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Abstract
An uncommon occurrence in which Graves disease (GD) coincides with autonomous functioning thyroid nodules (AFTNs) is termed Marine- 
Lehnhart syndrome (MLS). While hyperfunctioning nodules in MLS are commonly benign, there exists a rare potential for malignancy. 
A 41-year-old male patient was initially managed conservatively upon being diagnosed with MLS type 1. However, the emergence of 
obstructive symptoms prompted a thyroidectomy 4 years after initial presentation. Histological analysis revealed 2 cervical lymph node 
metastases and papillary thyroid cancer (PTC) within the AFTN.
Key Words: thyroid cancer, hot nodule biopsy
Abbreviations: AFTN, autonomous functioning thyroid nodule; FNA, fine needle aspiration; GD, Graves disease; MLS, Marine-Lehnhart syndrome; PTC, 
papillary thyroid cancer; RAI, radioactive iodine; TSH, thyrotropin (thyroid-stimulating hormone).
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Introduction
Marine-Lehnhart syndrome (MLS) represents a rare manifest-
ation of primary hyperthyroidism, marked by the concurrent 
presence of Graves disease (GD) and autonomously functioning 
thyroid nodules (AFTNs). While thyroid nodules are identified 
in 23% to 30% of GD patients, only a minority of these nodules 
exhibit autonomous functionality. The release of thyroid hor-
mones from AFTN tissue can be intensified by thyrotropin 
(thyroid-stimulating hormone [TSH])-receptor stimulation fa-
cilitated by autoantibodies, a shared factor in both conditions. 
Genetic mutations in TSH receptors have been implicated in 
the pathogenesis of MLS (1-4). MLS is categorized into 3 sub-
types according to scintigraphy patterns: type 1, characterized 
by a high-uptake thyroid gland with a single AFTN, as observed 
in our case; type 2, distinguished by a high-uptake thyroid with 
multiple AFTNs; and type 3, identified by the presence of add-
itional cold nodules (5, 6).

Although hyperfunctioning nodules in MLS are generally 
benign, isolated cases of malignancy have been reported 
(7, 8). In this report, we present the case of a 41-year-old 
male patient diagnosed with MLS type 1, concomitant with 
papillary thyroid cancer (PTC).

Case Presentation
A 41-year-old male individual was referred for assessment due 
to severe thyrotoxicosis. His medical history revealed hyper-
tension, obesity, and a history of nicotine use, with no re-
ported family history of thyroid disease.

Diagnostic Assessment
Upon physical examination, a blood pressure of 175/95 
mmHg and a pulse rate of 95 beats per minute were noted, 
with no indications of Graves ophthalmopathy or pretibial 
myxedema. The thyroid gland appeared enlarged and non-
tender, with no discernible nodules upon palpation. 
Laboratory evaluation revealed a suppressed TSH level of 
< 0.001 mIU/L (< 0.001 IU/L) (normal reference range: 
0.3-05 mIU/L [0.3-5 IU/L]), along with elevated levels of 
free thyroxine (FT4) at 34.19 pg/mL (44 pmol/L) (normal ref-
erence range: 8.54-20.19 pg/mL [11-26 pmol/L]) and free tri-
iodothyronine (FT3) at 8.07 pg/mL (12.4 pmol/L) (normal 
reference range: 2.02-4.68 pg/mL [3.1-7.2 pmol/L]). TSH recep-
tor antibodies (TRAb) were elevated at 10.1 mIU/L (10.1 IU/L) 
(normal reference range: < 1.6 mIU/L [< 1.6 IU/L]) (Table 1). 
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Ultrasonography depicted an enlarged thyroid with a total vol-
ume measuring 42 mL. Within this, the left lobe appeared pre-
dominantly replaced by a 27 × 24 × 33 mm heterogenous, 
isoechogenic, and notably vascularized nodule exhibiting a 
thin halo, devoid of any calcifications (Fig. 1). This nodule 
was categorized as TIRADS 3 (9, 10). A technetium-99m- 
pertechnetate scintigraphy revealed not only a significantly in-
creased uptake (3.11%) within the sonographically identified 
nodule but also diffusely elevated uptake throughout the entire 
thyroid gland (Fig. 2).

Treatment
The patient was initiated on carbimazole treatment. Upon 
achieving biochemical and clinical remission, he elected against 
treatment discontinuation or definitive therapy. However, 
4 years later, he presented with gradually worsening obstructive 
symptoms. Subsequent ultrasonography revealed an increase in 
the size of the nodule to 33 × 36 × 48 mm. Subsequently, a total 
thyroidectomy was performed without complications, followed 
by the initiation of thyroxine replacement therapy.

Outcome and Follow-Up
The histological analysis of the 45 × 35 × 28 mm tumor exhib-
ited discernible nuclear attributes consistent with PTC, not-
ably characterized by central clearing, grooves, and enlarged 
size (Fig. 3). Noteworthy is the absence of any indication of 
extrathyroidal invasion. Furthermore, a cluster of neoplastic 
cells was identified proximate to the resection margin. The 
pathological staging of the tumor is delineated as follows: 
pT3a, pNX, L0 (invasion of lymphatic vessels), V0 (vein inva-
sion), Pn0 (invasion of adjacent nerves), and R1 (signifying in-
complete resection, denoting the presence of cancer cells at 
resection margins). A stimulated I-131-scintigraphy scan 
with single-photon emission computed tomography/com-
puted tomography (SPECT/CT) conducted 5 weeks after 
thyroidectomy disclosed the presence of 2 lymph node metas-
tases, each measuring 0.8 cm, localized at levels II and III 
(Fig. 4). During a multidisciplinary case conference, the con-
sensus favored radioiodine therapy over operative neck dissec-
tion. Subsequently, 3 sessions of radioactive iodine treatments 
were administered over the span of a year, comprising doses of 

Table 1. The validation of type 1 Marine-Lehnhart syndrome

Hormone and  
antibody tested

First visit Follow-up Normal range

Presurgery Postsurgery

TSH < 0.001 mIU/L (< 0.001 IU/L) 2.3 mIU/L (2.3 IU/L) 9.7 mIU/L (9.7 IU/L) 0.3-5 mIU/L (0.3-5 IU/L)
Free thyroxine 34.18 pg/mL (44 pmol/L) 10 pg/mL (12.9 pmol/L) 3.4 pg/mL (17.3 pmol/L) 8.5-17.8 pg/mL (11-23 pmol/L)
Free triiodothyronine 8.07 pg/mL (12.4 pmol/L) 2.5 pg/mL (3.9 pmol/L) 2.3 pg/mL (3.5 pmol/L) 2-4.7 pg/mL (3.1-7.2 pmol/L)
TRAb 10.1 mIU/L (10 IU/L) < 1.6 mIU/L (< 1.6 IU/L)
TgAb 11.9 mIU/mL (11.9 IU/mL) < 115 mIU/mL (11.9 IU/mL)
TPOAb < 9 mIU/mL (< 9 IU/mL) < 34 mIU/mL (< 34 IU/mL)
Thyroglobulin 130 ng/mL (130 µg/L) 3.1-7.7 ng/mL (3.1-7.7 µg/L)

Pre- and postoperative plasma hormone and antibody concentrations in our patient.  
Abnormal values are shown in bold font. Values in parenthesis are International System of Units (SI).  
Conversion factors: free thyroxine, 1 pg/mL = 1.287 pmol/L; free triiodothyronine, 1 pg/mL = 1.5361 pmol/L.  
Graves disease was confirmed through laboratory tests demonstrating elevated levels of TRAb, along with suppressed TSH, and elevated levels of FT4 and FT3.  
Abbreviations: FT3, free triiodothyronine; FT4, free thyroxine; TgAb, thyroglobulin antibody; TPOAb, thyroid peroxidase antibody; TRAb, TSH receptors 
autoantibodies; TSH, thyroid-stimulating hormone.

Figure 1. Ultrasonographic features of the hypervascular nodule. Thyroid ultrasonography depicted a highly vascularized nodule with a volume of 13 mL (A) 
and (C), in contrast to the contralateral side (B).
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3000, 7400, and 7400 MBq (or 81.08, 200, and 200 mCi, re-
spectively). These treatments were prompted by the persist-
ence of signals from 2 lymph nodes detected during 
follow-up evaluations (Fig. 4). At the conclusion of the second 
treatment regimen, faint signals were still discernible in the 2 
affected lymph nodes. After TSH stimulation, thyroglobulin 
levels surged to 11.9 ng/mL (11.9 μg/L), following a signifi-
cant decline to 2.0 ng/mL (2.0 μg/L) (normal reference range:  
< 0.5 ng/mL [< 0.5 μg/L]). Subsequent to this observation, 

further imaging studies were scheduled as part of the ongoing 
medical management.

Discussion
The confirmation of MLS type 1 diagnosis was established 
through the presence of TRAb and scintigraphic evidence 
demonstrating an AFTN within a diffusely high-uptake thy-
roid gland. The unexpected identification of PTC underscored 
a potentially compromised prognosis attributed to delayed 
diagnosis. This case prompts consideration regarding the ne-
cessity of an initial fine needle aspiration (FNA) for diagnostic 
clarification.

Intranodular carcinoma within hyperfunctioning thyroid 
nodules represents a rare occurrence, posing challenges to pre-
operative diagnosis (11-13). Present guidelines advise against 
biopsies of hyperfunctioning nodules unless there is substan-
tial suspicion of malignancy (5, 14).

Research indicates that patients with GD may exhibit a pro-
pensity for more aggressive forms of thyroid cancer, charac-
terized by earlier lymph node and distant metastases in 
comparison to euthyroid controls (15). Our decision to refrain 
from preoperative FNA was predicated on the benign sono-
graphic appearance (TIRADS 3) of the nodule, notwithstanding 
its substantial growth. However, it is noteworthy that even 
rapid growth of thyroid nodules does not reliably predict false- 
negative FNA cytology (16). The correlation between hot nod-
ules and thyroid cancer has been subject to investigation (17). 
However, there remains a paucity of understanding regarding 
the concurrent occurrence of thyroid cancer with MLS. Scant re-
ports exist in the literature, particularly in adult populations, 
and none have been documented in pediatric cohorts. 
Notably, in most documented instances, including our case, 
histopathological examinations have revealed PTC. Molecular 
sequencing analysis unveiled a singular instance of a BRAF 
V600E gene mutation. It is noteworthy that mutations in 
Rat sarcoma (RAS) and BRAF, as well as rearrangements in 

Figure 2. Scintigraphy scan illustrating an autonomous functioning thyroid 
nodule. The scintigraphy scan indicated a solitary intensely radiating hot 
nodule with a technetium uptake of 3.11%, situated at the lower pole of 
the left thyroid lobe.

Figure 3. Classic variant of papillary thyroid carcinoma. The typical histological characteristics of papillary thyroid carcinoma encompass the presence of (A) 
psammoma bodies (B), papillary structures, as well as (C) distinctive nuclear features including central clearing and (D) grooves.
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Paired-box (PAX) 8/Peroxisome proliferator-activated receptor 
gamma gene (PPARG) or Rearranged during transfection 
(RET)/PTC genes, have been discernible in a significant propor-
tion of adult PTC cases but have been notably absent in pediat-
ric populations. While reports of distant metastases are lacking, 
regional neck metastases were indeed detected in our patient 
(18-22). The necessity for a thyroid biopsy in an adult patient 
presenting with a hyperfunctioning nodule could be ascer-
tained through genetic testing. In our case, the presence of 
lymph node metastases was initially overlooked during the 
initial exploration, primarily due to complete cavitation re-
sulting from cystic degeneration, which mimicked the appear-
ance of an ostensibly benign cervical cyst. Radioactive iodine 
(RAI) therapy may be contemplated in this scenario as an ad-
juvant measure, although it is typically not recommended fol-
lowing a hemithyroidectomy. Evidence from randomized 
trials has shown that radioiodine treatment was unnecessary 
in low-risk patients with differentiated carcinoma who had 
undergone thyroidectomy. Our patient exhibited a favorable 
response to RAI therapy, although its effectiveness in treating 
MLS patients remains a topic of debate (22-25). A fine needle 
biopsy could have facilitated the early detection of malig-
nancy in this rare instance of a PTC found within the hyper-
functioning nodule of a patient with MLS type 1, thereby 
potentially improving the prognosis. To prevent overdiagno-
sis, the decision to perform a FNA on a hyperfunctioning 
nodule should be based on robust clinical evidence.

Learning Points
• This case demonstrates the importance of contemplat-

ing a fine needle aspiration in instances of suspicious hy-
perfunctioning thyroid nodules manifesting high-risk 
features on ultrasonography and exhibiting rapid growth.

• Marine-Lehnhart syndrome should be incorporated into 
the list of differential diagnoses for Graves disease accom-
panied by coexisting nodules.

• It is essential to conduct a thorough clinical assessment in 
patients with Graves disease to exclude autonomously 
functioning thyroid nodules and thereby avoid unneces-
sary long-term thyrostatic medication.
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