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FAMILIAL NON-MEDULLARY THYROID CARCINOMA

Background. Familial non-medullary thyroid carcinoma (FNMTC) is defined as cancer developing in two or more
first-degree relatives if predisposing factors, for example, radiation, are absent. The disease can be either syndromic,
when it is a component of complex genetic syndromes, or non-syndromic (95% cases). The genetic basis of non-
syndromic FNMTC is unknown; the clinical behavior of tumors is unclear and, at times, contradictory. Aim: To ana-
lyze clinical manifestations of FNMTC and compare them with the data for sporadic papillary thyroid carcinomas
in patients of the same age groups. Materials and Methods. We examined 22 patients (a “parents” group and a “chil-
dren” group) suffering from the non-syndromic FNMTC. For comparison, two groups of sporadic papillary carci-
nomas patients of the same age were drawn up (“adult” and “young”). We analyzed tumor size and frequency of the
distribution by the category of TNM system, invasiveness, multifocality, metastases to lymph nodes, type and extent
of surgical and radioiodine treatment, and prognosis according to the MACIS criterion. Results. Whether sporadic
or familial, the tumor size, metastatic potential, and invasive potential are higher in young people, as already known.
There was no significant difference between the “parents” and “adult” groups of patients in terms of tumor param-
eters. One exception was the higher frequency of multifocal tumors in the FNMTC patients. Meanwhile, compared
to the “young” sporadic papillary carcinomas patients, the FNMTC “children” had a higher frequency of T2 tumors,
metastasizing (N1a-N1lab), and multifocal tumors, but a lower frequency of carcinomas with intrathyroidal inva-
sions. In the FNMTC “children” compared to FNMTC “parents” was a higher frequency of T2 tumors, metastasizing
carcinomas, and tumors with capsular invasion. Conclusion. FNMTC carcinomas are more aggressive than sporadic
ones, especially in patients who are first-degree relatives in a family with parents already diagnosed with the disease.

Keywords: thyroid cancer, familial non-medullary thyroid cancer, sporadic papillary carcinoma.

Familial non-medullary thyroid cancer (FNMTC), | papillary thyroid cancer in 24-year-old monozy-
a “black box” of thyroidology, was acknowledged | gotic twins [2], many cases have been published
as a separate orphan disease over twenty yearsago | of patients with relatives having some kind of dif-
[1]. Since the first report of an isolated familial | ferentiated cancer of the thyroid gland (TG), sup-

Citation: Guda BB, Komisarenko II, Ostafiichuk MV, Tronko MD. Familial Non-Medullary Thyroid Carcinoma.
Exp Oncol. 2023; 45(1): 70-78. https://doi.org/10.15407/exp-oncology.2023.01.070

© Publisher PH «Akademperiodyka» of the NAS of Ukraine, 2023. This is an open access article under the CC BY-
NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)

70 ISSN 1812-9269. Experimental Oncology 45 (1). 2023



Familial Non-Medullary Thyroid Carcinoma

porting the existence of this form of FNMTC. It is
generally rare, comprising 3 to 15% of TG differ-
entiated cancers; it can manifest itself as papillary
carcinoma (more frequent) or follicular carci-
noma [3, 4]. FNMTC is defined as cancer devel-
oping in two or more first-degree relatives when
other predisposing factors (such as radiation) are
absent. Some sources also list multinodal goiter
in at least three first- or second-degree relatives
of the carcinoma patient as a diagnostic criterion
[5—7]. The probability of a patient having exactly
the FNMTC kind of tumor is over 95% if it was
found in three or more first-degree relatives of the
patient; if there are two such patients in the family,
the probability is 31—38% [8].

Studying the clinical-pathological parameters
of the FNMTCled to its subdivision into the non-
syndromic kind (a separate familial disease) and
the syndromic kind. The latter is a component of
several complex genetic syndromes with typical
clinical manifestations (familial adenomatous
polyposis, ataxia-telangiectasia, Carney complex
type 1, and the following syndromes: DICERI,
Gardner, Cowden, Werner, Bannayan — Ri-
ley — Ruvalcaba, Li — Fraumeni, Peutz — Jegh-
ers, and Pendred) [5, 9—11].

In 95% of cases, FNMTC is non-syndromic.
Population studies have shown that the risk of
FNMTC development is 8 to 12 times higher
in patients with a first-degree relative with thy-
roid carcinoma, pointing at a so far unidentified
predisposing gene [8]. FNMTC has an autoso-
mal dominant inheritance pattern. It is linked to
several genes with low, medium, and incomplete
penetrance with horizontal transfer in brothers
and sisters and a higher fraction of male patients
(although this finding remains controversial)
compared to the sporadic tumor patients [12—
15]. The difficulty of determining the genetic ba-
sis of FNMTC is explained by its heterogeneity,
which in some families includes homogeneous
and polygenic inheritance [15, 16]. A long dis-
cussion about how many patients should be in
a family to diagnose them with FNMTC with
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certainty is perhaps over now as genome-wide
association studies revealed at least ten loci with
odds ratios ~1.2to ~1.8. Thus, the low-penet-
rance variants play an important role, and only
two patients in a family do not preclude FNMTC.
Also, if a tumor grows in a relatively young per-
son, this is an even more important sign of the
familial type because familial risks, as a rule, de-
crease with a proband’s age [15, 17].

Among the candidate predisposing genes for
FNMTC that can have germline mutations, there
are genes responsible for numerous cell processes
(transcription and reparation of DNA, processing
and splicing of RNA, proliferation, migration,
and survival of cells, telomere dysfunction, au-
tophagy, mitochondrial metabolism, chromo-
somal stability, angiogenesis, hydrogen peroxide
metabolism necessary for enzyme activity when
thyroid hormones are produced, etc.). Mean-
while, the somatic events are mostly linked to the
mitogen-activated protein kinase (MAPK) path-
way [10, 16, 18—23]. The presence of germline
mutations revealed by sequencing the FNMTC
genome underlined the central role played in this
cancer by the PI3K/AKT pathway (responsible
for apoptosis inhibition, growth, and prolifera-
tion of cells) and the MAPK/ERK pathway (par-
ticipation in the regulation of numerous cellular
processes such as control of growth, differentia-
tion, survival, or apoptosis) [16].

However, we have already known that some
variants of germline mutations found in some
families can be absent in some family members
with FNMTGC; they can be later unconfirmed in
different families [24]. Other mechanisms pos-
sibly involved in FNMTC development, e.g.,
epigenetic ones, still require further study. Re-
cently, gene regulation mechanisms (microRNA
and enhancer elements able to affect the genes’
expression under FNMTC) are progressively fre-
quently considered to play a role [25]. According
to the National Comprehensive Cancer Net-
work, the American Thyroid Association (ATA),
and the European Society for Medical Onco-
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logy, these findings in their entirety do not allow
recommending genetic testing to screen family
members in the FNMTC risk group [26—28].

At the germline level, there were not found
in FNMTC the classic genetic changes most fre-
quently present in the sporadic papillary or fol-
licular TG carcinomas (point mutations BRAF
and RAS, rearrangements RET/PTC, PPARy,
and TRK) [15].

There is also controversy regarding the neces-
sity of clinical screening for FNMTC (ultrasound
examination (US) of the gland and physical exa-
mination of members of families that include at
least two first-degree relatives with carcinoma).
Thus, a prospective study showed that 4.6% of
members of families with two thyroid carcino-
ma patients per family were also diagnosed with
FNMTC. As for the families with three or more
first-degree relatives who had cancer, 22.7% of
screened people had the same diagnosis [29].
Similar results (5.5%) were obtained in another
prospective study, which screened mostly fami-
lies with two patients [30]. All tumors diagnosed
using screening were smaller, had lower inci-
dences of central-cervical lymph node metasta-
ses, and required less initial surgical treatment
and radioiodine therapy than tumors of patients
who already had the clinical disease. Also, the pa-
tients found by screening were younger [31, 32].

Proponents of the US screening point to the
fact that without screening, tumors are found
at a later stage, leading to worse treatment out-
comes in such families [33]. Nevertheless, the
current ATA protocols do not recommend US
screening for the non-syndromic FNMTC [28].
Meanwhile, the current body of research proves
the necessity of such screening for families with
three or more patients, starting from the age of
20 or even 10 years old [15]. Given the risk of
overdiagnosis and overtreatment, the data are
insufficient to recommend annual US screening
for families with two patients [31, 34].

The data are contradictory about whether the
non-syndromic FNMTC is more aggressive than
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the sporadic form [12]. Thus, according to a me-
ta-analysis, FNMTC is linked to a younger pa-
tient age at diagnosis and a higher frequency of
multifocal and bilateral tumors, extrathyroidal
extension, lymph node metastases, and cancer
recurrence [35]. Similar results (younger age at
diagnosis, more frequent metastases in cervical
lymph nodes) were obtained in a cohort study
comparing the data for 78 patients with FNMTC
to a large group of patients (53 571) with sporad-
ic thyroid carcinoma, as well as in other studies
(6, 14, 15, 36]. Notably, FNMTC carcinomas can
be accompanied by benign thyroid gland pheno-
mena (hyperplastic nodes, follicular adenomas)
or oncocytic alterations [12, 37]. Meanwhile, there
is also evidence of less aggressive FNMTC [38].

Early papers described FNMTC patients as
having much shorter life survival than those with
sporadic non-medullary thyroid cancer [39].
However, alongitudinal study analyzing span-
ning ten years found no difference in survival
for these two cancers [40]. Likewise, there was
no increase in the recurrence and death rates for
FNMTC patients [41, 42].

Despite a more aggressive disease at the time
of reveal is an argument for a more extensive
treatment, the recognized approach to treating
FNMTC (surgery, radiotherapy) is that it should
not differ from the regimen for sporadic cancers,
and the extent of therapy should be determined
based on the treatment response and outcome [15].

In Ukraine, there are no studies of the non-
syndromic FNMTC, although a pedigree analy-
sis is an important etiological factor for differ-
entiated thyroid cancer. This paper is the first.
It aims to analyze the clinical parameters of the
disease in FNMTC patients and to compare
them with the corresponding patient groups
with sporadic papillary carcinomas.

Materials and Methods

We observed 22 FNMTC patients with who had
been treated for papillary thyroid cancer in the
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surgical clinic of the SI “V.P. Komisarenko In-
stitute of Endocrinology and Metabolism of
the National Academy of Medical Sciences of
Ukraine”. Among them, there were nine couples
of parents and their offspring; of these, the older
generation was selected as the “parents” group,
and the younger was assigned to the “children”
group together with two other couples of brot-
hers and sisters.

For the “parents” group, the mean age of pa-
tients diagnosed with thyroid carcinoma was
54.9 + 1.9years (averaged for seven women
and two men), and for the “children” — 30.2 +
+ 1.9 years (five women and eight men).

When drawing up the comparison groups (pa-
tients with sporadic papillary carcinomas), we
used the data on patients with differentiated TG
cancer (drawn from the clinical database of the
Institute’s Department of Surgery). From those,
we selected aset of patients with comparable
main characteristics and compiled comparison
groups according to the requirements: the tumors
had to be diagnosed as papillary carcinomas; the
same age range (it was previously shown that the
characteristics of carcinomas depend on the age
of patients [43]); the patients had not lived in the
regions of Ukraine affected by the accident at the
Chornobyl nuclear power plant [44]. The clinical
base of the Department of Surgery of the Institute
includes records for almost six thousand patients
with differentiated thyroid cancer. Of them, 321
adult patients (54.2 + 0.24 years, the “adults” co-
hort) and 505 young patients (30.5 + 0.23 years,
the “young” cohort) met our screening require-
ments. These two cohorts were similar in age to
the “parents” and “children’, respectively.

We analyzed the following data: tumor size
and frequency of distribution according to the
TNM system, invasiveness, multifocality, lymph
node metastases, nature and extent of the surgi-
cal and radiotherapy, and the prognosis accord-
ing to the MACIS criterion [45].

Statistical treatment included Student’s ¢-test
(p,) and Pearson’s X test (pX) of distributions.
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The calculations were done using Statistica 12
software package by StatSoft, Inc. The signifi-
cance threshold was p < 0.05.

Results

Since one of the main conditions to diagnose a tu-
mor as FNMTC is non-exposure of the patient to
the increased radiation levels, we analyzed the pa-
tients’ passport records. At the time of the Chor-
nobyl accident, all of the “parents” lived in the
regions unaffected by the disaster, and their age
then was 21.1 + 1.3 years. Thus, none of them be-
longed to the geography- or the age-related (0—
18 years) risk groups [44]. Their children had not
been born by at least two years after the disaster.

In the FNMTC group of patients, inheritance
was more common on the maternal side (7 cases
of 9; 77.8%); in three families, the daughters in-
herited it, and in four families — the sons. In one
case, FNMTC was recorded for the father and
the daughter, and in another — for the father
and the son. In two families, brothers and sisters
but not the parents were diagnosed.

The tumors were larger in the “young” cohort
than in the “adults” (14.1 £ 0.3 mm vs. 11.3 £
+ 0.2 mm, respectively; p, < 0.001). Similarly, they
were larger in the “children” than in the “parents”
(159 £ 1.9 mm vs. 10.8 + 1.3 mm, p, < 0.05).

As for the T category, in the “young”, T2—T3
tumors were more frequent compared to the
“adults” (see Table 1). They also had more fre-
quent metastasis to cervical lymph nodes (cate-
gories Nla and Nlab) and more frequent cap-
sular, intra-, and extrathyroidal invasions. The
difference was similar for the FNMTC carcino-
mas. In the “children” group, the fractions of T2
tumors and metastasizing tumors Nla-Nlab
were higher compared to the “parents”. As for the
invasiveness of FNMTGC, in the “children” group,
100% of carcinomas had capsular invasion; in
the “parents”, it was a third less.

We compared the data on sporadic and fami-
lial papillary carcinomas for the corresponding
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Table 1. Frequency of different clinical characteristics of sporadic

and hereditary cancer in patients of different ages with sporadic cancer or FNMTC, n (%)

Sporadic cancer FNMTC
Indicator «adults», n = 321 «young», n = 505 «parents», n =9 «children»,n =13
1 2 3 4

T1 291 (90.7) 354 (70.1) ! 8(88.9) 6 (46.2)3
T2 0 (0) 44 (8.7)! 0 (0) 5(38.4)%3
T3 19 (5.9) 94 (18.6)! 1(11.1) 2 (15.4)
Nla 31(9.7) 81 (18.0)! 1(11.1) 2(15.4)
N1b 19 (5.9) 37(7.3) 0 (0) 2 (15.4)
Nlab 16 (5.0) 82 (16.2)1 1(11.1) 5(38.4)
Nla-Nlab 66 (20.6) 200 (39.6) ! 2(22.2) 9 (69.2)%3
Multifocality 43 (13.4) 91 (18.0) 4(44.4)1 7 (53.9)2
Invasion:

capsule 254 (79.1) 454 (89.9)! 6 (66.7) 13 (100.0)3

intrathyroidal 125 (38.9) 374 (74.1)1 2(22.2) 6 (46.2)?

extrathyroidal 28 (8.7) 107 (21.2)! 1(11.1) 2 (15.4)
Thyroidectomy 229 (71.3) 368 (72.9) 4 (44.4) 2(15.4)?
Thyroidectomy 74 (23.1) 96 (19.0) 5(55.6)! 10 (76.9)2
and lymphodissection
Hemithyroidectomy 18 (5.6) 41 (8.1) 0(0) 1(7.7)
Radioiodine therapy 304 (94.7) 463 (91.7) 6 (66.7)1 13 (100.0)3

Note: the difference is significant, p < 0.05: ! — between the “adults” and “young” groups or “adults” and “parents”
groups; 2 — between “young” and “children” groups; > — between “parents” and “children” groups.

age groups. There were no significant differences
between the “adults” and the “parents’, except
for the greater frequency of multifocal tumors
in FNMTC patients (see Table 1). Meanwhile,
in the “children”, compared to the “young’, T2
tumors, N1la—sN1lab tumors, and multifocal tu-
mors were more frequent, whereas carcinomas
with intrathyroidal invasion were less frequent.
Among the sporadic papillary carcinoma pa-
tients, the most common surgical treatment was
limited to total thyroidectomy. Total thyroidecto-
my with dissection of cervical lymph nodes was
much less common. No difference was found for
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the “adults” and the “young” (see Table). On the
contrary, in FNMTC patients, total thyroidec-
tomy was more frequently performed with neck
dissection. Most patients required postoperative
radiation therapy; it was somewhat less frequent
for the “parents” group.

Despite the difference in the parameters of
sporadic and familial carcinomas in patients
of different ages, all patients had stage I cancer
according to their MACIS scores, which remai-
ned below 6: “adults” — 4.81 + 0.03, “young” —
3.88 £ 0.03, “parents” — 3.85 * 0.13, and “child-
ren” — 3.88 + 0.16.
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Discussion

For the FNMTC patients, maternal inheritance
is more frequent (female patients with thyroid
cancer are much more numerous). However, this
tentative conclusion cannot be fully substantia-
ted given the small number of patients examined
and the lack of similar findings in the literature.
Meanwhile, among the “children’, the fraction of
male patients was somewhat higher, and there
were also two couples of brothers and sisters.
This agrees with some reports on increased frac-
tions of males among the affected progeny and
with the current views on the possibility of hori-
zontal transfer of cancer [12, 13].

Regardless of whether the carcinoma is spo-
radic or familial, the tumor size and its metasta-
sizing and invasion potential are higher in young
patients. This is in full accordance with the pre-
vious findings for sporadic papillary carcinomas
[43]. The less profound quantitative changes in
the FNMTC patients can be a consequence of
the small sample sizes in the “parents” and “chil-
dren” groups, as expected for an orphan dis-
ease; it can also be connected with some of the
children diagnosed at an earlier age if they were
examined following their parents diagnosed
(a kind of accidental screening).

The higher frequency of larger tumors (T2 cate-
gory), metastases, and multifocal tumors in the
“children” compared to the “young” patients, as
well as the higher frequency of T2 tumors, metasta-
sizing carcinomas, and tumors with capsular inva-
sion compared to the “parents” are evidence of the
more aggressive FNMTC cancer in the young first-
degree patients in families with parents already suf-
fering from the disease. As for the “parents” them-
selves, the more aggressive FNMTC was seen in the
higher fraction of multifocal carcinomas compared
to sporadic papillary carcinomas in patients of the
same age. Previous studies have indicated that for
this cancer, multifocal tumors are more frequent
and metastasize to the cervical lymph nodes more
often [6, 14, 15, 35, 36].
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Such features of FNMTC led to neck dissections
performed more frequently in both the “parents”
and “children” groups (especially in “children”)
compared to the sporadic papillary carcinoma
patients. For the same reason, radioiodine thera-
py was more frequent for the “children’, although
according to the current views, the treatment of
FNMTC should not be substantially different
from the treatment of sporadic papillary carci-
nomas [15]. Meanwhile, the treatment should be
determined individually on the basis of the clini-
cal parameters and therapy response; accordingly,
all patients in this study were in good-prognosis
groups given the amount of surgical treatment.

To summarize, let us stress that despite all the
breakthroughs of the last decades, the genetics
of non-syndromic FNMTC is still poorly under-
stood. The genetic mechanisms causing the tumor
development are unclear, and the tumor’s clinical
behavior is contradictory. All of this makes this
cancer interesting and important both scientifi-
cally and clinically. Further studies of FNMTC
are necessary to better understand the genetic
factors of the emergence of familial orphan di-
seases and to discover more aggressive tumors of
the patients’ relatives in time but without over-
diagnosis, personalizing treatment of thyroid
cancer [24, 46—48]. Some clinical parameters,
such as the relatively young age of the patients
and the multicentral and/or bilateral tumors,
should attract clinicians’ attention to a possible
form of familial differentiated thyroid cancer.

Limitation

The study has certain limitations because of the
small number of patients with FNMTC, a thy-
roid cancer rare enough to be an orphan disease.

Funding

The article was prepared within the budget fun-
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im. B.IT. Komicapenka HAMH Ykpainn”, Kuis 04114, YkpaiHa

CIMEVHIY HEMEIVIAPHUN PAK IIIMTOIIOAIBHOI 3A103U

Pesrome. CimeltHnit HeMeny/ApHUil pak wurononi6unoi samosyu (CHMPII3) BusHaYa€eTbCA AK MYX/INHA, IO BU-
HIIKA€ Y IBOX 4y Oi/IbIlle pOfMYiB IIepPIIOro CTYIEH: 3a BiICYyTHOCTI OCHOBHMX YMHHMKIB PU3MKY, 30KpeMa pafia-
LiffHOrO OIpOMiHEeHHA. 3aXBOPIOBAaHHSA MOXe OyTI AK CMHAPOMA/IbHVM, Y IIbOMY BUIAJKy BOHO € KOMIIOHEHTOM
CK/IQIHMX TeHeTWYHMX CHHIPOMIB, TaK i HecuHApoManbHUM (95% Bumajkis). [eHeTHYHI MeXaHi3MH, 11O JIEKATh
B OCHOBI BUHMKHeHHA HecuHapoManbHoro CHMPIII3 HeBifoMi, HesicHa i cynepeunnBa TaKoX KIiHIYHA Ta OHKO-
7oriyHa moBefiHKa MyxXauH. MeTa. IpoBeCcTy aHasIi3 KIIHIYHMX XapaKTepUCTUK XBopobu y mauientis 3 CHMPII3
Ta MOPIBHATY IX 3 JAHMMM BiJIIOBiIJHMX BIKOBUX IPyIl XBOPMX 3i CIIOpafMYHMMM HAIli/IAPHUMM KapLVHOMaMMu.
Marepiamu i meromu. Ilig Haragom 6yo 22 xBopux Ha HecuHapomaabauiit CHMPII3 (rpymu «6aTbkm» i «iTn»).
Ipynu nopiBHAHHA CKIaZeHO 3 XBOPUX BifJIIOBiFHOrO BiKY 31 CHOpaAMYHUMY NaNiIAPHUMY KapLHOMaMy (Tpynu
«IOPOCITi» 11 «MOJIOfi»). AHaII3y MiaHO: po3Mip IYX/IMH Ta 4acTOTa PO3IOAiNy ix 3a cucremoro TNM, yacroTa
iHBa3iitHOCTI, My/IbTU(OKAIBHOCTI, MeTaCTa3yBaHHsA [0 NiM(OBY3/IiB, XapakTep Ta 0OCIT XipypridHOro it paji-
OIIOfHOTO JIiKyBaHHs, a TAKOXX IMPOrHO3 XxBopobu 3a kpurepiem MACIS. Pesynpratu. HesanexxHo Bix mpupopu
KapUyHOMM (CIIOpafMYHa YN CIA/{KOBA) PO3MIp MyX/IMH Y XBOPUX, IXHi MeTacTaTu4Hi Ta iHBasiliHi moTeHuiamN
BHIIi Y MOJIOAMX MAIli€HTiB, 110 BifjIOBifae BcTaHOBeHOMY paHile. CyTTEBOI pi3sHMIII y XapaKTepUCTUKAX IyX/INH
MDX IPyIaMH «JOPOCIi» Ta «0aTbKU» HEMA€, 32 BUHATKOM Oi/IbIIOi YacTOTY MYIbTN(OKATbHUX MYX/INH Y XBOPUX
3 CHMPIII3. BopHouac, y rpymi «giteri» 3 CHMPII3 nopiBHAHO 3 TPYIOI0 «MOJIOfi» BUILI YaCTOTA ITyXJIMH KaTe-
ropii T2 ta MeracTtasyrounx (N1a-Nlab) it MynbTrdoxaIbHUX IYXINH i HMKYA YaCTOTa KapLMHOM 3 iHTpaTupeoin-
Hoo iHBasie. Y xopux 3 CHMPIII3 3 rpymu «iti» 6yma 6inpina yacTora myximuH T2, MeTacTa3ylounx KapIiHOM
Ta IYXINH 3 KaIICY/IbHOIO iHBa3i€10 MOPIBHAHO 3 4aCTOTOIO IMX IIOKa3HMKIB y Ipymi «6aTbki». BucHoBOK. Kapun-
HoMmu y Bumakax CHMPII3 e 6impur arpecBHUMY, HDK CHOpafUdHi, 0COOMMBO Y HAIIA/KIB HEPIIOrO CTYIEHs
CIIOPiHEHOCTI B POIMHI, [ie BXXe € XBOPi 6aThKIL.

KirouoBi cmoBa: pak IUTONORIOHOI 3a/103M, CIMEVHNUIT HEMeRYIApHMIL paK LIUTOIORIOHOI 3a/103M, CopaiiHa
HaIigpHa KapIyHOMA.
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