
1 
 
Comparative pathological characteristics of papillary thyroid carcinoma with second 

primary non-thyroid malignancies in the region affected by the Chernobyl accident   

Running Head:  
Pathological characteristics of secondary cancer in papillary thyroid carcinoma 
 
Mikhail Fridman1*, PhD 
Olga Krasko2, PhD 
Leonid Levin3, MD 
Ilya Veyalkin4, PhD 
Alfred King-yin Lam5,6,7*, MBBS, FRCPA, PhD 
 
1Republican Centre for Thyroid Tumours, Department of Pathology, 220013, Nezavisimosty 
Av., 64, Minsk, Belarus kupriyan@rambler.ru  +375172310596 
2 United Institute of Informatics Problems, National Academy of Sciences of Belarus, 220012, 
Surganova St. 6, Minsk, Belarus tanicom@tut.by   +375447675246  
3 N.N. Alexandrov National Cancer Centre of Belarus, 223040, Lesnoy, Belarus llevin@omr.by   
+375296596032  
4 Republican Scientific Centre for Radiation Medicine and Human Ecology, 246040, Illich, 290, 
Gomel, Belarus veyalkin@mail.ru  :+375173310596 
5 School of Medicine and Dentistry, Griffith University, Gold Coast, QLD 4222, Australia 
a.lam@griffith.edu.au   +375447537633    +61-7-56780718 
6 Faculty of Medicine, The University of Queensland, Herston, QLD 4006, Australia  
7 Pathology Queensland, Gold Coast University Hospital, Southport, QLD 4215, Australia 
 
*Names and address of corresponding authors:  
1. Alfred K Lam 
School of Medicine and Menzies Health Institute Queensland, Griffith University, Gold Coast, 
QLD 4222, Australia 
E-mail: a.lam@griffith.edu.au 
Work telephone number: +61-7-56780718 
 
2. Mikhail Fridman 
Head of Pathology Department, Republican Centre for Thyroid Tumours, Minsk, Belarus 
220013, 64, Prospekt Nezavisimosti, Minsk, Belarus  
E-mail: kupriyan@rambler.ru 
Work telephone number: +375172310596 
 
Name of author for reprints and communications requested (main corresponding author): 
 
Prof Alfred K Lam 
Room 834, G40, Parkland Drive  
School of Medicine and Dentistry, Griffith University,  
Gold Coast,  
QLD 4222,  
Australia 
E-mail: a.lam@griffith.edu.au 
Conflict of interest: None  

mailto:kupriyan@rambler.ru
mailto:tanicom@tut.by
mailto:veyalkin@mail.ru
mailto:a.lam@griffith.edu.au
mailto:a.lam@griffith.edu.au


2 
 
ABSTRACT 

The aim was to study the pathological features of papillary thyroid carcinoma diagnosed with or 

before second primary malignancy in patients exposed to post-Chernobyl exposure. The patients 

selected (n=6,559) were those exposed to radiation at the age of ≤18 years old and developed 

papillary thyroid carcinoma during the years 1990-2020.  Of these, 2.1% (n=140)  had second 

primary malignancies. To compare the histopathological  characteristics of papillary thyroid 

carcinoma in the group under analysis, 91% (n=128) with sufficient data were included in further 

analysis. The control group was formed by matching patients with age at exposure to radiation, 

age at surgery, gender, and place of residence. Median age at exposure was 14 years old for both 

groups.  Besides, no difference in tumour extension and histological features of papillary thyroid 

carcinoma was noted between patients with synchronous or metachronous primary malignant 

tumours. Nevertheless, the time lag to the diagnosis of papillary thyroid carcinoma was 

shortened in the group with metachronous carcinoma compared to patients with synchronous 

second primaries (p < 0.001). Independent differences between patients with second primaries 

and their matched peers included tumour size {OR (95%CI) = 0.89 (0.45; 1.04)}, multiple 

tumours {OR (95% CI) =1.46 (0.86; 2.42)}, lymphatic vessel invasion (OR (95%CI) 0.92 (0.61; 

1.51)), blood vessel invasion (OR (95%CI) 0.41 (0.10; 1.23)) and presence of numerous 

psammomas (OR (95%CI) 0.71 (0.39; 1.28)). The possible influence of radiative iodine 

treatment for the development of second primaries was analysed for the group of patients with 

metachronous malignancies using the same approach (84 patients were compared to 252 

matched patients).  Independent differences also included tumour size {OR (95% CI) 0.73 (0.45; 

1.31)}, lymphatic vessel invasion {OR (95%CI) 0.75(0.43; 1.28)}, blood vessel invasion {OR 

(95%CI) 0.17 (0.01; 0.87)}. Besides, multiple tumours were revealed more frequently in patients 

with metachronous primaries (OR (95%CI) 1.92 (1.0; 3.62)).  To conclude, patients exposed to 

Chernobyl irradiation with the development of papillary thyroid carcinoma and second primary 

malignancy have less biological aggressive pathological characteristics of their thyroid cancers. 

Accordingly, these patients were less frequently treated with post-surgical radioactive iodine. 

Thus, 131I-irradiation may have negligible impact in the development of second primaries.  

Keywords: Secondary cancer; thyroid; papillary thyroid carcinoma; Radiation; Chernobyl 
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1. Introduction  

Medical consequences of the Chernobyl disaster leading to radioactive exposure of 

millions of people in Belarus, Ukraine and Russia have been the subject of investigation for 

more than 30 years.  For a long time, the only solid malignancy that was established to be 

associated with this catastrophe was papillary thyroid carcinoma in children [1-3]. The clinical 

features of this tumour in the region affected by this disaster were well documented.  This 

includes an early onset of the cancer after exposure that was reflected as rising incidence of 

malignant thyroid tumours in the paediatric population of the exposed regions from as early as 4 

years after the disaster. In addition, papillary thyroid carcinoma from many patients in this 

region showed extrathyroidal extension, nodal disease, and metastases to the lungs. However, 

there was almost complete absence of deaths related to papillary thyroid carcinoma in this 

population [4].  Besides, the extent of tumour at presentation largely depended on the age at 

surgery and age at exposure [5, 6].  As the patients with papillary thyroid carcinoma after 

Chernobyl had good prognosis after surgery, presence of second primary malignancies was 

established as an emerging problem for this group of patients [7].   

The histopathological characteristics and pathological staging of papillary thyroid 

determines the treatment of the patient with the cancer.  In addition, radioactive iodine treatment 

of thyroid cancer could be a factor for the development of second primary malignant tumours 

[8].   In the study, a unique cohort of patients with papillary thyroid carcinoma after Chernobyl 

who developed second primaries was recruited.  The primary aim was to detect the 

histopathological characteristics of the papillary thyroid carcinoma in this group of patients who 

develop secondary cancers tumour.  In addition, development of metachronous (two years or 

more interval after the diagnosis of papillary thyroid carcinoma) malignancies could be 

associated with a treatment effect.  Thus, we also aimed to study the correlations of 

histopathological features with radioactive iodine treatment which may trigger second primaries.
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2. Material and Methods. 

2.1. Study cohort 

The Institutional Review Board of the Minsk Municipal Oncological Hospital, Minsk, 

Belarus approved the study.  The participants in this study gave informed consent to share 

epidemiological, clinical, and morphological data set for further investigations. The consent was 

obtained at the time of initial thyroid surgery.  All these consecutive cases of patients with papillary 

thyroid carcinoma were identified from the records of the Belarus Cancer Registry.  These patients 

were born between January 01, 1968 and March 31, 1987 in Belarus and diagnosed with thyroid 

cancer as the first primary malignancy.  Thus, no patients with papillary thyroid carcinoma diagnosed 

prior to the Chernobyl accident were ascribed to the group.  

Patients considered as having positive history of radiation exposure were identified according 

to geographic location.  All patients who were children/adolescents (≤18 years old) by April 26 in 

1986, were exposed to radiation on several occasions after the accident, under various circumstances 

and to various amounts of 131I.  Besides, area-specific degree of radioactive 131I contamination 

exceeding 185 kBq/m2 was considered; with district average thyroid doses varied from > 0.65 Gy 

(the highest exposure is over southern Belarus where the heaviest fallout occurred) to < 0.01 Gy (the 

lowest in the least exposed areas in northern Belarus [9,10].  

Secondary malignancies other than papillary thyroid carcinoma were observed during the 

period of 1999-2020 in this cohort of patients.  They were defined as synchronous (within two years 

of diagnosis between two cancers) or metachronous (two years or more interval between thyroid 

cancer and the other primary cancer) second primary malignancies.  Patients with second primary 

basal cell skin carcinoma were excluded.  This is because the carcinoma is locally invasive and slow 

growing and rarely forms metastases.   

Only patients with histological sections of papillary thyroid carcinoma available for review 

were included.  This led to a decrease in the number of individuals in the cohorts of patients with 

metachronous second primary malignancies (from 93 to 84) and patients with synchronous second 
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primaries (from 47 to 44). The control group (pairs matched as 1:3) included patients with post-

Chernobyl papillary thyroid carcinoma of similar age at exposure to radiation, age at surgery, gender 

and place of residence but with no second primary malignancy. 

 

2.2 Pathological review 

Histological diagnosis was reviewed for all second primaries to rule out the possibility of 

metastases from papillary thyroid carcinoma.  Two endocrine pathologists (M.F. and AK.L.) 

conducted the review of all available histological slides of papillary thyroid carcinomas and studied 

the clinical records of patients with second primaries.  The pathological staging was derived from 

patients’ clinical and pathological records according to the current manual of American Joint 

Committee on Cancer (AJCC) [11].  The dimensions of the papillary thyroid carcinomas were based 

on measurements of the cancers during macroscopic examination and supplemented with the 

information examined under microscopic examination.  In addition, pathological features such as 

multifocality, degree of associated lymphocytic thyroiditis, extra-thyroidal extension, growth pattern 

(circumscribed versus infiltrative growth), blood vessel invasion, lymphatic vessel invasion, and 

extensive intra-tumoral fibrosis (desmoplastic stromal reaction) were analysed.  

There are various definitions of synchronous and metachronous malignancies.  Our approach 

is based on Warren and Gates criteria [12].  All observations of multiple primary malignant tumours 

were verified not only by clinical, but also by morphological data (see Supplementary figures).   

 

2.3 Statistical analysis 

For descriptive analysis, variables are expressed as median (range) or counts and percentages 

n (percentage), as appropriate.  In addition, for groups comparison were used Kruskal–Wallis test, 

Pearson’s chi-squared (χ2) test or Fisher’s exact test (Fisher-Freeman-Halton Exact test were used if 

assumptions of chi-squared test were violated).   
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We used propensity score (PS) techniques to reduce or minimize the effects of confounding 

when estimating the difference between patients with second primary malignancies and the control 

group, with a matching method of nearest neighbour and the ratio 1:3. Matching was conducted for 

patients by age at exposure, period of latency, gender, and region. 

Multivariate logistic regression was used to define sets of morphological variables associated 

with SPM (synchronous and metachronous second primaries).  Only variables with p-values < 0.2 in 

the univariate analysis were selected for the multivariate models. We applied the same criterion when 

comparing metachronous second primaries with their matched controls. Odds ratios (ORs) for 

predictors (and their 95% CIs) were calculated using an exponential transformation of the respective 

parameters.  

A p-value less than 0.05 was considered statistically significant for final inferences.  Analyses 

were conducted using R version 4.1 software (R Project for Statistical Computing, http://www.r-

project.org) with package MatchIt. 
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3. Results 

One hundred and forty patients with post -Chernobyl papillary thyroid carcinoma were 

diagnosed with second primary malignancies: 47 of them had synchronous (male to female ratio was 

1 to 3.3) and 93 had metachronous tumours (male to female ratio was 1 to 3.9).  General information 

with demographic characteristics, location of second primaries and number of deaths according to 

the organs and systems of these patients are presented in Table 1.  

All (except one in utero) patients exposed at the time of the accident were children or 

adolescents (median age = 14 years in both groups).  Patients with metachronous second primary 

malignancies were much younger than their peers (median age = 30 years versus 41 years; p < 

0.001).  In addition, the time to development of papillary thyroid carcinoma from radiation exposure 

was shortened in the group with metachronous secondary primary cancers (median time = 18 years 

versus 29 years; p < 0.001).  However, age at presentation of second primary malignancies was 

similar in both groups of patients (median ages at presentation were 41 and 42 respectively). 

Most of the patients in both groups lived in areas with heavy exposure to 131I.   These regions 

include Brest, Gomel, Mogilev, and Minsk oblasts, which had 61.7% of the patients with 

synchronous second primary malignancies and 62.4% of the patients with metachronous second 

primaries. 

 Solid second primaries predominated in both groups (in synchronous tumours - 41 of 47, 

87%; in metachronous tumours – 82 of 93; 88%) and mainly located in the female breast or 

genitourinary tract; 14 and 18 patients with second primary malignancies died in each group. 

To analyse the morphological characteristics of papillary thyroid carcinoma in patients in our 

study and their control counterparts, only persons operated for papillary thyroid carcinoma with 

histological slides available for review were considered. Thus, 128 patients (84 with metachronous 

and 44 with synchronous cancers) were investigated (Table 2).  There was no significant differences 

in histopathological features between both groups of patients with second primary malignancies (data 

presented in the supplemental table) albeit their age at diagnosis of papillary thyroid carcinoma 
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greatly varied (see table 1). Therefore, in this part of the research, we considered patients with second 

primaries as a single group. 

The extent of cancer (pTNM staging and extra-thyroidal extension) as well as histological 

variant, growth pattern, and percentage of patients with comorbidities were not different between the 

groups of patients. On the other hand, size of the papillary thyroid carcinoma, multi-focal growth, 

lymphatic invasion, blood vessel invasion, and presence of numerous psammoma bodies distributed 

throughout the thyroid gland (intra/ extra-thyroidal dissemination with extensive permeation of 

lymph vessels by psammoma bodies combined or no with tiny tumour complexes) significantly 

varied between the groups (Tables 2 and 3). 

To identify if radioactive adjuvant therapy adds to post-Chernobyl exposure and influences 

the roles of histopathological features of papillary thyroid carcinoma in patients with metachronous 

second primaries, two distinctive groups were used (Table 4). As it was shown in previous tables, 

patients in both groups had no differences in pTNM stage.  On the other hand, multiple tumours in 

patients were observed more frequently in patients with second primaries (p = 0.024).  Besides, 

papillary thyroid carcinoma in these patients had significantly less frequent lymphatic invasion (p = 

0.02), blood vessel invasion (p = 0.034) and smaller median size of the tumour nodules (p = 0.049).  

Patients with second primary malignancies were less frequency treated with radioactive iodine (p = 

0.02). Therefore, patients with metachronous second primaries distinguished from their post-

Chernobyl counterparts (Table 5) by lesser degree of tumour extension (smaller size, blood and 

lymph vessels invasion observed less frequently).  Apparently, it influenced the clinical decision of 

treatment of the cancer with radioactive iodine.    
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4. Discussion. 

 The rationale for the current study was to elucidate if pathological features of post-Chernobyl 

papillary thyroid carcinoma could be used to predict the development of a second malignant tumour 

in this population.  Our hypothesis is synchronous thyroid and non-thyroid primary malignancies 

shared common pathogenesis and developed due to a similar combination of factors.  On the other 

hand, metachronous non-thyroid primary malignancies developed due to a more complex 

pathogenesis because of additional influence of adjuvant treatment with radiation iodine.  

Our previous study thoroughly discussed the rates and distribution of second primary 

malignant tumours in Belarus survivors of post-Chernobyl papillary thyroid carcinoma [7].  In this 

study, we acquired more cases than our previous study to investigate the pathology correlations of 

cancer of this group of patients.  Accordingly, analysis of second primary malignancies in post-

Chernobyl papillary thyroid carcinoma in a population-based cohort of patients in Belarus revealed 

that the median age at exposure in the research and control groups of patients was the same: 14 years 

old (Table 1) which is older than that of other Belarusian Chernobyl cohorts discussed in our 

previous studies [5,6,13].  Age at papillary thyroid carcinoma surgery was different in patients with 

synchronous and metachronous second primaries.  However, there is no significant difference in the 

extent or histological features of these papillary thyroid carcinomas in the two groups.  Besides, only 

39.3% (33/84) of the patients with metachronous second primary malignancy had received adjuvant 

radioactive iodine treatment for papillary thyroid carcinoma which is significantly less frequently 

than those received by patients in the matched control group.  Therefore, second primaries in patients 

with post-Chernobyl papillary thyroid carcinoma, no matter synchronous or metachronous, probably 

shared common pathogenesis or simply, it took additional time for the second primary malignancy to 

develop in a younger patient with first papillary thyroid carcinoma.  The findings supported the 

previously made observation that non-thyroid malignancies could follow exposure to isotopes of 

iodine, or to other isotopes including strontium and caesium [3].  
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Our data pointed to the different scenarios in children and adolescents exposed to post-

Chernobyl irradiation.  On one hand, in pre-pubertal children, the irradiation led to the development 

of highly aggressive papillary thyroid carcinoma.  In contrast, initial exposure at comparatively older 

age, as in our group of patients resulted in the development of relatively small and less biologically 

aggressive papillary thyroid carcinoma but with increased risk of development of second primary 

cancer.  

Histopathological features of post-Chernobyl papillary thyroid carcinoma cannot be used to 

predict if individual patient has potential to develop any form of second primaries. Besides, the link 

between radioactive iodine treatment in patients with advanced papillary thyroid carcinoma and the 

risk of subsequent metachronous malignancies still need further investigations.  

 One of the limitations of the current study is absence of data on the exact radiation dose of 

individual patient and inability to assess dose dependence in the development of the papillary thyroid 

carcinoma and second primary malignancy.  Individual thyroid doses due to 131I intake varied up to 

42 Gy and depended on the age of the person, the region where a person was exposed, and their habit 

of consumption of cow’s milk.  Population-average thyroid doses among children of youngest age 

reached up to 0.75 Gy in the most contaminated Belarus region, the Gomel Oblast.  Intake of 131I was 

the main pathway of exposure to the thyroid gland; it means contribution to the dose of radiation to 

thyroid in affected regions was more than 90% [10].  

Besides, whole body dosages from external radiation and intake of long-lived isotopes (in 

particular ,137Cs) or the absorbed radiation dosages to the individual inner human organs (lagged by 5 

years and cumulated), could be compromised and lead to miscalculation of radiation dosages [14, 

15].  Another potential bias of the current study is the mild reduction of patients’ number (due to 

absence of histological slides for review) to analyse the pathological characteristics of papillary 

thyroid carcinoma. 

In conclusion, the unique pathological characteristics of patients with papillary thyroid 

carcinoma after the Chernobyl accident in Belarus who develop secondary cancer were documented.  
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Post-Chernobyl thyroid carcinomas are associated with an elevated risk of developing other cancers 

which may also link to the radiation exposure from Chernobyl.  Besides, the combined effects of 

Chernobyl radiation and therapeutic exposure to 131I for papillary thyroid carcinoma in the 

development of second primary metachronous carcinoma needs further investigations.   
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Table 1. General information on patients with second primary malignancies (SPMs) 
combined/ followed post-Chernobyl papillary thyroid carcinoma (PTC) in a population-
based cohort of Belarus patients 

Characteristics Second primary malignancies (SPMs),  
n = 140 

p-value 

Synchronous, n=47 
(34%) 

Metachronous, 
n=93 (66%) 

Gender, n (%)   0.686 
Men 11 (23.4) 19 (20.4) 
Women  36 (76.6) 74 (79.6) 
Male to female ratio 1 to 3.3 1 to 3.9 

Median age at exposure to internal 
irradiation, years, median (min-max) 

14 years (0 to 18) 14 years (0 to 18) 0.680 

Median time interval from 
Chernobyl disaster to the 
development of PTC (min-max) 

29 years (7 to 34) 18 years (4 to 32) <0.001 

PTC, median age at diagnosis (min-
max) 

41 years (15 to 51) 30 years (6 to 46) <0.001 

SPMs, median age at diagnosis (min-
max) 

41 years (16 to 51) 42 years (16 to 51) 0.829 

Place of residence at the time of the accident (thyroid dose* (Gy) varied from 0.002 
to 0,75) 

0.054 

Brest Oblast (0.12-0.026) 16 (34) 13 (14)  
Vitebsk Oblast (0.007-0,002) 3 (6.4) 10 (10.8)  
Gomel Oblast (0,75-0,15) 7 (14.9) 27 (29)  
Grodno Oblast (0,028-0,006) 0 3 (3.2)  
Minsk Oblast (0,016-0,005) 3 (6.4) 9 (9.7)  
Minsk City (0,1-0,018) 15 (31.9) 22 (23.7)  
Mogilev Oblast (0,13-0,031) 3 (6.4) 9 (9.7)  

Cancer sites 
Solid tumour, n = 123(88%) 41 (87%) 82 (88%)  
Female breast  11 29  
Digestive system 9 12  

1. Stomach  4 2  
2. Small and large intestines 3 8  
3. Pancreas   2 1  
4. Salivary gland 0 1  

Genitourinary tract 12 28  
1. Urinary tract 7 6  
2. Testis 0 2  
3. Female Genital tract   5 20  

Cervix 3 5  
Uterus 1 8  
Ovary 1 4  
Vulva 0 2  
Others 0 1  

Soft tissues  0         6  
Other sites 9 7  

Lung 2 1  
Skin (melanoma) 5 5  
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Brain 2 1  
Lymphoid and hematopoietic, n 
=17 (12%) 

6 (13%) 11 (12%)  

1. Hodgkin lymphoma  `4 2  
2.  Non-Hodgkin lymphoma  0 5  
3. Leukaemia  2 4  

Death of SPMs, n (%) 14 (30%) 18 (19%) 0.165 
Lethal outcomes according to SPM 
sites 

   

Female breast 1 3  
Digestive system 5 6  
Female genital tract 1 3  
Soft tissues 0 2  
Lymphoid and hematopoietic 2 2  
Other sites 5 2  

*- Estimates of thyroid doses due to 131I intake for the populations of Belarus according to [10]: 
Drozdovitch V. Radiation exposure to the thyroid after the Chernobyl accident. Front Endocrinol 
(Lausanne) 11 (2021) 569041.   https//doi: 10.3389/fendo.2020.569041. 
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Table 2. Tumour extension and histological characteristics of papillary thyroid carcinoma in 
patients with second primaries and their peers matched as 1 to 3 

Characteristics  the group 
under analysis 

the control 
group 

p-value 

 SPM,  
n = 128 

matched peers,  
n = 384 

 

Median tumour size (min-max) 
(mm) 

10 (2...60) 12 (1...65) 0.041 

>10 mm 57 (44.5) 219 (57) 0.014 
T-stage according to AJCC 8 
edition 

  0.597 

pT1-T2-T3a 126 (98.4) 375 (97.7)  
minimal extra-thyroidal 

extension* 
56 (43.8) 165 (43)  

pT3b-T4a 2 (1.6) 9 (2.3)  
Lymph node status   0.561 

N0 51 (39.8) 115 (34.6)  
N1a 29 (22.7) 78 (23.5)  
N1b 48 (37.5) 139 (41.9)  

Localization   0.589 
Intra-parenchymal 62 (48.4) 168 (43.8)  
Isthmus 6 (4.7) 24 (6.2)  
Subcapsular 60 (46.9) 192 (50)  

Distant metastasis  5 (3.9) 11 (2.9) 0.557 
Multi-focal growth 27 (21.1) 56 (14.6) 0.084 
Histological variant*   0.885 

Conventional 84 (65.6) 241 (62.8)  
Follicular 10 (7.8) 36 (9.4)  
Solid 7 (5.5) 28 (7.3)  
Tall cell 3 (2.3) 13 (3.4)  
Diffuse sclerosing 7 (5.5) 15 (3.9)  
Oncocytic/clear cell 17 (13.3) 51 (13.3)  

Growth pattern*   0.265 
Infiltrative (non-encapsulated) 82 (64.1) 275 (71.6)  
Fully/partly encapsulated 39 (30.5) 94 (24.5)  
Diffuse intra-thyroidal spread 7 (5.5) 15 (3.9)  

Prominent stroma  44 (34.4) 133 (34.6) 0.957 
Numerous psammoma bodies  21 (16.4) 95 (24.7) 0.051 
Lymphatic invasion 63 (49.2) 220 (57.3) 0.112 
Blood vessel invasion 3 (2.3) 27 (7) 0.051 
Co-existing pathologies   0.248 

follicular adenoma/ 
adenomatous goitre 

29 (22.7) 62 (16.1)  

autoimmune thyroiditis   16 (12.5) 53 (13.8)  
 
SPM – second primary malignancy; * in multi-focal growth, only the largest tumour was 
considered; minimal extrathyroidal extension: microscopic evidence of tumour infiltration into 
the perithyroidal adipose tissue regardless of carcinoma size 
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Table 3. Independent morphological differences between patients with second primary 
malignancies and their matched peers (multivariate logistic regressions) 
 
Characteristics Beta OR ( 95%CI) p 
Tumour size >10 mm -0.38 0.68 (0.45; 1.04) 0.073 
Multi-focal growth    0.38 1.46 (0.86; 2.42) 0.155 
Lymphatic vessel invasion -0.04 0.97 (0.61; 1.53) 0.881 
Blood vessel invasion -0.89 0.41 (0.10; 1.23) 0.158 
Numerous psammoma bodies -0.32 0.73 (0.39; 1.31) 0.298 
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Table 4. Tumour extension and histological characteristics of papillary thyroid carcinoma in 
patients with metachronous second primaries and their peers matched as 1 to 3 

Characteristics  the group 
under analysis 

the control 
group 

p-value 

 SPM - M,  
n = 84 

matched peers,  
n = 252 

 

Median tumour diameter (min-
max) (mm) 

10 (2...40) 12 (2...50) 0.151 

>10 mm 39 (46.4) 150 (59.5) 0.049 
T-stage according to AJCC 8 
edition 

  0.680 

pT1-T2-T3a 83 (98.8) 245 (97.2)  
minimal extra-thyroidal 

extension* 
37 (44) 108 (42.9)  

pT3b-T4a 1 (1.2) 7 (2.8)  
Lymph node status   0.869 

N0 31 (36.9) 85 (33.7)  
N1a 20 (23.8) 63 (25)  
N1b 33 (39.3) 104 (41.3)  

Localization   0.484 
Intra-parenchymal 42 (50) 107 (42.5)  
Isthmus 5 (6) 17 (6.7)  
Subcapsular 37 (44) 28 (50.8)  

Distant metastasis  4 (4.8) 8 (3.2) 0.734 
Multi-focal growth 20 (23.8) 32 (12.7) 0.024 
Histological variant*   0.331 

Conventional 53 (63.1) 163 (64.7)  
Follicular 6 (7.1) 20 (7.9)  
Solid 5 (6) 20 (7.9)  
Tall cell 0 6 (2.4)  
Diffuse sclerosing 6 (7.1) 7 (2.8)  
Oncocytic/clear cell 14 (16.7) 36 (14.3)  

Growth pattern*   0.154 
Infiltrative (non-encapsulated) 55 (65.5) 183 (72.6)  
Fully/partly encapsulated 23 (27.4) 62 (24.6)  
Diffuse intra-thyroidal spread 6 (7.1) 7 (2.8)  

Prominent stroma  27 (32.1) 90 (35.7) 0.644 
Numerous psammoma bodies  16 (19) 57 (22.6) 0.593 
Lymphatic invasion 34 (40.5) 141 (56) 0.020 
Blood vessel invasion 1 (1.2) 22 (8.7) 0.034 
Co-existing pathologies   0.638 

follicular adenoma/ 
adenomatous goitre 

18 (21.4) 43 (17.1)  

autoimmune thyroiditis   10 (11.9) 35 (13.9)  
RIT  33 (39.3) 138 (54.8) 0.020 

 
SPM-M – second primary malignancy, metachronous; * in multi-focal growth, only the largest 
tumour was considered; minimal extrathyroidal extension: microscopic evidence of tumour 
infiltration into the perithyroidal adipose tissue regardless of carcinoma size; RIT – radiation 
iodine treatment 
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Table 5. Radiation iodine treatment and other differences between patients in the group of 
metachronous second primaries and their matched peers (multivariate logistic regressions) 
 
Characteristics Beta OR ( 95%CI) p 
Tumour size >10 mm -0.26 0.77 (0.45; 1.30) 0.323 
Multi-focal growth 0.65 1.92 (1.0; 3.62) 0.044 
Lymphatic vessel invasion -0.29 0.75(0.43; 1.28) 0.293 
Blood vessel invasion -1.76 0.17 (0.01; 0.87) 0.091 
Radiation iodine treatment -0.51 0.60 (0.35; 1.01) 0.058 

 

 
 
 
Supplementary Figure Legends 

Figure 1.  

A. Primary papillary thyroid carcinoma with cervical lymph node metastases in a male patient 

aged 34 years (exposed to Chernobyl internal irradiation at the age of three years). A: classical 

pattern with true papillary formations and a heavily calcified and concentric laminated 

psammoma body (arrow) in the thyroid gland.  

B: extra-thyroidal invasion of skeletal muscles with predominantly solid bands of papillary 

carcinoma. (Haematoxylin and eosin, x100)  

C. The same patient, papillary thyroid carcinoma metastasis of papillary architecture removed in 

1st surgery (Haematoxylin and eosin, x100)  

D. Lymph node metastasis another (solid) architecture removed in 2 years after 1st surgery 

(Haematoxylin and eosin, x100)  

E. The same lymph node metastasis of solid architecture at higher magnification (Haematoxylin 

and eosin, x200)  

F. The same lymph node metastasis of solid architecture shows napsin A strong and diffuse 

cytoplasmic staining (clone: IP64) allowed to suspect a primary lung adenocarcinoma (DAB 

x200) 



21 
 
G. solid masses of carcinoma in the lung composed of uniform non-mucinous columnar cells 

with eosinophilic cytoplasm and eccentric nuclei rich in chromatin (haematoxylin and eosin x 

400)    

Figure 2. Macroscopic appearance of papillary thyroid carcinoma with marked degree of 

fibrosis. 

Figure 3. Microscopic appearance of diffuse sclerosing variant of papillary thyroid carcinoma 

showing squamoid differentiation many psammoma bodies and lymphocytes as well as plasma 

cells in the stroma (haematoxylin and eosin x10)  
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