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Background: Isthmic thyroid nodules are more likely to be malignant and isthmic differentiated thyroid cancer
demonstrates less favorable behavior compared with lobar locations. The goal of this study was to assess
molecular differences of thyroid nodules and carcinomas from the isthmus relative to the lobes.

Methods: The Afirma thyroid nodule database (n = 177,227) was assessed for cytologic and molecular
differences between isthmus and lobar nodules in this observational cohort study. Genome-wide differential
expression analysis was conducted to decipher transcriptomic differences. Histopathology reports (n = 583) of
papillary thyroid cancer (PTC) (n = 389) and infiltrative follicular subtype of PTC (IF-PTC) (n = 194) from
Afirma discovery cohorts and from thyroid cancer patients managed at an integrative endocrine surgery commu-
nity care practice were analyzed for molecular differences between isthmic and lobar cancers.

Results: In the Afirma database, 8527 (4.8%) isthmus nodules were identified. Bethesda V-VI nodules were
almost twice as prevalent from the isthmus as compared with the lobes (8.2% vs. 4.3%, p < 0.0001). Isthmus
nodules had twice the frequency of BRAFp. "’ (21% vs. 10.6%, p < 0.0001), an increased frequency of ALK/
NTRK/RET fusions (4.6% vs. 2.5%, p < 0.0001) and SPOP variants (1.5% vs. 0.8%, p < 0.0001), and a lower
frequency of NRAS mutations (7.8% vs. 13.2%, p < 0.0001), and PAX8::PPARy fusions (1.1% vs. 2.3%,
p <0.0001) than lobar nodules. Transcriptome analysis of molecular signatures and genome-wide analysis showed
that isthmus nodules have higher BRAF-like scores, ERK activity, follicular mesenchymal transition scores
(FMT), and lower inflammation activity scores. Pathway enrichment analysis revealed genes downregulated in
isthmus tumors are enriched in immune response regulation. IF-PTC from the isthmus (n = 13) were more BRAF-
like and had increased ERK and FMT scores compared with those from the lobes (n = 181) (p < 0.01 for all).
Conclusions: These data suggest isthmic nodules are more likely to have malignant cytology and increased rates
of higher risk molecular alterations compared with lobar nodules. IF-PTC from the isthmus is molecularly differ-
ent compared with IF-PTC from the lobes. More data are needed to know if a change in surgical therapy is war-
ranted in isthmic thyroid cancers relative to lobar cancers and if this molecular data should influence isthmic
thyroid cancer management and monitoring.
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Introduction

he thyroid isthmus is normally a thin piece of tissue that
lies anterior to the trachea and connects the two lobes of
the thyroid. Thyroid nodules are very common with over
60% of the population having one or more by the seventh
and eigth decades of life.! Isthmic thyroid nodules are

detected about eight times less frequently than nodules in the
lobes.? However, recent studies have shown that the risk of
malignancy arising from isthmic thyroid nodules is greater
than lobar nodules.2? In addition, isthmic thyroid cancers
have been shown to exhibit more aggressive behavior com-
pared to lobar thyroid cancers, including higher rates of
extrathyroidal extension, capsular invasion, and lymph node
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metastasis.*> Though the anatomical location, thin tissue
approximating the thyroid capsule, and unique lymphatic
drainage®® have been noted as reasons for worse pathologi-
cal features, molecular differences were shown in isthmic
papillary thyroid carcinoma (PTC) with higher ERK and
lower thyroid differentiation scores (TDSs) compared with
lobar PTC.°

Approximately 20-25% of thyroid nodule aspirates result
in The Bethesda System for Reporting Thyroid Cytopathol-
ogy Bethesda (B) III or IV cytology (together, indeterminate
thyroid nodules [ITN]).'® The risk of malignancy of ITN
ranges from 13-34% depending on the institution and the
categorization of noninvasive follicular thyroid neoplasm
with papillary-like nuclear features) as benign or malig-
nant.!" To help address the clinical challenge of ITN, the
Afirma Gene Expression Classifier (GEC) was developed
and eventually replaced by the Afirma Genomic Sequencing
Classifier (GSC) after clinical and analytical validation.'>!3
The Afirma GSC uses exome-enriched RNA sequencing
(RNAseq) such that each sample is sequenced for 26,268
genes, providing data on gene and exon expression, mito-
chondrial expression, loss of heterozygosity, and detection
of expressed gene variants and fusions.!* Therefore, Afirma
testing can clinically provide both diagnostic (in ITN) and
prognostic information in BIII-VI thyroid nodule'> and be
analyzed for gene expression signatures and biological path-
ways as a research tool.

The purpose of this study was to interrogate the Afirma
thyroid nodule database (AfirmaDB) to assess the cytologi-
cal and molecular differences between thyroid nodules of the
isthmus and lobes. In addition, a cohort of thyroid cancers
that underwent Afirma testing were analyzed to assess for
histological, molecular, clinicopathologic outcome differen-
ces between isthmic and lobar thyroid carcinoma.

Materials and Methods
Thyroid nodule evaluation

Analysis of 177,227 consecutive thyroid nodules with clin-
ical Afirma GSC results from 2017 to 2022 with BIII-VI
cytology by location (as indicted on the test request form,
isthmus vs. non-isthmus [lobar]), cytology category (BIII-IV
vs. BV=VI), sex, age, and Genomic Sequencing Classifier-
Suspicious (GSC-S) rate was performed in this observational
cohort study (Fig. 1 and Table 1). Most nodules referred had
BIII and BIV cytology and were analyzed to assess if these
nodules were molecularly benign and could avoid unnecessary
surgery.'® Cytology was read either at a local pathology prac-
tice or, when preferred, at Thyroid Cytopathology Partners
(Austin, TX). There was no formal centralized cytopathology
review. The relative frequencies of genomic alterations (var-
iants and fusions) from the Afirma Xpression Atlas!” were
evaluated by nodule location across different subgroups (ITN
GSC-S and BV-VI combined, ITN GSC-S and BV-VI alone)
and without knowledge of the final histopathology when
applicable.

Thyroid carcinoma evaluation

Local histopathology reports from differentiated thyroid
carcinoma (DTC) (infiltrative follicular subtype of papillary
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thyroid carcinoma ([IF-PTC]) = 194, PTC = 389) from
Afirma GSC discovery/training cohorts'? (n = 251 collected
from 2013 to 2016) and from thyroid cancer patients man-
aged at an integrative endocrine surgery community care
practice (Memorial Healthcare System, n = 332 collected
from August 2017 to July 2022) that all underwent Afirma
GSC exome-enriched RNAseq analysis were assessed for
cytological differences and gene expression signatures based
on cancer location.'> Memorial Healthcare submitted thyroid
nodule biopsy specimens with BIII-VI cytology (with local
cytopathology reads) for Afirma testing in an actively man-
aged cohort, from which molecular findings were correlated
to final histopathology (Fig. 1).

Biological pathways enrichment analysis

For molecular difference assessment, 54 gene expression
signatures were evaluated. These include activity scores of
50 hallmarks of cancer pathways,'® BRAF-like to RAS-like
molecular score (BRS), ERK signaling, TDS and follicular
to mesenchymal transition score (FMT). For pathway enrich-
ment analysis, transcriptome-wide differential expression
analysis using 26,268 genes was conducted to identify genes
upregulated and downregulated in isthmus nodules by using
Wilcoxon rank sum statistical test. g:Profiler online tool
(https://biit.cs.ut.ee/gprofiler/gost) was used to identify bio-
logical pathways enriched in upregulated and downregulated
genes in isthmus nodules.'® EnrichmentMap and Cytoscape
tools were used to take g:Profiler output and build a network
of related, significantly enriched pathways.?%2! Finally, to
gain more insights into the immune content of the sequenced
samples, we used ESTIMATE algorithm that uses deconvo-
Iution of bulk gene expression data to output estimated levels
of infiltrating immune cells.??

Institutional review board approval

The Afirma GSC discovery cohort pathology reports were
from subjects recruited for the Afirma GEC and subsequent
GSC training and validation studies with approval of
institutional-specific review boards, Chesapeake IRB (now
Advarra IRB, Columbia, MD), and Copernicus Group Inde-
pendent Review Board (now WCG IRB, Princeton, NJ).!3
Patients recruited to the Afirma GEC validation study pro-
vided written informed consent.!?> Memorial health patient
data, including cytology and histopathology reports, was col-
lected under WCG IRB protocol # DHF 005-044.

Statistical analysis

All statistical analyses were conducted in R 3.2. Wilcoxon
rank sum test was used to assess differences of continuous
variables (gene expression, pathway scores, BRAF-like score,
ERK, FMT) between nodule locations and for genome-wide
differential expression analysis. The chi-square test was used
to assess significant associations between cytology groups,
genomic alterations, and nodule location. Logistic regression
was used to calculate odd ratios (ORs) of cancer pathways
scores and their association with isthmus nodules. Multiple
esting p value correction was done using Benjamini-Hochberg
procedure.
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FIG. 1. Flowchart of cohorts used, and analyses conducted. (A) A total of 177,227 samples with nodule location were
extracted from AfirmaDB. Initial analysis was conducted to associate nodule location with other clinical variables across
all samples. Nodule size was broken into multiple groups; (x, y) includes the nodules >x and <y cm. Associating genomic
alterations with nodule location was conducted in Bethesda III/IV samples classified as GSC-suspicious or Bethesda V/VI
samples (total n = 60,034). Whole genome-transcriptomic analysis was conducted on the early samples (n = 17,416) sent
for molecular testing between 2017 and 2020. (B) Two cohorts were used for associating nodule location with clinical and
pathology outcomes. A subset of 332 samples, with IF-PTC or PTC pathology, from Memorial Healthcare System were
pooled with 251 samples from previous Afirma training cohort to characterize molecular differences between isthmus and
lobar nodules with different pathology outcomes. AfirmaDB, Afirma thyroid nodule database; GSC, genomic sequencing
classifier; IF-PTC, infiltrative follicular subtype of PTC; PTC, papillary thyroid cancer.

Results overrepresentations of BRAFp. VGOOE, ALK/NTRK/RET fusions,

A total of 177,227 nodules were evaluated with 8527 and SPOP vanant.s in isthmus no.du.les (Tz}ble 2). .
from the isthmus (4.8%) (Table 1). The median age was To furThe}:lr gam m(ilecular 1nsllghts into ;he d1ffe?4rences
slightly higher in patients with lobar nodules (57.7 vs, 59 Cctween isthmus and lobar nodules, we evaluated 54 gene

years old, p < 0.001). More female patients were found with expressu.)n.-based signatures that are thyroid specific BRS’
’ . ERK activity, FMT, TDS, and pan-cancer (Molecular Signa-
isthmus nodules compared with lobar nodules (80% vs.

77.4%, p < 0.001). Isthmus nodules were twice as likely to %\l/rii}slinDI?ﬁ) Eggcl_lgllalzlldar]l;svcifvf zlljlc)zrrosggj\g?glsgus(l:ogdulzgs
have BV-VI cytology compared Wlﬂ.l l(?bar noc!ules (8‘2% had significantly higher BRS score, ERK activity, and FMT
vs. 4.3%, p < 0.001). There was no significant difference in o (p < 0.0001 for all). Differential analysis of cancer
the GSC-S call rate of isthmus versus lobar nodules for ITN - 11mark pathways scores showed that isthmus nodules have
(30.5% vs. 30.8%, p = 0.52) (Table 1). higher scores of epithelial-mesenchymal transition (EMT),
Genomic analysis within ITN GSC-S or BV-VI nodules  .,0ylation, apical junctions, angiogenesis, estrogen receptor,
showed that isthmus nodules were more enriched with 4,4 TGF-beta signaling. However, they had lower activity of
molecular va‘gg(l;lés and fusions at high-risk for malignancy  pI3K_AKT signaling, heme metabolism and inflammation
like BRAFp. (21% vs. 10.6%, p < 0.0001) and ALK/ jmmune related signatures (Fig. 2). The same trend was
NTRK/RET fusions (4.5% vs. 2.5%, p < 0.0001) (Table 2).  observed for the 54 signatures when limiting the analysis to
Additionally, SPOP variants were statistically more frequent  JTN GSC-S samples or BRAF-negative ITN GSC-S and BV-
in the isthmus (1.5% vs. 0.75%, p < 0.0001). Moderate risk VI samples. (Supplementary Figures S1-S2).
for malignancy variants that were overrepresented in the Transcriptome-wide differential expression analysis showed
lobes relative to the isthmus were: NRAS (13.2% vs. 7.9%, that 1619 genes were found upregulated in lobar, and 1329
p <0.0001), HRAS (8.3% vs. 4.6%, p < 0.0001), and PAXS8::  genes were upregulated in isthmus nodules within ITN GSC-S
PPARy fusions (2.3% vs. 1.1%, p < 0.0001). In addition, and BV/VI samples (Fig. 3). To gain functional insights into
RET variants were overrepresented in the lobes relative to  these genes, we conducted gene set enrichment analysis using
the isthmus (0.53% vs. 0.06%, p = 0.001). Genomic analysis  g:Profiler online tool to identify biological pathways enriched
of ITN GSC-S nodules alone showed a similar trend of in upregulated genes in isthmus and lobar nodules.!?
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TABLE 1. CHARACTERISTICS OF SAMPLES FROM AFIRMADB wiTH NODULE LOCATION
Isthmus Lobar p value
Total 8527 168,700
Age (median [IQR]) 57.7 (45.6-68.1) 59.1 (46.3-69.2) <0.0001
Sex <0.0001
Male 1701 (19.95%) 38,151 (22.62%)
Female 6826 (80.05%) 130,549 (77.38%)
Nodule size <0.0001
Median (IQR) 1.9 (1.4-2.6) 2.2 (1.6-3.1)
<l cm 338 (3.96%) 4452 (2.64%)
(1-2 cm) 4098 (48.06%) 63,879 (37.86%)
(2-3 cm) 2626 (30.8%) 49,882 (29.57%)
(3-4 cm) 975 (11.43%) 27,305 (16.19%)
>4 cm 467 (5.48%) 22,792 (13.5%)
Bethesda <0.0001
111 6284 (73.7%) 132,961 (78.82%)
v 1544 (18.1%) 28,568 (16.93%)
A\ 278 (3.26%) 3608 (2.14%)
VI 421 (4.94%) 3563 (2.11%)
GSC class® 0.52
GSC-benign 5443 (69.54%) 111,750 (69.18%)

GSC-suspicious 2385 (30.46%)

49,779 (30.82)

(X, y) includes the nodules >2x and <y cm.
“within bethesda III/IV.
GSC, genomic sequencing classifier; IQR, inter quantile range.

EnrichmentMap?° and Cytoscape tools?! were used to build
and visualize a network of significantly enriched pathways.
Upregulated genes in isthmus nodules were enriched with
cell migration, blood vessel development, and angiogenesis
gene sets, and rRNA processing (Fig. 3, Supplementary
Table S1). Upregulated genes in lobar nodules were enriched
with immune system response, immune cell activation, cyto-
kine signaling, antigen receptor-mediated signaling, and
inflammatory response pathways (Fig. 3, Supplementary
Table S1). To further gain insights into the immune content,
we applied the ESTIMATE algorithm, which showed that
isthmus nodules have lower immune content relative to lobar
nodules (OR: 0.74, p < 0.001).22 Enrichment analysis and
ESTIMATE results provide strong evidence of the immune
coldness of isthmus tumors.

Finally, we characterized the molecular differences between
thyroid isthmus and lobar carcinomas by histological subtype
(PTC [isthmus = 37, lobe = 352] and IF-PTC [isthmus = 13,
lobe = 181]). (Table 3). Isthmic IF-PTC had higher scores of
BRS, ERK, and FMT activity relative to the lobar IF-PTCs
(Fig. 4). Isthmic PTC, on the contrary, did not differ from
lobar PTC, except for FMT. Isthmic PTC had higher ERK,
FMT, and BRS scores relative to isthmic IF-PTC (p < 0.006
for all). Within thyroid cancers that had indeterminate cytol-
ogy, there was no difference between isthmic versus lobar IF-
PTC nor between isthmic versus lobar PTC (Supplementary
Figure S3). In terms of clinical outcomes, a cohort of 454 sam-
ples from Memorial Healthcare System (Fig. 1) with 41 isth-
mus nodules was analyzed. These included 9 isthmic IF-PTC
and 30 isthmic PTC as well as 2 other isthmus tumor types
(1 oncocytic cell carcinoma, 1 follicular thyroid carci-
noma). From the 41 isthmus cancers, 32 (77%) tumors were
ATA low risk, 7 (18%) were ATA intermediate risk, and 2
(5%) were ATA high risk. There was no difference in the

rates of vascular or capsular invasion, extrathyroidal exten-
sion, positive surgical margins, or lymph node metastases
by cancer location.

Discussion

In the present study, we have investigated the cytological
and molecular differences between thyroid nodules and can-
cers arising from the isthmus as compared with the thyroid
lobes. We have shown that for thyroid nodules sent for
Afirma molecular testing, there is a higher rate of BV-VI
cytology in isthmus nodules relative to the lobes. In addition,
isthmus nodules harbor higher rates of BRAF-like molecular
signatures and other molecular markers associated with
aggressive behavior compared with those found in the lobes.
Of uncertain significance is the increased frequency of
SPOP variants found in isthmic tumors relative to those in
the lobes. SPOP has been shown to be relatively enriched in
benign thyroid nodules and was demonstrated to be a candi-
date alteration in “driver negative” thyroid carcinoma.?2*
Interestingly, in terms of isthmic carcinomas, IF-PTC of the
isthmus showed significantly higher levels of BRAF-like,
ERK, and FMT expression scores than those of the lobes
and were molecularly closer to classical PTC. Classical
PTC, however, did not show molecular differences between
the isthmus and the lobes except for higher rates of FMT in
the isthmus locations.

Thyroid cancer is predominantly an ERK-driven carci-
noma with BRAFp."*"*® mutations found in up to 60% of
PTC, followed by mutations in the different RAS isoforms
(10-15%).%> BRAF mutations lead to higher ERK activation,
which may drive EMT, leading to cancer progression, metas-
tasis, and resistance to radioiodine.?® Activation of EMT has
been shown to play a key role in thyroid cancer progression
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FIG. 2. Molecular differences between isthmus and lobar nodules. (A) Boxplots of key thyroid cancer molecular sig-
natures showing higher activity of BRAF-RAS score, FMT, and ERK activity in isthmus nodules relative to lobar in
ITN GSC-S or B V/VI samples. p Values were calculated from Wilcoxon test and adjusted with BH method and odd
ratios (ORs) were calculated using logistic regression. (B) ORs of MSIGDB hallmark of cancer pathways and their
associations with isthmus nodules (reference: lobar nodules). Samples with high EMT, coagulation, apical junction
pathways were more enriched with isthmus nodules and less enriched in high PI3K-AKT, immune pathways. ORs and
p values here were calculated from logistic regression and adjusted for multiple testing using BH method. BH,
Benjamini-Hochberg; EMT, epithelial mesenchymal transition; FMT, follicular mesenchymal transition scores; ITN,
indeterminate thyroid nodules; MSIGDB, Molecular Signatures Database.

by promoting capsular invasion, extrathyroidal extension,
and both local and distant metastasis.?” In this study, FMT
reflects EMT specifically assessed in thyroid follicular cells.

A recent study by Algahtani et al. evaluating nodules with
BIII cytology redemonstrated a higher risk of malignancy
(ROM) for isthmic nodules (66%) compared with those in
the lobes (overall 48% ROM).?® The majority of ITN sent
for Afirma testing have BIII cytology, and it is notable there
was no significant difference between the benign and suspi-
cious result for Afirma tested ITN at the isthmus versus the
lobes. There is no clear explanation for this discordance,
though it may be due to a significant difference in the preva-
lence of cancer in BIII cytology where the Alqahtani study
had a 47% ROM as compared with 13-30% expected in the
United States."!

In terms of tumor behavior, Wang et al. showed that isth-
mic PTC had greater minimal and gross extrathyroidal
extension compared with PTC from the lobes.?? These clini-
cal findings are consistent with the molecular differences of
isthmus cancers compared with those arising from the lobes,
such as BRAF-like and ERK differences. In the current

analysis, there was no significant difference in isthmus ver-
sus lobe thyroid cancer histology though this is most likely
driven by the low number of isthmus cancers analyzed. This
low number limits the ability to determine if the molecular
differences described between isthmus and lobar tumors
alters the performance of Afirma based on nodule location.
The extent of surgical resection for PTCs located in the isth-
mus has remained a matter of considerable debate. At pres-
ent, there is no standard surgical approach when treating
PTC located predominantly in the isthmus.?*->? The molecu-
lar findings described in this study suggest clinicians should
carefully assess for aggressive clinical features in isthmic
tumors, though a lack of documented long term oncologic
outcomes with different surgical approaches to isthmic thy-
roid carcinomas tempers any clear surgical recommendation.

This study expands upon the work of Smith et al., which
studied isthmic PTC, by including follicular lesions which
are enriched in BIII and IV cytology as well as IF-PTC. In
addition, this study analyzes molecular data from preopera-
tive samples via the AfirmaDB, including the Afirma Xpres-
sion Atlas, though it is limited by the lack of TERT promoter
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FIG. 3. Genome-wide differential expression analysis and Enrichmentmap of biological pathways enriched in genes
upregulated in isthmus or lobar nodules. Within ITN GSC-S or Bethesda V/VI nodules, gene expression in isthmus
nodules (n = 935) was compared with lobar nodules (n = 16,481) showing 1329 gene upregulated in isthmus and 1619
upregulated in lobar (adjusted p value <0.0001). Gprofiler online tool was used to identify enriched biological pathways
and gene sets. Enrichmentmap and cytoscape were used to build network of pathways, where every node represents a
significantly enriched pathway (p < 0.000001) and each edge represent gene overlapping between pathways. Groups of
related pathways were annotated by the common pathway theme. ITN, indeterminate thyroid nodules.

mutation testing which was not available until more recently.
Finally, this work is strengthened by the incorporation of
features of the tumor microenvironment and immune scores
via the ESTIMATE algorithm that are novel compared with
other studies of isthmic thyroid tumors. Consistent with the
findings of Wang et al. where PTC had lower stromal and
immune scores of PTC as compared with normal thyroid,

this work leverages exome-enriched RNA-seq to show the
relative immune coldness of isthmus nodules that may be a
factor in the reported clinical behavior of isthmus thyroid
carcinomas.

This study is constrained by an inability to account for
potential selection bias for sending isthmus tumors for
molecular testing and only performing analysis of the subset

TABLE 3. CHARACTERISTICS OF SAMPLES WITH HISTOLOGY REPORTS USED FOR MOLECULAR ASSESSMENT
OF IsTHMIC NODULES

IF-PTC PTC
Isthmus Lobar p value Isthmus Lobar p value
Total 13 181 37 352
Age (median [IQR]) 56 (50-59) 51 (38-63) 0.4 48 (39-57) 48 (37-57) 0.7
Sex 0.18 0.22
Male 1(7.7%) 43 (23.8%) 5(13.5%) 78 (22.2%)
Female 12 (92.3%) 138 (76.2%) 32 (86.5%) 274 (77.8%)
Alterations
BRAF"9%F yariant 5 (38.5%) 8 (4.42%) <0.0001 20 (54%) 148 (42%) 0.16
NRAS variants 0 13 (7.18%) 1(2.7%) 4 (1.1%)
HRAS variants 0 6 (3.31%) 0 1 (0.3%)
ALK/NTRK/RET fusions 0 2 (1.1%) 1 (2.7%) 12 (3.4%)
PAXS8::PPARG fusion 0 3 (1.65%) 0 0
Bethesda 0.001 0.27
I 2 (15.4%) 98 (54.1%) 8 (21.6%) 83 (23.6%)
v 4 (30.8%) 52 (28.7%) 1(2.7%) 30 (8.5%)
\% 1(7.7%) 17 (9.4%) 4 (10.8%) 63 (17.9%)
VI 6 (46.1%) 14 (7.7%) 24 (64.9%) 176 (50%)
Tumor size (cm) (mean) 1.48 2.68 0.01 1.27 1.7 0.03

IQR, interquartile range; IF-PTC

, infiltrative follicular subtype of PTC; PTC, papillary thyroid cancer.
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follicular subtype of PTC; PTC, papillary thyroid cancer.
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of tumors with actionable Afirma or cytology results (GSC-S
or BV-VI nodules). The relatively small number of isthmus
carcinomas limits the analysis of clinical behavior differen-
ces from lobar thyroid cancers though this is consistent with
the reported rates of DTC located in the isthmus that range
from 1% to 9.2% for all malignant thyroid nodules.? In
addiiton, long-term oncologic outcomes are not assessed.
These hypothesis generating results indicate that future stud-
ies comparing progression free and overall survival from
larger cohorts would be of interest. In addition, analyses that
explore why thyroid isthmus lesions have a different molecu-
lar profile compared with lobar lesions will be valuable. In
summary, isthmus thyroid nodules and IF-PTC of the isth-
mus appear to be cytologically and molecularly more aggres-
sive than those of the thyroid lobes. More data are needed to
know if a change in surgical therapy is warranted in isthmic
thyroid cancers relative to lobar cancers and if this molecular
data should influence isthmic thyroid tumor management
and monitoring.
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