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Abstract
The assessment of capsular invasion is an essential but challenging step in the diagnosis of encapsulated follicular thyroid
neoplasms. Therefore, interobserver agreement in the assessment of capsular invasion in these tumors was investigated among
11 thyroid pathologists by using virtual slides of 20 cases in which the original diagnosis considered the differential diagnosis of
definite capsular invasion versus questionable capsular invasion. The assessment of capsular invasion was divided into three
categories: (1) non-invasive, (2) questionable invasive, and (3) clear-cut invasive. The interobserver agreements for clear-cut
invasive and non-invasive categories were fair (Kappa value = 0.578 and 0.404, respectively), whereas agreement for the
questionable invasion was poor (Kappa value = 0.186). Disagreements in the assessment of invasion resulted in variable final
pathological diagnoses. For example, the agreement for a diagnosis of malignancy was only fair (Kappa value = 0.545).
Moreover, pathologists did not have a uniform approach for rendering a final diagnosis in cases with questionable capsular
invasion, though nine of 11 pathologists did use the follicular tumor of uncertain malignant potential diagnosis as proposed by the
World Health Organization classification of endocrine organs published in 2017. In conclusion, this study revealed considerable
interobserver variation in the evaluation of capsular invasion, especially in follicular neoplasms with questionable invasion.
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Introduction

Follicular thyroid carcinoma (FTC) is the second most com-
mon malignancy arising in the thyroid gland, which accounts
for 6–10% of thyroid carcinomas [1, 2]. The distinction be-
tween follicular adenoma (FA) and FTC is based on conven-
tional criteria of malignancy, namely a presence of capsular or
vascular invasion. FTC was traditionally divided into

minimally invasive and widely invasive according to the ex-
tent of capsular invasion. It is suggested that vascular invasion
may be a better indicator of more aggressive malignancy than
capsular penetration alone [3–6]. Minimal risk of recurrent
disease or distant metastasis was reported in patients with
minimally invasive (capsular invasion only) FTC, and there-
fore a lobectomy has been suggested as an adequate treatment
[7]. In the latest World Health Organization (WHO)
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classification, FTC was subclassified into three groups: (1)
minimally invasive (capsular invasion only) FTC, (2) encap-
sulated angioinvasive FTC, and (3) widely invasive FTC [1].

The epidemiology of FTC is not well established because
of variable diagnostic criteria among pathologists over time
[8, 9]. Analysis of the National Cancer Institute’s
Surveillance, Epidemiology, and End Results (SEER) data-
base from 1980 to 2009 revealed that the ratio of papillary
thyroid carcinoma (PTC) to FTC increased from 3.98 in
1980–1984 to 9.88 in 2005–2009 [10]. A marked regional
difference in incidence rates was reported, raising possible
questions about the uniformity of diagnosis [10]. Although
the binary definition of capsular invasion (present vs. absent)
supposed to be similar throughout the world, classification of
the extent of capsular invasion was shown to be variable in
different settings, affected by histological sampling, personal
experience, and diagnostic criteria [11].

The precise definition of capsular invasion lacks consen-
sus. Although there is universal agreement that complete
transgression of the capsule constitutes unequivocal capsular
invasion [12], some authorities indicated partial but incom-
plete penetration of the capsule by the tumor as being suffi-
cient to qualify for invasion, and therefore for a diagnosis of
carcinoma [13, 14]. However, a consensus regarding the sig-
nificance of such a finding is not yet reached. The Chernobyl
Pathologists Group proposed the term follicular tumor of un-
certain malignant potential (FT-UMP) for encapsulated
follicular-patterned tumors lacking papillary carcinoma like
nuclear features or vascular invasion for which controversy
can exist about the degree of capsular penetration [15]. This
terminology was further included in the 2017 WHO classifi-
cation and coded as a tumor with unspecified, borderline, or
uncertain behavior [1]. Capsular invasion remains a contro-
versial topic in the diagnosis of encapsulated follicular thyroid
tumors [16, 17]. It has resulted inmany encapsulated follicular
lesions with questionable capsular invasion being sent to thy-
roid pathology experts for the second opinion. There may be
significant disagreement with the primary pathologist’s diag-
nosis at the time of consultation or on the retrospective review
[8, 18]. One important reason might fall into the difficulty of
deciding whether a minor degree of capsular penetration jus-
tifies a diagnosis of malignancy [18].

The most recent studies on interobserver variation in
the thyroid pathology were focused on evaluation of
PTC-nuclei [19, 20], but now paradigm “benign versus
malignant” is shifting from PTC-nuclei to “invasion ver-
sus non-invasion,” therefore, more studies on this par-
ticular topic might be needed to establish diagnostic
consensus for malignancy (FTC) and FT-UMP. The
present study was performed within the network of the
Asian Working Group in Thyroid Pathology [21]. We
aimed to evaluate the interobserver concordance in the
histopathological evaluation of the degree of capsular

invasion in follicular thyroid tumors with a special em-
phasis on the cases with uncertain invasion.

Materials and Methods

Cases 1–10 were enrolled from Jiangsu Institute of Nuclear
Medicine, Wuxi, China, between 2017 and 2018 after the
institutional review board approval. Cases 11–20 were recruit-
ed from Shandong Provincial Hospital Affiliated to Shandong
University, Jinan, China, between 2016 and 2018 after the
institutional review board approval. All cases were encapsu-
lated or partly encapsulated thyroid lesions showing follicular
growth pattern in which the original diagnosis considered the
differential diagnosis of definite capsular invasion versus
questionable invasion. Any cases with suspected post-FNA
changes in the capsule were excluded. The sampling proce-
dure was similar for all the cases. Tissue samples were fixed
immediately after surgery in 10% neutral buffered formalin
for a mean period of 24–72 h, depending on the specimen
size. The total number of paraffin blocks taken from the spec-
imen was decided by the longest dimension of the tumor in
centimeters. Two to three blocks per centimeter of the solitary
encapsulated nodule were sampled. A single or two represen-
tative whole tissue slides per case were scanned with a 20×
objective and made into whole-slide images (Nanozoomer
2.0-HT c10730-12, Hamamatsu, Japan). Corresponding com-
mercial web browser–based image viewer was used for re-
mote review. Eleven expert pathologists in thyroid pathology
from five Asian countries were invited to review the cases
remotely (available online at https://qp.91360.com/topic/97.
html, password 20180605). The pathologists were assigned
random numbers, which were unrelated to their listed
alphabetical order as coauthors. No clinicopathological data
were provided at the time of review.

An Excel spreadsheet for data collection and instructions
for evaluation of the cases were provided. Review results in-
cluded a status of capsular/vascular invasion and selecting the
most appropriate diagnostic terminology for each case. An
additional questionnaire including the number of years as a
practicing pathologist and an approximate number of thyroid
surgical cases per year, proportion of thyroid malignancies
among all thyroid surgical specimens, institutional diagnostic
rate of PTCs (including microcarcinoma), FTCs, and FAs, the
adoption of FT-UMP terminology in routine practice, how to
sample the capsule of grossly encapsulated solitary thyroid
nodules, how to confirm vascular invasion, how to solve chal-
lenging cases with questionable invasion, how to report cap-
sular invasion and vascular invasion in routine pathology re-
port, and diagnostic criteria of capsular/vascular invasionwere
collected.

Capsular invasion, according to the degree, was graded into
three categories based on the 2017 WHO classification [1],
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including (1) non-invasive, (2) questionable invasive, and (3)
clear-cut invasive. The diagnostic criteria of capsular and vascu-
lar invasion in all the participating institutions were adopted from
the recommendations of the College of American Pathologists
(CAP) protocol [22], largely reproducing interpretations from JK
Chan [12]. Figure 1a demonstrates a case with a consensus
among pathologists that tumor cells totally transgress the capsule
invading beyond capsule qualifying as clear-cut invasive.
Figure 1b shows a distinct lesion composed of irregular follicles
surrounded by a thick capsule. All the pathologists classified this
lesion as non-invasive. The following common scenarios were
considered as questionable invasive: cells connected with the
main tumor nodule invade into but not completely through the
capsule, thick and irregular capsule pushed by the tumor cells,
and small nests of tumor cells aligned parallel to the capsule
without a connection with the main tumor mass [1, 17].

The degree of the interobserver agreement for the capsular
invasion was assessed by Cohen’s kappa statistics [23, 24].
The kappa statistic (kappa coefficient) uses 1 to indicate per-
fect agreement and 0 indicating agreement by pure chance
alone. Values of kappa were interpreted as follows: less than
0.40, poor agreement; 0.41–0.59, fair agreement; 0.60–0.74,
good agreement; and above 0.75, excellent agreement [24].
Results were considered significant at a P value of less than
0.05. Statistical analysis was performed using STATA soft-
ware 15.1(Version 11; Stata Corp, College Station, TX).

Results

Differences in Pathology Practice Handling FTC

The years of practice as a pathologist were between 3 and 40,
with an average experience of 18.6 years. The mean number of
thyroid surgical cases reviewed (primary diagnosis and

consultation) by each pathologist was 962 per year. The annual
incidence of FTC ranged from 1% to 5% of all thyroid surgical
specimens, and the proportion of minimally invasive FTCs
among all FTCs ranged 75–100%. Six pathologists from South
Korea, India, and Taiwan stated that they would examine the
whole capsule of a grossly encapsulated solitary thyroid nodule.
Other participants (from China and Japan) preferred taking two
to three representative blocks per centimeter of an encapsulated
follicular tumor. In challenging cases with questionable invasion,
deeper levels of the paraffin blocks and additional sampling of
the remaining capsule from formalin-fixed samples were usually
employed to seek for definite invasion. More options for ques-
tionable invasion included special stains (endothelial markers for
angioinvasion, histochemistry for elastic fibers) and the outside
consultation. Nine of 11 pathologists have adopted FT-UMP
terminology in their routine practice.

Interobserver Agreement on Assessment of Capsular
Invasion by the Three-tiered Classification

The interobserver variation for the degree of capsular invasion
is shown in Table 1. Fair agreements fell in the judgment of
non-invasive lesion (Kappa value = 0.404) and clear-cut inva-
sive tumors (Kappa value = 0.578). A poor diagnostic agree-
ment was obtained for questionable invasive status (Kappa
value = 0.186). A simple binary classification of capsular in-
vasion (present vs. absent) was also provided in the evaluation
sheet. Fair agreement (Kappa value = 0.555) was demonstrat-
ed for the invasive tumors after binary classification.

Variability in Interpretation of Questionable Invasion

Complete agreement on clear-cut invasive and non-invasive
was reached in four (case 1, case 10, case 12, case 16) and one
(case 17) of 20 cases, respectively (Fig. 2).

Fig. 1 Evaluation of capsular invasion in follicular thyroid neoplasms. a
Neoplastic tumor nests penetrate the entire thickness of the tumor capsule.
All pathologists diagnosed this area as clear-cut invasive (case 12). b The

encapsulated lesion shows an irregularly follicular architecture
surrounded by a well-formed fibrous capsule (case 17). All participants
regarded this lesion as non-invasive
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The questionable invasion was a common choice (in 14/20
cases, by at least one pathologist); however, it was handled
differently among the experts. For instance, pathologist 7 fre-
quently accepted such cases as positive for invasion and made
a high rate (9/20) of FTC diagnosis, in contrast, pathologist 9
did not accept most of them as positive for invasion and had
the highest rate (8/20) of borderline diagnoses (Fig. 2).

Variability in Interobserver Agreement
for the Assessment of Capsular Invasion

Questionable invasive cases were further intuitively divided
into two subtypes—questionable, incomplete invasive bearing
higher suspicion of malignancy and questionable, favor non-
invasive bearing lower suspicion of malignancy. Figure 3a

shows questionable, incomplete invasive subtype with partial
penetration of the capsule. Figure 3b shows questionable, fa-
vor non-invasive subtype with parallel tumor bud within fi-
brous or tightly cling to the external border of the capsule.
Reviewers suggested a follicular neoplasm with questionable
invasion to be warranted more additional sampling (deeper
sections or more gross sampling) to seek definite invasion.

Six of 11 pathologists have adopted a four-tiered system
including questionable, favor non-invasive and questionable,
incomplete invasive, intending further to assess the risk of the
tumors with questionable invasion. However, five patholo-
gists did not use the criterion of “questionable, incomplete”
invasive. Accordingly, we divided pathologists into two
groups: group 1 (P1, P4, P6, P7, and P9) used 3-tiered classi-
fication and group 2 (P2, P3, P5, P8, P10, and P11) used 4-
tiered classification (Table 2 and Fig. 2). The interobserver
agreement for clear-cut invasive tumors was higher in group
1 (Kappa value = 0.649) than in group 2 (Kappa value =
0.487) (Table 2 and Fig. 2).

Interobserver Agreement on the Pathological
Diagnosis

Figure 4 demonstrates benign, malignant, and borderline rates
of histopathological diagnoses of 20 encapsulated follicular
thyroid tumors for each pathologist. The interobserver

Fig. 2 Evaluation of capsular invasion and histopathological diagnoses
of 20 encapsulated follicular thyroid neoplasms by 11 pathologists. 1,
non-invasive (green cell); 2, questionable, favor non-invasive (yellow
color); 3, questionable, incomplete invasive (orange color); 4, clear-cut
invasive (red color). FA, follicular adenoma; AN, adenomatous nodule;
FT-UMP, follicular tumor of uncertain malignant potential; WDT-UMP,
well-differentiated tumor of uncertain malignant potential; WDC-NOS,
well-differentiated tumor, not otherwise specified; NIFTP, non-invasive

follicular thyroid neoplasm with papillary-like nuclear features;
ENCPTC, encapsulated variant of papillary thyroid carcinoma;
IENCPTC, encapsulated variant of papillary thyroid carcinoma with
invasion; MIFTC, minimally invasive follicular thyroid carcinoma;
EAFTC, encapsulated angioinvasive follicular thyroid carcinoma;
WIFTC, widely invasive follicular thyroid carcinoma; PDC, poorly
differentiated carcinoma.Malignant tumors (red color), borderline tumors
(yellow color), benign lesions (green color)

Table 1 Interobserver variability in the assessment of degree of the
capsular invasion among 11 pathologists

Kappa statistic Kappa Z Prob

Non-invasive 0.404 13.40 0.000

Clear-cut invasive 0.578 19.16 0.000

Questionable invasive 0.186 6.15 0.000

Invasive or nota 0.555 18.41 0.000

aA binary classification of capsular invasion (present vs. absent) was
assessed
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agreement for the diagnosis of malignancy was fair (Kappa
value = 0.545). In contrast, only poor agreement fell for the
diagnosis of borderline tumors, including FT-UMP, well-
differentiated tumor of uncertain malignant potential (WDT-
UMP), and non-invasive follicular thyroid neoplasm with
papillary-like nuclear features (NIFTP) (Kappa value =
0.217) (Table 3). As a result, we could not achieve high kappa
values in differential diagnoses of benign, borderline, and ma-
lignant status in encapsulated follicular-patterned neoplasms
(Table 3).

Discussion

We revealed wide interobserver variation in the interpretation
of capsular invasion in the diagnostically challenging cases of
encapsulated follicular-patterned thyroid tumors. In this study,
all pathologists considered the separation of minimally inva-
sive FTC from benign follicular tumors could be a significant
challenge today even after the adoption of the new terminol-
ogies and definitions in the fourth edition WHO classification
tumors of endocrine organs. The FA is defined as a tumor
displaying no invasion. The minimally invasive FTC is

Fig. 3 Evaluation of questionable capsular invasion in follicular thyroid
neoplasms. a Four pathologists regarded this area as questionable,
incomplete invasive because the sharp bud has partially penetrated the
fibrous capsule but seems not to reach beyond an imaginary line drawn
along the external border of the capsule (case 1). b Tumor cell nests are

parallel aligned and are tightly clung to the outer edge of the capsule. Note
that the growth pattern of the tumor bud is similar to that of the primary
tumor mass (case 5). Five pathologists considered this area as
questionable, favor non-invasive.

Table 2 Interobserver variability
of the evaluation of the degree of
capsular invasion among
pathologists using three-tiered
classification or four-tiered
classification

Group 1 using three-tiered
classification

Group 2 using four-tiered
classification

Category Kappa Z Prob Kappa Z Prob

Non-invasive 0.374 5.29 0.000 0.408 7.06 0.000

Clear-cut invasive 0.649 9.18 0.000 0.487 8.44 0.000

Questionable, incomplete invasive NA NA NA 0.086 1.48 0.069b

Questionable, favor non-invasive 0.123 1.74 0.041 0.062 1.07 0.141b

Invasive or nota 0.621 8.79 0.000 0.469 8.12 0.000

Group 1 consists of five pathologists: P1, P4, P6, P7, and P9

Group 2 consists of six pathologists: P2, P3, P5, P8, P10, and P11

The term questionable, incomplete invasive means high suspicion of invasion but not definite whereas question-
able, favor non-invasive means low suspicion of invasion but not define non-invasive

NA, not applicable
a A binary classification of capsular invasion (present vs. absent) was assessed
b There was no kappa agreement
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defined as a malignant tumor presenting limited but definite
capsular invasion. The terminology FT-UMP for an encapsu-
lated follicular-patterned tumor lacking nuclear features of
PTC, but with questionable capsular/vascular invasion was
recommended in the 2017 WHO classification of thyroid tu-
mors [1]. A newly introduced borderline tumor category was
proposed to solve the diagnostic difficulty and minimize both
overdiagnosis and overtreatment of thyroid cancers [1, 15,
25]. Nine of 11 pathologists in this study have adopted FT-
UMP terminology in their routine practice. The FA, FT-UMP,
and FTC are defined as tumors displaying no nuclear features
of PTC. Although the current study focused on capsular inva-
sion in the diagnosis of FA, FT-UMP, and FTC, some re-
viewers recognized PTC-like nuclear features and variably
classified those cases in either NIFTP, WDT-UMP, or PTC
(Fig. 2).

To elucidate diagnostic criteria for questionable capsular
invasion placed between non-invasive and definite invasive
categories, we provided two additional subtypes: question-
able, favor non-invasive (lower suspicion of malignancy)
and questionable, incomplete (higher suspicion of malignan-
cy) invasion without specifying detailed criteria—those judg-
ments were initially left to each pathologist’s concepts.
However, the two subtypes had been handled very differently
among pathologists and very poor agreements were demon-
strated, therefore, having no practical impact. The worst kappa
agreement fell for the questionable, incomplete invasive cate-
gory (Kappa value = 0.035). Five of 11 pathologists, in the

adoption of a three-tiered classification (non-invasive, ques-
tionable invasive, or clear-cut invasive) preferred not to use
the “incomplete” criterion. They achieved a good agreement
(Kappa value = 0.649) for clear-cut invasive, which was in-
creased comparedwith the initial Kappa value of 0.578 among
all pathologists. The kappa value for invasive lesions was
slightly reduced as 0.555 after applying the binary classifica-
tion of capsular invasion (present vs. absent) compared with
the initial kappa value of 0.578. It seems that adherence to the
three-tiered classification including questionable invasive to
make better concordance for the evaluation of definite
invasion.

Although all pathologists commonly accepted JK Chan
charts [12] as diagnostic standard, a consensus regarding the
grading of capsular invasion in follicular thyroid neoplasms is
still lacking [26]. Our study revealed wide discrepancies
among the pathologists in the interpretation of controversial
capsular invasion. This interobserver variation may be caused
by the individual perception of what constitutes capsular in-
vasion, and such threshold depends on working experience,
educational background influenced by the particular mentor,
geographic differences, etc. [27]. As the discrimination of an
FA from a UMP tumor or carcinoma relies only on the histo-
logical evaluation of the presence of angioinvasion or capsular
invasion [1], patient management may vary considerably—
from lobectomy for FA and UMP to total thyroidectomy with
or without radioactive iodine (RAI) 131 for FTC according to
the wide diagnostic discrepancy [28].

It has been generally acknowledged that FTC with capsular
invasion only (minimally invasive FTC) displays a very indo-
lent behavior [28]. Robinson et al. analyzed 419 FAs and 21
FTCs with capsular invasion only. They found FTCs with
capsular invasion only behaved similarly to FAs with 100%
disease-free survival on up to 16 years of follow-up [29].
Goffredo et al. demonstrated that only two patients died of
minimally invasive FTC among 1200 FTC patients, and the

Fig. 4 Histopathological
diagnoses of 20 cases stratified
into benign, borderline, and
malignant categories. Malignant
tumors (orange color), borderline
tumors (gray color), benign
lesions (blue color)

Table 3 Diagnostic concordance rate for follicular thyroid neoplasms
among 11 pathologists

Kappa statistic Kappa Z Prob

Kappa for benign lesions 0.459 15.21 0.000

Kappa for borderline tumors 0.217 7.18 0.000

Kappa for malignant tumors 0.545 18.08 0.000
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overall survival was comparable to the general US population
[30]. Although the previous edition of the American Thyroid
Association (ATA) guidelines recommended total thyroidec-
tomy and radioactive iodine ablation to all thyroid carcinomas
larger than 1 cm, the most recent ATA clinical guidelines
recommended a more conservative lobectomy to FTC with
capsular invasion alone [28]. The guidelines published by
the National Comprehensive Cancer Network (NCCN) also
suggest that thyroid lobectomy alone may be adequate for
minimally invasive FTC [31]. The European Society of
Endocrine Surgeons published a consensus report on mini-
mally invasive FTC recommending thyroid lobectomy for
neoplasms with capsular invasion only, confined to the thyroid
gland, < 4 cm, and in patients < 45 years [32].

In his recent editorial, Suster S. indicated that it could well
be that a properly conducted study may lead to a reclassifica-
tion of minimally invasive follicular thyroid carcinoma with
only capsular invasion to the “invasive follicular tumor with
indolent behavior.” [17]. In our study, there was general agree-
ment among the institutional strategies on patient manage-
ment (a lobectomy alone is an adequate treatment to minimal-
ly invasive FTCs), so treatment options did not significantly
influence by the diagnostic discrepancy. Furthermore, most
pathologists in this study indicated that lobectomy only might
be the treatment choice at their respective institutions for FA,
UMP, and minimally invasive FTC with capsular invasion
only as long as the tumors are encapsulated and intrathyroidal.
Recently, Kakudo et al. proposed a group terminology of low-
risk intrathyroidal neoplasia (LRIN) which encompass thyroid
follicular cell tumors currently classified in different histo-
pathological categories, such as benign (FA), borderline
(UMP), and low-risk thyroid follicular cell carcinoma (papil-
lary microcarcinoma, minimally invasive FTC, and encapsu-
lated PTC) [33], which have a very low risk of disease recur-
rence after a complete excision, i.e., curative with lobectomy
alone [28–30, 33, 34]. Interestingly, after dividing the lesions
in this study into two treatment groups, LRIN to which a
lobectomy is an adequate treatment option, and higher-risk
malignancy treated by total thyroidectomy with RAI ablation,
there was majority agreement (six or more pathologists) on the
diagnosis in all (100%) of 20 cases, suggesting that terminol-
ogy of LRIN might enhance an interobserver reproducibility.

The present study used virtual slides, which made it possi-
ble to evaluate the whole representative HE sections in each
case. We believe that virtual slides are superior to still images
in representing a real diagnostic situation [19]. The limitations
of this study include an absence of long-term follow-up data
and molecular testing results of these patients because the
cases enrolled in this study were selected between 2016 and
2018. There have been several reports on interobserver varia-
tion in diagnosis of thyroid tumors since the mid-1970s
[18–20, 23, 27, 35–38]; however, the present study was fo-
cused explicitly on capsular invasion alone and, most

importantly, this is the only study on the topic in the post-
2017 era when several borderline entities were introduced in
the new WHO classification. We believe that contemporary
interobserver variability studies on diagnostically challenging
entities are not only of theoretical or conceptual significance
but could also serve arguments in some instances of malprac-
tice claims [39]. It is well known that thyroid cancer is not an
uncommon subject of litigation, particularly in Western coun-
tries [40–42].

In conclusion, although there is a common agreement that
complete transgression of the capsule is diagnostic for malig-
nancy, recognition of the extent of capsular invasion is asso-
ciated with a great deal of subjectivity. Interobserver agree-
ment of capsular clear-cut invasion may be improved by the
utility of three-tiered classification, including questionable in-
vasion. The borderline thyroid tumors remain a challenging
entity to diagnose in daily pathology practice. Given the rela-
tively small numbers of cases at any single institution, a multi-
center collaboration with central pathology review in conjunc-
tion with prognostic outcomes and molecular background
would be highly anticipated to clarify this issue.
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