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Introduction

Well-differentiated papillary thyroid carcinoma (PTC) is 
the most common malignancy of the endocrine organs. In 
many industrialized countries, there is a consistent increase 
in the frequency of thyroid cancer, which is not only 
because of environmental causes but also because of 
changes in diagnostic techniques and pathological crite-
ria.1-7 Multifocal and bilateral involvement of the thyroid 
gland and frequent lymph nodal metastasis are hallmarks 
of PTC. Most thyroid cancers are highly treatable and cur-
able with surgery alone or in combination with other 

treatments. Multifocality and bilaterality are variable from 
case to case, and often unpredictable. Recent molecular 
techniques with clonal studies have elucidated to some 
extent the role of intraglandular spread as a mechanism of 
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Abstract
Introduction. Mapping of different foci in multifocal papillary thyroid carcinoma (PTC) has previously not been done as it is 
difficult to do so when thyroid specimens are serially sectioned transversely (ie, parallel to the horizontal plane). In this 
study, thyroidectomy specimens were serially sectioned coronally (ie, parallel to the largest surface of the thyroid gland), 
which allows for panoramic and 3-dimensional visualization of PTC foci and their relationship to one another. Materials 
and methods. A total of 125 consecutive total thyroidectomies or lobectomies followed by completion thyroidectomies 
were serially sectioned coronally and reviewed with identification and characterization of PTC foci. PTCs were grouped 
into either discrete, encapsulated nodule(s) (EN) of both follicular or papillary architecture, usual variant (UV), or tall 
cell variant (TCV). Results. The predominant tumor masses were identified in the right lobe, isthmus, and left lobe in 
52%, 8%, and 40%, respectively. The largest tumor nodules ranged from 3 to 60 mm (18.8 ± 6.6) with the UV, EN, 
and TCV groups accounting for 58%, 24%, and 18% of cases, respectively. Three topographic patterns of PTC can be 
distinguished as follows: (a) single tumor nodule (37 cases), (b) main tumor nodule with satellite nodule(s) displaying no 
or varying degrees of fusion with the main one (30 cases), and (c) main tumor nodule with either a second large nodule 
or randomly occurring tumor nodules (58 cases). Bilaterality can be seen in all 3 patterns but was most prevalent in 
the group comprising the main tumor nodule with either a second large nodule or random tumor nodules. It was least 
frequent in the EN group without random tumor nodules. The difference in rates of bilaterality between tumors <10 mm 
and ≥10 mm was statistically significant (P < .01). For all 3 groups, satellite nodules displayed histopathological features 
that were similar or dissimilar to the main tumor mass. They may be of a different variant than that of the main tumor 
nodule. Conclusions. With panaromic and 3-dimensional visualization, individual tumors/satellite or random nodules of 
multifocal PTC were readily identified in serial coronal sections of thyroidectomy specimens. Bilaterality was frequently 
observed in tumors associated with random PTC foci, whereas, the EN group tended to be unilateral and was not 
associated with random foci.
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multifocality.8,9 However, other studies support the devel-
opment of independent foci with different clones of PTC, 
thus favoring multicentricity.10-12 The latter is further sup-
ported by the difficulty in identification of intraglandular 
lymphatic invasion in thyroid tissue harboring PTC and 
the cytohistomorphological diversity of multicentric 
PTC.12 Study of the topographic distribution of PTC foci 
may be helpful to characterize the differential distribution 
patterns of multifocal PTC as well as to elucidate the 
mechanism of multifocality and to enhance our under-
standing of tumor progression. However, topographic 
mapping of different PTC foci has previously not been 
performed as it is often limited by the current technique of 
tissue sampling with serial transverse sectioning (parallel 
to horizontal plane) of the thyroid that tends to divide 
tumor foci into multiple sections. In this study, topographic 
mapping with panoramic visualisation of PTC foci in thy-
roid specimens sectioned in a plane parallel to the largest 
surface of the gland (coronal plane) was performed.

Materials and Methods

Thyroid specimens (total thyroidectomies or lobectomies 
followed by completion thyroidectomies) were fixed in 
10% neutral buffered formalin. After inking the outer sur-
faces (left lobe, green; isthmus, yellow; right lobe, black), 
the entire gland or lobe was serially sectioned coronally 
into 3- to 5-mm slices. Care was taken so that at least one 
giant section of the entire specimen was obtained. 
Depending on the anterior-posterior diameter of the speci-
men, at least 2 (when available) or alternate giant sections 
were selected for microscopic examination by dividing 
them into smaller sections using a grid pattern. The most 
anterior and posterior giant sections were serially sec-
tioned transversely in order to visualize the inked resection 
margins on microscopic sections. All giant sections were 
photographed before being divided and all routine sections 
were properly recorded to enable the reconstruction of the 
giant sections at microscopic examination.

Consecutive specimens of total thyroidectomies or 
lobectomies followed by completion thyroidectomies sec-
tioned in the coronal plane were reviewed with identifica-
tion and characterization of PTC foci. PTC was diagnosed 
with current criteria and reviewed with consensus between 
3 pathologists specialized in thyroid pathology. PTCs were 
grouped into encapsulated nodule(s) (EN) of both follicular 
or papillary architecture, usual variant (UV), and tall cell 
variant (TCV). The latter was defined as PTC that exhib-
ited tall cell features in at least 50% of the tumor. Each 
group was stratified according to the maximum dimension 
into tumors measuring <10 mm, 10 to 20 mm, and >20 mm. 
Additional foci of PTC smaller than the largest tumor nod-
ule were arbitrarily designated as either satellite or random 
nodules based on the distance from the main tumor nodule, 

that is, less or greater than 3 mm, respectively (approxi-
mately the thickness of the tissue block). Cases without 
complete or nearly complete (<80%) submission of thyroid 
tissue were excluded from the study. To simplify the study, 
diffuse sclerosing PTC were excluded from the study. All 
slides were screened for lymphovascular invasion. Areas 
with questionable lympho/vascular invasion and lympho 
versus vascular were reviewed by at least one of patholo-
gists. In addition these areas were immunostained for CD31 
(Dako, Glostrup, Denmark, Catalog M0823, dilution 
1:100), CD34 (Leica MicroSystems, Richmond Hill, 
Ontario, Canada, Catalog No: PA0212; for vascular inva-
sion) and D2-40 (Dako, Catalog M3619, dilution 1:100; for 
vascular invasion). Immunohistochemical staining was 
performed on formalin-fixed tissue sections using the 
BOND-MAX automated system (Leica). Statistical analy-
sis was performed using SISA software.

Results

A total of 125 consecutive specimens comprising 77 UV, 
30 EN, and 18 TCV were evaluated. The patient popula-
tion exhibited a female predominance (3:1 ratio) with ages 
ranging from 23 to 76 years (54 ± 12 years). The predomi-
nant tumor masses were located in the right lobe, isthmus, 
and left lobe in 52%, 8%, and 40% of cases. Tumors ranged 
from 3 to 60 mm (18.8 ± 6.6 mm) with tumors <10 mm, 10 
to 20 mm, and >20 mm accounting for 12, 39, and 26 cases 
of UV; 3, 7, and 20 cases of EN; and 4, 6, and 8 cases of 
TCV, respectively.

Table 1 shows the 3 PTC groups stratified into tumors 
measuring <10 mm, 10 to 20 mm, and >20 mm. These are 
further subcategorized according to the distribution pat-
tern of the main tumor nodule and the smaller tumor foci 
as follows:

(a) � Single tumor nodule in one lobe with or without 
contralateral foci (Figures 1 and 2)

(b) � Single tumor nodule in one lobe associated with a 
satellite nodule or cluster of satellite nodules adja-
cent to the main tumor with or without contralateral 
foci (Figures 3 and 4)

(c) � Single tumor nodule associated with a second large 
nodule greater than 1 cm in diameter, regard less 
location or random foci in one or both lobes with or 
without contralateral foci (Figures 5 and 6).

Also shown are the number of cases with bilateral dis-
ease, isthmus involvement, and lymph nodes metastases 
with follow-up of up to 30 months (25 ± 8 months). The 
difference in rates of bilaterality between single tumor 
nodule with or without adjacent satellite nodule(s) and 
second tumor nodule or random foci was statistically sig-
nificant (P < .01).
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For the UV group, the mean tumor diameter was 16.5 ± 
4.6 mm. This group was associated with the lowest rate of 
a single tumor nodule (21%), the highest rate of random 
foci in the gland (61%), and a higher rate of bilaterality 
(44%). The rate of isthmus involvement in bilateral disease 
was 32.3%. The rate of lymph node metastasis was 31%.

The EN group was associated with the largest tumor 
dimension of 28.4 ± 12 mm, the highest rate of a single 
tumor nodule (60%), the lowest rate of random foci in the 
gland (13%), the lowest rate of bilaterality (13%), and the 
lowest rate of lymph node metastasis (3.3%).

The TCV group demonstrated the smallest tumor size 
(13.7 ± 4.3 mm) but was associated with the highest rate of 
lymph nodal metastases (83.4%). Random foci within the 
specimen and bilaterality were observed in 44.4% and 
38.9% of TCV cases, respectively. The rate of isthmus 
involvement in bilateral disease was 57% of TCV cases.

In the EN group, the main tumor accompanied by sat-
ellite nodules may pose diagnostic difficulty in distin-
guishing between multifocality and capsular invasion as 
well as a problem with accurate measurement of the tumor 
nodule (Figures 3 and 4). Lymphatic vessel invasion was 

Figure 1.  Lobectomy followed by a completion thyroidectomy: (A) A coronal section showing a single, 8-mm focus of tall cell 
variant (TCV). (B) Assembled hematoxylin and eosin–stained slides. (C) Low-power and (D) high-power magnification of TCV. (E) 
Normal thyroid tissue of the remaining tissue.
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identified in 0, 2, 4 and 0, 2, 3 in UV and TCV measuring 
<1 cm, <2 cm, and >2 cm, respectively all EV. Lymphatic 
vessel invasion was identified in 0, 1, 2 and 0, 0, 1 in UV 
and TCV with bilaterality measuring <1 cm, <2 cm, and 
>2 cm, respectively. No lymphatic invasion was seen in 
all EV cases.

Table 2 summarizes the distribution of PTC foci accord-
ing to tumor size. The difference in rates of bilaterality 
between tumors <10 mm and >10 mm was statistically sig-
nificant (P < .01). The difference in rates of lymph nodal 
metastases between tumors <10 mm and >10 mm was not 
statistically significant (P = .1).

Multifocal/multicentric tumors displayed either similar 
or different histopathological characteristic (oncocytic 
versus non oncocytic variant, common variant versus 
TCV, papillary versus follicular architecture of different 
types of PTC variant). Examination of areas adjacent to or 
even distant from the main tumor nodules in multifocal 

PTC was able to identify microscopic foci of poorly cir-
cumscribed follicular lesions that exhibited nuclear 
changes approaching but not up to the level of PTC.

Discussion

In this study, the gender ratio and patient ages were consis-
tent with previously reported gender ratio and age distribu-
tion of PTC.13,14 Of note, there was a slight predominance 
of PTC in the right thyroid lobe.

Recently, molecular studies have elucidated the carci-
nogenetic mechanisms of PTC.15-34 Mutations in either 
BRAF or RAS genes or RET/PTC gene rearrangements 
have been found in greater than 70% of PTC.16 BRAF 
mutation, the most common genetic alteration in PTC, is 
most commonly found in the classic and tall cell variants 
of PTC. It is rarely found in the follicular variant of 
PTC.15,16 This mutation is associated with older patient age 

Figure 2.  Total thyroidectomy for a single, large encapsulated nodule (EN), follicular type: (A) A coronal section showing an 
encapsulated tumor. (B) Assembled hematoxylina nd eosin–stained slides showing a large encapsulated follicular variant of papillary 
thyroid carcinoma (PTC) and hemorrhagic areas accompanied by one small satellite nodule (arrow) within a background of 
multinodular goiter with adenomatoid nodules on the contralateral side. (C) Focal areas with nuclear changes of PTC. (D) Satellite 
nodule (arrow in B) and contralateral: Follicular lesion with smaller nuclei with rather coarse chromatin.
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Figure 3.  Total thyroidectomy for a multifocal encapsulated nodule (EN) of papillary thyroid carcinoma (PTC) with clusters of 
small PTC foci adjacent to the main tumor: (A) Assembled hematoxylin and eosin–stained slides showing a coronal section of both 
right and left lobe with an encapsulated follicular variant of PTC and adjacent cluster of 3 nodules of PTC (arrow, single arrowhead, 
and double arrowhead). (B, C, D, and E) Serial coronal sections showing the encapsulated, oncocytic follicular variant of PTC with 3 
satellite foci (arrow, single arrowhead, and double arrowhead) mimicking tumor invasion through the capsule. (F) High magnification 
of oncocytic follicular variant of PTC. (G) Tumor on both sides attached to the thick capsule. Serial step sections did not reveal 
capsular penetration.
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Figure 4.  Total thyroidectomy for a large, encapsulated, and unilateral papillary thyroid carcinoma (PTC) with satellite PTC 
nodules adjacent to the main tumor. This tumor exhibited a similar topographic distribution to that in Figure 3; however, it had 
more remarkable nuclear changes and a thicker fibrous capsule: (A) Coronal sections showing lesional foci in the left thyroid lobe 
having the polycyclic contour. (B) Assembled hematoxylin and eosin–stained slides showing the largest tumor nodule surrounded 
by band of dense fibrous tissue and smaller, encapsulated satellite tumor nodules in the middle part the left lobe resulting in a 
composite tumor with a much greater dimension than the main tumor nodule. The right lobe displayed 2 adenomatoid nodules. 
(C) A high magnification of the main tumor nodule. (D) A low magnification of the encapsulated satellite PTC nodules. (E) A high 
magnification of a small PTC nodule.
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(continued)

 at PENNSYLVANIA STATE UNIV on September 12, 2016ijs.sagepub.comDownloaded from 

http://ijs.sagepub.com/


Mai et al	 311

Figure 5.  Total thyroidectomy for a multifocal and bilateral papillary thyroid carcinoma (PTC): (A, B, C, D, BB, and CC) Coronal 
sections of 4 giant sections and assembled hematoxylin and eosin–stained slides BB (section B) and CC (section C) revealed 2 large 
adjacent encapsulated tumor nodules in the right lobe (single and double arrows), 1 encapsulated nodule in the isthmus (single 
arrowhead), 1 encapsulated nodule of PTC in the left upper pole (double arrow), and 1 circumscribed but not encapsulated follicular 
variant of PTC in the middle of the left lobe (triple arrowhead). (E, F) Encapsulated PTC nodule with papillary architecture indicated 
by a single arrowhead in the isthmus. Note the multiple foci at the periphery, which may pose diagnostic problem in determining 
multifocality versus capsular invasion. (G) Encapsulated PTC nodule with papillary architecture indicated by a single arrowhead (in BB) 
in the isthmus. Inset: A high magnification showing focal oncocytic changes. (H) Encapsulated PTC in the left lobe indicted by double 
arrowhead in CC. Note the borderline nuclear changes for PTC. (I) Circumscribed but nonencapsulated nodule in the left lobe 
indicated by a triple arrowhead in CC showing a spectrum of nuclear changes ranging from normal to nuclear changes of PTC.

Figure 5. (continued)
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and a more aggressive behavior, including extrathyroidal 
extension, anaplastic transformation, and more advanced 
stage at presentation.16,17,30 RET/PTC gene rearrangements 
are found in approximately 20% of sporadic PTC and are 

the most common alterations in radiation-induced PTC.18,27 
PTCs that harbor this genetic aberration typically have a 
classic papillary histology, a high rate of lymph nodal 
metastases but a low clinical stage at presentation, and 

Figure 6.  Total thyroidectomy for a multifocal and bilateral papillary thyroid carcinoma (PTC): (A, B, AA and BB) Coronal 
sections and assembled hematoxylin and eosin–stained slides showing the largest PTC nodule in the left lobe, second largest PTC 
nodule in the right lobe, and smaller nodules adjacent to and distant from the largest nodule. (C) The largest tumor in the left lobe 
surrounded by a cluster of smaller tumor nodules in the lower half of the left lobe. The largest tumor nodule appears to develop as 
a result of fusion of many small nodules surrounded by fibrous bands of tissue. (D) A high magnification of an area in C.
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appear to lack the predisposition for progression to poorly 
differentiated and anaplastic carcinomas.16,19 Point muta-
tions in the RAS gene, found in 10% to 15% of PTCs, are 
typically associated with follicular lesions of the thyroid 
including follicular carcinomas, and follicular adenomas. 
They are almost always found in the follicular variant of 
PTC. Other histopathologic features associated with RAS 
point mutations include tumor encapsulation and less 
prominent nuclear features of PTC.5,16 In this study, molec-
ular analyses were not performed to confirmed the above 
findings.

Examination of the coronally sectioned thyroid gland 
facilitated the panoramic and 3-dimensional visualization 
of different PTC foci. Of the 125 cases, multifocality/ mul-
ticentricity and bilaterality were observed in 70% and 35% 
cases, respectively. Encapsulated tumors had the largest 
mean tumor diameter and were associated with the lowest 
rate of multifocality/multicentricity as compared with the 
UV and TCV groups. For the EN group, a single nodule in 
one thyroid lobe, even when accompanied by satellite PTC 
foci adjacent to the main tumor mass, was associated with 
bilaterality in only 2 cases. In these 2 cases, the contralat-
eral tumors were incidentally found microscopic PTC 
without aggressive histologic features, which are usually 
clinically insignificant.20 This low rate of multifocality is 
also observed in follicular carcinomas, which are known to 
be associated with mutations in the RAS oncogene.

High rates of bilaterality were observed in UV and TCV 
groups associated with random PTC foci and >10 mm in 
maximum dimension as well as the EN group > 20 mm 
associated with random PTC foci. Moreover, lobectomy 
specimens in this study that had PTC with the above char-
acteristics were frequently associated with PTC in the con-
tralateral lobe of the completion thyroidectomy specimen.

The mechanism of multifocality/multicentricity of PTC 
has remained controversial despite clonality studies of dif-
ferent PTC foci. Some studies have demonstrated mono-
clonality of these foci, suggesting intraglandular spread as 

the mechanism of multifocality.8,9 These studies were lim-
ited by technical specificity, and sensitivity, sampling 
problems, and interpretation of the results. Studies of X 
chromosome inactivation are limited by the natural mono-
clonal embryonal patch size in the normal thyroid.11

In other studies, in addition to PTC foci sharing clon-
ality with the main tumor nodule, foci of different clonal-
ity have been demonstrated. Shattuck et al14 found that up 
to 50% of multifocal PTC are of different clonal origin, 
thus representing independent primary tumors rather than 
intraglandular spread. In addition, different tumor nod-
ules within one gland have been shown to have distinct 
genetic alterations, including diverse RET/PTC profiles 
and discordant patterns of BRAF mutations.10,12 These 
findings suggest that these multifocal tumors arise inde-
pendently in a background of genetic or environmental 
susceptibility.10

Therefore, multicentricity (different PTC foci of differ-
ent clones) or multicentricity combined with multifocality 
(intraglandular lymphatic spread) play important roles in 
the formation of multiple PTC foci, particularly in that of 
the controlateral PTC. Although there is evidence lending 
strong support for mutmultifocality (multiple tumor within 
same lobe, satellite tumor in vicinity of the main tumor and 
associated metastatic tumor in lymph nodes and some 
identical molecular changes), our study of morphological 
and topographic mapping of PTC showed other evidences 
in favor of multicentricity12-14,33-37:

(a) � Secondary PTC nodules located at the periphery or 
at a distance from the largest tumor mass may dis-
play histopathological features different from the 
main tumor nodule (ie, TCV, oncocytic features, 
papillary or follicular architecture, and foci of PTC 
with lower or borderline proportion of nuclear 
grooves and pseudo-inclusions).

(b) � The absence of lymph nodal metastases and rare 
lymphatic invasion in the EN group despite the 

Table 2.  Summary of the Distribution of Papillary Thyroid Carcinoma Foci According to Tumor Size.a,b

Diameter (mm) Single Nodule

Single Nodule 
With Adjacent 

Cluster

Second Large 
Nodule or 

Random Foci Total
Lymphatic 
Invasion

Isthmus Involved 
in Bilaterality

<10 11   5   3 19 0   1
10-20 14 13 25 52 4   4
>20 12 12 30 54 7 10
Total 37 (29.6%) [2] 

[1.6%]
30 (24.0%) [3] 

[2.4%]
58 (46.4%) [39] 

[31.2%]
125 (100%) [44] 

[35.2%]
11 (9.6%) [4] 

[9%]
15 (34.1%)c

aThe difference in rates of bilaterality between tumors <10 mm and >10 mm was statistically significant (P < .01). The difference in rates of lymph 
nodal metastasis between tumors <10 mm and >10 mm was not statistically significant (P = .1).
bFigure in brackets indicates number of cases with bilateral involvement.
cPercentage calculated from cases with bilateral involvement of the thyroid.
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presence of multifocality. The nodules of the EN 
group are often low in lymphatic vessel density.36 
Lymphatic invasion was rarely seen in multifical/
bilateral PTC.

(c) � The main PTC nodule and/or secondary (smaller) 
PTC foci were associated with nuclear changes that 
were borderline for the diagnosis of PTC, and 
therefore, it is doubtful that these tumors have the 
potential for lymphatic invasion.

(d) � Isthmic involvement is not frequent in bilateral 
PTC. Intraglandular lymphatic spread to the con-
tralateral lobe should be associated with tumor 
deposition in the isthmus.

(e) � Thyroid tissue beyond the main tumor has the 
potential to develop de novo and independent PTC 
foci, particularly, incidental microscopic PTC.

Furthermore, in the EN group, satellite PTC foci adja-
cent to the main tumor nodule may mimic capsular inva-
sion due to the attachment of the satellite tumor nodule 
to the capsule. Multifocality/multicentricity is favored 
over capsular invasion when (a) nodules are multiple, 
(b) nodules are of a large size, (c) capsular penetration is 
absent, and (d) nuclear changes are borderline for the 
diagnosis of PTC. As a result, the EN of PTC with a 
lobulated cross appearance likely develops from fusion 
of the main tumor with the adjacent satellite tumor nod-
ule (Figures 3 and 4). Of interest, in this study, there was 
a large proportion of TCV of small size, a previously 
reported finding of PTC <10 mm accounting for 16% of 
TCV versus 9.5% for non-TCV.38 Our technique of coro-
nal sectioning with panaromic/3-dimensional view was 
likely useful to accurately identify and distinguish the 
main focus of PTC from satellite foci. This may result in 
smaller tumor size of the largest tumoral focus in multi-
focal TCV as compared to tumor sizes examined in non-
coronal sections.

In conclusion, serial coronal sectioning of the thyroid 
gland in this study allowed for the panoramic and 
3-dimensional visualization of individual nodules or dis-
tinct foci of multifocal PTC. Two topographic patterns 
were identified as follows: (a) multifocality with satel-
lite PTC foci near the main tumor nodule prone to fuse 
with the main tumor and (b) multicentricity or random 
distribution of PTC foci in one or both thyroid lobes. 
Bilaterality was frequently observed in tumors associ-
ated with random PTC foci, whereas, the EN group 
tended to be unilateral and was not associated with ran-
dom foci.
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