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Abstract

The subsiding of the COVID-19 pandemic and the various effects it could have on the health of infected patients in the long
term have prompted researchers to conduct studies in this field. One of the most notable issues is the finding of a relation-
ship between SARS-CoV-2 infection and the development of cancer in human organs. Since thyroid carcinomas have in-
creased in the past two decades, especially after the COVID-19 pandemic, we decided to review the relevant literature and
encourage further studies. So far, findings regarding the effects of SARS-CoV-2 on the development of thyroid disorders,
flare up of the pre-existing diseases, and neoplastic changes through the induction of cytokine storms, gene mutations and
chromosomal rearrangements have been obtained, which requires further evidence. On the other hand, the effects of medi-

cal treatment for thyroid carcinoma patients during COVID-19 should also be considered.
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Abbreviations: COVID-19: Coronavirus disease 2019; SARS-CoV-2: Severe Acute Respiratory Syndrome Coronavirus 2;
TMPRSS2: Transmembrane serine protease 2; CLEC4M: C-Type Lectin Domain Family 4 Member M; DPP4: Dipeptidyl
Peptidase 4; CRP: C - reactive protein
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Introduction

Nowadays, considering the post-COVID-19 transition period and the significant effects of the pandemic on people’s health, re-
searchers have decided to conduct various studies on the effects of COVID-19 on a variety of diseases. In the meantime, the pos-
sible relationship between COVID-19 and some types of cancers, including thyroid carcinomas (TCs), has attracted a lot of at-
tention due to the increase in TCs and the challenges caused by the pandemic as a result of the limitation of medical services
during the quarantine and pandemic declaration period (from March 2020 to May 2023) [1-6]. Depending on whether the can-
cer cells originate from the follicular (approximately 95% of cases) or parafollicular (5% of cases) part of the thyroid gland, they
can present different pathological features and prognoses; in this regard, papillary and follicular cell carcinoma, anaplastic cell
carcinoma, and poorly differentiated thyroid carcinoma occur in the follicular part. Medullary thyroid carcinoma and squa-
mous cell thyroid carcinoma are specific to the parafollicular part. However, there are also cases that can occur in both parts of
the thyroid gland, including primary thyroid lymphoma, malignant thyroid teratoma, primary thyroid sarcoma, and metastases
from cancers in other areas of the body [7]. Our aim in reviewing the present literature is to compile a summary of the research
conducted on the relationship between COVID-19 and TCs and to look at the possible biological mechanisms, mutual conse-

quences, and changes in the therapeutic approach to TCs during the pandemic.

Overview of Thyroid Carcinoma

TC is one of the most common endocrine malignancies, with a significant increase in incidence over the past two decades. Ac-
cording to the World Health Organization (WHO), the female-to-male ratio is estimated to be approximately 3:1 [8]. In 2020,
slightly more than 500,000 new cases of TCs were reported worldwide [9]. The most common types are papillary thyroid carci-
noma (PTC) and follicular thyroid carcinoma (FTC), which originate from thyroid follicular cells. The pathogenesis of TC
could be due to one or more genetic mutations, chromosomal rearrangements, and changes in the tumor environment result-
ing from exposure to environmental factors such as chemicals or viruses, as it has been shown that inflammation of thyrocytes
leads to increased cytokine release and factors such as interleukin-6 and interferon-a, which would lead to TCs, indicating that

the immune system response is of great importance in this regard [7].

COVID-19 and Thyroid Dysfunction

Existing evidence suggests that COVID-19 may have effects on thyroid function, so that several cases of hyperthyroidism and
hypothyroidism have been reported [10, 11]. Epidemiological research showed that patients with COVID-19 could potentially
exacerbate pre-existing autoimmune thyroid disease. One study found that interleukin-6 and thyroid stimulating hormone (T-
SH) levels were correlated in COVID-19 patients, with high interleukin-6 levels associated with low TSH levels, increasing the
risk of hyperthyroidism. The mechanisms underlying these changes may include a viral-induced inflammatory response that
could even lead to thyroiditis and subsequent changes in thyroid hormone levels (such as seen in hypothyroidism) [7]. Several
studies have shown that in the acute phase of SARS-CoV-19 infection, TSH levels are often normal 3 months after hospitaliza-
tion, and thyroiditis appears to be transient in most cases [12-16]. Besides, another study found that abnormal thyroid findings

due to COVID-19 were transient, lasting no more than a year at most [17].

Covid-19 and Thyroid Carcinoma

The relationship between COVID-19 and cancers, especially TCs, is complicated. The immune response to SARS-CoV-2 may
influence tumor behavior and patient outcomes. The SPIKE protein of this virus, by recognizing the ACE2 (Angiotensin Con-

verting Enzyme type 2) receptor located on the host cell membrane (such as thyrocytes, lung epithelia, heart muscles, and renal
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vessels), penetrates into cells, replicates, and possibly causes disparate clinical manifestations by causing mutations in the genes
encoding proteins involved in multiple metabolic pathways. In addition, other studies have shown that significant changes in
the expression of some genes observed in TC tissue, such as TMPRSS2, CLEC4M, and DPP4 would interact with SARS-CoV-2.
SARS-CoV-2 enters cells by binding to the receptor derived from the ACE2 gene. This process is supported by the receptor de-
rived from the TMPRSS2 gene as a cofactor, which exposes the fusion peptide to further the fusion of SARS-CoV-2 and the
host cell membrane and enhances cell entry and infectivity by degrading the SARS-CoV-2 spike [18-20]. CLEC4M is another
gene-derived receptor that would act like ACE2 for the entry of SARS-CoV-2 into the cells. CLEC4M has the potential to play a
role in the cells where ACE2 is not expressed, acting as a facilitator of virus entry into the cells, although further studies are
needed to confirm this function [21]. Dipeptidyl peptidase 4 (DPP4) is the other cell membrane protein with various functions
in controlling plasma glucose, cell migration and proliferation, and the immune system. It acts as a cell membrane receptor for
SARS-CoV-2 and the development of severe acute pulmonary infection [22]. It is believed that this facilitation of viral entry in-
to thyroid gland cells may lead to neoplastic changes through cytokine storms, immune system changes such as T lymphocyte
suppression, and chromosomal rearrangements [7]. Studies have shown that in the period following the onset of the
COVID-19 pandemic, in addition to an increase in TC patients, especially in the elderly and men, the diagnosis of invasive tu-
mors such as follicular, medullary, and anaplastic TCs has also increased [23]; the patients with cancers, including TCs, showed
different immune responses to COVID-19, and this infection would be associated with a weakened immune system and poor

prognosis [24].

Implications of the Covid-19 Pandemic on Thyroid Carcinoma Management

Although the COVID-19 pandemic significantly disrupted healthcare systems worldwide and caused delays in the management
of TC patients, some researchers represented that mortality from TCs did not increase within 2 years before and 2 years after
the pandemic [7]; however, delays in the diagnosis and treatment due to quarantine and limited patient access to the healthcare
facilities have raised concerns about the possibility of disease progression in the patients with TCs [25]. One study showed that
the patients with TCs experienced delays in the surgical interventions during the pandemic, leading to increased anxiety and
stress, which could have negative effects on the TC patients’ physical and mental health [26]. These psychological factors could
also negatively impact adherence to treatment and overall quality of life, emphasizing the need for comprehensive supportive
protocols for those patients. In addition, the psychological stress alongside the COVID-19 pandemic would exacerbate pre-ex-
isting thyroid diseases, especially in individuals with autoimmune thyroid disorders [27]. In addition to these points, it was
shown that measuring the inflammatory factors in the COVID-19 patients (especially in association with normal CRP and ele-
vated procalcitonin) could help in the early diagnosis of TCs, especially the medullary type, since procalcitonin is a precursor of
the calcitonin hormone, which originates from the parafollicular part of the thyroid gland. Furthermore, some studies ex-
amined the effects of the drugs used in the treatment of TC on COVID-19; for example, thyroxine (T4) could increase the entry
of SARS-CoV-2 into the patients’ cells, and multi-kinase inhibitors, which are used in the treatment of some types of TCs, pre-
vent the replication of this virus and improve the function of T cells. It should be noted that radioactive iodine did not poor the
prognosis of COVID-19 infection [7]. So far, extensive research has been conducted on the relationship between COVID-19
and TCs, but there are still some uncertainties. Longitudinal studies are needed to assess the long-term effects of COVID-19 on
TC outcomes, including recurrence rates and overall survival. In addition, further studies on the biological effects of SARS--
CoV-2 infection on the body cells and the development of malignancies such as TCs are needed to guide targeted interventions
for effective prevention and treatment, and understanding the interaction between COVID-19 and TC will be essential for de-
veloping effective management strategies and improving the patients’ outcome in the post-pandemic era. Consequently, the re-
lationship between COVID-19 and TCs is an emerging area of research that requires further investigation. This pandemic has
not only highlighted the vulnerability of cancer patients, but also the importance of integrating multidisciplinary approaches

for the effective management of TCs. As the world continues to grapple with the challenges posed by COVID-19, it is impera-
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tive that studies aimed at understanding and addressing the complex association between the current viral infections, cancers,

and ultimately advancing the management of the patients with TCs receive special attention.

References

1. Duden GS, Gersdorf S, Stengler K (2022) Global impact of the COVID-19 pandemic on mental health services: a systematic
review. ] Psychiatr Res 154: 354-77.

2. Kostopoulou E, Gkentzi D, Papasotiriou M, Fouzas S, Tagalaki A, et al. (2022) the impact of COVID-19 on paediatric emer-
gency department visits. a one-year retrospective study. Pediatr Res 91: 1257-62.

3. McMaster T, Wright T, Mori K, Stelmach W, To H (2021) Current and future use of telemedicine in surgical clinics during
and beyond COVID-19: a narrative review. Ann Med Surg (Lond) 66: 102378.

4. Puricelli Perin DM, Christensen T, Burén A, Haas JS, Kamineni A, et al. (2021) Interruption of cancer screening services due

to COVID-19 pandemic: lessons from previous disasters. Prev Med Rep 23: 101399.

5. Kendzerska T, Zhu DT, Gershon AS, Edwards JD, Peixoto C, et al. (2021) The effects of the health system response to the

COVID-19 pandemic on chronic disease management: a narrative review. Risk Manag Healthc Policy 14: 575-84.

6. Kaczmarek K, Kalembkiewicz J, Jankowska M, Kalembkiewicz K, Naroznicki J, et al. (2023) Did the COVID-19 pandemic re-
strict access to emergency urological services: assessment of reorganisation effectiveness for hospital treatment. Int ] Environ
Res Public Health 20: 3735.

7. Bronowicka-Szydetko A, Rabczyniski M, Dumas I, Fiodorenko-Dumas Z, Wojtczak B, et al. (2024) State of Knowledge About
Thyroid Cancers in the Era of COVID-19—A Narrative Review. Biomedicines 12: 2829

8. Liu H, Zhan L, Guo L, Yu X, Li L, et al. (2021) More aggressive cancer behaviour in thyroid cancer patients in the post--
COVID-19 pandemic era: a retrospective study. Int ] Gen Med 14: 7197-206.

9. Shank JB, Are C, Wenos CD (2022) Thyroid Cancer: Global Burden and Trends. Indian J Surg Oncol 13: 40-45

10. Mohammed A H, Yousif A M, Jabbar S A, Ismail P A (2021) Assessment of Thyroid Function in COVID-19 Patients.
Tabari Biomed Stu Res ] 3: 8-13.

11. Rossetti CL, Cazarin J, Hecht F, Beltrao FEL, Ferreira ACF, et al. (2022) COVID-19 and thyroid function: What do we
know so far? Front Endocrinol 13: 1041676.

12. Muller I, Cannavaro D, Dazzi D, Covelli D, Mantovani G, Muscatello A, et al. (2020) Sars-Cov-2-Related atypical thyroidi-
tis. Lancet Diabetes Endocrinol 8:739-41.

13. Chen M, Zhou W, Xu W (2021) Thyroid function analysis in 50 patients with covid-19: A retrospective study. Thyroid
31:8-11.

14. Khoo B, Tan T, Clarke SA, Mills EG, Patel B, Modi M, et al. (2021) Thyroid function before, during, and after covid-19. ]
Clin Endocrinol Metab 106:e803-¢11.

15. Campi I, Bulgarelli I, Dubini A, Perego GB, Tortorici E, et al. (2021) The spectrum of thyroid function tests during hospital-

Annex Publishers | www.annexpublishers.com Volume 5 | Issue 1



5 Journal of Endocrinology & Research Studies

ization for sars-cov-2 infection. Eur ] Endocrinol 184:699-709.

16. Lui DTW, Lee CH, Chow WS, Lee ACH, Tam AR, et al. (2021) Thyroid dysfunction in relation to immune profile, disease
status, and outcome in 191 patients with covid-19. J Clin Endocrinol Metab 106:e926-e35.

17. Muller I, Daturi A, Varallo M, Re TE, Dazzi D, et al. (2023) Long-term outcome of thyroid abnormalities in patients with se-
vere Covid-19. Eur Thyroid J 12:€220200.

18. Walls AC, Park YJ, Tortorici MA,Wall A, McGuire AT, et al. (2020) Structure, Function, and Antigenicity of the SARS--
CoV-2 Spike Glycoprotein. Cell 181: 281-92.¢6.

19. Hoffmann M, Kleine-Weber H, Schroeder S, Kriiger N, Herrler T, et al. (2020) SARS-CoV-2 Cell Entry Depends on ACE2
and TMPRSS2 and Is Blocked by a Clinically Proven Protease Inhibitor. Cell, 181:271-80.

20. Bestle D, Heindl MR, Limburg H, Van TVL, Pilgram O, et al. (2020) TMPRSS2 and furin are both essential for proteolytic
activation of SARS-CoV-2 in human airway cells. Life Sci 3:e202000786.

21. Jackson CB, Farzan M, Chen B, Choe H (2022) Mechanisms of SARS-CoV-2 entry into cells. Nat Rev Mol Cell Biol
23:3-20.

22. Yang ], Zheng Y, Gou X, Pu K, Chen Z, et al. (2020) Prevalence of comorbidities and its effects in patients infected with
SARS-CoV-2: A systematic review and meta-analysis. Int ] Infect Dis 94:91-95.

23. Popa O, Barna RA, Borlea A, Cornianu M, Dema A, et al. (2023) The impact of the COVID-19 pandemic on thyroid nodu-

lar disease: a retrospective study in a single center in the western part of Romania. Front Endocrinol 14:1221795.

24. Qu N, Hui Z, Shen Z, Kan C, Hou N, et al. (2022) Thyroid Cancer and COVID-19: Prospects for Therapeutic Approaches
and Drug Development. Front Endocrinol 13: 873027.

25. Nickel B, Miller JA, Cvejic E, Gild ML, Cope D, et al. (2021) Thyroid cancer clinicians' views and experiences of delayed
treatment during the COVID-19 pandemic: An international cross-sectional survey. ANZ J Surg 91: 2562-64.

26. Forner D, Murnaghan S, Porter G, Mason RJ, Hong P, et al. (2021) Psychosocial Distress in Adult Patients Awaiting Cancer
Surgery during the COVID-19 Pandemic. Curr Oncol 28: 1867-78.

27. Rossini A, Cassibba S, Perticone F, Benatti SV, Venturelli S, et al. (2023) Increased prevalence of autoimmune thyroid dis-

ease after COVID-19: A single-center, prospective study. Front Endocrinol 14: 1126683.

Annex Publishers | www.annexpublishers.com Volume 5 | Issue 1



6 Journal of Endocrinology & Research Studies

Submit your next manuscript to Annex Publishers and !
benefit from: :
> Easy online submission process .
» Rapid peer review process :
> Online article availability soon after acceptance for Publication !
» Open access: articles available free online i
» More accessibility of the articles to the readers/researchers within the field :
> Better discount on subsequent article submission :

1

I

1

Submit your manuscript at
http://www.annexpublishers.com/paper-submission.php

Annex Publishers | www.annexpublishers.com Volume 5 | Issue 1



