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Multiple endocrine neoplasia type 2 (MEN2) is an autosomal dominant disorder due to a genetic defect in the RET
proto-oncogene, causing multicentric tumor formation in organs where the RET gene is expressed. There are two
main types of MEN2, which are distinguished by their clinical presentation:

* MEN2A: This form accounts for approximately 95% of MEN2 cases. It is characterized by a triad of tumors:
medullary thyroid cancer (MTC) arising from the thyroid gland, pheochromocytoma (PCC) developing in the
adrenal glands, and primary hyperparathyroidism (PHPT) involving the parathyroid glands. MTC is typically the first
manifestation of the disease. MEN2A-associated PCCs are usually benign, meaning they are unlikely to spread to
other parts of the body. Additionally, PHPT in MEN2A is often mild, affecting one to four parathyroid glands.

* MEN2B (MEN2B): This less frequent form of MEN2 presents with a different constellation of findings. In addition
to MTC and PCC, patients with MEN2B also develop mucosal neuromas and marfanoid habitus. This subtype is
notable for the absence of PHPT.

The estimated prevalence of MEN2A is about 1/40,0000, while MEN2B varies between 1/350,000 to 1/700,000.

This case report describes a unique presentation of MEN2A in a 47-year-old woman. She initially presented to the
emergency department with a hypertensive emergency and bilateral adrenal hemorrhage. Upon admission, doctors
diagnosed her with three synchronous tumors: bilateral pheochromocytomas, medullary thyroid carcinoma, and a
parathyroid adenoma. After stabilization and discharge, she underwent bilateral adrenalectomy followed by total
thyroidectomy with parathyroidectomy. Genetic testing confirmed a mutation at codon 634 of the RET proto-oncogene,
the most common mutation for MEN2A. Interestingly, the patient also displayed megacolon and features of a marfanoid
habitus.

This case highlights the heterogeneity MEN2A can present. Our patient displayed all three endocrine neoplasms (PCC,
MTC, PHPT) simultaneously, nearly a decade later than the mean diagnostic age for each individual tumor, likely
attributed to challenges in accessing specialized care. Additionally, she had features typically seen in MEN2B, such as
marfanoid habitus and megacolon. While megacolon is rare in MEN2A and usually associated with mutations on exon
10, this report describes the first documented case of megacolon associated with the most common MEN2A mutation
(codon 634 on exon 11).

hereditary syndromes; pheochromocytoma; medullary thyroid carcinoma; hyperparathyroidism; marfanoid
habitus; megacolon

CKMB: creatine kinase-myocardial band, TSH: thyroid-stimulating hormone, T4: tetraiodothyronine,
TI-RADS: Thyroid Imaging, Reporting and Data System, ATA: American Thyroid Association
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Case Description

A 47-year-old African American woman with a past medi-
cal history of long-standing hypertension, type 2 diabetes,
hyperlipidemia, chronic mild hypercalcemia, and a mul-
tinodular goiter (biopsied 10 years prior, showing benign
tissue) presented to the emergency department (ED) with
a constellation of concerning symptoms. Over the past
three weeks, she had experienced progressive malaise, gen-
eralized weakness, and lightheadedness, with two synco-
pal falls at home in the preceding week. Additionally, she
reported headaches, nausea, vomiting, abdominal pain,
anorexia, weight loss, and severe constipation (not having
a bowel movement for 3-4 weeks).

Upon arrival in the ED, her vital signs revealed high blood
pressure (203/140 mm Hg), tachycardia (110 beats per
minute), and tachypnea (22 breaths per minute). A phys-
ical examination showed a tall, slender build and mild
distress. Notably, she had an enlarged, irregularly shaped
thyroid gland with soft, palpable nodules bilaterally and a
diffusely tender abdomen upon palpation.

Laboratory values were notable for hyperglycemia (308
mg/dL), signs of acute kidney injury (elevated creatinine,
1.64 mg/dL), hyponatremia (126 mEq/L), hypochloremia
(89 mEq/L), hypercalcemia (corrected 11.3 mEq/L), ele-
vated cardiac enzymes (CKMB 15.2 TU/L, troponin 0.19
ng/mL), and hyperlactatemia (4.3 mg/dL). Her thyroid
function tests, TSH (0.747 mIU/mL) and free T4 (0.83

ng/dL), were within the normal range.

An abdominal and pelvic CT scan was performed, which
demonstrated enlarged bilateral adrenal glands (right: 7.0
x 6.9 x 10.8 cm, left: 9.4 x 9.5 x 8.7 cm) with internal het-
erogeneous hypodensities, concerning for bilateral adrenal
hemorrhage, and a markedly dilated rectum measuring up
to 10.1 cm in transverse diameter (Figure 1).

Further endocrine work-up revealed elevated levels of plas-
ma metanephrines (total >40,000 pg/mL, normetaneph-
rine >15,000 pg/mL), calcitonin (>4500 pg/mL), carci-
noembryonic antigen (CEA, 26 ng/mL), and parathyroid
hormone (PTH, 311 pg/mL). Additional labs showed
normal aldosterone (1.3 ng/mL), elevated renin (28.12
ng/mL/hr), with a low aldosterone-to-renin ratio (0.05),
normal cortisol (AM 98 mcg/dL), normal phosphorus (3.2
mEq/L), and normal vitamin D levels (35.5 ng/mL).
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Figure 1. Abdominopelvic CT Reveals Marked Rectal Distention with
Fecal Impaction (red arrow). Published with Permission
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The rectum measures approximately 10.1 cm in diameter.

The patient was admitted to the medical ICU for hyper-
tensive emergency and stabilized on nicardipine infusion,
which was transitioned days later to a combination of oral
nifedipine, doxazosin, and labetalol. An MRI scan of the
abdomen and pelvis further defined the adrenal findings
as bilateral lobulated, exophytic T2-intense lesions arising
from the adrenal glands with cystic areas, consistent with
hemorrhagic product (Figure 2).

Compared to outside imaging from twelve years prior, an
ultrasound examination of the thyroid gland during this
admission identified an interval upgrade in TI-RADS
classification of a right thyroid nodule from TI-RADS
4 to TI-RADS 5 (presence of internal micro and
macro-calcifications, suggestive of  malignancy).
Additionally, a left thyroid nodule showed slight
enlargement but remained classified as TI-RADS 4
(Figure 3).

The combination of pheochromocytoma (indicated by
the bilateral adrenal masses and significantly elevated
plasma metanephrine levels), primary
hyperparathyroidism (elevated PTH and hypercalcemia),
and medullary thyroid cancer (highly suspicious thyroid
nodules with hypercalcitoninemia) led to a clinical
diagnosis of MEN2A. Genetic testing samples were
collected before the patient’s discharge, and subsequent
analysis confirmed a mutation in the RET proto-

oncogene at codon 634 (C634W, ATA Risk Level C'3).
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Figure 2. Adrenal Gland Masses Demonstrated on MRI. Published with Permission

A) Axial and B) coronal MRI showing a 7.4 x 7.2 x 11.6 cm heterogeneous mildly T2 hyperintense lobulated lesion arising from the right adrenal gland (red arrows). A
9.9 x 9.1 x 8.3 cm heterogeneous lobulated exophytic lesion with an area of cystic/necrotic changes arising from the left adrenal gland (yellow arrows). These lesions
likely contain hemorrhagic complement.

Figure 3. Thyroid Nodules on Ultrasound. Published with Permission

A

A) Right thyroid lobe containing a 4.2 x 2.5 x 2.6 cm solid, heterogeneous nodule (red arrow). The solid components are hypoechoic to the parenchyma.
Large echogenic foci within the nodule cast acoustic shadows, consistent with macrocalcifications. Additionally, smaller punctate echogenic foci suggestive of
microcalcifications are present (TI-RADS 5). B) Left thyroid lobe containing a 2.7 x 1.6 x 2.0 cm solid, hypoechoic, and heterogeneous nodule (yellow arrow).
Macrocalcifications are visualized within the nodule (TI-RADS 4).

Following medical optimization, the patient underwent ~ The tumors measured 12.2 cm and 10.4 cm on the
laparoscopic bilateral adrenalectomy. Pathological exam- right and left sides, respectively, and originated from
ination of the removed tissue confirmed the presence the adrenal medulla (Figures 4 and 5).

of pheochromocytomas (PCC) in both adrenal glands.
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Figure 4. Gross Findings of Bilateral Pheochromocytomas. Published with Permission

A) Right adrenal gland demonstrating a bilobed pheochromocytoma with a heterogeneous red-tan and focally hemorrhagic cut surface. B) Sagittal view of the right
adrenal gland. The pheochromocytoma occupies the majority of the gland, with only a small rim of normal-appearing golden-yellow adrenal cortex visible at the

upper left border (red arrow). C) Left adrenal gland with a pheochromocytoma exhibiting a more cystic appearance compared to the right. The pheochromocytoma
demonstrates pronounced green-tinged necrosis at the inferior aspect (yellow arrow) and again, the golden-yellow adrenal cortex is visible at the upper left margin.

Figure 5. Histopathological Findings of Right Adrenal Pheochromocytoma. Published with Permission

A) Low-power image showing the right adrenal gland. The normal adrenal cortex is visible on the left (red arrow), and the pheochromocytoma (tumor) is visible on
the right (yellow arrow). B) Moderate-power image highlighting the characteristic “zellballen nests” (yellow arrows) of the pheochromocytoma. These are clusters of
tumor cells surrounded by a delicate fibrovascular stroma. C) Moderate-power image showing tumor cells within a blood vessel (yellow arrow), indicating
lymphovascular invasion. This finding was specific to the right adrenal gland. D) High-power image of tumor cells exhibiting a relatively low nuclear-to-cytoplasmic
ratio, with round nuclei containing occasional pseudoinclusions. The cytoplasm appears granular and ranges from amphophilic to basophilic staining. No significant
increase in mitoses is observed.
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Following  successful bilateral —adrenalectomy, the
patient was started on adrenal replacement therapy
(oral  prednisone and  fludrocortisone).  Further
evaluation focused on the diagnosis and management
of medullary thyroid carcinoma (MTC).

Outpatient investigations included ultrasound-guided
fine needle aspirations (FNA) of suspicious thyroid
nodules, which were classified as benign follicular
nodules (Bethesda II/VI). Sestamibi imaging did not
reveal any evidence of parathyroid adenoma. CT scan of
the neck identified two possible parathyroid glands along
the left paraesophageal groove. There was no radiologic
evidence of abnormal lymph nodes.

Based on these findings, the decision was made to
proceed with surgery. The surgical approach included a
standard cervical exploration for parathyroidectomy and
total thyroidectomy with bilateral central neck
lymphadenectomy.

During surgery, four parathyroid glands were visualized
and examined. Three appeared normal in size, morphol-
ogy, and color. However, one enlarged parathyroid gland
(located in the left inferior position) was identified and
removed. This removal led to a confirmatory drop in
intraoperative PTH levels from 152 pg/mL to 10 pg/mL.
No supernumerary glands were found upon careful search
along the resection bed.

Pathological examination of the surgical specimens
revealed a hypercellular parathyroid gland consistent with a
parathyroid adenoma. Additionally, medullary thyroid
carcinoma was identified arising from both the right (4.7
cm) and left (2.7 cm) thyroid lobes (Figures 6 and 7).
Furthermore, three lymph nodes showed positive results
for metastatic MTC, with involvement of tissues beyond
the lymph node capsule (pT2 pNla ¢M0). No additional
parathyroid tissue was found within the central neck spec-
imen.

Figure 6. Pathological Findings of MTC. Published with Permission
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A) Gross photograph of the resected thyroid gland. The specimen shows a solid, hemorrhagic tumor mass involving both the left and right thyroid lobes. B)
Microscopic examination (H&E stain, 200x magnification) reveals sheets and cords of tumor cells with eosinophilic amorphous material, a characteristic feature of
MTC. C & D) Immunostains for neuroendocrine markers (synaptophysin and chromogranin, respectively) confirming the diagnosis of MTC.

American College of Surgeons -109-

ACS Case Reviews. 2024,4(8):105-112



ACS Case Reviews in Surgery

Martin G, Rafii D, Romero Arenas MA

Figure 7. Histopathological findings consistent with MTC. Published with Permission

A, 400x magnification) Congo red stain demonstrates amyloid deposition (red) within the MTC tissue. B) Congo red stain reveals characteristic apple-red
birefringence of amyloid deposits. C) Polarized light microscopy confirms the presence of amyloid with apple-green birefringence.

Postoperatively, the patient was monitored closely with
physical exam, biochemical testing, and neck ultrasound
every six months. Normocalcemia was confirmed at six
months following parathyroidectomy without evidence of
recurrence (calcium 8.7 mg/dL). Tumor markers dropped
precipitously (most recent calcitonin 8.7 pg/mL and CEA
3.7 ng/mL).

Genetic counseling and cascade testing were offered to
the patient’s family. The patient’s daughter was found to
carry the same mutation at codon 634. Her disease
manifested as PHPT and MTC, without evidence of
pheochromocytoma, and had already progressed to stage
IV MTC with multiple bony metastases. Additional
family members declined counseling and testing.

American College of Surgeons
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Discussion

In the human genome, the most frequently-identified
RET mutation responsible for MEN2A involves the sub-
stitution of cysteine at codon 634 on exon 11." While this
mutation is well-established in MEN2A, this case report
presents the first documented instance of megacolon asso-
ciated with this specific mutation.

Megacolon is a known complication in MEN2B, affecting
up to 63% of patients.> However, its occurrence in MEN2A
is rare, and previously reported cases have linked the phe-
notype to mutations within exon 10 of the RET gene and
more seldom at codons 609, 611, and 618. Thiscase opens
up the possibility that the most common MEN2A muta-
tion (codon 634) might also be a potential culprit in the
development of megacolon within the MEN2A spectrum,
highlighting the phenotypic heterogeneity of the disease.?

ACS Case Reviews. 2024:4(8):105-112
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Our patient exhibited several physical characteristics of
marfanoid habitus, including tall stature (over six feet),
elongated limbs, arachnodactyly, a highly arched palate,
overcrowded teeth, and right-eye blindness from an early
age. While rare, there have been other documented cases in
which individuals with MEN2A exhibit marfanoid
characteristics, suggesting some degree of clinical overlap
between the two related syndromes. Giani and coauthors
reported a similar case involving a de novo deletion in exon
11 of the RET gene. In addition to PHPT (as expected in
MEN2A), this patient also displayed a marfanoid habitus,
megacolon, and mucosal neuromas (typical of the MEN2B

subtype).!

Probands with MEN2A are usually diagnosed with MTC
before the age of 35. Half of patients develop pheochro-
mocytoma(s) by a mean age of 37, with 40% diagnosed
concurrently with MTC. Primary hyperparathyroidism
(PHPT) occurs in only about 25% of MEN2A patients,
typically by age 38. This case report describes a unique pre-
sentation where the patient, a proband, was uniquely diag-
nosed with all three tumors (MTC, bilateral pheochromo-
cytomas, and parathyroid adenoma) simultaneously at her
initial hospitalization, at the much later age of 47. This
significantly surpasses the expected age of diagnosis for any
of the neoplasms that comprise MEN2A.4>

A concerning aspect of this patient’s history is the
presence of two negative thyroid biopsies performed
over a decade before presenting to our team. While the
false-negative rate for FNA biopsy in detecting papillary
thyroid cancer is between 10% and 17%,° the rate for
medullary carcinoma can be as high as 43.6%.” This
significant discrepancy raises the question of whether
additional testing, such as calcitonin measurements,
might  be  beneficial in  managing suspicious
thyroid nodules. In this specific case, if the patient’s
calcitonin levels had been elevated and prompted
a more comprehensive workup, her diagnosis could
potentially have been established earlier. This earlier
diagnosis might have significantly altered the prognosis
for her daughter, potendally  preventing  the
development of metastatic disease. This likely reflects
disparities in access to specialized care and the need for
high clinical suspicion for these rare clinical syndromes.

Bilateral Adrenalectomy: The large size of her bilateral
pheochromocytomas (10.8 cm and 9.5 c¢cm) traditionally
might have warranted an open surgical approach
for adrenalectomy. However, to minimize postoperative
discomfort and shorten hospital stay,® we opted for a
laparoscopic approach.

American College of Surgeons
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This approach resulted in a successful surgery with
minimal incisions, no wound complications, and discharge
on postoperative day 4.

Lateral Neck Dissection: Given the patient’s initial high
calcitonin level (>4500 pg/mL) and the presence of nod-
ules in both thyroid lobes, a dilemma arose regarding the
necessity of a bilateral lateral neck dissection. This proce-
dure can decrease the risk of needing future surgery for
recurrent tumors.” After careful discussion, the patient
opted to defer this more extensive surgery. We felt close
observation with regular biochemical monitoring and seri-
al ultrasounds of the lateral neck (areas on either side of
the thyroid) was reasonable, especially since preoperative
imaging did not show concerning lymph nodes.

Parathyroid Surgery: Several factors informed our
approach to the parathyroid disease. Preoperative discus-
sions occurred in an interdisciplinary tumor board, and
research supports selective removal of affected glands as an
effective strategy in MEN2A patients compared to subto-
tal or total parathyroidectomy with autotransplantation. A
study by O’Riordain et al. found no recurrence of PHPT
in 18 MEN2A patients undergoing neck exploration at
a median follow-up of 5.8 years, regardless of the surgi-
cal approach used (total vs. subtotal vs. selective resec-
tion).'"” Similarly, another study by Raue et al. reported
a recurrence rate of 12% at eight years, independent of
the resection extent in MEN2A patients (n=67)."" This
contrasts with MEN1, where a higher risk of recurrence
necessitates routine subtotal parathyroidectomy. In our
patient’s case, preoperative imaging was used, and all four
parathyroid glands were closely evaluated during surgery.
Real-time parathyroid hormone monitoring proved valu-
able. It helped guide the extent of dissection and confirm
the suitability of selective excision with preservation of the
remaining glands, thereby minimizing the risk of perma-
nent hypothyroidism."

Conclusion

This unique case of multiple endocrine neoplasia exem-
plifies the overlap between the two closely related syn-
dromes, MEN2A and MEN2B. The patient’s presenta-
tion displayed features of both subtypes, highlighting the
phenotypic variability within MEN2. Additionally, this
case expands the known spectrum of mutations potential-
ly associated with the MEN2A-megacolon phenotype by
identifying a mutation on exon 11, beyond the previous-
ly reported mutations on exon 10. This finding suggests a
broader mutational landscape for this rare complication.

ACS Case Reviews. 2024:4(8):105-112
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Furthermore, this case underscores the importance of recog- References

nizing the diverse presentations of MEN2A. This patient’s
indolent disease course, with a delayed diagnosis and syn-
chronous presentation of all three endocrine tumors, devi-
ates from the typical MEN2A picture. Practitioners
should maintain a high index of suspicion for MEN2A.
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