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IMPORTANCE Although growing evidence points to highly indolent behavior of encapsulated
follicular variant of papillary thyroid carcinoma (EFVPTC), most patients with EFVPTC are
treated as having conventional thyroid cancer.

OBJECTIVE To evaluate clinical outcomes, refine diagnostic criteria, and develop a
nomenclature that appropriately reflects the biological and clinical characteristics of EFVPTC.

DESIGN, SETTING, AND PARTICIPANTS International, multidisciplinary, retrospective study of
patients with thyroid nodules diagnosed as EFVPTC, including 109 patients with noninvasive
EFVPTC observed for 10 to 26 years and 101 patients with invasive EFVPTC observed for 1 to
18 years. Review of digitized histologic slides collected at 13 sites in 5 countries by 24 thyroid
pathologists from 7 countries. A series of teleconferences and a face-to-face conference were
used to establish consensus diagnostic criteria and develop new nomenclature.

MAIN OUTCOMES AND MEASURES Frequency of adverse outcomes, including death from
disease, distant or locoregional metastases, and structural or biochemical recurrence, in
patients with noninvasive and invasive EFVPTC diagnosed on the basis of a set of
reproducible histopathologic criteria.

RESULTS Consensus diagnostic criteria for EFVPTC were developed by 24 thyroid
pathologists. All of the 109 patients with noninvasive EFVPTC (67 treated with only
lobectomy, none received radioactive iodine ablation) were alive with no evidence of disease
at final follow-up (median [range], 13 [10-26] years). An adverse event was seen in 12 of 101
(12%) of the cases of invasive EFVPTC, including 5 patients developing distant metastases,
2 of whom died of disease. Based on the outcome information for noninvasive EFVPTC, the
name “noninvasive follicular thyroid neoplasm with papillary-like nuclear features” (NIFTP)
was adopted. A simplified diagnostic nuclear scoring scheme was developed and validated,
yielding a sensitivity of 98.6% (95% CI, 96.3%-99.4%), specificity of 90.1% (95% CI,
86.0%-93.1%), and overall classification accuracy of 94.3% (95% CI, 92.1%-96.0%) for
NIFTP.

CONCLUSIONS AND RELEVANCE Thyroid tumors currently diagnosed as noninvasive EFVPTC
have a very low risk of adverse outcome and should be termed NIFTP. This reclassification will
affect a large population of patients worldwide and result in a significant reduction in
psychological and clinical consequences associated with the diagnosis of cancer.
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T he increasing incidence of cancer worldwide is multi-
factorial, attributable to population longevity, chang-
ing environmental and lifestyle factors, and increased

surveillance. Thyroid cancer is a prime example for which in-
tensified surveillance has resulted in an increasing incidence
of early cancers with indolent behavior,1,2 a phenomenon com-
monly described as cancer “overdiagnosis.”3 The increasing in-
cidence is solely attributable to papillary thyroid carcinoma
(PTC), a tumor named for its papillary growth pattern, al-
though the defining diagnostic criteria are actually the nuclear
features of neoplastic cells.4 Aside from the enhanced screen-
ing, another important factor contributing to this phenom-
enon is the increase in diagnosis of a variant of PTC known as
the follicular variant of PTC (FVPTC).5

The follicular variant of PTC was broadly recognized in the
mid-1970sasatumorcomposedofneoplasticfolliclesratherthan
papillae, but with follicular cells showing nuclear features char-
acteristic of PTC.4 Two main subtypes are known to occur: infil-
trative (or nonencapsulated) and encapsulated.6(pp100-109)7

Encapsulated FVPTC (EFVPTC) has increased in incidence by an
estimated 2- to 3-fold over the past 2 to 3 decades and makes up
10% to 20% of all thyroid cancers currently diagnosed in Europe
and North America (eTable 1 in the Supplement).5,8

Encapsulated FVPTC is a challenging and controversial diag-
nosis in thyroid gland pathology. In those tumors that have no in-
vasion, the diagnosis of cancer rests exclusively on finding the
characteristic nuclei, assessment of which in many cases is sub-
jectiveandevencontentious, leadingtoconsistentlyhighinterob-
server variability.9-11 Furthermore, studies over the past decade
have demonstrated that FVPTC overall,12 and particularly
EFVPTC,hasanindolentbehaviorandisgeneticallydistinctfrom
infiltrativetumors.7,13-17 Yet,mostpatientswithEFVPTCcontinue
tobetreatedsimilarlytothosewithconventionalPTC.Asidefrom
the stigma of a “cancer” diagnosis and the morbidity of aggres-
sivetreatmentforPTC,patientsandhealthcareprofessionalshave
to cope with the rapidly increasing costs of care for patients with
thyroidcancer,whichwereestimatedtoexceed$1.6billionin2013
in the United States alone.18

Recognizing the problem of overdiagnosis and overtreat-
ment of indolent cancers in many organs, the National Can-
cer Institute convened in 2012 a conference to evaluate this
problem. Following the conference, a statement from a num-
ber of participants emphasized the need to revise terminol-
ogy, replacing the word “cancer” when data emerge to sup-
port a more indolent designation.19 The goal of the current
project was to assemble an international group of expert pa-
thologists and clinicians to reexamine the entity currently
known as EFVPTC through a review of a set of cases with long
follow-up to (1) establish standardized diagnostic criteria and
(2) identify terminology that would appropriately address the
biological and clinical characteristics of this lesion.

Methods
Working Group
The Endocrine Pathology Society working group included 24 ex-
perienced thyroid pathologists (representing 7 countries and 4

continents), 2 endocrinologists, 1 surgeon, and 1 psychiatrist. In
addition, a molecular pathologist, a biostatistician, and a thyroid
cancer survivor/patient advocate participated in the study.

Study Cohorts
For this retrospective study, a total of 268 tumors diagnosed as
EFVPTC using current histologic criteria were contributed by
working group pathologists from 13 institutions (eMethods in the
Supplement) for inclusion into 2 groups. Potential cases for group
1 included noninvasive EFVPTC with no radioiodine (RAI) treat-
ment and at least 10 years of follow-up (n = 138). Potential cases
for group 2 included EFVPTC with vascular invasion and/or tu-
mor capsule invasion and at least 1 year of follow-up (n = 130).
Shorter follow-up for group 2 was accepted so as not to miss dis-
tant spread or recurrence within the first years following diagno-
sis. The coded slides were digitized into whole-slide images using
the Aperio platform and placed on a server accessible to the en-
tire group (http://image.upmc.edu:8080/NikiForov%20EFV
%20Study/view.apml). The study was performed under
institutional review board/ethics committee approval at 11
institutions, with exemption at 2 institutions, with a waiver of
informed consent because the study was based on retrospective
analysis of existing materials.

Histologic Review and Discussions
Twenty-four working group pathologists independently re-
viewed the scanned slides and provided their diagnoses in ac-
cordance with the existing criteria (eMethods in the Supple-
ment). The diagnoses were tabulated and the initial findings
were presented at the initiation of an 8-week series of weekly
teleconferences aimed at refining groups 1 and 2 and achiev-
ing consensus. At a face-to-face conference in Boston, Massa-
chusetts, on March 20 and 21, 2015, the findings of the study,
together with related molecular and clinical outcome infor-
mation, were discussed and the new nomenclature was
established by consensus (eMethods in the Supplement). A
nuclear scoring scheme was subsequently developed and vali-
dated as detailed in the eMethods in the Supplement.

Molecular Analysis
Molecular analysis was performed on 37 cases initially submit-
ted for inclusion into group 1 on which paraffin blocks were avail-

Key Points
Question Do clinical outcomes of noninvasive encapsulated
follicular variant of papillary thyroid carcinoma (EFVPTC) warrant
reclassification of this tumor as nonmalignant?

Findings This study evaluates cases of encapsulated follicular
variant of papillary thyroid carcinoma to establish consensus
diagnostic criteria and develop new nomenclature. Among 109
patients with noninvasive EFVPTC, most of whom were treated
with lobectomy only and none with radioiodine, all were alive with
no evidence of disease at a median follow-up of 13 years.

Meaning Thyroid tumors currently diagnosed as noninvasive
EFVPTC have a very low risk of adverse outcome and should be
termed “noninvasive follicular thyroid neoplasms with
papillary-like nuclear features” (NIFTP).
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able, and on 26 new cases of EFVPTC used as a validation set for
the nuclear score selected from the files of the Department of Pa-
thology, University of Pittsburgh. Total nucleic acids were iso-
lated from formalin-fixed and paraffin-embedded tumor tissue
following manual microdissection. Molecular analysis was per-
formed using ThyroSeq v2 panel as previously described.20 The
assay uses targeted next-generation sequencing analysis for de-
tecting point mutations and indels in 14 genes (AKT1, BRAF,
CTNNB1, GNAS, HRAS, KRAS, NRAS, PIK3CA, PTEN, RET, TP53,
TSHR,TERT,EIF1AX)and42genefusiontypesinvolvingtheRET,
BRAF, NTRK1, NTRK3, ALK, PPARG, and THADA genes. Samples
that showed more than 5% of mutant alleles (corresponding to
10% of cells with heterozygous mutation) for point mutations or
more than 100 high-quality reads crossing the fusion point of the
transcript were considered positive. The minimum depth of
coverage for each gene was 500×.

Statistical Analysis
Data analyses were divided into a training phase and testing or
validation phase. In the training phase, 23 pathologists, blinded
to molecular diagnosis, provided a 3-point nuclear score (range,
0-3 per case) for each of 13 cases. With the molecular data serv-
ing as the reference standard, a random-effects logistic regres-
sion model was fitted to predict molecular diagnosis based on
molecular status and individual pathologist’s nuclear score. The
logistic model accounted for correlation among pathologists
evaluating the same case. The predicted probability of calling a
case positive was computed and the cutoff providing the most
accurate decision was ascertained. This method detected mini-
mal impact of individual pathologist, and therefore a simplified
decision rule that ignored the individual pathologist was also cal-
culated. This simplified rule was selected for validation. Valida-
tion of the simplified rule was tested in a second cohort of 26
patients with molecular diagnoses. Once again, pathologists
(N = 22) blindly scored each case with a 3-point nuclear score.
Treating the 22 test pathologists as independent and combining
their evaluations, the decision rule from the training phase was
then summarized by computing sensitivity, specificity, positive
predictive value, and accuracy.

Results
Consensus Diagnostic Features of Encapsulated FVPTC
Review of representative digital and still images and subsequent
discussions identified a list of major and minor diagnostic cri-
teria for EFVPTC used by the majority of thyroid pathologists par-
ticipatinginthestudy(Box1,Figure1,andeFigure1intheSupple-
ment). Furthermore, as a result of the discussion, consensus
exclusion criteria for EFVPTC were accepted (Box 1). The initial
review and rereview of cases in both groups was conducted in
a blinded fashion, ie, without knowledge of follow-up.

Results of Initial and Subsequent Reviews of Cases in Group 1
The initial review of 138 potential cases for group 1 (noninvasive
EFVPTC) resulted in 105 (76%) cases having the diagnosis of
EFVPTC rendered by 12 or more (≥50%) pathologists and only 1
case with a concordant diagnosis of a benign nodule rendered by

all 24 pathologists. Overall, the degree of expression of nuclear
featuresofPTCcorrelatedwiththeproportionofpathologistsren-
dering the diagnosis of EFVPTC (eFigure 2 in the Supplement).

Following the acceptance of the aforementioned consensus
diagnostic criteria, 30 cases from group 1 with the most disparate
diagnosesrenderedontheinitialreviewwererereviewedanddis-
cussed at teleconferences. As a result, 28 cases were excluded
from group 1 because of insufficient diagnostic nuclear features
of PTC (n = 14), presence of invasion (n = 6), at least 1% papillary
growthconsistentwithclassicalPTC(n = 4),orprominent(>30%)
solid/trabecular/insulargrowthpatternconsistentwitheithersolid
variant PTC or poorly differentiated thyroid carcinoma (n = 4).

Box 1. Consensus Diagnostic Criteria for the Encapsulated
Follicular Variant of Papillary Thyroid Carcinoma (EFVPTC)

Major Features
Encapsulation or clear demarcation

Follicular growth pattern

Nuclear features of papillary thyroid carcinoma (PTC)a:
Enlargement, crowding/overlapping

Elongation

Irregular contours

Grooves

Pseudoinclusionsb

Chromatin clearingc

Minor Features
Dark colloid

Irregularly shaped follicles

Intratumoral fibrosis

“Sprinkling” signd

Follicles cleft from stromad

Multinucleated giant cells within follicles

Features Not Seen/Exclusion Criteria
“True” papillaee >1%

Psammoma bodies

Infiltrative border

Tumor necrosis

High mitotic activityf

Cell/morphologic characteristics of other variants of PTCg

a In a tumor with multifocal presence of PTC, most pathologists do not
require a specific minimal percentage of the tumor nodule to demonstrate
these features.

b A major and helpful diagnostic feature for all variants of PTC, although
uncommon in EFVPTC.

c Effacement of normal chromatin distribution with margination of chromatin
to membrane also known as “glassy nuclei” or “Orphan Annie” nuclei.

d As described and illustrated by Vanzati et al.21

e True papillae are defined as complex, arborizing papillae with fibrovascular
cores, lined by cells with nuclear features of PTC, and not associated with a
fine-needle aspiration area.

f At least 3 per 10 high-power fields (×40).

g Such as tall cell features, cribriform-morular variant, solid variant, etc.
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Onecasewassubmittedandreviewedtwiceunderdifferentcoded
numbers; the duplicate was eliminated. This resulted in a total
of 109 cases accepted as noninvasive EFVPTC in group 1.

Results of Mutational Analysis of Selected Cases in Group 1
Mutational analysis was performed on 37 cases initially submit-
ted as group 1. The analysis assessed point mutations in 14 genes
and 42 types of gene fusions, which are found in approximately
90% of PTC.22 Clonal molecular alterations were detected in 25
(68%) of cases, with RAS mutations being the most common
(eTable 2 in the Supplement). None of the 5 cases excluded from
group 1 as a result of insufficient nuclear features had identifiable
mutations. In contrast, 21 (78%) of genetically characterized le-
sions remaining in group 1 revealed clonal mutations.

Results of Initial and Subsequent Reviews of Cases in Group 2
A total of 130 cases were submitted as group 2, EFVPTC with in-
vasion. These tumors had the same nuclear features and follicu-
lar architecture as group 1 but, unlike group 1 cases, had vascu-
larand/ortumorcapsuleinvasion.Initialreviewyielded105(81%)
cases that were diagnosed as EFVPTC with invasion by at least
50% of reviewers, whereas the remaining cases were preferen-
tially called either classic PTC or infiltrative FVPTC (eTable 3 in
the Supplement). After review and discussion of 44 cases with
the most discrepant diagnoses at teleconferences and application
of the consensus diagnostic criteria, 29 cases were excluded from
group 2 on the basis of at least 1% papillary growth (n = 17), infil-
trative border (n = 8), lack of the nuclear features of PTC (n = 3),

or lack of invasion (n = 2). As a result, 101 cases remained in group
2. This included 80 cases with invasion of the tumor capsule, 12
with vascular invasion, and 9 with both invasion types (eFigure
3 in the Supplement).

Follow-up for Patients in Study Groups
Attheface-to-faceconference,thefollow-upinformationwaspro-
vided,assummarizedintheTable. Ingroup1,among109patients
observed for 10 to 26 years, all were alive with no evidence of dis-
ease. Sixty-seven of these patients were treated with lobectomy
only, and none of them received RAI. In group 2, among 101 pa-
tients, 85 patients were treated with RAI, 15 did not receive RAI,
andRAItreatmentstatusin1patientwasunknown.Patientswere
observedfor1to18years,and12(12%)registeredanadverseevent.
Of those, 5 patients developed distant metastases (lung and/or
bone), 2 of whom died of disease. In addition, 1 patient had a
lymph node recurrence, 1 had persistent disease, and 5 had de-
tectable serum thyroglobulin and were considered to have either
anindeterminateresponseorbiochemicallyincompleteresponse
to therapy (eTable 4 in the Supplement). Among 5 patients who
had distant metastases, at presentation 2 tumors had capsular in-
vasion only, 1 had vascular invasion only, and 2 had both types
of invasion.

Revision of Tumor Nomenclature
Based on the outcome information available for tumors diag-
nosed using standardized criteria, new nomenclature was
developed. The goal was to offer a designation for the lesion

Figure 1. Gross and Histopathologic Features of the Tumor Currently Known as Encapsulated Follicular Variant
of Papillary Thyroid Carcinoma (EFVPTC)

Tumor with thin capsuleA Encapsulation and microfollicular growth pattern
of the tumor

B

Nuclear enlargement and elongationC Irregular nuclear contours and chromatin clearingD

10 cm

N

N

T

T

A, Gross appearance of a tumor with
thin capsule. B, Encapsulation
(arrowhead) and microfollicular
growth pattern of the tumor (T) as
compared with adjacent normal
thyroid (N) (hematoxylin-eosin
[H&E], original magnification ×100).
C, Major diagnostic nuclear features
including nuclear enlargement and
elongation, which is best appreciated
when nuclear size and shape of the
tumor (T) is compared with that of
adjacent normal tissue (N) (H&E,
original magnification ×400).
D, Irregular nuclear contours and
chromatin clearing (H&E, original
magnification ×400). Nuclear
pseudoinclusions and nuclear
grooves, as well as minor diagnostic
criteria, are illustrated in eFigure 1 in
the Supplement.
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currently known as noninvasive EFVPTC that would reflect the
following characteristics:
1. main morphological features, ie, the follicular growth pat-

tern and nuclear features of PTC;
2. lack of invasion, which separates this tumor from invasive

EFVPTC;
3. clonal origin determined by finding a driver mutation, which

indicates that the lesion is biologically a neoplasm; and
4. a very low risk of adverse outcome when the tumor is non-

invasive.
Additional consideration was to use words translatable to

other languages without losing their exact meaning. As a re-
sult, the term “noninvasive follicular thyroid neoplasm with
papillary-like nuclear features” (NIFTP) was accepted.

Diagnostic Nuclear Score
Toprovidesimplifiedandreproduciblecriteriaforthenuclearfea-
tures that could assist in the diagnosis of NIFTP in routine pathol-
ogy practice, the 6 main consensus nuclear features (Box 1) were
groupedinto3categories:(1)sizeandshape(nuclearenlargement/
overlapping/crowding,elongation), (2)nuclearmembraneirregu-
larities (irregular contours, grooves, pseudoinclusions), and (3)
chromatin characteristics (clearing with margination/glassy nu-
clei).A3-pointscoringschemewasdeveloped,inwhicheachclass
of nuclear features was assigned a score of 0 or 1, yielding a range
of scores from 0 to 3. Using a visual guide for scoring the nuclear
features(eFigure4intheSupplement),30casesfromgroup1were
evaluated by 23 pathologists who were blinded to the results of
molecular analysis available on 18 of these lesions (eTable 5 in the
Supplement). Using a molecular end point as the reference stan-
dardseparatingNIFTPfrombenignhyperplasticnodules,thescor-
ingschemedeliveredthemostaccurateclassificationwhenascore
of 0 or 1 was diagnostic of a benign nodule and a score of 2 or 3
was diagnostic of NIFTP. This approach demonstrated a sensitiv-
ity of 86.5% (95% CI, 82.7%-90.3%), specificity of 80.8% (95% CI,
73.8%-87.9%),andoverallaccuracyof85.0%(82.8%-90.3%).The
3-point scoring scheme was then validated in an independent set
of26newcaseswithmolecularendpoints(eTable6intheSupple-
ment). Using a 0 to 1 vs 2 to 3 score separation, the 3-point scor-

ingschemeshowedasensitivityof98.6%(95%CI,96.3%-99.4%),
specificity of 90.1% (95% CI, 86.0%-93.1%), and overall classifi-
cation accuracy of 94.3% (95% CI, 92.1%-96.0%).

Final diagnostic criteria for NIFTP are summarized in Box 2.

Discussion
This study was undertaken to reexamine the clinical and patho-
logic approach to noninvasive EFVPTC—a thyroid tumor that, de-
spite increasing evidence of its indolent behavior, is nonetheless
classified as cancer. The outcome data obtained in this study sup-
port renaming this tumor in a manner that more accurately re-
flects its behavior. Indeed, in our highly curated cohort of more
than100noninvasiveEFVPTCstherewerenorecurrencesorother
manifestations of the disease at a median follow-up of 13 years.
This finding correlates with previous reports on noninvasive
EFVPTC. In the English language literature, only 2 (0.6%) of 352
well-documentednoninvasiveencapsulated/well-circumscribed
FVPTCs recurred.14,15,23-27 One of the recurred tumors had been
incompletely excised, whereas in the other case the noninvasive
nature of the tumor remains questionable. Even if these 2 cases
of recurrence are accepted, the combined data suggest that in the
absence of invasion this lesion entails a very low risk of adverse
outcome and therefore should not be termed cancer.

The new proposed terminology, NIFTP, reflects key histo-
pathologic features of this lesion, ie, lack of invasion, follicular
growth pattern, and nuclear features of PTC. Molecular analysis
performedinthisstudyonalimitednumberofsamplesconfirmed
previous observations16,28 demonstrating that most of these le-
sionsaredrivenbyclonalgeneticalterationsandarethereforeneo-
plasmsratherthanhyperplasticproliferations.Whendefinedwith
strict histopathologic criteria, these tumors are not expected to
show molecular alterations associated with classic PTC, such as
BRAFV600E mutations. Instead, they demonstrate a high preva-
lence of RAS and other mutations, which have been associated
with follicular-pattern thyroid tumors, including follicular
adenoma (FA), follicular thyroid carcinoma (FTC), and

Table. Summary of Follow-up Information for Patients in the Study Groups

Characteristic

Group 1
(Noninvasive EFVPTC)
(n = 109)

Group 2
(Invasive EFVPTC)
(n = 101)

Age, mean (range), y 45.9 (21-81) 42.8 (8-78)

Sex, No. (%)

Female 91 (83) 71 (70)

Male 18 (17) 30 (30)

Tumor size, mean (range),
cm

3.1 (1.1-9.0) 2.5 (0.6-5.5)

Extent of surgery

Lobectomy 67 15

Total thyroidectomy 42 86

Follow-up, y

Mean (range) 14.4 (10-26) 5.6 (1-18)

Median 13.0 3.5

Adverse events during
follow-up, No. (%)

0 12 (12)

Box 2. Diagnostic Criteria for NIFTP

1. Encapsulation or clear demarcationa

2. Follicular growth patternb with
<1% Papillae
No psammoma bodies
30% Solid/trabecular/insular growth pattern

3. Nuclear score 2-3
4. No vascular or capsular invasionc

5. No tumor necrosis
6. No high mitotic activityd

a Thick, thin, or partial capsule or well circumscribed with a clear demarcation
from adjacent thyroid tissue.

b Including microfollicular, normofollicular, or macrofollicular architecture
with abundant colloid.

c Requires adequate microscopic examination of the tumor capsule interface.

d High mitotic activity defined as at least 3 mitoses per 10 high-power fields
(400×).
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EFVPTC.16,22,29 Furthermore, tumors analyzed in this study also
recapitulate the FA to FTC sequence of progression with the ca-
pacity for invasion, suggesting that NIFTP likely represents the
“benign” counterpart or precursor of the invasive EFVPTC
(Figure 2).

We have defined a set of reproducible diagnostic criteria
that accurately identify NIFTP. We have also shown that given
the metastatic potential of the invasive tumors in group 2, ad-
equate sampling of the tumor capsule interface to exclude in-
vasion is imperative before designating a nodule as NIFTP. To
our knowledge, adequacy of tumor capsule sampling has not
been discussed in the literature to date with respect to FVPTC.
Precedent can be drawn from the approach to the encapsu-
lated FA/FTC tumors, in which histologic assessment of the en-
tire lesional capsule is preferable to exclude a minimally in-
vasive FTC.30 Thus, like FA, NIFTP should undergo extensive
review of the tumor capsule interface to exclude invasion.

The results of this study, together with previously reported
observations, suggest that when the diagnosis of NIFTP is made
on the basis of careful histopathological examination, the tumor
will have a low recurrence rate, likely less than 1% within the first
15 years. Of note, most differentiated thyroid carcinomas relapse
within the first decade after initial therapy,31 although late recur-
rences and distant spread are documented.32 Importantly, a large
proportion of patients with tumors diagnosed as NIFTP in the
present study underwent lobectomy only and none received RAI
ablation. This suggests that clinical management of patients with
NIFTP can be deescalated because they are unlikely to benefit
from immediate completion thyroidectomy and RAI therapy.
Staging would be unnecessary. In addition to eliminating the psy-
chological impact of the diagnosis of cancer, this would reduce
complications of total thyroidectomy, risk of secondary tumors
following RAI therapy, and the overall cost of health care.33,34

AvoidanceofRAItreatmentalonewouldsavebetween$5000and
$8500 per patient (based on US cost).35 Decreased long-term sur-
veillancewouldaccountforanothersubstantialproportionofcost
reduction.

Conclusions
The results of this international and multidisciplinary study
establish that thyroid lesions currently diagnosed as nonin-
vasive EFVPTC represent a distinct class of thyroid tumors with
very low risk of adverse outcome. These tumors can be diag-
nosed using a set of reproducible diagnostic criteria and should
be termed “noninvasive follicular thyroid neoplasms with pap-
illary-like nuclear features” (NIFTP). We estimate that this re-
classification would affect more than 45 000 patients world-
wide each year (eTable 7 in the Supplement), thereby
significantly reducing the psychological burden, medical over-
treatment and expense, and other clinical consequences as-
sociated with a cancer diagnosis.
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eMethods 
 
Selection criteria for study cohorts and case contribution  
 
In May 2014, the working group pathologists were invited to contribute cases to the study that they 
diagnosed as encapsulated FVPTC based on the following accepted criteria: (i) encapsulated or well-
circumscribed nodule, (ii) follicular growth pattern with no well-formed papillae, and (iii) nuclear features 
of PTC. Two study groups were formed. Group 1 included non-invasive EFVPTC that would fit the 
following selection criteria:  

 tumor size >1 cm 
 no vascular or capsular invasion on adequate tumor sampling, i.e. reasonable confidence that 

entire tumor capsule was examined 
 no other invasive tumors in the gland except single small microcarcinoma 
 no RAI treatment 
 at least 10 years of follow-up.  

Group 2 included encapsulated FVPTC with vascular invasion and/or tumor capsule invasion and at least 1 
year of follow-up. Shorter follow-up as compared to Group 1 was accepted as some of these tumors would 
demonstrate tumor recurrence or distant spread earlier than 10 years after surgery. 
 
Contribution of potential EFVPTC cases to the study 

Contributors Process of Case Selection Group 1 Group 2 

Dr. Fulvio Basolo, 
University of Pisa, Italy 

Reviewed H&E slides for patients treated at 
the Department of Surgery, University of 
Pisa in 2000-13 and diagnosed as FVPTC 
with vascular and/or capsular invasion; 
follow-up data obtained from the 
Department of Endocrinology, University 
of Pisa 

 64 cases 

Dr. Lester Thompson, 
Southern California 
Permanente Medical 
Group, Woodland Hills 
Medical Center, USA 

Reviewed records of all 721 patients 
surgically treated for thyroid disease in 
2002 at the hospitals of Southern California 
Permanente Medical Group to select cases 
based on the current criteria for EFVPTC  

41 cases 3 cases 

Dr. Ronald Ghossein, 
Memorial Sloan-
Kettering Cancer 
Center, USA 

Cases of thyroid carcinoma from 1981-
2003 were reviewed microscopically to 
select those that were circumscribed/ 
encapsulated FVPTC without or with 
capsular and/or vascular invasion at 
Memorial Sloan-Kettering Cancer Center 
and had appropriate follow-up 

20 cases 11 cases 

Dr. Giovanni Tallini, 
University of Bologna, 
Italy 

Reviewed all slides of tumors >1cm in size 
registered as follicular adenoma in the 
Maggiore Hospital pathology database from 
1995-2010 and selected cases revised to 
encapsulated FVPTC with longest follow 
up available 

26 cases  

Dr. Zubair Baloch, 
University of 
Pennsylvania, USA 

Computerized search and review of cases 
from 1997-98 diagnosed as PTC for cases 
that were encapsulated with ~100% follicle 
formation and >10 year follow up 

11 cases 4 cases 

Dr. Justine Barletta, 
Brigham and Women's 
Hospital; Harvard 
Medical School, USA  

Reviewed resection specimens with tumors 
>1cm in size diagnosed as FVPTC or 
follicular adenomas from 1991-2004 with ≥ 
10 year follow up and selected non-

20 cases  
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invasive, non-infiltrative cases 
Dr. Bruce Wenig, 
Mount Sinai Beth Israel, 
USA 

Computerized search of pathology 
information system for FVPTC from 2007-
2014 followed by review of reports and 
glass slides to select cases that meet the 
criteria.  

 11 cases 

Drs. Yuri 
Nikiforov/Raja 
Seethala, University of 
Pittsburgh, USA 

Pathology reports of surgical thyroid 
specimens with benign and malignant 
thyroid nodules from 1995-1998 were 
selected and glass slides from the 
Department of Pathology, University of 
Pittsburgh reviewed to select cases that 
meet the criteria 

20 cases  

Dr. Thomas Giordano, 
University of Michigan, 
USA 

Searched records and glass slide reviewed 
for cases diagnosed as FV PTC at the 
Department of Pathology, University of 
Michigan from 1995-2010 

 7 cases 

Dr. Abir Al Ghuzlan, 
Institut Gustave Roussy, 
France 

Reviewed reports of cases diagnosed as 
PTC from 2008-2012 and slides diagnosed 
as minimally invasive follicular carcinoma 
for a 10 year period. Cases that met the 
criteria of FVPTC/ EFVPTC and >1 y 
follow-up were selected  

 11 cases 

Dr. Venancio Alves, 
University of São Paulo 
School of Medicine, 
Brazil 

Patients that underwent a complete 
thyroidectomy at Hospital Oswaldo Cruz, 
São Paulo with diagnosis of PTC from 
2010-2014 were reviewed  

 5 cases 

Dr. Kennichi Kakudo, 
Nara Hospital, Kindai 
University, Japan 

Examined pathology reports and reviewed 
H&E sections from patients surgically 
treated at Yamashita Clinic in 2012 

  9 cases 

Dr. Elham Khanafshar, 
University of California 
San Francisco, USA 

Searched Department of Pathology database 
for FVPTC cases diagnosed in 2008-2013, 
reviewed H&E sections for FVPTC cases 
with vascular and/or capsular invasion that 
had >1 year follow up 

 5 cases 

TOTAL:  138 cases 130 cases 
 

 
 
Initial and subsequent histologic reviews and group discussions 
 
The Working group pathologists were allotted 5 weeks to review the scanned slides and provide their 
diagnoses choosing from the following list of common histopathologic entities: Hyperplastic Nodule; 
Follicular Adenoma; Follicular Thyroid Carcinoma; Encapsulated Follicular Variant of Papillary Thyroid 
Carcinoma; Infiltrative Follicular Variant of Papillary Thyroid Carcinoma; and Classic Papillary Thyroid 
Carcinoma. Criteria suggested for diagnostic categories for the initial pathology review of study cases are 
as follows: 
 
Hyperplastic Nodule (HN) – A well demarcated but not necessarily encapsulated proliferation of follicles 
of heterogeneous size and shape.  Papillary infoldings with interspersed follicles were acceptable and the 
nuclear features were insufficient to participant’s threshold for the diagnosis of papillary carcinoma. 
 
Follicular Adenoma (FA) – A follicular patterned encapsulated/non-infiltrative neoplasm, often 
microfollicular and distinct from the surrounding thyroid but with insufficient nuclear features to meet the 
participant’s threshold for the diagnosis of papillary carcinoma. 

Downloaded From: http://oncology.jamanetwork.com/ by a Kaiser Permanente User  on 04/17/2016



© 2016 American Medical Association. All rights reserved. 

 
Follicular Thyroid Carcinoma (FTC) – A follicular patterned encapsulated neoplasm that showed tumoral 
capsular or angioinvasion but with insufficient nuclear features to meet the participant’s threshold for the 
diagnosis of papillary carcinoma. 
 
Papillary Thyroid Carcinoma, Encapsulated Follicular Variant (EFVPTC) – A follicular patterned 
encapsulated or well demarcated neoplasm with adequate nuclear features to meet the participant’s 
threshold for the diagnosis of papillary carcinoma.  This was considered the diagnostic category for 
retention of a case in both groups 1 and 2.  Accordingly, for the initial exercise, participants were instructed 
to classify both encapsulated lesions with and without tumor capsular invasion and/or angioinvasion as 
EFVPTC.   
 
Papillary Thyroid Carcinoma, Infiltrative Follicular Variant (IFVPTC) – An unencapsulated/partially 
encapsulated frankly infiltrative follicular patterned lesion with adequate nuclear features to meet the 
participant’s threshold for the diagnosis of papillary carcinoma. 
 
Papillary Thyroid Carcinoma, Classical (CPTC)  - A neoplasm with papillary growth pattern and adequate, 
typically overt nuclear features for the diagnosis of papillary carcinoma. 
 
Diagnoses rendered by 24 pathologists were tabulated and the initial findings were presented at the 
initiation of an 8 week series of weekly teleconference sessions aimed at refining groups 1 and 2.  This 
process involved re-review of both scanned slides and still images from selected cases to achieve consensus 
for major and minor diagnostic criteria for encapsulated FVPTC and eliminate those that did not meet these 
criteria.  
 
Revision of Nomenclature 
 
Two weeks prior to the Face-to-Face Conference in Boston on March 20-21, 2015, all working group 
members were asked to provide their top choices for terminology revision for non-invasive encapsulated 
FVPTC.  The proposed terms were collated and grouped according to broad themes including:  no change, 
using “in-situ” or “non-invasive” terminology, elimination of the term “papillary,” and elimination of the 
term “cancer.”   At the Conference, the previous literature, and data from the current study were 
summarized.  Clinical, patient, pathologic (historic), and psychological perspectives were also provided on 
the impact of revision of nomenclature.    The top 5 leading considerations for the new terminology were 
then listed and an initial vote was performed.  A second vote between the two top candidates was 
performed and a majority vote was taken as the consensus terminology. 
 
Schedule of teleconferences and face to face conference 

 
Phase I (Pre-Boston Conference) 
Teleconference Dates/ 
Times 

Topics for Discussion Participants 

January 27, 2015  Overview of the project, introductory 
discussion 

All working group members 

February 3, 2015  Review of cases, histopathologic criteria Pathologists 
February 10, 2015  Review of cases, histopathologic criteria Pathologists 
February 17, 2015  Review of cases, histopathologic criteria Pathologists 
February 24, 2015  Review of cases, histopathologic criteria Pathologists 
March 3, 2015  Summary of data, discussion of new tumor 

name 
All working group members 

March 10, 2015  Discussion of new tumor name All working group members 
 
Phase II (Face-to-Face Conference in Boston, MA) 
Conference Dates/ 
Times 

Topics for Discussion Participants 
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March 20, 2015  Summary of existing knowledge. Summary 
and discussion of data set. Consensus on 
diagnostic criteria. 

All working group members 

March 21, 2015  Discussion and acceptance of new tumor 
name 

All working group members 

 
Phase III (Post-conference) 
Teleconference Dates/ 
Times 

Topics for Discussion Participants 

April 14, 2015  Manuscript writing Manuscript writing committee* 
May 7, 2015  Manuscript writing Manuscript writing committee 
May 26, 2015  Manuscript writing All working group members 
June 23, 2015  Manuscript writing Manuscript writing committee 

and clinicians 
August 6, 2015  Manuscript writing Manuscript writing committee 
August 15, 2015 Manuscript editing Manuscript writing committee 
September15, 2015 Manuscript editing All working group members 
*ZB, RG, VL, GR, RRS, YEN 
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eResults 
 
 
Performance of the Nuclear Scoring System  
 
Training set 
The training set consisted of 30 cases initially submitted to Group 1, including 13 mutation-positive, 5 
mutation-negative, and 12 not tested. The latter were not used for classification. The cases were reviewed 
and scored by 23 pathologists. Overall, mutation-negative cases were more consistently scored lower than 
mutation-positive cases.  
 
Distribution of scores rendered by 23 pathologists and molecular status of cases in the training set.  
 Each line connects all pathologists’ scores for a single case.  Lines without dots represent the 12 cases 
without molecular diagnoses that were excluded from classification. Pathologists are arbitrarily numbered 
on the x axis 

 
 
 
Performance of individual pathologists as compared to the average score is shown below.  
 
Mean case score with 95% confidence interval by individual pathologist for cases in the training set. 
 The red horizontal line is the grand mean across all cases and all pathologists.  
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Using molecular status as the reference standard, the most accurate classification was achieved when score 
0-1 was used to identify mutation-negative and score 2-3 mutation-positive lesions. 
  
  Molecular Status  
 Most Accurate 

Cutoff 
Positive Negative  

Classification 
Based on Total 
Score 

2,3 270 23 293 

0,1 42 97 139 
  312 130 432 
 
Using the established cutoff, the three-point scoring system demonstrated the following performance in 
predicting molecular alterations in the training set: 

 Sensitivity - 86.5% (82.7% - 90.3%) 
 Specificity - 80.8% (73.8% - 87.9%) 
 PPV - 92.2% (89.1% - 95.2%) 
 NPV - 69.8% (62.2% - 77.4%) 
 Classification Accuracy - 85.0% (82.8% - 90.3%) 

 
 
Validation set 
Validation set included 26 new cases, all with the known mutational status (13 mutation positive, 13 
mutation negative). These cases were reviewed and scored by 22 pathologists who were blind to the 
molecular diagnosis. Similar to the training set, mutation-negative cases were more consistently scored 
lower than mutation-positive cases.  
 
Distribution of scores rendered by 22 pathologists and molecular status of cases in the validation set. 
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 Each line connects all pathologists’ scores for a single case.  Pathologists are arbitrarily numbered on the x 
axis. 

 
 
 
Performance of individual pathologists as compared to the average score is shown below.  
 
Mean case score with 95% confidence interval by individual pathologist for cases in the validation 
set.  
The red horizontal line is the grand mean across all cases and all pathologists.   
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Out of the 22 pathologists, 19 had a 95% confidence interval of their mean scores overlap the average score 
for the entire group which was 1.6, whereas 3 pathologists had their scores consistently higher with respect 
to the overall mean.   
 
Using the cutoff established in the training set and mutational status as the reference standard, the three-
point scoring system demonstrated the following performance in the validation set: 

 Sensitivity - 98.6% (96.3% - 99.4%) 
 Specificity - 90.1% (86.0% - 93.1%) 
 PPV - 90.9% (87.1% - 93.7%) 
 NPV - 98.4% (96.0% - 99.4%) 
 Classification Accuracy – 94.3% (92.1% - 96.0%) 

 
 
Distribution score 

In addition to the level of expression of diagnostic nuclear features, EFVPTC are known to have either 
diffuse or multifocal presence of cells with the nuclear features of PTC. The possible contribution of the 
distribution score was assessed in a set of 30 cases used for the validation set that were reviewed by two 
pathologists (RRS, GT) who independently scored the distribution of the cells with nuclear features within 
the nodule.  A logistic regression model for molecular diagnosis as a function of nuclear feature score and 
distribution was fitted.  Analysis of the data showed that both the nuclear score (p=0.0506) and the 
distribution score (p=0.0632) were equally and independently informative for predicting mutational status 
in the 18 test cases.  

Analysis of the distribution score.  Effect of distribution score and nuclear score on log odds of a 
mutation-positive nodule status according to a logistic regression model.   
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However, the addition of the distribution score to the qualitative nuclear score resulted in a small, not 
statistically significant improvement of the accuracy of predicting the mutational status.  

Analysis of the distribution score.  Area under curve (AUC) analysis of nuclear score in isolation and in 
combination with distribution score. 

 

Therefore, in order to avoid unnecessary increase in complexity of histopathological analysis, the 
distribution score was not included as a diagnostic feature of NIFTP. 
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eTable 1. Prevalence of encapsulated follicular variant of papillary thyroid 
carcinoma at different time intervals  
 

Source Setting/ 
Location 

Time 
interval 

Total 
number 
of PTC 

FVPTC 
(% of all PTC) 

EFVPTC 
 (% of all PTC) 

Chan KJ et al., J 
Clin Endocrinol 
Metab 99:E276-

E285, 2014 

University of 
Pittsburgh, PA, 

USA 

1974-
1992 

186 8.1% 4.8% 

2009 230 25.2% 16.1% 

Lupi et al., J Clin 
Endocrinol Metab 

92:4085-4090, 
2007 

University of 
Pisa, Pisa, Italy 

2006 500 22.8% 10.4% 

R. Ghossein, 
unpublished 

MSKCC, New 
York, USA 

1977-
1999 

615 20.0% 14.3% 

2000-
2003 

303 27.7% 23.4% 

PTC, papillary thyroid carcinoma; FVPTC, follicular variant of PTC; EFVPTC, encapsulated follicular variant of PTC 
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eTable 2. Results of molecular analysis of cases initially submitted to 
Group 1 
 
 Cases 

Gene mutation Accepted to final 
Group 1 

Excluded due to 
insufficient nuclear 

features 

Excluded due to the 
presence of higher-
grade exclusion 
criteria  

 n=27 n=5 n=5 
  RAS* 8  2 
     NRAS       (5)       (1) 
     HRAS       (2)       (1) 
     KRAS      (1)   
BRAF K601E 1   
TERT   1 
PPARG fusion 6   
ALK fusion   1 
THADA fusion 6   
TOTAL MUTATION 
POSITIVE 

21 (78%) 0 4 (80%) 

TOTAL MUTATION 
NEGATIVE 

6 (22%) 5 (100%) 1 (20%) 

*Two cases had double mutations: RAS and EIF1AX 
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eTable 3. Summary of the results of the initial review of cases in Group 2 

  

% of 
pathologists 
diagnosing  EF
VPTC 

0%-
9% 

10%-
19% 

20%-
29% 

30%-
39% 

40%-
49% 

50%-
59% 

60%-
69% 

70%-
79% 

80%-
89% 

90%-
99% 

Number of 
cases 
(out of 130 
total) 

0 3 8 5 9 20 28 38 13 6 

25 (19%) 105 (81%) 
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eTable 4. Details of follow-up for patients in Group 2 with adverse outcome 
 
Stud
y # 

Age 
(year

s) 

Se
x 

Type of 
Surgery  

Tum
or 

size 
(cm) 

Capsul
ar 

invasio
n 

Vascul
ar 

invasio
n 

Other 
relevant 
features 

Follo
w-up 
(year
s) 

Findings 
on 

follow-
up 

B2 57 F Total 
thyroidecto
my 

2.3 yes (3 
foci) 

yes (6 
foci) 

RAI 
given, 
bone 
metastasi
s at 
presentati
on 

10.2 Dead of 
disease 

B5 62 F Total 
thyroidecto
my 

5.0 no yes (8 
foci) 

RAI 
given, 
lung 
metastasi
s at 
presentati
on 

15.1 Alive with 
disease 

B8 66 M Total 
thyroidecto
my 

5.0 yes (6 
foci) 

yes (8 
foci) 

RAI 
given, 
bone 
metastasi
s at 
presentati
on 

2.9 Dead of 
disease 

B69 63 F Total 
Thyroidecto
my 

1.0 yes no  2.6 lymph 
node 
recurrenc
e, lung 
metastas
is 

B80 77 M Total 
Thyroidecto
my 

3.5 yes no   2 lung and 
bone 
metastas
es 

B13
0 

29 F Lobectomy 2.0 yes yes   2.6 lymph 
node 
metastas
is, no 
recurrenc
e 

B58 53 F Total 
Thyroidecto
my 

1.0 yes no  7.2 persisten
t disease 
(residual) 

B54 26 F Total 
Thyroidecto
my 

1.5 yes no  10.9 detectabl
e serum 
Tg 

B83 31 F Total 
Thyroidecto
my 

2.7 yes no  1 detectabl
e serum 
Tg 

B84 47 M Total 
Thyroidecto
my 

1.6 yes no  1.7 detectabl
e serum 
Tg 
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B86 30 F Total 
Thyroidecto
my 

2.5 yes no  1 detectabl
e serum 
Tg 

B87 46 F Total 
Thyroidecto
my 

0.6 yes no  1 detectabl
e serum 
Tg 

M  -  Male; F - Female;  Tg - thyroglobulin  
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eTable 5. Summary of cases used as a training set for three-point nuclear 
scoring scheme 
 

Case 
Number 

Nuclear Score              

Molecular 
results 

Nuclear 
size and 
shape   
(Mean)       

Membrane 
irregularities 

(Mean)        

Chromatin 
characteristics  

(Mean)         
Total Score 

(Mean)       

A8 0.95 1.00 1.00 2.95  - 

A26 0.95 0.55 0.95 2.45 PAX8/PPARG 

A27 
0.77 0.73 0.55 2.05 

HRAS; 
EIF1AX 

A29 0.32 0.64 0.14 1.09 NEG  

A35 0.95 0.82 0.91 2.68 NRAS  

A36 0.95 0.73 0.59 2.32 PAX8/PPARG 
A37 0.09 0.00 0.00 0.09 NEG 

A38 
0.64 0.64 0.41 1.68 

NRAS; 
EIF1AX 

A41 0.64 0.36 0.09 1.09  - 
A43 0.68 0.36 0.05 1.09  - 
A46 0.41 0.18 0.05 0.64  - 
A47 0.36 0.18 0.18 0.73 NEG 
A52 0.00 0.14 0.00 0.14  - 
A56 0.64 0.32 0.09 1.05  - 
A58 0.45 0.36 0.55 1.32 NEG 

A59 0.50 0.91 0.68 2.09 THADA fusion 
A60 0.14 0.14 0.00 2.95   

A62 1.00 0.73 0.95 2.68 HRAS  
A73 0.95 1.00 0.77 2.73  - 
A79 0.95 0.86 0.50 2.32  - 
A80 0.45 0.23 0.05 0.73  - 
A102 1.00 1.00 1.00 3.00  - 
A111 0.91 0.91 0.95 2.77  - 
A120 0.91 0.09 0.68 1.68 NRAS 
A121 0.41 0.14 0.00 0.55 NEG 

A126 0.82 1.00 0.95 2.77 THADA fusion 

A127 0.91 1.00 0.91 2.82 PAX8/PPARG 

A128 0.95 0.82 0.82 2.59 BRAF K601E  
A134 0.95 0.77 0.36 2.09 PAX8/PPARG 

A136 1.00 0.27 0.68 1.95 KRAS 
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eTable 6. Summary of cases used as a validation set for three-point nuclear 
scoring scheme 
 

Case 
Number 

Nuclear Score              

Molecular 
results 

Nuclear 
size and 
shape   
(Mean)       

Membrane 
irregularities 

(Mean)        

Chromatin 
characteristics  

(Mean)         
Total Score 

(Mean)       

A49 0.91 1.00 0.91 2.82 THADA fusion 

A157 0.14 0.09 0.05 0.27 NEG 
A123 0.82 0.55 0.82 2.18 PAX8/PPARG 
A124 1.00 0.64 0.95 2.59 HRAS 

A152 0.14 0.18 0.50 0.82 NEG 
A158 0.09 0.09 0.00 0.18 NEG 
A145 1.00 0.86 1.00 2.86 NRAS 

A129 0.82 0.95 0.91 2.68 THADA fusion 
A153 0.77 0.14 0.00 0.91 NEG 
A137 1.00 1.00 0.82 2.82 PAX8/PPARG 
A138 1.00 0.91 1.00 2.91 NRAS 
A151 0.05 0.09 0.05 0.18 NEG 
A150 0.05 0.00 0.00 0.05 NEG 
A140 1.00 0.73 0.77 2.50 PAX8/PPARG 
A156 0.05 0.05 0.00 0.09 NEG 

A141 0.86 0.68 0.95 2.50 HRAS
A155 0.18 0.50 0.09 0.77 NEG 

A131 0.82 1.00 1.00 2.82 ALK fusion 
A149 0.50 0.09 0.32 0.91 NEG 
A143 1.00 0.50 1.00 2.50 NRAS 
A154 0.23 0.23 0.09 0.55 NEG 
A130 1.00 0.82 1.00 2.82 THADA fusion 
A146 0.14 0.09 0.23 0.45 NEG 
A147 0.45 0.27 0.27 1.00 NEG 
A144 0.86 0.86 1.00 2.73 NRAS 

A148 0.32 0.18 0.23 0.73 NEG 
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eTable 7. Estimation of worldwide incidence of NIFTP  
Source Parameter Value Result 
Ferlay J. et al (2012)1 Total number of new cases of 

thyroid cancer worldwide  
298,000 298,000 

Aschebrook-Kilfoy B. et 
al. (2011) 2 

Percentage of papillary thyroid 
carcinoma (PTC) among all thyroid 
carcinomas 

84% 250,320 

Estimation based on 
unpublished data3 

Percentage of encapsulate follicular 
variant of PTC with no invasion 
among all PTC 

18.6% 46,560 

 

1Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin DM, Forman D, Bray F. Cancer incidence and 
mortality worldwide: sources, methods and major patterns in GLOBOCAN 2012. Int J Cancer. 2015 Mar 1;136(5):E359-
86. 
 
2SEER data (Aschebrook-Kilfoy B, Ward MH, Sabra MM, Devesa SS. Thyroid Cancer Incidence Patterns in the United 
States by Histologic Type, 1992–2006. Thyroid. 2011 Feb;21(2):125-34).  
 
3Estimation of the proportion of EFVPTC without invasion among all currently diagnosed PTC 
 

Source Setting/ 
Location 

Time 
interval 

Total 
number 
of PTC 

Analysis 
performed FVPTC EFVPTC 

EFVPTC 
with no 
invasion 

G. Tallini, 
unpublished 

Bellaria 
Hospital, 

Bologna, Italy 

2000-
2015 

523 
Hospital 
database 

search 
22.4% 20.7% 13.6% 

M. Papotti, 
unpublished 

San Luigi 
Hospital, 

Turin, Italy 

2005-
2014 

409 
Hospital 
database 

search
36% 36% 25% 

F. Basolo, 
unpublished 

Hospital of 
Pisa, Pisa, 

Italy 

2000-
2004 

2197 
Hospital 
database 

search
43.4% 22.7% 18.7% 

R. Ghossein, 
unpublished 

MSKCC, NY, 
USA 

2000-
2003 

303 
Pathology 

slide review 
27.7% 23.4% 18.8% 

 
Mean – 
18.6%  
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eFigure 1. Illustration of selected major and minor diagnostic features of 
EFVPTC used by majority of the working group pathologists.   
Major diagnostic features: (A) – Nuclear pseudoinclusion (arrow); (B) – Nuclear grooves (arrows). Minor diagnostic 
features: (C) – Dark colloid in the tumor follicles (T) as compared to the adjacent normal tissue follicles (N); (D) – 
Irregularly-shaped follicles with haphazard placement of follicular cell nuclei along the basement membrane of the follicle; 
(E) – “Sprinkling” of the follicles lined by cells showing the characteristic nuclear features of PTC (arrows) on the 
background of follicles with benign appearing cells; (F) – Follicles clefting from stroma; (G) – Multinucleated giant cells 
within follicles; (H) – Intratumoral fibrosis.  A-H – H&E stain; A,B,D,G -  - 400X; C,H – 100X; E,F – 200X. 
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eFigure 2. Results of initial review of cases in Group 1 by 24 pathologists 
and representative images of cases. 
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eFigure 3. Illustration of vascular (A) and capsular (B) invasion in a case 
from Group 2.  
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eFigure 4. Visual guide for scoring nuclear features using the three-point 
scoring scale.  
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