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Analysis for histological phenotype of high-risk papillary thyroid carcinoma
based on molecular abnormalities

MUSSAZHANOVA, ZHANNA

3,200,000
Ki-67 TERT promoter
342
BRAF TERT promoter Ki-67
desmoplasia hobnail
90

Ki-67 BRAF TERT
promoter

The 342 surgically-resected, formalin-fixed, paraffin-embedded (FFPE)
thyroid PTCs of Japanese cases were collected. All cases were evaluated for BRAF, TERT-promoter and
Ki-67. Mutations in BRAF and the TERT-promoter (C228T and C250T) were analyzed with digital PCR and
Ki-67 labeling index by immunohistochemistry.The clinicopathological features, including TNM stage
assessed, size of tumor, and detailed histopathology features of cases were analysed.Next step is
statistical analysis of prevalence and association of molecular analysis with clinicopathologic
statuses.
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The prevalence of thyroid cancer has increased rapidly worldwide due to improvements
in ultrasonic diagnostic imaging techniques, and the increase in prevalence of papillary
cancer has become a problem. From the viewpoint of histopathological diagnosis tumors
include "Indolent or regressive cancer" and "Progressive cancer” that are extremely
important in pathological diagnosis for avoiding overdiagnosis and overtreatment. It is
well known that the prognosis of well-differentiated cancers such as papillary cancer and
follicular cancer is generally good, but about 10% of cases relapse, and among them, they
become resistant to radioiodine therapy and molecular targeted therapy. There are cases
of death from the primary disease. At the same time, over 90% of well-differentiated
cancers are papillary carcinomas that includes diffuse Sclerosing type, Tal cell type,
Columnar cell type, Oncocytic type and Solid type were known as highly malignant tissue
types, and recently Hobnail type was added in the 2017 WHO classification. The Hobnail
type was reported to have frequent recurrence and a high distant metastasis (Asioli S, et
al, Am J Surg Pathol 2010; 34: 44-52). These morphological features reflect the loss of
polarity / loss of cell cohesiveness (LOP/LCC) of cancer cells and lead to the acquisition
of metastatic and infiltrative ability. Moreover, epithelial-mesenchymal transition (EMT)
Isatrait that is often observed in advanced infiltration of papillary carcinoma (Tang W,
et a, Pathol Int 2003; 53: 204-13, Kakudo K, et al. , J Clin Pathol 2004; 57: 1041-6, Bai,
et al, Cancer Sci 2008; 99: 1908-15), and in some reports, the proportion of Hobnail
pattern was 20% or more, which was recognized as a poor prognosis factor.

In recent years, it has become clear that Ki-67 expression and TERT promoter mutations
are the leading molecular pathological factors that determine the prognosis. According to
the 2017 WHO classification, Ki-67 labeling rate recognized <5% is low-risk, 5-10% is
moderate-risk, 10-30% is high-risk,> 30% for invasive cancers larger than 1 cmin size.
More recently, double mutants with BRAF and TERT promoter mutations have been
reported to be highly malignant and have a poor prognosis, and revealing that the
combination of the TERT promoter mutation and Ki-67 |abeling rate could be an accurate
marker (Matsuse M, et a, Sci Rep 2017; 7: 41752).

Based on the above background, the academic "question” that forms the core of the
research subject isto elucidate the pathol ogically poor prognosistraits of papillary thyroid
cancer based on molecular-histological evidence, and application to "daily thyroid cancer

pathologica diagnosis'.

By conducting histological analysis and molecular analysis in papillary cancer, and



clarifying the relationship with clinical pathological factors, we hope to define the
morphological features of high-risk papillary thyroid cancer cases that harbor molecular

abnormalities.

(1) Histological analysis: evaluated histological features with a microscope.

(2) Molecular analysis: BRAF mutation and TERT promoter mutation, Ki-67 labeling
rate which are prognostic risk factors were analyzed. BRAF and TERT promoter
mutations (C228T and C250T) detected using droplet digital PCR. The Ki-67 labeling
rate is calculated by immunostaining with a400-fold field of view and hot spots.

(3) Clinicopathological factors: obtained information from database such as age, sex, race,
family history, medical history, background thyroid disease (Basedow disease, chronic
thyroiditis, thyroid hormone function, etc.), treatment, TNM factor, stage, recurrence, etc.
(4) Currently analyze of statistical significance test together with the above results are

collecting.

Current statistical evaluation showed:

(1) The BRAFV600E was detected in 273 (80%), TERT-promoter C228T in 49 (15.1%)
and C250T in 7 (2.2%), and cases with double mutation (BRAFV600E and TERT
promoter C228T+C250T mutations) in 52 (46%) patients. Among 273 patients with the
BRAFV600E, 78% and 82% were <55 and >55 of age (p=0.42), while TERT promoter
mutations, were 2.4% <55 vs 28% >55 of age at their first surgery for primary PTC
(p<0.000) (Table). No significant differences in gender were found in patients with the
BRAFV600E or TERT promoter mutations. More patients with larger tumors (>2.6 cm;
p<0.000) at their first PTC surgery had TERT promoter mutation than patients with non-
mutated TERT promoter and BRAF.  Although double mutated shows significant
association with >55 of age and larger size of tumor (65.3%, p<0.000; >2.8, p<0.000)
(Table).

(2) Ki67 expression was distributed to 3 groups, <5%, 5-10% and >10%. A comparison
of the Ki67 expression intensity between the wild and mutant cases of PTC showed that
the mutant cases were significantly higher than that of the wild. In cases with
BRAFV600E and double mutated Ki67 expression intensity in mutant groups were higher
than in wild (75.7%, 88.7%, 87.5%, p<0.03 and 20.3%, 78.6%, 80%, p<0.000,
correspondingly) (Table). The overal Ki67 was lower in patients with TERT promoter
mutations than in those who had non-mutated TERT promoter, however, increased in
proportion to increase the rate of marker in mutant groups (6.6%, 34.8%, 43.6%; p
<0.0000) (Table).

(3) For histopathol ogic characteristics we included giant/spindle cells component, tall cell
component, solid type, hobnail (LOP/LCC with desmoplastic background) and oxyphilic
component. The results overall show giant/spindle cells component in 5 (1.5%), tall cell



component in 22 (6.5%), solid type in 16 (4.7%), hobnail (LOP/LCC with desmoplastic
background) in 113 (33.1%) and oxyphilic component 5 (1.5%). Cases with tall cell
component and hobnail (LOP/LCC with desmoplastic background) additionaly were
divided to 3 groups according to percentage of occupied areain the tumor (<5%, 5-10%,
30+% and <10%, 11-20%, 21+%, correspondingly) (Table).

A comparison of the histology components showed that the BRAFV600E cases were
significantly higher in harboring tall cell component, hobnail (LOP/LCC with
desmoplastic background) and oxyphilic component (85.7%, p=0.008; 91.1%, p<0.000;
100%, correspondingly). Same significantly high was double mutated cases (75%,
p=0.03; 78.7%, p<0.000; 100%, correspondingly) (Table).

No significant differences with all histological features were detected in TERT promoter
mutant cases (Table). However, hobnail (LOP/LCC with desmoplastic background)
component with >30% of occupied area in the tumor was found in case with TERT
promoter mutation (1 (100%)) (Table).

No significant differencesin giant/spindle cells component, tall cell component, and solid
type were detected between patients with wild and mutant cases (Table).

Table. Summary of results

BRAF, n=341 TERT promoter, n=324 BRAF+TERT, n=113
wt, n=68 mu, n=273 p- wt, n=268 C228T,n=49 C250T, n=7 p- wt, n=61 mut, n=52 p-
(20%) (80%) value (82.7%) (15.1%) (2.2%) value (54%) (46%) value
Sex 1.000 0.808 1.000
57 221 220 37 52 41
F 6 (2.3%)
(20.5%) (79.5%) (83%) (14.1%) (55.9%) (44.1%)
11 51 438 11 9 10
M 0.73 1 (1.7%) 0.78 0.62
(17.7%) (82.3%) (80%) (18.3%) (47.4%) (52.6%)
Mean age 495 544 0.03 49.9 69.2 0.000 479 68.9 0.000
38 135 162 36
Age<55 4 (2.4%) 0 4 (10%)
(21.9%) (78%) (97.6%) (90%)
30 137 106 44 25 47
Age>55 0.42 7 (4.5%) 0.000 0.000
(17.9%) (82%) (67.5%) (28%) (34.7%) (65.3%)
Mean size 184 184 16.5 28.1 20.6 17.9 275
0.98 0.000 0.000
(range) (70;2) (83;4) (75;3) (70;2) (33;10) (70;3) (70;5)
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