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gonadal type steroidogenesis and interstitial Leydig cells
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Background: 
Mature adrenal ganglioneuromas (MAGNs) are benign neoplasms of the combined neural crest,
schwannian, and connective tissue origin, rarely occurring in the adrenal glands. This study presents
the phenotypic and hormonal spectrum of these preoperatively challenging neoplasms.

 
Design: 
Demographic, diagnostic, surgical, and pathologic findings of patients who were adrenalectomized as
a result of MAGN were retrospectively reviewed from the database of a tertiary referral hospital.
Clinical data, as well as followup data, were collected retrospectively. All the patients received
operative resection.

 
Results: 
A total of 36 MAGN (24 males, 12 females) were retrieved. Mean age was 39.6 years (range 25–72).
Thirty (83.3%) were asymptomatic, four (11.1%) complained of abdominal discomfort, and two (5.6%)
had abdominal distension. Mean size of the tumors was 7.23 cm (range, 2.515 cm, twentyfour were
larger than 5 cm). There was no recurrence, during a mean followup of 6.5 years (range, 110
years). A whorled appearance corresponding to interlacing bundles of Schwann cells and collagen
fibers on histologic specimens was visualized in twelve tumors on T1 and T2weighted images.
Tumors with markedly high signal intensity on T2weighted images consisted histologically of a
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significant amount of myxoid stroma and relatively few cellular and fibrous components. Tumors with
intermediate to high signal intensity consisted of numerous cellular and fibrous components and little
myxoid stroma.

The extraadrenal extension was seen in 9 (6 males, three females) with a multifocal perivascular
plexiform appearance and dystrophic calcification. These neoplasms were associated with gonadal
type urinary steroid profile in women and interstitial Leydig cells.

 
Conclusion: 
Preoperative diagnosis of MAGNs remains difficult, in particular, those neoplasms with extraadrenal
extension. The presence in extraadrenal neoplasms of dystrophic calcification, lobulated plexiform
appearances, and gonadal type steroid in young females suggest the presence of Leydig cells, which
is usually overlooked in males. A complete resection should be recommended once malignancy
cannot be entirely excluded by preoperative analyses.
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(1), and ERBB2 (1). None of the APC mutations were associated with 
familial adenomatous polyposis or cribriform-morular histology. KIT, 
and ERBB2 were only seen in tumors without BRAF/RAS mutations, 
suggesting them as potential driver mutations. AKT1, KIT, and 
MLH1 mutations were seen only in CPTC, while PTEN mutations, 
as previously shown, were found only in FVPTC. No significant 
correlations were seen between the presence of NBNR mutations 
and age, sex, histology, multifocality or T stage, but a marginally 
significant correlation was seen with higher N stage (p=0.049).

Conclusions: Universal mutational analysis of 418 PTC cases 
identified 14 NBNR mutations in 13% of PTC, including several not 
previously associated with PTC. Further analysis of these cases at 
the “tail” end of the PTC mutational frequency curve could identify 
potential driver mutations--e.g.  KIT and ERBB2--and help shed light 
on the carcinogenesis of PTC.

622    Analysis of Histologic and Cytological Features of 
the Newly Classified Noninvasive Follicular Thyroid 
Neoplasm with Papillary-like Features (NIFTP), an 
Institutional Experience 

Ding Dai1, Qi Cai2, Heng Hong3. 1East Carolina University School of 
Medicine, Greenville, NC, 2UT Southwestern Medical Center, Dallas, 
TX, 3East Carolina University, Greenville, NC 

Background: Noninvasive follicular thyroid neoplasm with papillary-
like features (NIFTP) is a newly proposed diagnostic entity of thyroid 
tumor, which has good prognosis and indolent clinical course. We 
reviewed the cases of thyroid tumor treated in our institution from 
2004 to 2017, and compared the histologic and cytological features of 
NIFTP with other entities.

Design: The criteria proposed by the Endocrine Pathology Society 
(EPS) working group in 2016 are used to reclassify NIFTP from thyroid 
tumor previously diagnosed in our institution.   The nuclear features 
of tumor cells from each group of NIFTP, FVPTC and classical PTC 
are analyzed by using the 3-point scoring scheme proposed by EPS 
with modification (see Table). The corresponding thyroid fine needle 
aspirates (FNA) results are also analyzed.    

Results: A total 345 cases of papillary thyroid carcinoma (PTC) from 
2004 to 2017 in our institution are reviewed, including 157 cases 
originally diagnosed as classical PTC and 182 cases as follicular 
variant PTC (FVPTC).  42 cases are reclassified as NIFTP, representing 
22.3% of the previously diagnosed FVPTC, or 12.2% of all PTC.  NIFTP 
occurs predominately in female patients with F:M~5:1. The average 
age is 52.3 years old and the average tumor size is 2.1 cm. The average 
nuclear score of NIFTP is 2.1, compared with 2.55 in FVPTC and 2.95 
in classical PTC.  As an indication for the difficulty of diagnosis, about 
36% of NIFTP cases were sent for expert consultation when they were 
originally diagnosed as FVPTC, while only 8% other FVPTC and 4% 
classical PTC were sent for consultation. 84 cases of corresponding 
thyroid FNA were also reviewed. None of the NIFTP was diagnosed as 
“malignant/suspicious” by FNA, while 21% FVPTC and 38% classical 

PTC were diagnosed as “malignant/suspicious”.

Total cases = 345 NIFTP FVPTC Classic 
PTC

Total case numbers 42 146 157

Sex: F/M 35/7 117/29 114/43

Average Age (years) 52.3 50.2 47.3

Nuclear feature score* 2.1 2.55 2.95

Tumor size 2.1 cm 1.75 cm 1.8 cm

Expert consult cases# 15 
(36%) 26 (8%) 6 (4%)

FNA

Case numbers 9 33 42

Undiagnostic 1 (11%) 0 (0%) 8 (19%)

Benign 5 (56%) 13 (39%) 4 (10%)

Atypical 1 (11%) 7 (21%) 2 (5%)

Follicular neoplasm 2 (22%) 6 (18%) 12 (29%)

Malignant/suspicious 0 (0%) 7 (21%) 16 (38%)

*The nuclear score is using the 3-point scoring scheme proposed by the Endocrine Pathology 
Society working group in 2016, based on 3 categories: size and shape, nuclear membrane 
irregularities and chromtin characteristics; each category has 1 point, but only 0.5 point if 
features are very weak or focal.

Conclusions: Classical PTC has the most typical nuclear features of 
papillary carcinoma, but these features are less obvious in NIFTP, as 
shown by the lower nuclear score in NIFTP, and the higher percentage 
of NIFTP cases sent for expert consultation. The newly proposed 
NIFTP entity may not only avoid overdiagnosis of thyroid cancer, but 
also may potentially make it less challenging for pathologists in the 
diagnosis of thyroid tumor.  Thyroid FNA appears not to be a sensitive 
method in the diagnosis of NIFTP.

623    Extra-adrenal plexiform infiltration in mature 
ganglioneuromas are predictive of gonadal type 
seroidogenesis and interstitial Leydig cells

Salvador Diaz-Cano1, Fatima Al-Hashimi2. 1King’s College Hospital, 
London, England, 2Salmaniya Medical Complex, Manama 

Background: Mature adrenal ganglioneuromas (MAGNs) are 
benign neoplasms of the combined neural crest, schwannian, and 
connective tissue origin, rarely occurring in the adrenal glands. This 
study presents the phenotypic and hormonal spectrum of these pre-
operatively challenging neoplasms.

Design: Demographic, diagnostic, surgical, and pathologic findings 
of patients who were adrenalectomized as a result of MAGN were 
retrospectively reviewed from the database of a tertiary referral 
hospital. Clinical data, as well as follow-up data, were collected 
retrospectively. All the patients received operative resection.

Results: A total of 36 MAGN (24 males, 12 females) were retrieved. 
Mean age was 39.6 years (range 25–72). Thirty (83.3%) were 
asymptomatic, four (11.1%) complained of abdominal discomfort, and 
two (5.6%) had abdominal distension. Mean size of the tumors was 
7.23 cm (range, 2.5-15 cm, twenty-four were larger than 5 cm). There 
was no recurrence, during a mean follow-up of 6.5 years (range, 1-10 
years). A whorled appearance corresponding to interlacing bundles 
of Schwann cells and collagen fibers on histologic specimens was 
visualized in twelve tumors on T1- and T2-weighted images. Tumors 
with markedly high signal intensity on T2-weighted images consisted 
histologically of a significant amount of myxoid stroma and relatively 
few cellular and fibrous components. Tumors with intermediate to 
high signal intensity consisted of numerous cellular and fibrous 
components and little myxoid stroma.

The extra-adrenal extension was seen in 9 (6 males, three females) 
with a multifocal perivascular plexiform appearance and dystrophic 
calcification. These neoplasms were associated with gonadal type 
urinary steroid profile in women and interstitial Leydig cells.

Conclusions: Pre-operative diagnosis of MAGNs remains difficult, 
in particular, those neoplasms with extra-adrenal extension. The 
presence in extra-adrenal neoplasms of dystrophic calcification, 
lobulated plexiform appearances, and gonadal type steroid in young 
females suggest the presence of Leydig cells, which is usually 
overlooked in males. A complete resection should be recommended 
once malignancy cannot be entirely excluded by pre-operative 
analyses.

624    NKX2-1 Amplification is Associated with 
Aggressive Features in a Subset of Differentiated 
Thyroid Carcinomas of Follicular Cell Origi

Snjezana Dogan1, Bin Xu2, Sumit Middha3, Ahmet Zehir4, Ian Ganly3, 
Marc Ladanyi5. 1Memorial Sloan-Kettering, New York, NY, 2Sunnybrook 
Health Sciences Centre, University of Toronto, Toronto, ON, 3Memorial 
Sloan Kettering Cancer Center, 4MSKCC, 5Memorial Sloan-Kettering 
CC, New York, NY 

Background: NKX2-1 is located at the 14q13.3 region in the human 
genome and encodes thyroid transcription factor TTF-1, a master 
regulator of thyroid and lung epithelial development.  Whereas NKX2-
1 amplification is found in about 10% of lung adenocarcinomas with 
evidence for lineage-specific oncogenic role, copy number changes 
in NKX2-1 have not been studied in a broad histologic spectrum of 
thyroid carcinomas.  

Design: Between January 2014 and September 2017, 349 thyroid 
carcinomas underwent clinical hybridization exon-capture next-
generation sequencing mutational profiling by MSK-IMPACTTM 
to interrogate somatic variants in 341, 410 or 468 cancer-related 
genes.  Cases harboring NKX2-1 copy number gain of at least 2-fold 
detected by MSK-IMPACTTM were analyzed by FACETS analysis to 
confirm the NKX2-1 amplification.  Molecular profiles, histological 
and clinical features were collected and analyzed relative to the NKX2-
1 amplification status.

Results: NKX2-1 amplification was detected in 9 of 349 (3%) thyroid 
carcinomas, and was found to be limited to 5 of 86 (6%) poorly 
differentiated thyroid carcinomas (PDTC), and 4 of 141 (3%) papillary 
thyroid carcinomas (PTC) including 3 tall cell variants (PTC-TCV) and 
one classical type (PTC-CT). No NKX2-1 amplification was identified 
in any of 54 anaplastic thyroid carcinomas (ATC), 28 Hurthle cell 
carcinomas (HCC), 9 follicular thyroid carcinomas (FTC), or in any of 
31 medullary thyroid carcinomas (MTC).  Four (44%) NKX2-1 amplified 
tumors harbored BRAF V600E, and 3 (33%) NRAS Q61R variants. 
Interestingly, TERT promoter hotspot mutations occurred in 8 (89%) 
cases and showed a trend towards higher occurrence in NKX2-1 
amplified cases in comparison to 57% (193/340) frequency in NKX2-
1 neutral thyroid carcinomas (p=0.08, Fisher’s exact test). Among 7 
patients with clinical follow up, 6 (86%) presented at stage T3, and all 
7 (100%) had recurrence including distant metastasis in 5 (71%) cases. 
One patient initially diagnosed with PTC-TCV presented with the local 
recurrence as ATC after 13 months.
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ResultsBackground & Objectives Methods

Conclusions

Mature adrenal ganglioneuromas
(MAGNs) are benign neoplasms of
the combined neural crest,
schwannian, and connective tissue
origin, rarely occurring in the adrenal
glands. The present study presents
the phenotypic and hormonal
spectrum of these pre-operatively
challenging neoplasms..

The extra-adrenal extension was seen in 9 (6 males, three females) with a multifocal
perivascular plexiform appearance and dystrophic calcification. These neoplasms were
associated with gonadal type urinary steroid profile in females and interstitial Leydig
cells.
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Pre-operative diagnosis of MAGNs remains
difficult, in particular, those neoplasms with
extra-adrenal extension. The presence in extra-
adrenal neoplasms of dystrophic calcification,
lobulated plexiform appearances, and gonadal
type steroid in young females suggest the
presence of Leydig cells, which is usually
overlooked in males. A complete resection
should be recommended once malignancy
cannot be completely excluded by pre-
operative analyses.

Demographic, diagnostic, surgical, and pathologic findings of patients who were
adrenalectomized as a result of MAGN were retrospectively reviewed from the
database of a tertiary referral hospital. Clinical data, as well as follow-up data, were
collected retrospectively. All the patients received operative resection.

A total of 36 MAGN (24 males, 12 females) were
retrieved. Mean age was 39.6 years (range 25–
72). Thirty (83.3%) were asymptomatic, four
(11.1%) complained of abdominal discomfort, and
two (5.6%) had abdominal distension. Mean size
of the tumors was 7.23 cm (range, 2.5-15 cm,
twenty-four were larger than 5 cm). There was no
recurrence, during a mean follow-up of 6.5 years
(range, 1-10 years). A whorled appearance
corresponding to interlacing bundles of Schwann
cells and collagen fibers on histologic specimens
was visualized in twelve tumors on T1- and T2-
weighted images. Tumors with markedly high
signal intensity on T2-weighted images consisted
histologically of a significant amount of myxoid
stroma and relatively few cellular and fibrous
components. Tumors with intermediate to high
signal intensity consisted of numerous cellular
and fibrous components and little myxoid stroma.
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