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Tumor-to-tumor metastasis is a rare phenomenon in which primary tumor cells metastasize to other tumors.  
Herein, we report an extremely rare case of tumor-to-tumor metastasis of medullary thyroid carcinoma to a 
paraganglioma in a patient with multiple endocrine neoplasia type 2B.  Based on genetic examination, a 
36-year-old woman was diagnosed with multiple endocrine neoplasia type 2B when she was 24 years old.  
She had a history of total thyroidectomy for medullary thyroid carcinoma and bilateral adrenalectomy for 
pheochromocytomas, which were performed when she was 15 years and 29 years old, respectively.  
Follow-up computed tomography demonstrated a retroperitoneal tumor of 30 mm in diameter beside the 
left kidney and a liver tumor of 16 mm in diameter located in segment 6.  The retroperitoneal and liver 
tumors were surgically resected and examined by a pathologist.  Histological examination revealed the 
classic Zellballen pattern in the retroperitoneal tumor, rendering the diagnosis of a paraganglioma 
recurrence.  Inside the tumor, a white nodule positive for carcinoembryonic antigen, weakly positive for 
calcitonin, and negative for tyrosine hydroxylase, was identified and diagnosed as a metastatic medullary 
thyroid carcinoma with high malignant potential.  The liver lesion was diagnosed as a metastasis of the 
medullary thyroid carcinoma.  This is the first report of tumor-to-tumor metastasis of medullary thyroid 
carcinoma to paraganglioma in a patient with multiple endocrine neoplasia type 2B twenty years after total 
thyroidectomy.
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Introduction
Tumor-to-tumor metastasis (TTM), in which primary 

tumor cells metastasize to other tumors, is extremely rare.  
Owing to the limited number of reports, the underlying 
mechanisms of TTM remain unclear.  Pathologically, the 
diagnosis is confirmed only when the following diagnostic 
criteria are met: (i) more than one primary tumor exists; (ii) 
the recipient tumor is a true benign or malignant neoplasm; 
(iii) the metastatic neoplasm is a true metastasis with estab-
lished growth in the host tumor, not the result of contiguous 

growth (collision tumor) or embolization of donor tumor 
cells; and (iv) tumors that have metastasized to the lym-
phatic system are excluded (Campbell et al. 1968; Petraki 
et al. 2003).  

Lung, breast, colorectal, and prostate carcinomas and 
malignant melanoma have been reported as donor tumors 
(Shariff et al. 2009; Hashimoto et al. 2011; Matsukuma et 
al. 2013; Sayegh et al. 2015; Wu and Pan 2015; Cavalcante 
et al. 2018; Tan et al. 2019; Luo et al. 2020), and renal cell 
carcinoma, meningiomas, thyroid neoplasms, pituitary ade-
nomas, and gliomas have been reported as recipient tumors 
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(Fried 1930; Williams et al. 2008; Yu et al. 2009; Moody et 
al. 2012; Erdogan et al. 2014; Song et al. 2017; Fioravanzo 
et al. 2019).  Donor tumors are generally more aggressive 
than recipient tumors, which are often benign or indolent.

Multiple endocrine neoplasia type 2B (MEN 2B) is a 
rare, autosomal dominant disease characterized by synchro-
nous and metachronous multiple endocrine tumors, such as 
medullary thyroid carcinoma (MTC), pheochromocytoma/
paraganglioma, mucosal neuromas, and intestinal ganglio-
neuroma (O’Riordain et al. 1995; Castinetti et al. 2018).  
The diagnosis is confirmed through genetic examination 
when a mutation in the rearranged during transfection 
(RET) protooncogene is observed.  Patients with MEN 2B 
develop MTC, which is more aggressive than other heredi-
tary and sporadic MTC types.  Therefore, patients with 
MEN 2B have a worse prognosis than those with MEN 2A 
(10-year survival of MEN 2B, 75.5% vs. MEN 2A, 97.4%) 
(Modigliani et al. 1998).  MTC in MEN 2B is a life-threat-
ening tumor with high malignancy, and prophylactic resec-
tion of the thyroid is recommended when patients are diag-
nosed with MEN 2B (Castinetti et al. 2019).

Here, we report a patient with MEN 2B presenting 
TTM from MTC 20 years after total thyroidectomy.

Case Presentation
The patient was a 36-year-old woman diagnosed with 

MEN 2B when she was 24 years old.  At 15 years old, she 
was diagnosed with MTC and underwent total thyroidec-

tomy, parathyroidectomy, and bilateral cervical lymph node 
(CLN) dissection.  As mucosal neuromas were also 
observed around the lips, MEN 2B was strongly suspected.  
Genetic examination revealed mutations in the RET onco-
gene, which confirmed the diagnosis of sporadic MEN 2B.  
At the age of 29 years, elevation of blood pressure was 
observed.  Upon examination, she was diagnosed with 
bilateral pheochromocytoma, and laparoscopic bilateral 
adrenalectomy was performed.  The patient underwent CLN 
resection for MTC recurrence.

After surgery, careful follow-up with computed tomog-
raphy (CT) and blood tests for carcinoembryonic antigen 
(CEA) and calcitonin levels were performed.  Although CT 
detected no obvious lesions, CEA and calcitonin levels 
remained high.  

When she was 36 years old, enhanced CT revealed a 
retroperitoneal mass of 30 mm in diameter at the upper pole 
of the left kidney (Fig. 1A).  This tumor contained a low-
density area in the central part that represented necrotic tis-
sue.  Enhanced magnetic resonance imaging showed a 
tumor in the retroperitoneum and a hepatic low-intensity 
mass, 16 mm in diameter, located in segment 6.  
123I-metaiodobenzylguanidine scintigraphy demonstrated 
accumulation of a radioisotope in the retroperitoneum (Fig. 
1A).  The levels of CEA and calcitonin were 35.1 ng/mL 
and 327 pg/mL, respectively (reference range: CEA < 5 ng/
mL, calcitonin < 14 pg/mL).  Urinary metanephrine and 
normetanephrine excretion were both elevated, at 1.3 mg/

Fig. 1.  Preoperative and intraoperative images.
 (A) Enhanced computed tomography (CT) revealed a 30 mm-sized mass nearby the upper pole of the left kidney.  A 16 

mm low-density mass in the liver located in segment six was confirmed using enhanced magnetic resonance imaging 
(MRI).  123I-metaiodobenzylguanidine (MIBG) scintigraphy showed an accumulation of isotopes in the tumor of the  
retroperitoneum.  S6 segmentectomy was performed for the liver tumor.  (B) A tumor with a well-defined border is  
observed in the retroperitoneum.  White arrows represent the retroperitoneal tumor (left), the arrowhead represents the 
right hepatic vein (right), and the asterisk indicates the stump of the S6 Glisson (right).
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day.  Urinalysis also revealed the elevated excretion of 
vanillylmandelic acid and noradrenaline (9.1 mg/day and 
211 μg/day, respectively; reference range: vanillylmandelic 
acid 1.5-4.9 ng/mL, noradrenaline < 120 μg/day).  Based on 
these results, a local recurrence of pheochromocytoma was 
highly suspected.  The hepatic low-intensity mass was also 
suspected to be a liver metastatic pheochromocytoma (Fig. 
1A).  

The retroperitoneal and hepatic tumors were resected.  
No dissemination or ascites was observed in the abdominal 

cavity.  The tumor in the retroperitoneum had a well-defined 
border, and there was no invasion of the surrounding tissues 
(Fig. 1B).  S6 segmentectomy was performed for the liver 
tumor (Fig. 1B).  The retroperitoneal tumor was yellow, 
solid, with a smooth surface, and 30 mm in size (Fig. 2A).  
The classic Zellballen pattern, which is typical for pheo-
chromocytoma (Turk et al. 2022), was observed, consisting 
of chief cells positive for chromogranin A and sustentacular 
cells positive for S-100 on immunopathological examina-
tion.  Therefore, the patient was diagnosed with paragangli-

Fig. 2.  Macro- and microscopic images of the retroperitoneal tumor.
 (A) A gross image of the retroperitoneal tumor.  The retroperitoneal tumor was yellow, solid, and had a smooth surface.  

The tumor showed the classic Zellballen pattern.  An 8 mm well-circumscribed white nodule was observed inside the 
paraganglioma.  (B) Atypical cells with large nuclear-to-cytoplasmic (N/C) ratio and dense nuclei proliferated and 
formed tubular structures [hematoxylin and eosin (HE) staining].  (C) The tumor was negative for tyrosine hydroxylase 
(TH), (D) weakly positive for calcitonin, and (E) positive for carcinoembryonic antigen (CEA).  (F) There were no 
CD31-positive vessels around the tumor, and the intravascular invasion was also negative.  (G) Ki-67 positive rate of 
paraganglioma was 11.6%, whereas that of medullary thyroid carcinoma (MTC) was 42.4%.  Scale bars of A and B 
(left): 5 mm; scale bars of B (right), C, D, E, F, and G: 100 µm.

Fig. 3.  Microscopic images of metastatic liver tumor.
 The metastatic liver tumor was positive for calcitonin and carcinoembryonic antigen (CEA).  Scale bars: 5 mm.  HE, 

hematoxylin and eosin staining; MTC, medullary thyroid carcinoma.
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oma.  A well-circumscribed white nodule was inside the 
paraganglioma (Fig. 2A), and atypical cells with large 
nuclear-to-cytoplasmic (N/C) ratio and dense nuclei were 
observed forming tubular structures (Fig. 2B).  These cells 

were negative for tyrosine hydroxylase (TH) (Fig. 2C), 
which is a marker of catecholamine-containing neurons and 
endocrine cells (Tischler et al. 2014), weakly positive for 
calcitonin (Fig. 2D), positive for CEA (Fig. 2E), and nega-

Fig. 4.  Pathological findings of primary pheochromocytoma resected at the age of 29 and medullary thyroid carcinoma 
(MTC) resected at the age of 15.

 The pheochromocytoma tested positive for synaptophysin, chromogranin A, TH, dopa decarboxylase (DDC), dopamine 
beta-hydroxylase (DBH), and phenylethanolamine N-methyltransferase (PNMT).  Primary MTC was negative for tyrosine 
hydroxylase (TH) but positive for calcitonin and carcinoembryonic antigen (CEA).  Scale bars in primary 
pheochromocytoma (uppear panels): 100 µm; scale bars in primary MTC (lower panels): 500 µm.  HE, hematoxylin 
and eosin staining.

Fig. 5.  Clinical events of the patient by the age.
 CLN, cervical lymph node; MEN 2B, multiple endocrine neoplasia type 2B; MTC, medullary thyroid carcinoma; TTM, 

tumor to tumor metastasis; y/o, years old.
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tive for chromogranin A, S-100 protein, and Ad4BP.  The 
white nodule was not surrounded by vessels, and intravas-
cular invasion was negative (Fig. 2F).  Based on the immu-
nohistopathological findings, the white nodule in the para-
ganglioma was diagnosed as a metastasis of MTC.  The 
liver tumor was positive for calcitonin and CEA (Fig. 3) 
and negative for S-100 protein.  Histopathological examina-
tion confirmed that the liver lesion was a metastasis of the 
MTC.  The Ki-67 positive ratio of the liver tumor was 
2.3%, whereas that of MTC in paragangliomas was 42.4% 
(Fig. 2G).  The pathological findings of pheochromocytoma 
and MTC during the primary operation are shown in Fig. 4.  
Primary MTC was negative for TH and positive for calcito-
nin and CEA.  However, metastatic MTC in paraganglio-
mas was weakly positive for CEA, and its N/C ratio was 
higher than that of the primary tumor.  The Ki-67 ratio was 
also high in metastatic MTC.  MTC in paragangliomas 
became highly malignant and TTM occurred.  The patient 
died 2.5 years after the last surgery because of multiple 
metastases of MTC to the liver, bone, and lungs.  Clinical 
events of the patient by the age are shown in Fig. 5.

Discussion
This is the first report of TTM from MTC to paragan-

glioma, in a patient with MEN 2B.  TTM was first reported 
and defined by Berent (1902).  Four strict diagnostic criteria 
for TTM must be met: (i) more than one primary tumor 
must exist; (ii) the recipient tumor must be a true benign or 
malignant neoplasm; (iii) the metastatic neoplasm must be 
a true metastasis with established growth in the host tumor, 
not the result of contiguous growth (collision tumor) or 
embolization of donor tumor cells; and (iv) tumors that 
have metastasized to the lymphatic system should be 
excluded.  In this case, the donor tumor was a recurrent 
MTC, and the recipient tumor was a paraganglioma.  The 
donor tumor was located just inside the recipient tumor, and 
there was no vascular structure in the adjacencies.  The bor-
der between the paraganglioma and MTC was clear, and no 
transition zone was observed.  Therefore, the collision of 
the two tumors or embolization of the donor tumor was 
unlikely.  In addition, the tumor did not contain lymphatic 
tissue so lymphatic spread was also unlikely.  Based on 
these pathological findings, the patient met all the diagnos-

Table 1.  Reported cases of metastasis from thyroid carcinoma.

Number Sex Age Type of thyroid carcinoma 
(Donor tumor) Recipient tumor Other metastasis Transformation to  

aggressive characteristics Reference

1 M 82 Papillary Lung squamous cell 
carcinoma CLN  N/A Nonomura et al. 1994

2 F 44 Papillary Lung adenocarcinoma CLN  N/A Kim et al. 2012
3 F 64 Papillary Anaplastic meningioma Bones and CLN  Sarcomatoid differentiaton Das et al. 2017
4 M 72 Papillary Renal cell carcinoma CLN N/A Song et al. 2017
5 F 53 Papillary Uterine leiomyoma Bones and lungs Poor tumor differentiation Bertrand et al. 2019

6 (our case) F 35 Medullary Paraganglioma Liver Poor tumor differentiation

CLN, cervical lymph node; F, female; M, male; N/A, not addressed.

Fig. 6.  Transition of carcinoembryonic antigen (CEA) and calcitonin.
 CEA and calcitonin levels were elevated when medullary thyroid carcinoma (MTC) recurrence was confirmed.  The 

levels of these markers decreased after MTC resection.  CLN, cervical lymph node.
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tic criteria, and a diagnosis of TTM was made.  In addition, 
the TTM of the MTC occurred 20 years after the primary 
total thyroidectomy.

MTC in MEN 2B is aggressive and can disseminate to 
regional lymph nodes and distant organs, including the 
liver, lungs, and bones (Williams et al. 2008; Mandanas et 
al. 2015; Tanwar et al. 2018).  Here, the operation was per-
formed because there were no metastatic lesions other than 
those in the liver and retroperitoneum, which was confirmed 
through preoperative imaging examinations.  Generally, 
donor tumors are more aggressive than recipient tumors in 
TTM.  To the best of our knowledge, there have been 19 
cases of TTM of thyroid carcinoma as a recipient tumor, 
most of which were papillary carcinomas (Yeo et al. 2014; 
Luo et al. 2020).  Although colon cancer is reported to 
metastasize to MTC (Yeo et al. 2014), MTC was not docu-
mented as a donor tumor.  There are only six reports of 
TTM in which the thyroid carcinoma metastasized to other 
tumors (Table 1).  It is well known that papillary carcino-
mas likely to metastasize to the CLN and the CLN metasta-
sis was observed in four out of five cases of papillary carci-
nomas with TTM (Bertrand et al. 2019).  The tumors in 
three of these reports gained more aggressive characteristics 
compared with the primary tumors and metastasized to dis-
tant organs, including the bones, lungs, and liver, leading to 
a poor prognosis.  Here, MTC in paragangliomas showed 
high Ki-67 positive and N/C ratios.  This high malignant 
potential might have enabled MTC to metastasize to para-
gangliomas.  

MTC cells secrete various serum markers, including 
CEA, calcitonin, and chromogranin A (Zarkesh et al. 2022).  
Calcitonin is a useful serum marker recommended in the 
guidelines for the preoperative diagnosis of MTC and post-
operative monitoring of residual or recurrent disease 
(Thomas et al. 2019).  More than 50% of the patients with 
MTC have an elevation of CEA (Busnardo et al. 1984).  
Calcitonin and CEA levels have high sensitivity and speci-
ficity in the preoperative diagnosis of patients with MTC 
and during postoperative follow-up (Han et al. 2021).  In 
our case, the CEA and calcitonin levels were high during 
the follow-up period, and the elevation of these markers 
was observed when MTC recurrence occurred (Fig. 6).  
Marker levels also decreased after resection of recurrent 
MTC.  Careful follow-up should be considered in such 
cases because MTC recurrence is a definitive prognostic 
factor in patients with MEN 2B.  In cases that reported 
MTC recurrence to occur 15 years or decades after thyroid-
ectomy, although there were no evident lesions on imaging, 
the calcitonin levels remained high (van Heerden et al. 
1990; Williams et al. 2008).

In conclusion, this is the first report of TTM in a 
patient with MEN 2B, and MTC metastasized to the para-
ganglioma 20 years after the primary operation.  In addi-
tion, MTC has acquired aggressive characteristics and 
metastasized as a donor tumor.  Careful follow-up should 
be considered in cases with high CEA and calcitonin levels, 

even if it has been long since the first MTC operation.

Conflict of Interest
The authors declare no conflict of interest.

References
Berent, W. (1902)  Seltene metastasenbildung.  Zentralbl. Allg. 

Pathol., 13, 406-410.
Bertrand, A.S., Iannessi, A., Peyrottes, I., Lacout, A., Thyss, A. & 

Marcy, P.Y. (2019)  Myoma hot spot: tumor-to-tumor metas-
tasis of thyroid origin into uterine leiomyoma.  Eur. Thyroid J., 
8, 273-277.

Busnardo, B., Girelli, M.E., Simioni, N., Nacamulli, D. & Busetto, 
E. (1984)  Nonparallel patterns of calcitonin and carcinoem-
bryonic antigen levels in the follow-up of medullary thyroid 
carcinoma.  Cancer, 53, 278-285.

Campbell, L.V. Jr., Gilbert, E., Chamberlain, C.R. Jr. & Watne, 
A.L. (1968)  Metastases of cancer to cancer.  Cancer, 22, 
635-643.

Castinetti, F., Moley, J., Mulligan, L. & Waguespack, S.G. (2018)  
A comprehensive review on MEN2B.  Endocr. Relat. Cancer, 
25, T29-T39.

Castinetti, F., Waguespack, S.G., Machens, A., Uchino, S., Hasse-
Lazar, K., Sanso, G., Else, T., Dvorakova, S., Qi, X.P., Elisei, 
R., Maia, A.L., Glod, J., Lourenco, D.M. Jr., Valdes, N., 
Mathiesen, J., et al. (2019)  Natural history, treatment, and 
long-term follow up of patients with multiple endocrine 
neoplasia type 2B: an international, multicentre, retrospective 
study.  Lancet Diabetes Endocrinol., 7, 213-220.

Cavalcante, A., Cordeiro, M.D., Sierra, P.S., Pontes, J. Jr., Albu-
querque, E.V., Barbosa, P.F., Mattedi, R.L., Faraj, S.F., Coelho, 
R.F. & Nahas, W.C. (2018)  A rare case of tumor-to-tumor 
metastasis: prostate cancer to chromophobe renal cell carci-
noma.  Urol. Case Rep., 23, 17-18.

Das, S., Chaudhary, N., Ang, L.C. & Megyesi, J.S. (2017)  Papil-
lary thyroid carcinoma metastasizing to anaplastic menin-
gioma: an unusual case of tumor-to-tumor metastasis.  Brain 
Tumor Pathol., 34, 130-134.

Erdogan, H., Aydin, M.V. & Tasdemiroglu, E. (2014)  Tumor-to-
tumor metastasis of the central nervous system.  Turk. Neuro-
surg., 24, 151-162.

Fioravanzo, A., Simbolo, M., Giampiccolo, D., Damante, R., 
Pinna, G., Scarpa, A. & Barresi, V. (2019)  Glioblastoma with 
tumor-to-tumor metastasis from lung adenocarcinoma.  Neuro-
pathology, 39, 474-478.

Fried, B.M. (1930)  Metastatic inoculation of a meningioma by 
cancer cells from a bronchiogenic carcinoma.  Am. J. Pathol., 
6, 47-52. 1.

Han, X.D., Lu, R.Q., Hu, H.Y. & Guo, L. (2021)  Application of 
serum markers in medullary thyroid carcinoma.  Zhonghua Yu 
Fang Yi Xue Za Zhi, 55, 1468-1474 (in Chinese).

Hashimoto, K., Yamamoto, H., Nakano, T., Oyama, M., Shirat-
suchi, H., Nakashima, T., Tamiya, S., Komune, S. & Oda, Y. 
(2011)  Tumor-to-tumor metastasis: lung adenocarcinoma 
metastasizing to a follicular variant of papillary thyroid carci-
noma.  Pathol. Int., 61, 435-441.

Kim, K.M., Kim, Y.N., Chu, H.H., Jin, H.Y., Kim, M.H. & Chung, 
M.J. (2012)  Papillary carcinoma of thyroid metastatic to 
adenocarcinoma in situ of lung: report of an unusual case.  
Korean J. Pathol., 46, 282-286.

Luo, M., Huang, Y., Li, Y. & Zhang, Y. (2020)  Metastatic rectal 
cancer to papillary thyroid carcinoma: a case report and 
review of literature.  BMC Gastroenterol., 20, 136.

Mandanas, S., Margaritidou, E., Christoforidou, V., Karoglou, E., 
Geranou, C., Chrisoulidou, A., Boudina, M., Georgopoulos, K. 
& Pazaitou-Panayiotou, K. (2015)  Breast metastasis from 
medullary thyroid carcinoma in a male patient: case report and 
review of the literature.  Rare Tumors, 7, 5765.



Metastasis of Medullary Thyroid Carcinoma to Paraganglioma 81

Matsukuma, S., Kono, T., Takeo, H., Hamakawa, Y. & Sato, K. 
(2013)  Tumor-to-tumor metastasis from lung cancer: a clini-
copathological postmortem study.  Virchows Arch., 463, 
525-534.

Modigliani, E., Cohen, R., Campos, J.M., Conte-Devolx, B., Maes, 
B., Boneu, A., Schlumberger, M., Bigorgne, J.C., Dumontier, 
P., Leclerc, L., Corcuff, B. & Guilhem, I. (1998)  Prognostic 
factors for survival and for biochemical cure in medullary 
thyroid carcinoma: results in 899 patients.  The GETC Study 
Group.  Groupe d’étude des tumeurs à calcitonine.  Clin. 
Endocrinol. (Oxf.), 48, 265-273.

Moody, P., Murtagh, K., Piduru, S., Brem, S., Murtagh, R. & 
Rojiani, A.M. (2012)  Tumor-to-tumor metastasis: pathology 
and neuroimaging considerations.  Int. J. Clin. Exp. Pathol., 5, 
367-373.

Nonomura, A., Mizukami, Y., Shimizu, J., Watanabe, Y., 
Kamimura, R. & Takashima, T. (1994)  Two patients with 
metastasis of cancer to other neoplasm: a thyroid carcinoma 
metastatic to a lung carcinoma and a gastric carcinoma meta-
static to a thyroid adenoma.  Endocr. Pathol., 5, 233-239

O’Riordain, D.S., O’Brien, T., Crotty, T.B., Gharib, H., Grant, C.S. 
& van Heerden, J.A. (1995)  Multiple endocrine neoplasia 
type 2B: more than an endocrine disorder.  Surgery, 118, 
936-942.

Petraki, C., Vaslamatzis, M., Argyrakos, T., Petraki, K., Strataki, 
M., Alexopoulos, C. & Sotsiou, F. (2003)  Tumor to tumor 
metastasis: report of two cases and review of the literature.  
Int. J. Surg. Pathol., 11, 127-135.

Sayegh, E.T., Burch, E.A., Henderson, G.A., Oh, T., Bloch, O. & 
Parsa, A.T. (2015)  Tumor-to-tumor metastasis: breast carci-
noma to meningioma.  J. Clin. Neurosci., 22, 268-274.

Shariff, Z., Lim, P., Wright, A. & Al-Ghazal, S. (2009)  Tumour to 
tumour metastasis of malignant melanoma to intracranial 
tumour.  J. Clin. Med. Res., 1, 300-301.

Song, J.S., Taylor, S.M., Trites, J., Rigby, M.H., Bullock, M.J., 
Merrimen, J., Rendon, R. & Hart, R.D. (2017)  Tumor-to-
tumor metastases: papillary thyroid carcinoma into a clear cell 
renal cell carcinoma.  J. Otolaryngol. Head Neck Surg., 46, 
17.

Tan, W., Tao, L., Zhou, Z., Yin, W. & Chen, Y. (2019)  Tumor-to-
tumor metastasis: a rare case of breast carcinoma metasta-

sizing to a pheochromocytoma, and a literature review.  Diagn. 
Pathol., 14, 46.

Tanwar, P., Gandhi, J.S., Sharma, A., Gupta, M. & Choudhary, P.S. 
(2018)  Unusual metastasis of medullary thyroid carcinoma to 
the breast: a cytological and histopathological correlation.  J. 
Cytol., 35, 117-120.

Thomas, C.M., Asa, S.L., Ezzat, S., Sawka, A.M. & Goldstein, D. 
(2019)  Diagnosis and pathologic characteristics of medullary 
thyroid carcinoma-review of current guidelines.  Curr. Oncol., 
26, 338-344.

Tischler, A.S., Pacak, K. & Eisenhofer, G. (2014)  The adrenal 
medulla and extra-adrenal paraganglia: then and now.  Endocr. 
Pathol., 25, 49-58.

Turk, Y., Karimov, Z., Ozdemir, M., Ertan, Y. & Makay, O. (2022)  
Composite pheochromocytoma with spindle cell sarcoma - a 
rare tumor of the adrenal gland: case report.  Hormones 
(Athens), 21, 507-511.

van Heerden, J.A., Grant, C.S., Gharib, H., Hay, I.D. & Ilstrup, 
D.M. (1990)  Long-term course of patients with persistent 
hypercalcitoninemia after apparent curative primary surgery 
for medullary thyroid carcinoma.  Ann. Surg., 212, 395-400; 
discussion 400-391.

Williams, M.D., Asa, S.L. & Fuller, G.N. (2008)  Medullary 
thyroid carcinoma metastatic to the pituitary gland: an unusual 
site of metastasis.  Ann. Diagn. Pathol., 12, 199-203.

Wu, P.S. & Pan, C.C. (2015)  Lung adenocarcinoma metastasizing 
into a renal angiomyolipoma.  Int. J. Surg. Pathol., 23, 
230-233.

Yeo, S.J., Kim, K.J., Kim, B.Y., Jung, C.H., Lee, S.W., Kwak, J.J., 
Kim, C.H., Kang, S.K. & Mok, J.O. (2014)  Metastasis of 
colon cancer to medullary thyroid carcinoma: a case report.  J. 
Korean Med. Sci., 29, 1432-1435.

Yu, J., Nikiforova, M.N., Hodak, S.P., Yim, J.H., Cai, G., Walls, A., 
Nikiforov, Y.E. & Seethala, R.R. (2009)  Tumor-to-tumor 
metastases to follicular variant of papillary thyroid carcinoma: 
histologic, immunohistochemical, and molecular studies of 
two unusual cases.  Endocr. Pathol., 20, 235-242.

Zarkesh, M., Arab, N., Tavangar, S.M., Nozhat, Z., Fanaei, S.M. & 
Hedayati, M. (2022)  Utilizing the circulating tumor markers 
in diagnosis and management of medullary thyroid cancer. 
Pathol. Res. Pract., 229, 153694.


