hypoechoic, taller than wide on transverse 
view, and have micro and/or macrocalcifications, and irregu-
lar margins with an absent halo. In contrast, most cases of 
IEFVPTC are solid, hypo or isoechoic, wider than tall, and 
have a round to oval shape, smooth margins, and a halo. Fol-
lowing the ATA guidelines, such lesions get categorized as 
‘intermediate suspicion of malignancy’ [19]. Our cases had 
similar findings except for being solid-cystic, spongiform 
or predominantly cystic. These latter features contribute to 
low TI-RADS scores yielding misclassification as low sus-
picion, very low suspicion, or benign nodules [20]. Owing to 
their macrofollicular architecture, the spongiform ultrasound 
appearance typical of thyroid follicular nodular disease may 
be seen in a predominantly macrofollicular PTC [14], as 
seen in case 1 (Fig. 1a).

Cytomorphological Features

Predominantly macrofollicular IEFVPTC is often mischar-
acterized on FNA cytology as benign (Bethesda II) or inde-
terminate (Bethesda III or IV) [9]. This is because the cytol-
ogy preparations from predominantly macrofollicular PTC 
are usually sparsely cellular, have abundant colloid, show 
an admixture of macro- and microfollicles, are frequently 
cystic with hemosiderin-laden macrophages, and lack papil-
lae and psammoma bodies. Also, nuclear features are more 
commonly ill-developed [9, 21], focal and not noted in most 
cytological preparations [15]. The nuclei are mildly enlarged 
and predominantly round/ovoid rather than elongated. Chro-
matin clearing, nuclear overlapping and nuclear grooves are 
often patchy and variable. A review of cytology findings 
across published articles revealed intranuclear inclusions to 
be rare or few and present in 45% of the 24 cases assessed. 
Other prominent findings include moderate to abundant 
thin and thick colloid in 75% and sheet-like arrangement 
of cells in 76% [22]. Hence, on cytology, only those cases 
that show PTC-N, especially with intranuclear inclusions, 
are classified preoperatively as PTC. Yeo reviewed the data 
of 71 patients of cases previously classified as macrofolli-
cular variant of PTC [9]. Of the 35 with available cytology 
findings, a third (37%) were diagnosed as PTC on cytology. 
The rest of the categories included benign (29%), atypia of 
undetermined significance (20%) and follicular neoplasm 
(14%) [9]. In the current study, there was abundant colloid 
in two cases, and nuclear features were absent to very sub-
tle, leading to categorization of the cases as nondiagnostic, 
benign, or indeterminate.

Gross (Macroscopic) Features

There is sparse literature on the gross/macroscopic appear-
ance of malignant macrofollicular thyroid tumors. Our 
cases were circumscribed and partly encapsulated, variably 

solid and cystic, akin to their ultrasonographic findings. 
The spongy cut surface in Case 1 was unique, and we could 
not make a gross diagnosis on this specimen. In retrospect, 
it can be explained by the presence of a prominent cystic 
component composed of many large colloid-filled cysts. 
The appearance corroborated with the ultrasound that had 
been independently assessed by the radiologist as focally 
spongiform. Previous reports have described the cut surfaces 
as nodular [8] and “succulent” [7, 9]. Extrathyroidal exten-
sion has been reported in about 12% of these previously 
reported cases [9], but since the publication of several of 
these reports, the definition of extrathyroidal extension has 
been modified to only consider macroscopic extrathyroidal 
extension [10]. No such findings were observed in the cur-
rent cohort.

Histomorphological and Molecular Features

All cases described herein were partly encapsulated with 
nodular infiltrative growth in a pattern distinct from typi-
cal mushrooming invasion associated with IEFVPTC. 
Multinodular infiltrative tumor growth has been previously 
described [6, 8, 14]. The pseudopapillary infoldings into 
follicles is also a prominent feature. Similar to IEFVPTC, 
PTC-N may be focal and ill-developed. Nuclei are more 
likely to be round, showing patchy elongation and grooves. 
Chromatin clearing was present in all but pseudoinclusions 
were found in only two of the four cases.

Two other studies have analyzed the molecular profile of 
tumors previously described as macrofollicular variant of 
PTC [9, 23]. Using PCR amplification and DNA sequenc-
ing, Yeo did not find any molecular alteration involving 
the BRAF codons 600–601, NRAS codon 61, HRAS codon 
61, and KRAS codons 12–13 and 61 in their two samples 
[9]. BRAF exon 11 and 15 alterations were absent in one 
other case assessed by Pusztaszeri [23]. A prior study had 
shown all six of their tumors to be diploid [24]. Of our four 
cases, one harbored NRAS codon 61 mutation and another 
ETV6::NTRK3 fusion.

In a prior work, ETV6::NTRK3-translocated PTC were 
found to show a multinodular growth pattern in 50%, mixed 
follicular and papillary arrangement of cells and associated 
chronic lymphocytic thyroiditis in two-thirds. The nuclear 
features were well-developed but patchy with intervening 
areas having bland nuclei. Cytoplasmic vacuolization, psam-
moma bodies and oncocytic metaplasia were also noted [25]. 
Since then, a number of studies have reported on the mor-
phology of NTRK fusion-related thyroid carcinomas [26] as 
well as other tyrosine kinase-related thyroid carcinomas [27, 
28], including cytological features[29]. Case 4 with NTRK3 
fusion showed most of these features.

There are some limitations concerning the molecu-
lar work-up in the current series. We did not assess for 
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DICER1 mutations reported in the macrofollicular subtype 
of follicular thyroid carcinoma [30]. None of the cases had 
any clinical or family history indicative of DICER1 syn-
drome. However, spontaneous DICER1 mutations have 
been reported in follicular-patterned thyroid carcinomas 
[31]. Two of our cases had distant metastases, but unfortu-
nately, given resource constraints, further genetic work-up, 
including for TERT promoter mutations, was not performed. 
Next-generation sequencing will help in better elucidation 
of the molecular pathways involved in these tumors, and 
any additional molecular alterations that may be present and 
influence clinical outcome.

Clinical Outcome

In the current study, two of the four cases had an aggres-
sive outcome with lymphatic and hematogenous metastatic 
disease. However, notwithstanding the findings in our cases, 
most tumors with predominantly macrofollicular growth 
demonstrate indolent behavior, with only single reports of 
adverse outcomes having been associated with macrofolli-
cular-patterned carcinomas [4, 32]. In Yeo’s meta-analysis, 
which showed 7% of historical cases to be associated with 
distant metastasis and 26% with lymph node metastases, 
no genetics were performed, and none of these cases were 
re-reviewed to affirm classification. Hence, these cohorts 
of cases, at least cases with metastases, need to be revis-
ited prior to drawing definitive conclusions [9]. Further, 
since most authors did not report evidence of recurrent dis-
ease over a follow-up period ranging from two months to 
23 years, it is safe to conclude that this disease process is 
overtly indolent [9]. Although the proportion of cases with 
aggressive presentation in our series is high, our series con-
sists of only four cases from a tertiary care referral center, 
and there may be a selection bias. Moreover, previous stud-
ies may have included cases that would currently be classi-
fied as NIFTP, WDT-UMP, or even classic PTC with pre-
dominantly follicular architecture, likely to be positive for 
BRAF p.V600E, especially those with metastatic disease, 
and for cases negative for BRAF p.V600E, fusion kinase-
related carcinomas is a possibility, especially given their 
architecture [27].

Conclusions

The diagnosis of invasive encapsulated follicular variant of 
PTC with predominantly macrofollicular architecture is dif-
ficult, especially given the preoperative, gross (macroscopic) 
and microscopic tendencies to discount macrofollicular thy-
roid tumors as being worrisome for malignancy. Long-stand-
ing disease, overlapping pathology with benign diseases, 
and lack of diagnostic ultrasonographic and cytological 

characteristics make it more likely to be underdiagnosed/
misclassified during pre-operative work-up.

Although our study had a limited duration of follow-up, 
the documentation of metastatic disease and incomplete 
response to radioactive iodine, even in our limited cohort, 
underscores the need for increased awareness of malignancy 
in macrofollicular neoplasia with enhanced molecular corre-
lates needed given the above-mentioned diagnostic caveats. 
Here, we report the macroscopic (gross) spongy appearance 
and the presence of NRAS mutations and ETV6::NTRK3 
fusion in these rare tumors. Potential review of prior mac-
rofollicular cohorts with metastatic disease should be con-
sidered to assess for molecular drivers.
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