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Simple Summary: It is vitally important that scientists are able to describe their work
simply and concisely to the public, especially in an open-access on-line journal. The simple
summary consists of no more than 200 (80-150) words in one paragraph and contains a clear
statement of the problem addressed, the aims and objectives, pertinent results, conclusions
from the study and how they will be valuable to society. This should be written for a lay
audience, i.e., no technical terms without explanations. No references are cited and no
abbreviations. Submissions without a simple summary will be returned directly.

Abstract: Background/Objectives: Gestational trophoblastic disease (GTD) is a group
of disorders including complete, partial, and invasive/metastatic hydatidiform moles,
as well as gestational trophoblastic neoplasia (GTN) (choriocarcinoma; placental site tro-
phoblastic tumor, PSTT; epithelioid trophoblastic tumor, ETT; or mixed forms). These
entities are characterized by increased trophoblast proliferation, rarely complicated by hy-
perthyroidism. Methods: Our systematic literature review (PRISMA guidelines; PubMed,
Web of Science, and Scopus databases) searched for histologically confirmed cases of
GTN associated with clinical or subclinical hyperthyroidism. We described the clinical—-
pathologic features and the pathways of hyperthyroidism in GTD. Results: We identified
just 32 choriocarcinomas and one PSTT; other non-histologically confirmed cases could
have been identified, as some patients received a clinical diagnosis based on serum human
chorionic gonadotropin (hCG) levels and imagining data and were treated accordingly.
As regards choriocarcinomas, patients” age range was 1545 (mean 27) years. Metas-
tases involved the lungs (53%), brain (25%), and liver (19%) (less frequently, the kidneys,
spleen, ovaries, vagina, pelvis/abdomen, or thyroid). The time to recurrence range was
1-36 (mean 12) months. On follow-up, 10 patients (32%) were alive with disease and
6 (19%) showed no evidence of disease, while most of the women (15 cases, 48%) died of
disease. The hCG level range was 10,000-3,058,000,000 (mean 128,957,613) IU/L. At least
some symptoms and/or signs of hyperthyroidism were evident with variable intensity
in most cases and significantly improved within 2-3 weeks after treatment. Conclusions:
Increased trophoblast proliferation could stimulate thyroid function via increasing the half-
life of thyroxine-binding globulin. Secondly, increased hCG demonstrates cross-reactivity
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with the thyroid-stimulating hormone due to similar x-subunits. Moreover, basic isoforms
of hCG may facilitate thyrotropic activity.

Keywords: gestational trophoblastic disease; gestational trophoblastic neoplasia; molar
pregnancy; hydatidiform moles; choriocarcinoma; placental site trophoblastic tumor;
human chorionic gonadotropin; hyperthyroidism; thyroid storm

1. Introduction

According to the World Health Organization (WHO) classification of tumors, ges-
tational trophoblastic disease (GTD) is a group of disorders characterized by increased
trophoblast proliferation and impaired expression of imprinted gene products [1-5].

GTD comprises complete (CHM), partial (PHM), and invasive/metastatic hydatid-
iform moles, as well as a spectrum of four entities grouped under the term malignant
gestational trophoblastic neoplasia (GTNs), including gestational choriocarcinoma, pla-
cental site trophoblastic tumor (PSTT), epithelioid trophoblastic tumor (ETT), and mixed
trophoblastic tumor (MTT). GTD can be complicated by bleeding, trophoblastic pulmonary
embolism, as well as preeclampsia or hyperthyroidism [1,5-7]. The latter has been reported
in 5% of molar pregnancies [8]. Hershman and Higgins were the first to report severe
hyperthyroidism associated with a hydatidiform mole in 1971 [8].

The main features associated with high risk of hyperthyroidism are uterine fundal
height > 16 cm, theca lutein cysts > 6 cm, and human chorionic gonadotropin (hCG)
levels > 400,000 IU/L at presentation [9]. Hyperthyroidism is accompanied by tachycardia,
heat intolerance, losing weight, tremor, nervousness, and palpitations. Sometimes, it can
be life threatening and requires immediate treatment if a thyroid storm occurs. Although
the latter is rare, it can be fatal in 15% of cases. Unfortunately, a primary concern of
hyperthyroidism is its underdiagnosis, especially at the beginning of the disease, so there
is no effective early diagnosis of hyperthyroidism in patients with gestational trophoblastic
disease to prevent severe complications [5,10,11].

The specific mechanisms underlying the relationship between trophoblastic tissue
and hyperthyroidism in gestational trophoblastic disease are associated with increased
trophoblast proliferation, which can stimulate thyroid function via increasing the half-life
of thyroxine-binding globulin. In addition, the increased hCG demonstrates cross-reactivity
with the thyroid-stimulating hormone due to similar «-subunits. Moreover, basic isoforms
of hCG may facilitate thyrotropic activity [3,5,7,8].

Recent developments in the various medical branches have led to a renewed interest in
the pathophysiology of hyperthyroidism during GTD. Previous studies have reported that
the main thyroid stimulating agent is considered to be trophoblastic tissue [5,11]. However,
reviews of the exact mechanisms of this complication are insufficient and scant, and most
studies in this field have only focused on particular case reports. We performed the first
systematic literature review of histologically confirmed GTN cases (choriocarcinoma, ETT,
PSTT, MTT) associated with hyperthyroidism/thyrotoxicosis. Moreover, we tried to clarify
several pathways of hyperthyroidism in GTD.

2. Gestational Trophoblastic Disease: Overview
2.1. Molar Pregnancies

Molar pregnancies occur in about 1-3: 1000 cases in developed countries [1,4,12].
PHMSs and CHMs are abnormal gestations with trophoblastic proliferation and hy-
drops of villi, with (PHM) or without (CHM) embryonic development, histologically
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evident as fetal villus vessels containing red blood cells. However, the morphological fea-
tures are not completely specific, and the histological features of PHM significantly overlap
with those of CHM, hydropic abortion, trisomy syndromes, and other abnormalities of
chromosomes, placental mesenchymal dysplasia, or twin gestations of CHM + normal
fetus [1,12,13].

Most CHMs are sporadic with a de novo absence of the maternal genome (only
maternal mitochondrial DNA is present) and an overexpression of a paternal-only genome,
frequently diploid (80-90% monospermic/homozygous, 10-20% dispermic/heterozygous)
and rarely tetraploid [12-14]. Loss of maternal DNA may also occur during post-zygotic
diploidization of a triploid conceptus, as suggested by experimental studies revealing that
androgenetic blastomeres can arise owing to whole genome segregation errors in both
human and bovine embryos [1,12,15,16].

In addition, less than 3% of cases are familiar recurrent biparental CHMs, typically
due to NLRP7 (18q13.4) or KHDC3L (6q13) gene mutations [1,17-23].

P57 is a cyclin-dependent kinase inhibitor encoded by the CDKN1C gene (11p15.5),
which is paternally imprinted and maternally expressed (lacking in CHMs). According
to the WHO, the immunohistochemical marker p57 does not stain the nuclei of cytotro-
phoblast and villous stromal cells in sporadic and familiar CHMs, while PHMs, hydropic
abortions, and non-molar early gestations show retained p57 positivity [1,24]. Decidua and
intermediate trophoblastic cells are positive in all of these entities and in normal pregnancy,
serving as an internal positive control. Especially if combined with short tandem repeat
(STR)-DNA genotyping, p57 immunohistochemical evaluation may efficiently overcome
morphology-based suboptimal diagnostic reproducibility. However, discrepancies between
p57, morphology, and genetic results have been reported; indeed, aberrant retained expres-
sion has rarely been reported in CHMs, as well as loss of p57 in expression in PHMs or
non-molar abortus. Molecular genotyping may not elucidate all of the possible mechanisms
for loss of p57 expression [1,24-31].

Short tandem repeat DNA genotyping provides a precise diagnosis by detecting a
diandric triploidy in PHMs or absence of maternal genetic contribution (androgenic-only
genome) in CHMs [1,32].

hCG is a hormone produced primarily by syncytiotrophoblastic cells (during normal
or molar pregnancies, as well as by GTNs or tumors with syncytiotrophoblastic differentia-
tion), while smaller amounts of hCG are also produced in the pituitary gland, liver, and
colon [12]. Curettage or hysterectomy is usually curative for hydatiform moles, but serial
monitoring of hCG is required for molar pregnancies, as the risks of persistent GTD (mainly
invasive hydatiform mole, IHM) and choriocarcinoma are 0.5-5% and <0.5% after PHM,
respectively, while they account for about 20% and 3% after CHM, respectively. Asian and
African race, as well as advanced maternal age, are other risk factors for the development
of choriocarcinoma [1].

IHM is a mole (usually a CHM) retaining the villous histology but invading the
myometrium and/or uterine vessels. Metastatic hydatiform moles (MHMSs) may present
as lesions containing abnormal molar chorionic villi outside of the uterine cavity (mainly
the pelvis and the vagina). In the absence of severe hemorrhages, chemotherapy is highly
effective (>80% cure rate, depending on the extent of disease) [1,33].

2.2. Gestational Trophoblastic Neoplasms

Choriocarcinoma is a rare and aggressive trophoblastic neoplasm that can develop
from pregnancies (gestational choriocarcinoma; incidence of 1-9 per 40,000 pregnancies,
higher in Asia and Africa) as a pure or mixed germ cell tumor (non-gestational chorio-
carcinoma) or as a choriocarcinomatous differentiation of an epithelial tumor either in
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women or men. Moreover, some cases can present as MTTs with associated PSTT and/or
ETT components [1,12,34-38]. Rarely, choriocarcinomas can arise from ectopic pregnancies,
cesarean scars, or extrauterine sites (ovary, vulva, etc.). The majority of choriocarcinomas
synchronously arise from or are preceded by molar pregnancies (especially CHMs, >50%),
spontaneous or induced abortion (25%), normal pregnancy (22.5%), or ectopic pregnancies.
The CHM can occasionally be occult and associated with a non-molar pregnancy, generat-
ing a dispermic twin pregnancy. The risk of developing choriocarcinoma is less than 0.005%
after a normal pregnancy (about 1/1000 less than following a CHM) [1,39-59].

The management of patients with choriocarcinoma is based on the International
Federation of Gynecology and Obstetrics (FIGO) staging classification (stage I: tumor
confined to uterus; II: extrauterine extension limited to adnexa, vagina, and/or broad
ligament; III: pulmonary involvement; IV: involvement of other sites) and the WHO
prognostic score (Table 1) [1,33].

Table 1. The WHO risk scoring system.

Parameter Points
0 1 2 4
Age (years) <40 >40 - -
Antecedent pregnancy Mole Abortion Term -
Interval from index pregnancy (months) <4 4-6 7-12 >12
Pretreatment hCG (mIU/mL) <103 >103-10* >10% to 10° >10°
Largest tumor size, including uterus (cm) - 34 >5 -
Site of metastases Lung Spleen, kidney Gastrointestinal Brain, liver
Number of metastases - 1-4 5-8 >8
Previous failed chemotherapy } ; Single drug >2 drugs

(chemoresistance)

Low risk: <6; high risk: >7.

Chemotherapy is the treatment of choice, yielding an excellent response (about
86-100% cure rate) depending on tumor stage and prognostic score. In patients who are not
responding to chemotherapy, the 5-year survival rate is lower (about 43%) [1,12,33,60-64].

Hysterectomy can decrease the number of cycles of chemotherapy needed to achieve
remission in low-risk patients who do not want to preserve fertility and can be considered
in uterine-confined, chemoresistant disease or in uncontrollable bleeding [65].

As mentioned, choriocarcinomas can present as mixed trophoblastic tumors in as-
sociation with PSTT and/or ETT areas. PSTT and ETT are rare malignant intermediate
trophoblastic tumors of implantation site type (PSTT) or chorionic type (ETT), respectively.
These entities seem even rarer than choriocarcinoma.

Histologically, ETT is a destructive nodular proliferation of relatively uniform tumor
cells arranged in nests or cords with characteristic eosinophilic hyaline-like material in
the center of the tumor nests. Moderate nuclear atypia, areas of necrosis, variable (but
frequently increased) mitotic index, a Ki-67 index of >10% (on immunohistochemistry), and
high immunohistochemical expression of PD-L1 are usually found. PSTT is histologically
composed of infiltrative aggregates or sheets of large polyhedral, usually mononuclear cells
with abundant amphophilic cytoplasm and pronounced pleomorphism of the sometimes
convoluted nuclei [66-70].

According to the NCCN guidelines, the prognostic score is not valid for interme-
diate trophoblastic tumors. Poor prognostic factors in PSTT include tumor cells with a
clear cytoplasm, large tumor size, >5 mitoses per 10 high-power fields, deep myome-
trial invasion, extensive coagulative necrosis, lymphovascular invasion, interval since last
pregnancy > 2 years, and age > 40 years [33,71].
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3. Histologically Confirmed Gestational Trophoblastic Neoplasia
Associated with Abnormal Thyroid Function: Systematic Review of
the Literature

3.1. Methods for Our Systematic Literature Review

We performed a systematic literature review according to the “Preferred Reporting
Items for Systematic Reviews and Meta-Analyses” (PRISMA) guidelines (http://www.
prisma-statement.org/, accessed on 2 February 2025) by searching for patients with histo-
logically confirmed GTN and showing thyrotoxicosis or abnormal thyroid function. This
study has been registered in the PROSPERO international prospective register of systematic
reviews by the National Institute for Health Research (NIHR) (protocol and registration
number: PROSPERO 2025 CRD420251037318). We used a retrospective observational
approach (PICO process) (Population: as abovementioned; Intervention: any; Comparison:
none; Outcomes: clinical outcomes including status at last follow-up, survival, and recur-
rence rates) and searched for (choriocarcinoma OR choriocarcinomas OR “epithelioid tro-
phoblastic tumor” OR “epithelioid trophoblastic tumors” OR “placental site trophoblastic
tumor” OR “placental site trophoblastic tumors” OR “epithelioid trophoblastic tumour” OR
“epithelioid trophoblastic tumours” OR “placental site trophoblastic tumour” OR “placental
site trophoblastic tumours” OR “mixed trophoblastic tumor” OR “mixed trophoblastic
tumours” OR “gestational trophoblastic neoplasm” OR “gestational trophoblastic neo-
plasia”) AND (hyperthyroidism OR thyrotoxicosis OR “thyroid storm”) in PubMed (all
fields, 114 results; https:/ /pubmed.ncbi.nlm.nih.gov, accessed on 2 February 2025), Scopus
(Title/ Abstract/Keywords, 187 results; https:/ /www.scopus.com/home.uri, accessed on
2 February 2025), and Web of Science (all fields, 85 results; https:/ /webofknowledge.com,
accessed on 2 February 2025). No limitations were set. The bibliographic research ended
on 2 February 2025 (Figure 1).

We applied the following criteria:

e  Eligibility /inclusion criteria: studies describing cases of patients with histologically
confirmed GTN (choriocarcinoma, ETT, PSTT, MTT) and showing thyrotoxicosis or
abnormal thyroid function.

e  Exclusion criteria: unclear diagnosis; GTN not histologically confirmed; non-
gestational neoplasms; too aggregated or scant data.

After duplicates’ removal, two independent authors read the titles and abstracts of all
of the retrieved results (n = 225). By applying the eligibility /inclusion and exclusion criteria,
38 articles were considered eligible; they were all obtained in full-text format, and their
reference lists were also screened to search for additional relevant articles. After reading
the full texts, 21 cases were excluded as the histological diagnosis was not confirmed,
choriocarcinoma was non-gestational or of uncertain origin, or data were too aggregated
to clearly identify the number and features of histologically confirmed GTNs associated
with abnormal thyroid function. The remaining 17 articles were finally included in our
study [72—-88]. The extracted results were checked and confirmed by two other authors.
Data collection was case and study related. Categorical variables were analyzed as frequen-
cies and percentages, continuous variables by ranges and mean values. Given the limited
number of cases, no further statistical analysis was performed.
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Figure 1. Systematic literature review: PRISMA flowchart.

3.2. Results of Our Systematic Literature Review

We identified a total of 32 gestational choriocarcinomas [72-87] and one PSTT pa-
tient [88], while no ETT or MTT cases were found.

The PSTT [88] was diagnosed 11 months after a normal vaginal delivery in a 29-year-
old woman (G2P2) presenting with irregular genital bleeding and hyperthyroidism (in-
creased appetite; sweating; fatigue; weight loss of 7 kg over 3 months; sinus tachycardia
with a heart rate of 125/min; thyroid-stimulating hormone, TSH < 0.01 ulU/mL; FT3
24.3 pg/mL; FT4 5.3 ng/mL; and TRADb3rd 2.1 IU/L). The serum hCG and E2 levels were
117 mIU/mL and 51 pg/mL, respectively. The patient underwent methimazole adminis-
tration, total laparoscopic hysterectomy, and bilateral salpingectomy. The PSTT was 3 cm
in size, and FIGO stage I. Postoperative hCG levels rapidly became negative, along with
thyroid normalization. Methimazole was gradually discontinued 1 year after surgery, and
no evidence of disease or hyperthyroidism was found 2 years later. In addition (a case
excluded from our analysis), Moore-Maxwell et al. reported a 48-year-old G2 woman with
preeclampsia, hyperthyroidism, and elevated hCG. After a curettage diagnosis of CHM,
the hCG levels decreased for a short time, but they rapidly increased despite methotrexate
administration, and a new curettage diagnosed a PSTT. In this case, it was unclear if the
hyperthyroidism symptoms persisted with disease progression [89].

Table 2 reports the clinical data of the histologically confirmed gestational choriocarci-
noma cases associated with hyperthyroidism [72-87].
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Table 2. Clinical cases of hyperthyroidism in histologically confirmed gestational choriocarcinomas.

Case Age Beta-hCG Metastases Treatment Follow-Up
PTU, esmolol, PRO/atenolol,
663,200 IU/L . MET, MTX/ETO, leucovirin,
Gupta et al., 2024 [72] 38 (serum) Lungs, brain ACT, cyclophosphamide, NED, 6 months
total hysterectomy
Lungs, liver, MTX/ETO, CAR/PRO,
Saleem et al., 2021 [73] 30 3’058’(0522’3 23 IU/L spleen, brain, cholestyramine, Lugol’s iodine, AWD
kidneys antiepileptic drugs
Tong et al., 2017 [74] 31 >200,000 1U/L Lungs Lugol’s %odme, CAR/PRO’ AWD
(serum) uterine evacuation
PTU/MET; after delivery,
Subang et al., 2016 [75] 34 1,433,740 IU/L Lungs MTX/ACT/ETO DOD
(serum) .
Methasone, leucovirin
Meister et al., 2005 [76] 26 2,564,768 TU/L Lungs MTX/ACT/ETO/folic acid, NED, 6 mo
(serum) PRO
Ismail et al., 2000 [77] 28 125,000 IU/L. Lungs NR NR
(serum)
O'Reilly et al., 1993: >10,000 IU/L .
case 1[78] 40 (serum) Lungs, right ovary No DOD
) Hydroxyurea, MTX, vincristine,
Soutter et al., 1981: 45 750,000 IU/L. Lungs ACT, cyclophosphamide, folinic AWD
case 1 [80] (serum) N
acid, iodide therapy
MTX, folinic acid, lost at
) 7000 IU/L, then . follow-up,
Soutter etal, 1981: ¢ 480,000 U/ ungs brain (after i amethasone/folinic  AWD, 15 mo
case 2 [80] 6 mo) . .
(serum) acid, PRO, chlorpromazine,
iodide therapy
. 6
Norman et al., 1981: NR 9 x 10° IU/L NR NR AWD
case 1[79] (serum)
. 6
Norman et al., 1981: NR 4 x 10°IU/L NR NR DOD
case 2 [79] (serum)
. 6
Norman et al., 1981: NR 1.37 x 10° IU/L NR NR DOD
case 3 [79] (serum)
. 6
Norman et al., 1981: NR 0.75 x 10°1IU/L NR NR AWD
case 4 [79] (serum)
. 6
Norman et al., 1981: NR 0.48 x 10°IU/L NR NR AWD
case 5 [79] (serum)
Norman et al., 1981: 0.38 x 106 IU/L )
case 6 [79] NR (serum) Widespread Chemotherapy DOD
Norman et al., 1981: 0.17 x 10°TU/L )
case 7 [79] NR (serum) Widespread Chemotherapy DOD
. 6
Norman et al., 1981: NR 0.1 x 10°IU/L NR NR AWD
case 8 [79] (serum)
Nisula et al., 1980: 14,000 TU/L Lungs (3 and Chemotherapy, PRO, PTU, 131-I
" ’ 26 ’ 6 years after hyd Py, ! ! DOD, 6 years
case 1 [81] (serum) . uptake
mol), liver (6 years)
Nisula et al., 1980: 19 3,220,000 IU/L Lungs, brain ACT, brsfun racho'therapy, NED, 18 mo
case 2 [81] (serum) thyrotropin-releasing factor
Anderson et al., % >500,000 IU/L Lungs, liver, brain, MTX, brain radiotherapy, ACT, DOD. 8 mo
1978 [82] (serum) thyroid hepatic wedge resection ’
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Table 2. Cont.
Case Age Beta-hCG Metastases Treatment Follow-Up
9,490,000 IU/L Lungs, brain
(serum), 6,400,000— 4 ; MTX, ACT, chlorambucil, brain
Caveetal, 1976 [83] 15 15 800,000 [U/mL, ~ 2Pdomen ovaries, 4 therapy; PRO, PTU, iodine DOD, 4 mo
. kidneys, liver
(urine)
134,000 IU/L
Morley et al., 1976: (serum), .
case 1[84] 33 350 TU/mL /24 h Vagina MTX, ACT, hysterectomy NED, 7 mo
(urine)
185,000 IU/L
Morley et al., 1976: (serum), Lungs, brain
case 2 [84] 19 3601U/mL/24h (3 mo) MTX, ACT AWD, 6 mo
(urine)
963,000 IU/L Hysterectomy, MTX,
Morley et al., 1976: 28 (serum), 17.5 Vagina, lungs 6-mercaptopurine, ACT, PRO, DOD. 20 mo
case 3 [84] IU/mL/24h (15 mo) carbimazol, radiotherapy !
(urine) (pelvis, vagina)
Cohen et al., 1969 [35] 18 204,800.IU /day Lungs MTX, ACT, MET, subtotal AWD
(urine) hysterectomy
Odell et al., 1962: 2 x 10° mouse , MTX, ACT, PTU, Lugol’s
case 2 [86] 32 units/24 h (urine) Widespread 10 days terminally DOD, 8 mo
Odell et al., 1962: 23 5 x 10° mouse Widespread (also MTX, ACT, chlorambucil, DOD. 8 mo
case 3 [86] units/24 h (urine) liver and spleen) leurocristine !
Odell et al., 1962: 2 x 10° mouse .
case 4 [86] 22 units/24 h (urine) Widespread MTX, ACT, hysterectomy NED, 2 mo
Odell et al., 1962: 5 x 10° mouse .
case 5 [86] 29 units/24 h (urine) Widespread MTX NED, 10 mo
Odell et al., 1962: 2 x 10° mouse . L.
case 6 [36] 26 units/24 h (urine) Widespread MTX, ACT, leurocristine DOD, 14 mo
MTX, nistrogen mustard
. _ 6 7 g "
Odell et al., 1962: 22 5 1.0 x 10 mquse Widespread deoxynorleucine, Tapazole, DOD, 15 mo
case 7 [86] units/24 h (urine) , .
Lugol’s 10 days terminally
Myers W.PL, 1961: 6-8 million IU Lungs, liver, Pelv1s Hysterectomy + bilateral
34 . (1 mo), brain ! . DOD, 6 mo
case 5 [87] (urine) salpingectomy, amethopterin

ACT: actynomycin; AWD: alive with disease; CAR: carbimazole; DOD: dead of disease; ETO: etoposide; MET:
methimazole; mo: months; MTX: methotrexate; NED: no evidence of disease; NR: not reported; PRO: propranolol;
PTU: propylthiouracil.

The age of choriocarcinoma patients ranged from 15 to 45 years (mean age: 27 years;
median age: 26 years). Two cases seemed to arise from a tubal ectopic pregnancy [73,87],
while one case was intraplacental [75].

Lungs were involved by metastases in most of the cases (17/32, 53%), followed by the
brain (8/32, 25%), liver (6/32, 19%), kidneys (2/32, 6%), spleen (2/32, 6%), ovaries (2/32,
6%), vagina (2/32, 6%), pelvis/abdomen (2/32, 6%), and thyroid (1/32, 3%) [72-87]. In
three cases (9%), the metastases were widespread, while the extent of disease was unclear
in the remaining patients. Time to recurrence was available for just five cases (16%), ranging
from 1 to 36 months (mean 12 months). Status at last follow-up was available for 31 cases
(97%) (mean follow-up 14 years, range: 2-72 years), and 10 patients (32%) were alive with
disease (AWD; follow-up time available for 2 cases, 6 and 15 months, respectively; mean
follow-up 10.5 months), 6 cases (19%) showed no evidence of disease (NED, 2-18 months,
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mean 8.6 months), and most of the women (15 cases, 48%) died of disease (DOD) after
4-72 months (mean 17 months) [72-87].

The serum levels of hCG ranged from 10,000 to 3,058,000,000 IU/L (mean 128,957,613 IU/L).
T3 and T4 hormones were both usually increased in each patient with available data, even
if different range references and units of measurement were used [72-87].

When reported, at least some symptoms and/or signs of hyperthyroidism were evi-
dent with variable intensity in most of the patients [72,73,75,77,78,80-84], while one case
showed subclinical hyperthyroidism [76]. Normalization or significant improvement of
symptoms and laboratory data usually occurred within 2-3 weeks after treatment adminis-
tration [72-76,80-85].

4. Pathways of Hyperthyroidism in GTD
4.1. Thyroxine-Binding Globulin and Hyperestrogenism

Due to the rarity of GTNs, most experimental studies investigating the pathways
of hyperthyroidism in GTD actually studied molar pregnancies [90-108]. Hydatidiform
moles could enhance thyroid function with the help of thyroxine-binding globulin (TBG),
which is encoded by the SERPINA7 gene [90,91]. It is a glycoprotein with a molecular
mass of 54 kDa, and it plays an important role in thyroid hormone serum levels via
binding triiodothyronine (T3) and thyroxine (T4) with high affinity but low capacity for
abovementioned hormones [90,91].

In normal pregnancies, TBG levels arise in response to increased estradiol levels,
reaching a plateau around 20 gestational weeks and causing a 1.5-fold elevation of total
T4 and T3 hormones [60,104]. Likewise, in hydatidiform moles, trophoblast cells convert
dehydroisoandrosterone sulfate (DHEAS) to estradiol, causing hyperestrogenism [92].
Then, elevated estrogen levels contribute to the increase in the complexity of oligosaccharide
side-chains, which appropriately increase the number of sialic acids in the TBG molecule.
Subsequently, this mechanism prevents uptake and delays TBG degradation by the liver,
causing its high serum level [90,93].

The elevated TBG serum level induces a decline of T3 and T4 free forms, thereby
leading to increased TSH or thyrotropin. TSH can be defined as a heterodimeric glycopro-
tein that consists of two (x and 3) subunits. This hormone interacts with TSH receptors
(TSH-R) (a subfamily of type A G protein-coupled receptors that signal through the cyclic
adenomonophosphate (cAMP) and inositol phosphate pathways) on thyroid follicular cells
and triggers thyroid function [94,95].

Familial gestational hyperthyroidism (FGH) is a rare disease due to TSH receptor
(TSH-R) mutations (like K183R) causing TSH-R hypersensitivity to normal hCG levels
during normal pregnancies or GTD, favoring the rise of hyperthyroidism symptoms. Cell
line transfection studies found no differences in membrane expression of the mutated
TSH-R and similar basal and TSH-stimulated cAMP levels. The K183R mutation increased
the sensitivity of TSH-R for hCG (which was still 1000 times less responsive to hCG than
the LH/CG receptor), but it remained unaltered for the cognate ligand TSH [60,109].

4.2. Human Chorionic Gonadotropin and Thyroid-Stimulating Hormone

Many researchers have reported the association between increased hCG and decreased
thyroid-stimulating hormone (TSH) serum levels [7,96]. Increased hCG levels can lead to
overproduction of thyroid hormones. A temporary increase in thyroid function occurs in
1.4-11% of normally pregnant women (gestational transient thyrotoxicosis), mostly when
hCG levels are above 70-80,000 IU /L [88,97,98,110,111].

hCG levels and bioactivity decrease in late pregnancy, inducing gestational hyperthy-
roidism that is typically transient and limited to the first 3—4 gestational months; however,
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some women are symptomatic, presenting with hyperemesis, which can also be due to
marked hCG-induced increase in estradiol levels [108].

Whilst in normal pregnancy, high levels of T3 and T likely contribute to hyperemesis
gravidarum, the clinical manifestation of hyperthyroidism is more frequent in hydatidiform
moles and choriocarcinoma [90]. For instance, previous studies have indicated that in molar
pregnancies, thyroid function was increased in 20% to 64% of cases [7], while hCG levels in
PSTT/ETT patients are not as high as in normal pregnancies or other GTD entities [88].

hCG-induced hyperthyroidism was reported in gestational choriocarcinomas as well
as in rare paraneoplastic syndrome due to hCG-secreting germ cell tumors in both women
and men. Indeed, about 40-60% of testicular non-gestational choriocarcinomas were
associated with elevated hCG titers, but only a minority of patients (3.5%) developed
paraneoplastic hyperthyroidism [86,99-102].

4.2.1. Cross-Reactivity via Identical a-Subunit

hCG can be defined as a glycoprotein hormone that is synthesized predominantly in
the syncytiotrophoblast. hCG molecules may act as a thyrotropin and weakly activate TSH
receptors, as hCG and TSH share the same subunits, which can lead to cross-stimulation of
the TSH receptor [60]. In particular, hCG is composed of two subunits:

e  The o subunit is coded on chromosome 6 and consists of 92 amino acid residues with
two nitrogen-linked oligosaccharide side-chains. It is identical to TSH, luteinizing
hormone (LH), and follicle-stimulating hormone (FSH), so it has conclusively been
shown that a cross-reactivity between these hormones could exist [90,103].

e  The {3 subunit determines specificity for each of the abovementioned glycoprotein
hormones, encoded in a cluster on chromosome 19 (Figure 2) [90].

TSH LH FSH

——__ B subunit _——_ B subunit B subunit
b 4 b ’
\ {__ \\ | / \)
}f/ K'{
a-subunit o a-subunit \\-L.)// a-subunit \¥/9

Figure 2. Structure of gonadotropins (glycoprotein hormones) consisting of o and 3 subunits. The
subunit is identical for all hormones, while the § subunit is unique and responsible for biological speci-
ficity. hCG—human chorionic gonadotropin, TSH—thyroid-stimulating hormone, LH—luteinizing
hormone, FSH—follicle-stimulating hormone (previously unpublished original photo).

So, high doses of hCG (like during the first trimester of gestation and especially in
twin pregnancies) cross-react with the TSH receptor, increasing the secretion of T4 and T3,
with subsequent suppression of TSH secretion and a decrease in TSH levels. Indeed, at
620 gestational weeks, free T4 levels increase linearly with the rising hCG levels, while the
hCG and TSH levels seem inversely correlated; however, clinically evident hyperthyroidism
may occur in a subset of pregnant women [81,111-116]. Likewise, LH has intrinsic thyroid
stimulating activity (lower than hCG) [60].

GTD causes marked elevation of serum thyroid hormone (T4, T3, and free T4) con-
centrations in some patients, but clinical thyrotoxicosis is usually absent. According to
some studies, the level of thyroid stimulation and the severity of clinical hyperthyroidism
may be directly proportional to the hCG concentration, causing clinical evidence of thy-
rotoxicosis for serum hCG levels greater than 100,000 IU/L [39]. In our review, when
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data were available, all except two cases [78,81] showed a greater hCG level. However,
the two cases with lower levels also seemed to show some hyperthyroidism symptoms.
Thyroid stimulation depends on the amplitude and duration of the hCG peak in normal
pregnancies; if choriocarcinoma resists drug treatments or recurs with a new rise in the
hCG levels, it may result in persistence or relapse of hyperthyroidism [99].

In some GTD cases, the serum hCG level could be subject to the high-dose Hook effect
when using routine assays, thus resulting in falsely low hCG measurement and creating a
clinical challenge favoring misdiagnosis. Serum dilution before the immunometric method
may help in obtaining true values [60,117-119].

4.2.2. Thyrotropic Activity of the hCG Isoforms

A marked increase of serum hCG levels does not necessarily cause hyperthyroidism,
and this could be explained by the existence of hCG variants with diverse potency and
thyrotrophic activity [90,104,105]. Less likely, a TSH-R gene polymorphism (like in FGH)
could also increase the thyroid receptor’s sensitivity to hCG [90,104,105].

There are several published studies describing the role of the number and structure of
the oligosaccharide side-chain in the biologic activity and half-life of glycoprotein hormones,
including hCG. During pregnancy, multiple hCG forms circulate in the blood and urine,
including the intact hormone and each of the free subunits. hCG is primarily catabolized
by the liver, but ~20% is excreted in the urine; in particular, the 3 subunit is degraded in the
kidney to make a core fragment that is measurable by urine hCG tests [39,60,90,104-106].

hCG thyrotropic activity seems to be influenced by hCG metabolism. The half-life
is 24 h for native acidic isoforms of hCG (the pH is 3.8) due to the high content of sialic
acid [7,60,90,107]. Compared to normal hCG, the desialylated variants more effectively
inhibited TSH-binding and TSH-induced adenylyl cyclase stimulation in some experimental
studies. hCG also increased iodide uptake in cultured FRTL-5 cells, inducing a dose-related
elevation of adenylyl cyclase activity and thymidine uptake [60].

It has been demonstrated that deglycosylation or/and desialylation result in enhancing
the thyrotrophic potency of hCG, as the decrease of sialic acids facilitates the binding of
basic hCG isoforms with TSH-R [67]. It has been also suggested that basic isoforms with
lower sialic acid content have greater efficiency in activating the TSH-R and its cAMP-
pathways, as well as a high bioactivity /immunoactivity ratio in CHO cells expressing
human TSH-R; mostly basic isoforms of hCG with more thyrotropic activity were revealed
in cases with hydatidiform moles. However, basic isoforms seemed to have shorter half-
lives [39,103,105,108,120-123].

In view of all that has been mentioned so far, one may suppose that basic isoforms
of hCG with lower content of sialic acids may be responsible for hyperthyroidism during
GTD, even if studies concerning the rare GTD histotypes are scant [7,90,105,107].

4.2.3. Chorionic Thyrotropin

Few studies have linked hyperthyroidism to human chorionic thyrotropin (HCT).
It was demonstrated that the latter is produced by the placenta. A series of trials ob-
served an increased level of HCT in molar pregnancy in comparison with normal preg-
nancy [105,124,125]. Unfortunately, to the best of our knowledge, nothing was reported in
the more recent literature on this topic.

5. Discussion
5.1. Hyperthyroidism in GTD: Complications and Therapeutic Considerations

Thyrotoxicosis can be due to different causes, such as Graves’ disease (TSH-R stim-
ulating antibodies), toxic adenoma, multinodular goiter or thyroid carcinoma (somatic
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gain-of-function TSH-R mutations), sporadic or familial non-autoimmune hyperthyroidism
(germline gain-of-function TSH-R mutations), TSH-secreting pituitary adenoma (increased
stimulation by inappropriate TSH secretion), hCG-induced gestational hyperthyroidism,
familial hypersensitivity to hCG (TSH-R mutation with increased sensitivity to hCG), GTD,
struma ovarii (autonomous function of thyroid tissue in ovarian teratoma; about 8% of
cases with throtoxicosis), iodine-induced hyperthyroidism (increased synthesis of thyroid
hormone in autonomously functioning thyroid tissue exposed to iodine excess), or iatro-
genic exogenous administration of thyroid hormones (thyroxicosis factitia). Moreover,
subacute/silent or drug-induced thyroiditis may cause thyrotoxicosis due to the release of
stored thyroid hormones [60,72-88,109,126-135].

Hyperthyroidism can range from asymptomatic to thyroid storm [4]. Clinical features
of hyperthyroidism associated with GTD include fatigue, weight loss, muscle weakness,
tremor, increased metabolic rate, heat intolerance, accelerated intestinal transit, polyphagia,
tachycardia, and minimal thyroid enlargement. It is interesting to note that ophthalmopathy
was not observed. Hyperreactive reflexes and the manifestation of cardiomyopathy are
possible [9,136].

Thyroid storm and heart failure are the most serious consequences of hyperthyroidism,
leading to death in about 10-30% of cases [137,138].

Symptoms of thyroid storm include severe agitation, delirium, unconsciousness,
hyperthermia, hyperpyrexia, diarrhea, severe dehydration, tachypnea, tachycardia, atrial
fibrillation, and hemodynamic instability, leading to pulmonary edema associated with
heart failure [136-140].

However, GTD patients usually present with subclinical hyperthyroidism or mild
hyperthyroid symptoms, such as tachycardia and anxiety; the early signs of thyrotoxicosis
could be misattributed to infections, other inflammatory etiologies, or worsening of primary
malignancy. A low threshold of suspicion for clinically relevant hyperthyroidism should
be kept. Once paraneoplastic hCG-induced thyrotoxicosis is identified, timely oncological
and medical therapy should be administered; multimodal treatment may be required to
achieve a biochemical euthyroid state. Initial mild hyperthyroidism may develop into a
thyroid storm in response to further stress; imaging studies using iodinated contrast agents
should be limited or excluded to avoid potential worsening of underlying thyrotoxicosis.
Paraneoplastic hCG-induced thyrotoxicosis should only be diagnosed if primary hyper-
plasia and tumor development of the thyroid gland are absent. Prophylactic treatment of
overactive thyroid may be required [39].

The clinical-pathologic features and treatment of some previously reported cases of
hyperthyroidism in molar pregnancy are summarized in Table 3 [5,140-151].

Table 3. Clinical cases of hyperthyroidism in molar pregnancy.

Type of Age Treatment for
Authors Year Mole (Years) hCG Levels Treatment Hyperthyroidism
Wie JH et al. [140] 2016 PM 27 1,046,900 mIU/mL curettage hydralazine
propranolol
Marchand L et al. [141] 2016 M 42 762,878 IU/L HY N/A
Swaminathan S

etal. [142] 2017 CM 20 N/A curettage propranolol
Virmani S et al. [143] 2017 CM 20 804,578 mIU /ml curettage propranolol
Simes BC et al. [144] 2018 M 53 450,000 mIU/mL HY + BSO methimazole

propranolol
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Table 3. Cont.

Type of Age Treatment for
Authors Year Mole (Years) hCG Levels Treatment Hyperthyroidism
Jayasuriya A digoxin hydrocortisone
2020 CM 49 146,092,800 mIU/mL HY + BSO . .
et al. [145] propylthiouracil
Sharma S et al. [5] 2021 CM 48 1.7 million IU/L curettage ;}(I)iry(i?}?f(t)ljfeiil
De Guzman E propranolol
etal. [146] 2021 CM 49 414,600 IU/L curettage propylthiouracil
nifedipine
Wan Y et al. [147] 2021 ™M 48 1286 mIU/mL HY + BSO frﬁfﬁéﬁ‘rﬁ;ﬁli
actinomycin D
van den Tweel MM 2022 N/A 23 1.7 million IU/L curettage methotrexate
et al. [148]
. propranolol
Da if;’f‘ ffg]"s T 2022 cM 50 978,485 IU/L HY + BSO propylthiouracil
’ dexamethasone
Jiménez-Labaig P corticosteroid
etal. [150] 2022 M 30 2,662,000 mIU/mL curettage EMA-CO
Walfish L et al. [151] 2023 cM 32 420 million TU/L curettage ;‘r}(’)‘;; ?ﬁﬁgﬁfﬁl

PM—partial mole, CM—complete mole, EMA-CO—etoposide, methotrexate, actinomycin D/cyclophosphamide,
vincristine, hCG—human chorionic gonadotropin, IM—invasive mole, HY—hysterectomy, BSO—bilateral
salpingo-oophorectomy, IU—international units, N/ A—not applicable.

The progression from mild hyperthyroidism to thyroid storm in patients with GTD is a
rare but life-threatening complication. The effectiveness of current therapeutic interventions
in preventing this progression depends on early recognition, aggressive management of
hyperthyroidism, and definitive treatment of the underlying GTD. Hyperthyroidism in
GTD is caused by excessive hCG stimulation of the thyroid gland (due to its structural
similarity to TSH) [140-151].

Close monitoring of thyroid function (FT4, FI3, TSH) in high-risk GTD patients (e.g.,
those with very high hCG levels, molar pregnancies, or choriocarcinoma) is critical.

Thyrotoxic moles are treated through surgical removal of the neoplastic tissue (curet-
tage or hysterectomy). Chemotherapy with methotrexate may help to attenuate the thy-
rotoxic effects of moles and is the first choice for a confirmed GTN [33,136]. The serum
levels of thyroid hormones and hCG levels usually normalize rapidly after removal of the
mole or effective chemotherapeutic treatment of GTNs, so there is no long-term effect of
hyperthyroidism on patients after treatment of gestational trophoblastic disease.

Symptomatic and antithyroid management may be required while response to onco-
logic therapy is achieved. Thyroid hormone synthesis inhibitors, such as methimazole or
propylthiouracil, are also used as antithyroid medications in thyrotoxic GTD to regulate
the excessive production of thyroid hormones. In addition, the peripheral conversion of T4
into the more potent hormone T3 can be inhibited by corticosteroid drugs [139,140].

Depending on the severity of hyperthyroidism, thyroid medications and (-adrenergic
blockers may be used to reverse the metabolic and cardiovascular features. Cooling
blankets, fluid resuscitation aimed at rehydration with glucose and electrolytes, oxygen
therapy, iodine supplements, and B-complex multivitamins are some of the treatment
options for thyroid storm [101,105,136-141].

The presence of hyperthyroidism in patients with GTD can influence both prognosis
and treatment outcomes, primarily due to its association with bulky disease, metastasis,
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and potential life-threatening complications like thyroid storm with surgical risks. It is
suggested that hyperthyroidism is a marker of disease severity rather than an indepen-
dent prognostic factor, but its presence often indicates worse progression-free and overall
survival if not managed aggressively [140-146].

The underdiagnosis of hyperthyroidism in patients with choriocarcinoma can have
severe clinical consequences, affecting both short-term management and long-term survival.
It can lead to inadequate risk stratification (missed high-risk FIGO/WHO score adjustment)
and suboptimal chemotherapy selection (e.g., using single-agent methotrexate instead of
multi-agent EMA-CO for true high-risk cases) [147-151].

5.2. Hyperthyroidism in GTD: Guidelines and Study Limitations

Limits to evaluating and defining the accurate clinical and prognostic features of the dif-
ferent GTD entities, as well as the effects of treatments, include the following considerations:

1.  Most studies grouped data of the various entities (moles, choriocarcinomas, ETT, PSTT)
or were focused on the more common form of GTD (hydatidiform moles) [1,152-157].
Moreover, in some cases, the origin of the choriocarcinoma or its gestational nature
was not clear, such as in ovarian cases that can be either non-gestational or due to an
ectopic pregnancy [37,158-168].

2. Ongross examination, intraplacental areas of choriocarcinomas may be misinterpreted
as hemorrhagic areas or vascular lesions and may not be sampled. Indeed, choriocar-
cinomas produce placental and epidermal growth factors causing neo-angiogenesis,
resulting in hypervascular and hemorrhagic lesions [1,169-172].

3. Despite potential causes of underdiagnosis, choriocarcinoma is still rare, although it
represents the most common form of GTN (compared to ETT and PSTT) [1,12,33,39].

4. In most cases, the diagnosis of choriocarcinoma is retrospective, as the tumor is
asymptomatic after the initial pregnancy and may present as a metastatic disease.
Moreover, not all women routinely undergo fHCG monitoring and placental histo-
logical exam. So, histological data of the antecedent background may not be avail-
able [1,12,39,40,173,174].

5. Moreover, the accurate diagnosis of each entity in the spectrum of GTD is histopatho-
logical (with the potential ai of immunohistochemistry and genetic/molecular analy-
sis), but histopathological confirmation was not always performed in the literature
and is not mandatory according to clinical guidelines [33,96,175-180]. Indeed, pa-
tients can be diagnosed with persistent/metastatic GTN based on clinical, laboratory
(serum levels of PHCG), and imaging findings that can also be sufficient to decide
the type of treatment [174]. Unfortunately, this approach excludes the possibility of
a proper definition of the histological entity and its features, and it is an obstacle to
obtaining data and collectible histopathological material for research purposes of a
rare neoplasm, even if it spares invasive biopsy for the patient. Indeed, although
choriocarcinoma has a propensity for rapid progression and widespread metastases,
metastatic GTD can also be due to the other GTN entities, such as ETT/PSTT, that can
metastasize or recur in 25-30% of cases [1]. Moreover, invasive and metastatic moles
were also reported in the literature [1,181-187].

6. Inaddition, when a biopsy is performed, histopathological tumor heterogeneity (such
as mixed GTNs or choriocarcinomas synchronously arising from moles) and tumor
progression to choriocarcinomas or other GTN can cause sampling and classification
biases, missing some tumor components [1,12,39,66-70,184].

To our knowledge, we performed the first systematic literature review of histologically
confirmed GTN cases associated with hyperthyroidism/thyrotoxicosis. We feel that point
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of strengths of our work are the focus on only certain histologically confirmed cases and
the discussion of the different pathways of hyperthyroidism in GTD.

Limits of our study may include the following: (1) some GTN cases grouped as GTD
may have not been found by our search terms; (2) cases without a histological diagnosis
were excluded according to our search approach, but we cannot exclude that non-biopsied
cases were GTN, although we do not know the exact GTN histotype; and (3) data were
scant or unavailable in some cases, including with regard to hyperthyroidism pathways
(compared to molar pregnancies).

6. Conclusions

Hyperthyroidism in GTD is a rare and frequently subclinical event. However, symp-
toms may develop and may be underdiagnosed if subtle. Thyroid hormone screening
should be advised in GTD patients in order to prevent clinical symptoms and/or treat them
early and properly with adequate therapy in order to avoid severe consequences; indeed,
after treatment, the symptoms usually regress after 2-3 weeks. Hyperthyroidism during
GTD has been attributed to multiple pathways, e.g., via the stimulatory effect of hCG on
the TSH receptor and high thyrotropic activity of basic hCG isoforms with less sialic acid
in cases of chemoresistance or GTN progression/recurrence (with elevation of hCG levels).
A multidisciplinary approach is necessary to exclude other causes of hyperthyroidism and
for the management of patients with hyperthyroidism secondary to GTD. Further studies
on histologically confirmed cases may provide more detailed information on different
GTN subtypes.
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