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TARGETED THERAPY OF ANAPLASTIC THYROID
CANCER

Introduction. Anaplastic thyroid cancer is an aggressive disease
with meager patient survival. The tumors are often unresectable and
insensitive to standard treatment methods (chemotherapy and
radioiodine therapy). In recent years, much attention has been paid to
new therapeutic strategies, mainly targeted therapy.

The purpose of our study was to summarize the data on targeted
drugs used to treat anaplastic thyroid cancer and establish the main side
effects associated with their use.

Materials and methods. A scientific search was conducted in
Pubmed, Scopus, and Web of Science databases. The following search
terms were used: "anaplastic thyroid cancer," "targeted therapy," and
"clinical trials."

Results. A literature search was conducted regarding targeted drugs
to treat anaplastic thyroid cancer. The results of clinical trials using
BRAF/MEK, RET, NTRK, mTOR, and TKI inhibitors were analyzed.
Several clinical trials have demonstrated that dabrafenib, combined
with trametinib, has a sufficiently high therapeutic effect and can
effectively treat anaplastic thyroid cancer. Other targeted drugs show
limited clinical response, such as NTRK inhibitors, TKIs, and other
BRAF/MEK inhibitors. Some drugs (e.g., lenvatinib) may only be
effective with other anticancer agents. RETi and mTORi are believed
to have some therapeutic potential, but more than several clinical trials
are needed to evaluate their effectiveness.

Discussion. The main reason for the relapse of the disease and the
ineffectiveness of targeted drugs is the appearance of new mutations.
The RAS mutation is responsible for resistance to the combination of
dabrafenib and trametinib; the S100A4 protein is responsible for the
ineffectiveness of vemurafenib. Developing new drugs capable of
overcoming resistance mechanisms is necessary to solve this problem.

Conclusions. Targeted therapy is a promising direction in the
treatment of anaplastic thyroid cancer. Side effects are common but
mostly manageable.

Keywords: anaplastic thyroid cancer, BRAF/MEK inhibitors,
NTRK, RET, mTOR, TKI, targeted therapy.
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TAPTETHA TEPAIIISI AHAIIUIACTUYHOI'O PAKY
IATONOAIBHOI 3AJI03U

Beryn. AnannacTUyHMN pak IUTOBUAHOI 3aJ103U — II€ arpecu-
BHE 3aXBOPIOBAaHHS 3 BKpail HU3bKOIO BIKMBAHICTIO Nami€eHTiB. [1y-
XJIMHA YacTo OyBae Hepe3eKTabeabHOI0 Ta HEeUyTIHBA JI0 CTaHIapT-
HHUX METOJIB JIiKyBaHHs (XiMioTeparmnii Ta pamioionreparii). OcraH-
HIMHM pOKaMH BEJMKa yBara HPHUIUIIETHCS HOBUM TEPANEBTUYHUM
CTpaTerisiM, 30KpeMa TapreTHii Tepamii.

MeTo10 HAIIIOTO JOCHTIKSHHS O0YyJI0 y3araJbHUTH JaHi PO TIpe-
TapaTh TapreTHOI Aii, SKi BHKOPHCTOBYIOTH I JIIKyBaHHS aHAILIa-
CTHYHOTO paKy IIUTOIOAIOHOT 321031 Ta BCTAHOBUTH OCHOBHI TT00i-
YHi SBHIIA, TIOB’sI3aHi 3 TX MPUIOMOM.

Marepianu ta meroau. HaykoBuii nomyk npoBonuscs B 6asi
nanux Pubmed, Scopus, Web of Science. bynu Bukopucrani Taki
MOIITYKOBI TEPMIHH: «aHAIJIACTUYHUN PaK MUTOMOIIOHOT 3aJI03U»,
«TapreTHa Tepamis», «KIHIYHI JOCIIKESHH.

Pe3yabraTn. ByB mpoBeneHnii momyk HaykoBOi JiTepaTypu
I10/10 BUKOPUCTAHHS TAPTeTHUX IIPENapariB JUIs JIIKyBaHHS aHAIIa-
CTUYHOTO paKy IHUTOIoAi0HOI 3am03u. [IpoananizoBaHo pe3yabpTaTu
KITHIYHHAX OCHI/KeHb 3 BUKOpUCTaHHAM iHri6iTopiB BRAF/MEK,
RET, NTRK, mTOR, TKI. ¥ aekinpkox KIiHIYHHX BHIIPOOYBaHHIX
MIPOJIEMOHCTPOBAHO, 1110 1abpadenid B koMOiHaIil 3 TpaMeTHHIOOM
Ma€ JIOCTaTHbO BHUCOKHUII TepamneBTHYHUHN e(EeKT Ta MOKE BUKOPHUC-
TOBYBATHCS 1151 €PEKTUBHOTO JIIKYBaHHS aHAIIACTUYHOTO PaKy K-
Tonoi0HOT 3ai03u. [HII TapreTHi mpenaparu, Taki sk iHriditopu
NTRK, TKI, inun iariditopuy BRAF/MEK, neMOHCTpyHOTh 00Me-
JKeHy KIIIHIYHY BinnoBins. Jleski mpemapatu (HampuKiaj, JICHBaTI-
Hi0) MOXXYTh OyTH e(peKTHBHUMM JIHIIIEC Y KOMOIHAIIIT 3 IHIIIMU IIPO-
TUIYXJMHHAMHU areHTaMu. BBaxkaetpcs, mo RETi, mTORi maroth
TIEBHUH TepaNeBTHIHUN MOTEHIIIAN, aJle KUTBKICTh KIIHIYHUX HOCITi-
JUKEHBb HEJIOCTATHS, 00 OIIHUTH 1X €(PEKTHBHICTb.

OoroBopennsi. OCHOBHOIO IPUYMHOIO HACTAHHS PELUINBY 3a-
XBOPIOBaHHsI Ta Hee(DEKTHBHOCTI TAPTEeTHUX MPETIaparTiB € IMosiBa HO-
BUX MyTamiid. MyTartis RAS BifmnoBiganpHa 3a CTIHKICTh 0 KOMOi-
Harii qadpadenioy 3 Tpameruniobom, 6110k S100A4 — 3a HeehekTH-
BHICTh BemypadeHiOy. [ns BupimeHHs wiei npobiiemu HeoOXiaHa
PpO3po0OKa HOBHUX JIIKAPCHKUX 3aCO0IB, 3MATHUX MO0IATH MEXaHI3MHU
PE3UCTEHTHOCTI.

BucnoBkn. TapreTtHa Tepamisi € HepCIEKTHBHUM HanpsSMKOM
JIKYBaHHS aHAIUIACTUYHOIO PaKy muTomnozaiOHol 3ano3u. [ToOiuni
SIBUINA 3YCTPIYaOThCS YacTo, ajie 3[e0UIBIIOro iX MOXKHa KOHTpPO-
JIIOBATH.

Kuii04uoBi cji0Ba: aHamIacTUYHWKA pak IUTOMOAIOHOT 3al03W,
inrioitopu BRAF/MEK, NTRK, RET, mTOR, TKI, taprerna
Teparmis.
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INTRODUCTION / BCTYII

Anaplastic cancer is a rare histological variant of
thyroid tumors. This malignant neoplasm occurs in
only 1-2% of patients [1]. The cancer is very
aggressive and has an unfavorable prognosis. The
average survival of patients is five months [2].
Anaplastic thyroid cancer occurs mainly in women.
Its primary clinical symptoms are a hard, painful
tumor that overgrows and leads to shortness of
breath and hoarseness. Unfortunately, most patients
at the time of diagnosis have an advanced stage of
cancer, so they are not amenable to surgical
treatment. Anaplastic thyroid cancer is not sensitive
to chemotherapy and radioiodine therapy, so it needs
a modern treatment approach, mainly targeted
therapy.

Mutations in the RET, EGRF, and KIT genes
disrupt the transmission of the main signaling
pathways (MAPK, PI3K/AKT/mTOR, and JAK-
STAT). This leads to impaired growth, proliferation,
cell apoptosis, and the appearance of anaplastic
thyroid cancer. Targeted therapy is the only
treatment that can block specific signaling pathways
and stop the proliferation of atypical cells.

A large number of genetic mutations are
associated with anaplastic thyroid cancer. BRAF
and RAS oncogenes are essential to the RAS-ERK
signaling pathway [3]. Next in importance is the
TP53 mutation. In connection with the gradual
accumulation of genetic abnormalities, there is a
loss of differentiation of the cells of the thyroid
gland. This phenomenon is not at all characteristic
of differentiated tumors. The insensitivity of
anaplastic cancer to chemotherapy and radioiodine
therapy is associated with this phenomenon [4].
The discovery of the importance of signaling
pathways has led to many studies devoted to the
targeted therapy of anaplastic thyroid cancer. The
American Thyroid Association (ATA)
recommends genetic testing for all patients with
suspected anaplastic carcinoma [2].

The purpose of our study was to summarize the
data on targeted drugs used to treat anaplastic thyroid
cancer and establish the main side effects associated
with their use.

MATERIALS AND METHODS

A scientific search was conducted in Pubmed,
Scopus, and Web of Science databases. The

following search terms were used: "anaplastic
thyroid cancer," "targeted therapy,” and "clinical
studies."”

RESULTS

1. BRAF/MEK inhibitors (BRAF/MEKi)

BRAF mutation occurs in 50% of patients with
malignant melanoma. However, it is also the most
common somatic mutation in individuals with
anaplastic thyroid cancer. About 90% of patients
may have BRAF V600E mutations [2].

1.1. Dabrafenib and trametinib are targeted drugs
against BRAF and MEK1/2 mutations. These drugs
inhibit the proliferation of tumor cells by blocking
the RAF-MEK-ERK signaling pathway. A clinical
trial in patients with anaplastic thyroid cancer
demonstrated that combination therapy with
dabrafenib and trametinib was effective in
individuals with the BRAF V600E mutant gene. In
differentiated forms of thyroid cancer, the overall
response rate was significantly lower (33 vs. 80%,
respectively) [5]. The Food and Drug Administration
(FDA) approved the combination of dabrafenib and
trametinib for treating patients with unresectable or
metastatic mutant anaplastic thyroid cancer. A study
by Subbiah et al. [6] reported that dabrafenib 150 mg
twice daily and trametinib 2 mg once daily
significantly prolonged patient survival. In addition,
these drugs can be used for neoadjuvant therapy in
patients with inoperable tumors [7].

The most common side effects after using
dabrafenib and trametinib in patients with anaplastic
thyroid cancer were anemia, nausea, fatigue,
anorexia, and neutropenia. In general, the treatment
is well tolerated.

1.2. Vemurafenib is a drug that selectively
inhibits oncogenic BRAF kinases. Vemurafenib is
widely used to treat unresectable or advanced
metastatic melanoma with the BRAF V600E
mutation. The FDA does not approve this drug for
treating patients with anaplastic thyroid cancer. The
research team of Hyman et al. [8] evaluated the
effect of vemurafenib on survival in patients with
BRAF V600E mutants. Only seven people
participated in the study and showed good treatment
results: 2 had a complete response, and 5 had a
partial response.

The side effects include fatigue, rash,
hematologic toxicity, alopecia, arthralgia, and
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gastrointestinal disturbances. The  severe
consequences of taking can be squamous cell cancer
of the skin, trachea, head, and neck, and stomach
adenocarcinoma. It is worth noting that no clinical
studies are dedicated to investigating vemurafenib's
safety in patients with anaplastic thyroid cancer.
Data on complications were collected based on a
study of drug use in patients with malignant
melanoma.

2. RET inhibitors (RETI)

RET gene mutation occurs in patients with
thyroid and non-small cell lung cancer. The RET
gene can be expressed in transcriptionally silent
cells. This eventually leads to the fusion of RET and
activating the RAS, PI3K, and STAT signaling
pathways. Cells begin to divide and overgrow [9].

2.1. Selpercatinib is an FDA-approved drug for
treating RET-mutant medullary thyroid carcinoma.
A phase I-Il clinical trial (LIBRETTO-001) [10]
investigated the efficacy and safety of selpercatinib
in a cohort of 143 patients with anaplastic thyroid
cancer. It was found that a partial response was
observed in 79% of patients, and the one-year
progression-free survival was 64%.

Patients who took this targeted drug complained
of hypertension, xerostomia, nausea, constipation, or
diarrhea. Among the laboratory indicators, the most
common side effect was increased liver
transaminases and hyponatremia. Separate studies
have not been conducted on the safety of
selpercatinib in patients with anaplastic thyroid
cancer. Data on side effects were collected based on
studies among patients with non-small cell lung
cancer [11].

2.2. Pralcetinib is another representative of
targeted therapy that inhibits the phosphorylation of
RET and its molecules. The FDA has approved the
drug for the treatment of adults and children with
neglected RET-positive thyroid cancer. In the
ARROW clinical study [12], the efficacy of
pralcetinib was evaluated in patients with RET
mutations. The overall response was 89%. However,
the studied cohort did not include patients with
anaplastic thyroid cancer. This direction may be
promising and requires a separate study.

The scientific team of Griesinger et al. [13]
reported the results of a study of the efficacy and
safety of pralcetinib in patients with non-small cell
lung cancer. It was noted that this drug has a higher
frequency of hematological toxic effects
(lymphopenia, anemia, neutropenia) compared to
selpercatinib. However, severe side effects are much
less common. The most common serious

complication was pneumonia, which  was
recommended to be treated with high doses of
corticosteroids.

3. NTRK inhibitors (NTRKIi)

The TRK (tropomyosin receptor kinase) receptor
family is encoded by the NTRK1, NTRK2, and
NTRK3 genes and is involved in intercellular
interaction and communication.

3.1. Larotrectinib is a TRK (TRKA, TRKB,
TRKC) receptor inhibitor approved by the FDA for
treating children and adults with NTRK fusion
tumors. The drug can be used for the therapy of
various solid tumors. There have been only a few
small-scale clinical trials of larotrectinib in people
with anaplastic thyroid carcinoma. For example, a
study by Waguespack et al. [14] found that overall
response to treatment was achieved in 29% of
patients. However, this rate is better than the
cytotoxic chemotherapy response [2]. Isolated cases
of larotrectinib use in children have been described
[15]. Additional clinical studies are required to
confirm the drug's effectiveness in patients with
anaplastic thyroid cancer.

In 90% of patients taking larotrectinib, there
were side effects: fatigue, myalgia, nausea, cough,
constipation, and increased level of liver
transaminases [14, 15]. There are no data on the
safety of use in patients with anaplastic thyroid
cancer.

3.2. Entrectinib is a broad-spectrum-targeted
anticancer drug for treating adults and children with
NTRK fusion solid tumors. It is believed that it can be
used for thyroid cancer. Although 7% of patients with
solid tumors had a complete response, and 50% had a
partial response, the treatment outcome in individuals
with anaplastic thyroid cancer remains unknown [16].
Some studies suggest that entrectinib can cross the
blood-brain barrier and effectively treat patients with
anaplastic thyroid cancer with brain metastases [17].

Entrectinib is quite toxic. Almost all patients
experience taste disturbances, increased creatinine
levels, dizziness, and fatigue. Gastrointestinal
reactions often develop, but less often do pulmonary
reactions  (shortness of breath, pneumonia,
thromboembolism of the pulmonary artery) [16].

4. mTOR inhibitors (MTORI)

Long-term activation of the mTOR (serine-
threonine protein kinase) signaling pathway leads to
intensive long-term growth, cell proliferation, and the
appearance of malignant neoplasms [18]. mTOR
inhibitors stimulate apoptosis and have anti-
inflammatory, autophagic, and antiproliferative
effects.
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4.1. Everolimus is the primary representative of
drugs in this group. It suppresses mTOR kinase
activity and inhibits angiogenesis by influencing
endothelial growth factor (VEGF) [19]. Lim et al.
[20] investigated the effect of everolimus on
patients with different histological thyroid cancer
variants. The studied cohort included only six
patients with anaplastic tumors. The median
recurrence-free survival of these patients was ten
weeks. Harris et al. [21] evaluated the survival of 5
patients with anaplastic thyroid cancer who
received everolimus as palliative therapy. The
average survival of patients was 7.4 months.

Patients who take everolimus have side effects
mostly of 1-2 degrees of severity: skin rash,
mucositis, increased liver enzymes, anemia, and
cough. Side effects of the 3-4th degree are rare. It can
be stomatitis, neutropenia, hypercholesterolemia,
and fatigue [20, 21].

4.2. Rapamycin is an effective drug used to treat
autoimmune diseases. In addition, it can suppress
the proliferation and growth of atypical cells. The
effectiveness of rapamycin was studied only on cell
lines of anaplastic thyroid cancer [22]. Significant
suppression of the growth of tumor cells was
observed, so this direction can be auspicious.

5. TKI (tyrosine kinase) inhibitors

Anaplastic thyroid cancer tumor cells actively
produce vascular endothelial growth factor
(VEGF). In this regard, the tumor becomes well-
vascularized, which increases its metastatic
potential [23]. Inhibitors of tyrosine Kinases can
inhibit neoangiogenesis.

5.1. Sorafenib is an anticancer drug that targets
endothelial and platelet-derived growth factor
receptors (EGFR and PDGFR). The drug showed
satisfactory results in an experiment on animals
[24]. However, in a study of patients with
anaplastic thyroid cancer, the median recurrence-
free survival was only 2.8 months, and the median
overall survival was five months [25]. Some
scientists claim that sorafenib's effectiveness
increases when combined with metformin [26].

Patients with anaplastic thyroid cancer
experienced such side effects as weight loss, skin
rash, fatigue, anemia, hypertension, and elevated
liver enzymes [25, 26].

5.2. Lenvatinib is an angiogenesis inhibitor
approved in Japan for treating neglected anaplastic
thyroid cancer [95]. Huang et al. [27] investigated
the effectiveness of lenvatinib in this category of

patients through a meta-analysis. It was established
that a partial response was achieved in 15% of
patients and stabilization of the disease in 42%.
One of the studies was terminated due to
unsatisfactory patient outcomes. Nevertheless,
there is evidence that lenvatinib can enhance the
effect of other anticancer drugs (adriamycin,
vinorelbine, paclitaxel) [28, 29].

This drug’s most frequent side effects were
anorexia, arterial hypertension, proteinuria, and
asthenia [27]. The effectiveness of other tyrosine
kinase inhibitors affecting neoangiogenesis
(imatinib, sunitinib, apatinib, vandetanib) is
questionable [30, 31, 32, 33].

DISCUSSION

Anaplastic thyroid cancer is challenging to
treat. Usually, patients have an unresectable tumor
insensitive to chemotherapy and radioiodine
therapy. If anaplastic thyroid cancer is suspected,
the doctor must send a tumor tissue sample for
molecular genetic testing. This will make it
possible to correctly choose a drug with a targeted
effect and prolong the patient's life.

According to the results of our study, the
combination of dabrafenib and trametinib in
patients with BRAF V600E mutation shows the
best treatment results. Other targeted drugs show
limited clinical response, such as NTRK inhibitors,
TKIls, and other BRAF/MEK inhibitors. Some
drugs (for example, lenvatinib) may be effective
only in combination with other anticancer agents.
RETi, and mTORi are believed to have some
therapeutic potential, but more than several clinical
trials are needed to evaluate their effectiveness.

Targeted therapy has many side effects:
hematological toxicity, inhibition of kidney and
liver  function, skin rash, hypertension,
gastrointestinal ~disorders, and fatigue. Such
patients require careful monitoring and a long
follow-up period.

The main reason for the relapse of the disease
and the ineffectiveness of targeted drugs is the
appearance of new mutations. The RAS mutation is
responsible for resistance to the combination of
dabrafenib and trametinib, and the S100A4 protein
is responsible for the ineffectiveness of
vemurafenib [34, 35]. Developing new drugs
capable of overcoming resistance mechanisms is
necessary to solve this problem. Combined drug
use with a targeted effect is also a promising
research direction [36].
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CONCLUSIONS / BACHOBKH

Targeted therapy is a promising direction in the
treatment of anaplastic thyroid cancer. According to
the results of many studies, the combination of
dabrafenib with trametinib is the most effective since
the proportion of patients with a BRAF mutation is
high. One of the essential areas of clinical research
can be the evaluation of the effectiveness and safety

of a combination of two or more targeted drugs.
Studies have shown that combining cytotoxic and
targeted anticancer drugs can overcome resistance
mechanisms. Side effects are common but are mostly
manageable. For a more informative assessment of
the effectiveness and safety of drugs, it is necessary
to conduct clinical studies with the participation of a
large cohort of patients.

CONFLICT OF INTEREST / KOH®JIKT IHTEPECIB

The authors declare no conflict of interest.

FUNDING / IXKEPEJIA ®ITHAHCYBAHHS
None.

AUTHOR CONTRIBUTIONS / BKJIAJI ABTOPIB

All authors substantively contributed to the drafting of the initial and revised versions of this paper. They take

full responsibility for the integrity of all aspects of the work.

REFERENCES/CITMCOK JIITEPATYPU

1. Mao Y, Xing M. Recent incidences and differential
trends of thyroid cancer in the USA. Endocr. Relat.
Cancer. 2016;23:313-322. doi: 10.1530/ERC-15-
0445.

2. Bible KC, Kebebew E, Brierley J, Brito JP,
Cabanillas ME, Clark TJ, Jr, Di Cristofano A, Foote
R, Giordano T, Kasperbauer J, et al. 2021 American
Thyroid Association Guidelines for Management of
Patients with Anaplastic Thyroid Cancer. Thyroid.
2021;31:337-386. doi: 10.1089/thy.2020.0944.

3. Zaballos MA, Acufia-Ruiz A, Morante M, Riesco-
Eizaguirre G, Crespo P, Santisteban P. Inhibiting
ERK dimerization ameliorates BRAF-driven
anaplastic thyroid cancer. Cell Mol. Life Sci.
2022;79:504. doi: 10.1007/s00018-022-04530-9.

4. Canale M, Petracci E, Delmonte A, Chiadini E,
Dazzi C, Papi M, Capelli L, Casanova C, De Luigi
N, Mariotti M, et al. Impact of TP53 Mutations on
Outcome in EGFR-Mutated Patients Treated with
First-Line Tyrosine Kinase Inhibitors. Clin. Cancer
Res. 2017;23:2195-2202. doi: 10.1158/1078-
0432.CCR-16-0966.

5. Subbiah V, Kreitman RJ, Wainberg ZA, Cho JY,
Schellens JHM, Soria JC, Wen PY, Zielinski C,
Cabanillas ME, Urbanowitz G, et al. Dabrafenib and
Trametinib Treatment in Patients With Locally
Advanced or Metastatic BRAF V600-Mutant
Anaplastic Thyroid Cancer. J. Clin. Oncol.
2018;36:7-13. doi: 10.1200/JC0O.2017.73.6785.

6. Subbiah V, Kreitman RJ, Wainberg ZA, Cho JY,
Schellens JHM, Soria JC, Wen PY, Zielinski CC,
Cabanillas ME, Boran A, et al. Dabrafenib plus
trametinib in patients with BRAF V600E-mutant
anaplastic thyroid cancer: Updated analysis from
the phase Il ROAR basket study. Ann. Oncol.

2022;33:406-415.
doi: 10.1016/j.annonc.2021.12.014.

7. Wang JR, Zafereo ME, Dadu R, Ferrarotto R,
Busaidy NL, Lu C, Ahmed S, Gule-Monroe MK,
Williams MD, Sturgis EM, et al. Complete Surgical
Resection Following Neoadjuvant Dabrafenib Plus
Trametinib in BRAFV600E-Mutated Anaplastic
Thyroid Carcinoma. Thyroid. 2019;29:1036-1043.
doi: 10.1089/thy.2019.0133.

8. Hyman DM, Puzanov I, Subbiah V, Faris JE, Chau
I, Blay JY, Wolf J, Raje NS, Diamond EL,
Hollebecque A, et al. Vemurafenib in Multiple
Nonmelanoma Cancers with BRAF V600
Mutations. N. Engl. J. Med. 2015;373:726-736. doi:
10.1056/NEJM0a1502309.

9. Drilon A, Hu ZI, Lai GGY, Tan DSW. Targeting
RET-driven cancers: Lessons from evolving
preclinical and clinical landscapes. Nat. Rev. Clin.
Oncol. 2018;15:150.
doi: 10.1038/nrclinonc.2017.188.

10. Dias-Santagata D, Lennerz JK, Sadow PM, Frazier
RP, Govinda Raju S, Henry D, Chung T, Kherani J,
Rothenberg SM, Wirth LJ. Response to RET-
Specific Therapy in RET Fusion-Positive
Anaplastic  Thyroid  Carcinoma.  Thyroid.
2020;30:1384-1389. doi: 10.1089/thy.2019.0477.

11. Drilon A, Oxnard GR, Tan DSW, Loong HHF,
Johnson M, Gainor J, McCoach CE, Gautschi O,
Besse B, Cho BC, et al. Efficacy of Selpercatinib in
RET Fusion-Positive Non-Small-Cell Lung Cancer.
N. Engl. J. Med. 2020;383:813-824. doi:
10.1056/NEJM0a2005653.

12. Subbiah V, Hu MI, Wirth LJ, Schuler M, Mansfield
AS, Curigliano G, Brose MS, Zhu VW, Leboulleux
S, Bowles DW, et al. Pralsetinib for patients with

118


https://doi.org/10.1530/ERC-15-0445
https://doi.org/10.1530/ERC-15-0445
https://doi.org/10.1089/thy.2020.0944.
https://doi.org/10.1007/s00018-022-04530-9
https://doi.org/10.1158/1078-0432.CCR-16-0966
https://doi.org/10.1158/1078-0432.CCR-16-0966
https://doi.org/10.1200/JCO.2017.73.6785
https://doi.org/10.1016/j.annonc.2021.12.014
https://doi.org/10.1089/thy.2019.0133
https://doi.org/10.1056/NEJMoa1502309
https://doi.org/10.1038/nrclinonc.2017.188
https://doi.org/10.1056/NEJMoa2005653

Kononenko M, Duzhiy I, Moskalenko Yu

East. Ukr. Med. J. 2023;11(2):113-120

13.

14.

15.

16.

17.

18.

19.

20.

21.

advanced or metastatic RET-altered thyroid cancer
(ARROW): A multi-cohort, open-label,
registrational, phase 1/2 study. Lancet Diabetes
Endocrinol. 2021;9:491-501. doi: 10.1016/S2213-
8587(21)00120-0.

Griesinger F, Curigliano G, Thomas M, Subbiah V,
Baik CS, Tan DSW, Lee DH, Misch D, Garralda E,
Kim DW, et al. Safety and efficacy of pralsetinib in
RET fusion-positive non-small-cell lung cancer
including as first-line therapy: Update from the
ARROW ftrial.  Ann. Oncol. 2022 doi:
10.1016/j.annonc.2022.08.002.

Waguespack SG, Drilon A, Lin JJ, Brose MS,
McDermott R, Almubarak M, Bauman J, Casanova
M, Krishnamurthy A, Kummar S, et al. Efficacy and
safety of larotrectinib in patients with TRK fusion-
positive thyroid carcinoma. Eur. J. Endocrinol.
2022;186:631-643. doi: 10.1530/EJE-21-1259.
Laetsch TW, DuBois SG, Mascarenhas L, Turpin B,
Federman N, Albert CM, Nagasubramanian R,
Davis JL, Rudzinski E, Feraco AM, et al.
Larotrectinib  for paediatric  solid tumours
harbouring NTRK gene fusions: Phase 1 results
from a multicentre, open-label, phase 1/2 study.
Lancet Oncol. 2018;19:705-714. doi:
10.1016/S1470-2045(18)30119-0.

Marcus L, Donoghue M, Aungst S, Myers CE,
Helms WS, Shen G, Zhao H, Stephens O, Keegan
P, Pazdur R. FDA Approval Summary: Entrectinib
for the Treatment of NTRK gene Fusion Solid
Tumors. Clin. Cancer Res. 2021;27:928-932. doi:
10.1158/1078-0432.CCR-20-2771.

Dziadziuszko R, Krebs MG, De Braud F, Siena S,
Drilon A, Doebele RC, Patel MR, Cho BC, Liu SV,
Ahn MJ, et al. Updated Integrated Analysis of the
Efficacy and Safety of Entrectinib in Locally
Advanced or Metastatic ROS1 Fusion-Positive
Non-Small-Cell Lung Cancer. J. Clin. Oncol.
2021;39:1253-1263. doi: 10.1200/JC0O.20.03025.
Chen Y, Zhou X. Research progress of mTOR
inhibitors. Eur. J. Med. Chem. 2020;208:112820.
doi: 10.1016/j.ejmech.2020.112820.

Wagle N, Grabiner BC, Van Allen EM, Amin-
Mansour A, Taylor-Weiner A, Rosenberg M, Gray
N, Barletta JA, Guo Y, Swanson SJ, et al. Response
and acquired resistance to everolimus in anaplastic
thyroid cancer. N. Engl. J. Med. 2014;371:1426—
1433. doi: 10.1056/NEJM0a1403352.

Lim SM, Chang H, Yoon MJ, Hong YK, Kim H,
Chung WY, Park CS, Nam KH, Kang SW, Kim
MK, et al. A multicenter, phase Il trial of everolimus
in locally advanced or metastatic thyroid cancer of
all histologic subtypes. Ann. Oncol. 2013;24:3089—
3094. doi: 10.1093/annonc/mdt379.

Harris EJ, Hanna GJ, Chau N, Rabinowits G,
Haddad R, Margalit DN, Schoenfeld J, Tishler RB,
Barletta JA, Nehs M, et al. Everolimus in Anaplastic

119

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Thyroid Cancer: A Case Series. Front. Oncol.
2019;9:106. doi: 10.3389/fonc.2019.00106.

Jin N, Jiang T, Rosen DM, Nelkin BD, Ball DW.
Dual inhibition of mitogen-activated protein kinase
kinase and mammalian target of rapamycin in
differentiated and anaplastic thyroid cancer. J. Clin.
Endocrinol. Metab. 2009;94:4107-4112. doi:
10.1210/jc.2009-0662.

Onoda N, Nakamura M, Aomatsu N, Noda S,
Kashiwagi S, Hirakawa K. Establishment,
characterization and comparison of seven authentic
anaplastic thyroid cancer cell lines retaining clinical
features of the original tumors. World J. Surg.
2014;38:688-695. doi: 10.1007/s00268-013-2409-7.
Kim S, Yazici YD, Calzada G, Wang ZY, Younes
MN, Jasser SA, EI-Naggar AK, Myers JN.
Sorafenib inhibits the angiogenesis and growth of
orthotopic anaplastic thyroid carcinoma xenografts
in nude mice. Mol. Cancer Ther. 2007;6:1785—
1792. doi: 10.1158/1535-7163.MCT-06-0595.

Ito Y, Onoda N, Ito KI, Sugitani I, Takahashi S,
Yamaguchi |, Kabu K, Tsukada K. Sorafenib in
Japanese Patients with Locally Advanced or
Metastatic Medullary Thyroid Carcinoma and
Anaplastic ~ Thyroid  Carcinoma.  Thyroid.
2017;27:1142-1148. doi: 10.1089/thy.2016.0621
Chen G, Nicula D, Renko K, Derwahl M.
Synergistic anti-proliferative effect of metformin
and sorafenib on growth of anaplastic thyroid
cancer cells and their stem cells. Oncol. Rep.
2015;33:1994-2000. doi: 10.3892/0r.2015.3805.
Huang D, Zhang J, Zheng X, Gao M. Efficacy and
Safety of Lenvatinib in Anaplastic Thyroid
Carcinoma: A Meta-Analysis. Front. Endocrinol.
(Lausanne) 2022;13:920857. doi:
10.3389/fendo.2022.920857.

Jing C, Gao Z, Wang R, Yang Z, Shi B, Hou P.
Lenvatinib enhances the antitumor effects of
paclitaxel in anaplastic thyroid cancer. Am. J.
Cancer Res. 2017;7:903-912.

Di Desidero T, Orlandi P, Gentile D, Banchi M, Ali
G, Kusmic C, Armanetti P, Cayme GJ, Menichetti L,
Fontanini G, et al. Pharmacological effects of
vinorelbine in combination with lenvatinib in
anaplastic  thyroid cancer. Pharmacol. Res.
2020;158:104920. doi: 10.1016/j.phrs.2020.104920.
Ha HT, Lee JS, Urba S, Koenig RJ, Sisson J,
Giordano T, Worden FP. A phase Il study of
imatinib in patients with advanced anaplastic
thyroid cancer. Thyroid. 2010;20:975-980. doi:
10.1089/thy.2010.0057.

Ravaud, de la Fouchardiére C, Caron P, Doussau A,
Do Cao C, Asselineau J, Rodien P, Pouessel D,
Nicolli-Sire P, Klein M, et al. A multicenter phase
Il study of sunitinib in patients with locally
advanced or metastatic differentiated, anaplastic or
medullary thyroid carcinomas: Mature data from



https://doi.org/10.1016/S2213-8587(21)00120-0
https://doi.org/10.1016/S2213-8587(21)00120-0
https://doi.org/10.1016/j.annonc.2022.08.002
https://doi.org/10.1530/EJE-21-1259
https://doi.org/10.1016/S1470-2045(18)30119-0
https://doi.org/10.1158/1078-0432.CCR-20-2771
https://doi.org/10.1200/JCO.20.03025
https://doi.org/10.1016/j.ejmech.2020.112820
https://doi.org/10.1056/NEJMoa1403352
https://doi.org/10.1093/annonc/mdt379
https://doi.org/10.3389/fonc.2019.00106
https://doi.org/10.1210/jc.2009-0662
https://doi.org/10.1007/s00268-013-2409-7
https://doi.org/10.1158/1535-7163.MCT-06-0595
https://doi.org/10.1089/thy.2016.0621
https://doi.org/10.3892/or.2015.3805
https://doi.org/10.3389/fendo.2022.920857
https://doi.org/10.1016/j.phrs.2020.104920
https://doi.org/10.1089/thy.2010.0057

Kononenko M, Duzhiy I, Moskalenko Yu East. Ukr. Med. J. 2023;11(2):113-120

the THYSU study. Eur. J. Cancer. 2017;76:110- Zafereo M, Hofmann MC. Acquired Secondary
117. RAS Mutation in BRAFV600E-Mutated Thyroid
32. Feng H, Cheng X, Kuang J, Chen L, Yuen S, Shi M, Cancer Patients Treated with BRAF Inhibitors.
Liang J, Shen B, Jin Z, Yan J, et al. Apatinib- Thyroid. 2020;30:1288-1296. doi:
induced protective autophagy and apoptosis through 10.1089/thy.2019.0514.
the AKT-mTOR pathway in anaplastic thyroid 35. Jiao X, Zhang H, Xu X, Yu Y, Zhang H, Zhang J,
cancer. Cell Death Dis. 2018;9:1030. doi: Ning L, Hao F, Liu X, Niu M, et al. S100A4
10.1038/541419-018-1054-3. Knockout Sensitizes Anaplastic Thyroid Carcinoma
33. Ferrari SM, Bocci G, Di Desidero T, Ruffilli I, Elia Cells Harboring BRAFV600E/Mt to VVemurafenib.
G, Ragusa F, Fioravanti A, Orlandi P, Paparo SR, Cell Physiol. Biochem. 2018;49:1143-1162. doi:
Patrizio A, et al. Vandetanib has antineoplastic 10.1159/000493296.
activity in anaplastic thyroid cancer, in vitro and in 36. Wong K, Di Cristofano F, Ranieri M, De Martino
vivo. Oncol. Rep. 2018;39:2306-2314. doi: D, Di Cristofano A. PI3K/mTOR inhibition
10.3892/0r.2018.6305. potentiates and extends palbociclib activity in
34. Cabanillas ME, Dadu R, lyer P, Wanland KB, anaplastic thyroid cancer. Endocr. Relat. Cancer.
Busaidy NL, Ying A, Gule-Monroe M, Wang JR, 2019;26:425-436. doi: 10.1530/ERC-19-0011.
Received 06.04.2023 QOoepitcano 06.04.2023
Accepted 07.06.2023 3ameepoceno oo opyky 07.06.2023

INFORMATION ABOUT THE AUTHORS / BIIOMOCTI ITPO ABTOPIB

Mykola Kononenko, DM, Professor of the Department of Surgery, Traumatology, Orthopedics and
Phthisiatry of Sumy State University

M. Vovchok Str., 2, Sumy, Ukraine, 40007

e-mail: m.kononenko@med.sumdu.edu.ua

phone: 068-656-28-17

Ihor Duzhiy, DM, Professor, DSc, Academician of the Academy of Sciences of Ukraine, Head of the
Department of Surgery, Traumatology, Orthopedics and Phthisiatry of Sumy State University

M. Vovchok Str, 2, Sumy, Ukraine, 40007

e-mail: gensurgery@med.sumdu.edu.ua

phone: 099-008-12-59

Yuliia Moskalenko, PhD, Associate Professor of the Department of Oncology and Radiology of Sumy State
University

Rymskoho-Korsakova Str., 2, Sumy, Ukraine, 40007

e-mail: yl.moskalenko@med.sumdu.edu.ua

phone: 097-615-73-96

120


https://doi.org/10.1038/s41419-018-1054-3
https://doi.org/10.3892/or.2018.6305
https://doi.org/10.1089/thy.2019.0514
https://doi.org/10.1159/000493296
https://doi.org/10.1530/ERC-19-0011

