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The correlation of histological features of papillary thyroid cancer with clinical and morpho-
logical prognostic factors and cause-specific mortality was analyzed in a case-control study
within a cohort of patients from the Altai Regional Oncology Center (25 cases with lethal
outcome and 64 follow-up controls). Significant variability was revealed in the histological
structure of papillary thyroid cancer with the prevalence of classic (62%) and less frequent
follicular (19%), tall cell (8%), and solid (7%) variants. In comparison with the classic variant,
the solid variant was more often associated with male sex and large tumor size; follicular
and tall cell variant was associated with more frequent metastases to regional lymph nodes;
follicular and solid variants were associated with an increased proportion of cases with disease
stages III-IV. The main differences reflecting the effect of histological factor on the disease
outcome were associated with the solid variant of papillary thyroid cancer that was detected
in 21% of lethal cases and only in 2% of control subjects. The detection of this variant can
be of importance as an additional prognostic factor of the postoperative survival in papillary
thyroid cancer.
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Papillary thyroid cancer (PTC) is the most common
malignant epithelial neoplasm of the thyroid gland
(over 70% of all cases in Altai region), usually repre-
senting an indolent tumor with a 10-year survival rate
over 95% [1,2]. At the same time, papillary carcinomas
are characterized by marked clinical and morpholog-
ical heterogeneity: the 4th edition of the WHO clas-
sification of endocrine tumors (2017) has identified
14 histological variants of PTC, among which there is
a small group of the so-called “aggressive” subtypes
that have a less favorable clinical course [3-7]. Their
frequency is generally low — among the relatively
common are tall cell, diffuse sclerosing, and solid vari-
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ants (3-19, 1-6, and 1-3% of cases of PTC); columnar
cell and hobnail variants represent not more than 1%
of cases [6,7].

All aggressive variants are more or less associated
with a higher rate of recurrences and metastases, in
some cases with a lack of sensitivity to radioiodine
and with lower survival rates [6,7]. At the same time,
some studies failed to show statistically significant
relationship between tumor histological variant and
disease outcome [8-10]. Thus, further analysis is re-
quired to consider the possible use of this factor in
the comprehensive risk-assessment of adverse out-
come in PTC. Such an analysis should also take into
account the geographical aspect, since the relative
proportion of individual variants and their prognostic
value may differ in different populations. Altai region
is a territory with one of the highest thyroid cancer
incidence rates in Russia [11]. In 1949-1962, it was
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partially exposed to radioactive fallout from the Semi-
palatinsk nuclear test site [12].

The aim of this work was to analyze the rela-
tionship between histological features of PTC and
clinical and morphological prognostic factors and
cause-specific mortality within 10 years after surgery
in a case-control study within a cohort of patients
from the Altai Regional Oncology Center.

MATERIALS AND METHODS

The study is based on the results of clinical and
morphological examination and treatment of 89 pa-
tients with PTC. From January 2003 to December 2015,
3101 patients with PTC underwent surgery at the Altai
Regional Oncology Center. Their clinical data were
entered into a single database further supplemented
with information on outcomes from the Altai regional
cancer registry. By the end of retrospective data ana-
lysis, 35 (1.1%) patients had died as a result of PTC
progression at different time intervals (from 19 days
to 9.8 years after surgery). For each of them, 3 pa-
tients of the general cohort were randomly selected
as controls with the condition that they had survived
for at least 10 years of postsurgical follow-up. After
screening for the availability and quality of the mor-
phological material, a final sample was formed, which
included 25 cases with cause-specific fatal outcome
and 64 controls.

The study was conducted in accordance with the
ethical principles of the Declaration of Helsinki of
WMA. All patients signed an informed consent for
medical intervention on admission to the Altai Re-
gional Oncology Center. The protocol of the study was
approved by the Biomedical Ethics Committee of the
Federal Research Center of Fundamental and Transla-
tional Medicine (Protocol No. 26, November 1, 2022).

The mean age of PTC patients was 50.4£13.9 years
(17-78 years), 66% were aged 30-60 years. Women
predominated among the patients — 77 (87%) cases,
men — 12 (13%) cases. Surgical procedures included
total thyroidectomy (64% patients) or hemithyroidec-
tomy. Expansion of the surgical scope depended on
the extent of nodal involvement. Patients with mul-
tifocal carcinoma and cases in which treatment of
PTC involved the use of radioactive iodine, external
irradiation, and chemotherapy were excluded from
the study. Clinical and pathological parameters and
the stage of the disease were determined according
to TNM classification (2010). T1, T2, T3, and T4 tu-
mors were found in 59 (67%), 9 (10%), 13 (14%), and
8 (9%) patients, respectively. Regional lymph node me-
tastases were present in 39 (44%) and distant metas-
tases in 2 (2%) patients. Capsular invasion was found
in 42 (47%) cases.

Surgical samples were fixed in 10% neutral for-
malin and embedded in paraffin using standard tissue
processing. Sections (3-5 wm) were stained with he-
matoxylin and eosin, analyzed in a Leica DM 4000B
universal research microscope and microphotographed
using an Aperio AT2 scanning microscope (Leica Bio-
systems). The threshold values of tall cell (30%) and
solid (70%) components for the diagnosis of the cor-
responding histological variants were determined ac-
cording to the recommendations relevant at the time
of the study [5,13].

The results were statistically processed using Sta-
tistica 12.0 (StatSoft, Inc.) and SPSS Statistics 26.0
(IBM) software. The distribution of continuous vari-
ables was assessed by the Shapiro—Wilk test. Normally
distributed parameters were expressed as M*g, other-
wise — as Me (25%-75%). Student’s ¢ test or nonpara-
metric Mann—Whitney U test was used to compare
quantitative data in two independent groups, one-way
ANOVA or Kruskal—Wallis test for three and more
groups comparison. Cut points for categorization of
continuous variables were based on previously recog-
nized values or results of ROC-analysis. Associations
between categorical variables were assessed by Pear-
son’s y? or Fisher’s exact test. Cramer’s V coefficient
and odds ratio (OR) were calculated to measure the
strength of associations. The differences were statis-
tically significant at p<0.05.

RESULTS

Histopathological analysis revealed the variability of
PTC histological patterns with predominance of clas-
sic (62%) and follicular (19%) variants, less frequent
were tall cell variant (8%), solid (7%), diffusely scle-
rosing (2%), clear cell (1%), and undifferentiated (1%)
(Figs. 1, 2).

The classic variant of PTC had typical architec-
tural and cytomorphological features: randomly orient-
ed papillae with fibrovascular cores, nuclear changes
(enlarged, overlapping nuclei with irregular contour,
chromatin clearing and margination, nuclear grooves,
and pseudoinclusions), numerous psammoma bodies
(Fig. 1, a, b). In the presence of an invasive compo-
nent, the latter often had a multifocal localization
without formation of solid fields. Sometimes we ob-
served marked perivascular invasion (venous or less
often lymphatic components) and tumor cell emboli
within small vessels. Follicular variant consisted almost
entirely of follicles (Fig. 1, ¢, d) lined by cells with
typical nuclear signs of papillary carcinoma, often
with cystic component (in the form of small and large
cystic structures) and thickened fibrous capsule. There
were single psammoma bodies as well as areas with
papillary structure.



A. A. lvanov, M. A. Bakarev, and E. L. Lushnikova

Fig. 1. The most common histological variants of PTC. Hematoxylin and eosin staining, x100 (a, c¢), x400 (b, d). a, b) Classic;

c, d) follicular.

The tall cell variant was characterized by tall
(height 3 times greater than thickness) parallel ar-
ranged cells with eosinophilic cytoplasm and basally
oriented nuclei, which lined the papillary and elongat-
ed follicular structures (Fig. 2, a, b). The nuclear fea-
tures of PTC were pronounced; in two cases, multiple
pseudoinclusions in a single nucleus created a “soap
bubble” pattern. The solid variant almost always had
no capsule and was characterized by invasive growth.
Tumor cells also had typical PTC-like changes, psam-
moma bodies were extremely rare, fibrous trabeculae
were sometimes observed (Fig. 2, ¢, d).

In the microscopic picture of diffuse sclerosing
variant, along with classical morphology of PTC,
there was a predominance of stromal component of
fibroplastic cells; foci of squamous cell metaplasia,
intensive lymphoid infiltration, numerous psammoma
bodies were observed. The clear-cell and undiffer-
entiated variants were characterized by a combina-
tion of clear-cell changes and anaplastic carcinoma
pattern with classical signs of papillary carcinoma.
In our sample, these subtypes were represented by

single observations; therefore, along with the diffuse
sclerosing variant (2 cases), they were excluded from
the analysis.

Associations with clinical and pathological pa-
rameters. When evaluating the associations between
the most common subtypes of PTC (classic, follicular,
tall cell, and solid; n=85) and patient sex, the main
differences were related to the significant predom-
inance of classic variant (70%) in women and rarer
detection of the solid variant (4%), compared with the
corresponding indices for men (33 and 25%; p=0.017).
No statistically significant correlations with age were
found (Table 1).

Solid tumors were generally characterized by a
larger size (>2 cm); the incidence of these cases (83%)
as well as the median tumor size in this subgroup
(5 cm) were significantly higher than in classic and
follicular variants (22 and 12%, p=0.005 and p=0.003;
1.2 and 1.0 cm, p=0.003 and p=0.005, respectively)
(Fig. 3). For the tall cell and solid variants of papillary
carcinomas, there was some tendency for an increased
frequency of capsular invasion (Table 1).
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Fig. 2. Aggressive histological variants of PTC. Hematoxylin and eosin staining, x100 (a, c), x400 (b, d). a, b) Tall cell variant;
¢, d) solid variant.

TABLE 1. Associations between Clinical and Pathological Parameters and the Most Common Histological Variants of PTC

Histological variant(n=85)
Parameter classical | follicular | tall cell solid poverall ppairwise Cfar\f)erS
1 2 3 4

Sex female (n=73) 51 (70%) | 13 (18%) | 6 (8%) 3 (4%) | p=0.018 | p,,=0.017 | 0.338
male (n=12) 4 (33%) | 4 (33%) | 1 (8%) | 3 (25%)

Age, years <45_ /50, . (n=42) | 29 (53%) | 9 (53%) | 3 (43%) | 1 (17%) | p=0.409 0.189
245 /50, (n=43) | 26 (47%) | 8 (47%) | 4 (57%) | 5 (83%)

Size of the tumor node <2 cm (n=64) 43 (78%) | 15 (88%) | 5 (71%) | 1 (17%) | p=0.007 | p,,=0.005 | 0.390
22 cm (n=21) 12 (22%) | 2 (12%) | 2 (29%) | 5 (83%) p,,=0.003

Capsular invasion no (n=44) 33 (60%) | 7 (41%) | 2 (29%) | 2 (33%) | p=0.204 0.232
yes (n=41) 22 (40%) | 10 (59%) | 5 (71%) 4 (67%)

Regional lymph node no (n=47) 38 (69%) | 5 (29%) | 2 (29%) | 2 (33%) | p=0.005 | p,,=0.004 0.376

metastases
yes (n=38) 17 (31%) | 12 (71%) | 5 (71%) | 4 (67%) p,.=0.048

Stage Il (n=54) 42 (76%) | 8 (47%) | 3 (43%) | 1 (17%) | p=0.003 | p,,=0.025| 0.389
-V (n=31) 13 (24%) | 9 (53%) | 4 (57%) | 5 (83%) p,,=0.007
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TABLE 2. Association of Histological Variant of PTC with Cause-Specific Mortality

Histological Controls (n=61) Cases (n=24) ’
variant (n=85) - - p Cramer’'s V OR (95% CI)
n % n %

Classic (n=55) 42* 69 13+ 54 Pyyers=0-028
Follicular (n=17) 13* 21 4+ 17
Tall cell (n=7) 5% 8 2x 8
Solid (n=6) 1 2 5 21
Other! (n=79) 60 98 19 79 p=0.006 0.337 15.8 (1.7-142.9)
Solid (n=6) 1 2 5 21
Note. 'Classic, follicular, and tall cell variants. p_,: significance of differences in overall comparison. *p=0.007, *p=0.018, *p=0.078 in

comparison with the solid variant of PTC.
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Fig. 3. Tumor size in patients with different histological variants
of PTC.

Regional lymph node metastases were more typi-
cal for the follicular and tall cell variants of PTC: 70.6
and 71.4% cases vs 31% in the classic variant (p=0.004
and p=0.048, respectively). The differences in the in-
cidence of metastasis between the classic (31%) and
solid (67%) variants were trending (Table 1).

The stage of PTC is determined on the basis of
TNM values, taking into account the age of patients
relative to a threshold value of 45 years. According to
our findings, the marked predominance of stages I-II
(76%) was typical for cases with the classic variant,
whereas detection of follicular, tall cell, and especially
solid variants was accompanied by an increased pro-
portion of cases with stages III-IV process — 53, 57,
and 83%, respectively (Table 1). The most significant
differences were observed between the subgroups of
classic and solid variants (p=0.007) and were caused
by the significant predominance of cases with stage IV
disease in the latter (67%).

Associations with cause-specific mortality. When
assessing the effect of PTC histological subtype on
disease outcome, the main differences were associa-
ted with the solid variant, which was detected in 21%

of lethal cases and in only 2% of controls (Table 2).
As the distributions of classic, follicular, and tall cell
variants among lethal cases and controls did not dif-
fer significantly, while the differences with the solid
variant distribution were statistically significant or
showed a clear trend (p=0.007, p=0.018, and p=0.078,
respectively), we combined the above three variants
into one subgroup for subsequent analysis. The result-
ing binary variable (“solid/other”) demonstrated a me-
dium strength relationship with the disease outcome
(V=0.337; p=0.006) with a high odds ratio.

Thus, a considerable variability of histological
subtypes of PTC in residents of the Altai region has
been registered, with predominance of classic (62%),
less frequently follicular (19%), tall cell (8%), and solid
(7%) variants. Many researchers have paid attention
to certain differences in the course of some histolog-
ical subtypes, as well as their relationship with other
risk factors. Some of them reported the association
of tall cell and solid variants with larger tumor size,
increased frequency of multifocal lesions and local re-
currence, detection of regional and distant metastases
[2,4,6,7,13-15]. We have found that the solid variant, in
comparison with the classic one, is more often associ-
ated with male sex and large tumor size; follicular and
tall cell variants are associated with more frequent
detection of regional metastases. The detection of
follicular and especially solid variant is accompanied
by the increase in the proportion of cases with disease
stage III-IV.

Some studies suggest that histological variant of
tumor can be a significant prognostic factor for PTC
[2,6,7]. In our work, the main differences reflecting
the impact of this factor on the disease outcome are
associated with papillary carcinoma of solid structure.
This subtype attracted special attention when its high-
er frequency was demonstrated among children and
young patients with PTC after the Chernobyl accident
[13]. Further observations showed that it can occur
at any age and without association with radiation
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exposure [14]. According to our data, detection of sol-
id PTC variant can be of importance as an additional
prognostic factor for postoperative survival, however,
larger multicenter studies are required to determine
its independent prognostic value.

The work was carried out according to the re-
search project theme No. 12203200246-0 of the State
Assigment with the use of the equipment of the Com-
mon Use Center “Proteomic Analysis Center” suppor-
ted by the Russian Ministry of Education and Science
(Agreement No. 075-15-2021-691).
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