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Abstract
BACKGROUND
Tumor-to-tumor metastasis (TTM) is an uncommon condition. Only a few cases of renal cell carcinoma (RCC) as donor tumor of TTM have been reported in literature, and none of these studies have described RCC metastasizing to synchronous pheochromocytoma (PCC).

CASE SUMMARY
The patient was a 54-year-old woman who presented with recurrent dull abdominal pain for six months, which was further aggravated for one more month. Enhanced computed tomography revealed a tumor mass in the right kidney and another mass in the left retroperitoneum/adrenal gland. Histopathology and immunochemistry of resected specimens confirmed the diagnosis of clear cell renal cell carcinoma (CCRCC) of the right kidney, and the left retroperitoneum revealed a typical PCC with CCRCC metastasis. Whole exome sequencing revealed the presence of a c.529A>T somatic mutation of the Von Hippel Lindau (VHL) gene in the metastasized CCRCC, which was also present in the primary right kidney CCRCC, as confirmed by Sanger sequencing. No VHL mutation was detected in the PCC or in normal right kidney tissue. Fluorescence in situ hybridization revealed loss of chromosome 3p in both the primary right kidney CCRCC and CCRCC metastasized to PCC in the left kidney.

CONCLUSION
This is the first case showing metastasis of CCRCC to PCC, thus leading to tumor-to-tumor metastasis.
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Core Tip: Tumor-to-tumor metastasis (TTM) is uncommon. Only a limited number of cases in which renal cell carcinoma (RCC) is the donor tumor of TTM have been reported in the literature, and none of these studies have described RCC metastasizing to synchronous pheochromocytoma (PCC). Here, we report a unique case of clear cell renal cell carcinoma (CCRCC) metastasizing to contralateral retroperitoneal/adrenal PCC; molecular characterization by whole genome sequencing, mutational analysis by Sanger sequencing, and fluorescence in situ hybridization analysis for 3p loss were performed. This is the first case of CCRCC metastasizing to PCC.


INTRODUCTION
Renal cell carcinoma (RCC) is one of the most frequently observed malignancies of the urinary system[1]. One-third to one-fourth of RCC patients present with metastasis at the initial diagnosis[1]. RCC often metastasizes to the lungs, liver, lymph nodes, and bones but less frequently to the adrenal glands[1,2]. 
Tumor-to-tumor metastasis (TTM), in which one primary cancer metastasizes to another primary tumor at a different anatomical site, is uncommon but has been recognized for a long time[3,4]. This phenomenon is different from “collision tumors”, which are defined as two anatomically neighboring neoplasms that directly invade one another[3-5].
Only a few cases in which RCC as a donor tumor of TTM has been reported in literature[6-12] (Table 1), while clear cell renal cell carcinoma (CCRCC) metastasizing to synchronous pheochromocytoma (PCC) has not been described, till date.
Here, we report a unique case of CCRCC metastasizing to PCC, as shown by molecular characterization using whole genome sequencing (WES), mutational analysis by Sanger sequencing, and fluorescence in situ hybridization (FISH) analysis for chromosome 3p.

CASE PRESENTATION
Chief complaints
A 54-year-old woman presented with recurrent dull abdominal pain for six months, which became aggravated during the last one month.

History of present illness
The patient had recurrent chronic dull pain in her left abdomen for six months without showing any obvious causes. She did not receive any treatment until the pain became unexpectedly aggravated in the last one month, with nausea and difficulty in defecating. Enhanced computed tomography (CT) of the abdomen revealed a tumor in the right kidney and a vast left retroperitoneal mass. The patient was admitted to the West China Hospital, Sichuan University.

History of past illness
The patient did not have a history of previous diseases.

Personal and family history
The patient did not have personal or familial risk factors for renal malignancies.

Physical examination
On physical examination, hard, fixed, and tender abdominal masses were palpated in her right and left abdomen. The patient’s blood pressure was normal (116/73 mmHg).

Laboratory examinations
Before surgery, laboratory tests showed that dopamine level was increased to 6.26 nmol/L, which was much higher than the standard value of 0.31 nmol/L. Normetanephrine level was 0.84 nmol/L, much higher than the standard value of 0.71 nmol/L. The 3-methoxytyramine level was increased to 239.82 pg/mL, exceeding the 18.4 pg/mL standard value. The patient’s serum potassium was 3.86 mmol/L, which was within the standard range. 

Imaging examinations
An enhanced computed tomography (CT) scan of the upper and lower abdomen showed a huge solid cyst mass in the patient’s left retroperitoneum. Maximum diameter of the mass was 20.6 cm, which presented apparent intensification with plenty of blood supply. A solid irregular tumor was found in the right kidney with a diameter of 9.2 cm, which showed uneven and apparent high density, with partial necrosis. The vein of the right kidney was strengthened and curved. An irregular, dense nodule was detected in the vein lumen. (Figures 1A and B).

Pathology examinations
The upper part of the resected right kidney contained a tumor with a maximum diameter of 10.5 cm. The cut surface of the specimen was tan to whitish or yellowish in color, solid, and showed hemorrhage and necrosis. The tumor invaded the capsule of the kidney (Figure 1C). The left retroperitoneal tumor had a maximum diameter of 21.5 cm. The cut section appeared dark red, and cystic changes, hemorrhage, and necrosis were observed. Distinct, confluent whitish to yellowish nodules were observed within the tumor mass (Figure 1D).
Histopathological examination of the right kidney tumor showed a typical World Health Organization (WHO) grade 3 CCRCC morphology, characterized by clear tumor cells with distinct cell membranes and focal necrosis (Figures 2A and B). Immunohistochemistry (IHC) showed characteristic positivity for PAX8 (Figure 2C), CAIX (Figure 2D), and EMA, as well as intact expression of fumarate hydratase and succinate dehydrogenase (SDHB). The results were negative for CK7 and TFE3 expression. The final diagnosis was CCRCC with WHO/ISUP grade 3.
Two components were observed in the left retroperitoneal tumor mass. The main tumor component (grossly dark-red areas) showed typical pheochromocytoma morphology with amphophilic tumor cells arranged in organoid nests, and cords and rich stromal capillary vasculature (Figures 3A and D). IHC showed positive staining for CgA (Figure 3G), Syn (Figure 3H), and intact expression of SDHB, but was negative for PAX8 (Figure 3E), CAIX (Figure 3F), CR, inhibin-α, MART(A103), TFE3, and EMA, with a Ki67 index of approximately 2%. The other tumor component from the whitish to yellowish areas showed CCRCC morphology similar to that of the right kidney tumor (Figure 3A and D), and was immunohistochemically positive for PAX8 (Figure 3E), CAIX (Figure 3F), EMA, and SDHB, but negative for CgA (Figure 3G), Syn (Figure 3H), S-100, CR, inhibin-α, MART-190 (A103), and TFE3, with a Ki67 index of approximately 5%, consistent with the diagnosis of metastatic CCRCC. 
WES was first performed on the CCRCC component tissue within the left retroperitoneal PCC, together with normal right kidney tissue, using a HiSeq next-generation sequencer (Illumina, San Diego, CA, United States) at GloriousMed Technology (Beijing, China). DNA extraction and quantification, library preparation, and sequencing were performed in accordance with the manufacturer’s protocol. Next generation sequencing results identified a c.529A>T (p.Arg177Ter) somatic mutation in the VHL gene. 
Sanger sequencing was performed using the following primers: 5'- TCT GAA AGA GCG ATG CCT CC-3' (Forward primer) and 5'- TCT CCC ATC CGT TGA TGT GC-3' (Reverse primer). The 169bp PCR products were sequenced in both sense and antisense directions using an automated sequencer (ABI PRISM 3100 Genetic Analyzer; Applied Biosystems, United States). Sanger sequencing was performed on the right kidney CCRCC (Figure 4A), CCRCC tumor component within the left PCC tumor mass (Figure 4B), PCC (Figure 4C), and right normal kidney tissue (Figure 4D). These results confirmed that the right kidney CCRCC (Figure 4A) and left metastatic CCRCC tumor (Figure 4B) components had an identical VHL c.529A>T mutation. This mutation was not detected in the left retroperitoneal PCC (Figure 4C) or in normal tissue samples obtained from the right kidney resection specimen (Figure 4D).
We also analyzed the tissue samples using FISH, which showed a loss of chromosome 3p in the right kidney CCRCC (Figure 4A), as well as in the metastatic CCRCC component within the left PCC (Figure 4B). Loss of 3p was not observed in the left retroperitoneal PCC (Figure 4C) or in normal tissue samples obtained from the right kidney (Figure 4D).
Sequencing and FISH analyses demonstrated that identical molecular features were shared by the primary right kidney CCRCC and the CCRCC component within the left retroperitoneal PCC, further supporting the final diagnosis of the right kidney CCRCC metastasizing to PCC.

FINAL DIAGNOSIS
Based on the laboratory and imaging examination results, the surgeons initially diagnosed primary synchronous tumors of the right CCRCC and left retroperitoneal PCC. The above histopathological, immunohistochemical, and molecular analyses suggested that the final diagnosis was right kidney CCRCC that metastasized to the left PCC.

TREATMENT
In light of the results of laboratory and image analyses, clinicians considered the left retroperitoneal mass was PCC. The patient was administered phenoxybenzamine hydrochloride tablets at a dose of 10 mg twice daily for seven days before surgery. Surgical resection was performed to excise both the tumor masses, and the patient received sunitinib treatment after surgery.

OUTCOME AND FOLLOW-UP
No recurrence or metastasis was observed in the six-month follow-up period up to the time of manuscript preparation.

DISCUSSION
Tumor-to-tumor metastasis (TTM) is a rare phenomenon that requires at least two separate primary tumors, with the donor tumor metastasizing to the parenchyma of the recipient tumor[4]. Collision tumors, tumor spread to lymph nodes, or tumor thrombosis cannot be considered tumor-to-tumor metastasis[4]. 
The most frequent TTM donor tumors include lung cancer (40%-50%), breast cancer, prostate cancer, renal cancer, gallbladder carcinoma, melanoma, and major salivary gland cancers[3]. Involvement of solid tumors in hematopoietic neoplasms has also been reported. The most common recipient tumors in TTM include RCCs (40%-70%), sarcomas, meningiomas, thyroid tumors, and pituitary adenomas[3,13]. CCRCC is a more frequent recipient of TTM, presumably due to the rich amount of glycogen and lipids, which creates a nutrient-rich microenvironment for the homing of metastatic tumor cells[14,15]. The rich vasculature of CCRCC may provide a basis for a large number of circulating neoplastic cells shed from the donor cancer to enter the recipient tumor[14,15].
Synchronous or metachronous PCC and RCC may suggest VHL syndrome/VHL disease[16-20]. The present case lacked germline mutations, but carried a somatic c.529A>T mutation. Somatic mutation of the tumor suppressor gene VHL[16-20] has been reported in as many as 80-90% of sporadic CCRCCs[20]. Chromosome 3p loss may also occur in up to 90% of sporadic CCRCCs[21]. 
The c.529A>T nonsense mutation in the VHL gene leads to a change in the codon for the Arg 177 residue to a stop codon (Arg177Ter), resulting in premature termination of translation within the α domain and a truncated, non-functional VHL protein with a disrupted α domain; functional VHL is required for interaction with elongin that is important for HIF1α polyubiquitination and degradation[18-21]. Inactivation of VHL and loss of chromosome 3p are major oncogenic driver events in CCRCCs[18-21]. c.529A>T mutation and consequent Arg177Ter change do not occur frequently in CCRCC but have been reported in CCRCC associated with VHL disease[22]. A VHL-associated CCRCC case in which a deletion of c.530-536 resulted in an Arg177Thr change has also been reported[23]. In addition, one study reported a rare VHL somatic c.529A>T mutation in a MEN1-associated metastatic pancreatic neuroendocrine tumor[24]. 
Although ipsilateral and metachronous CCRCC and PCC have been reported in the literature[16], there are only three reported cases of synchronous bilateral CCRCCs and PCCs[16,17], in which VHL gene mutations or related family history have not been found[16,17,25]. 
Imaging techniques may be beneficial for initial diagnosis of multiple tumors. Patients with multiple primary tumors should undergo 18F-fluorodeoxyglucose (F-FDG) positron emission tomography (PET)/CT to detect a wide range of unexpected malignant tumors[26]. Some special imaging techniques are particularly helpful for diagnosing CCRCC and PCC. A recent study shows that MRI is a feasible tool for the diagnosis of CCRCC and may predict the Fuhrman grade of CCRCC[27]. Radiotracers such as radioiodine labelling metaiodoenzylguanidine or 68Ga labelling somatostatin analogs could help diagnose PCC[28,29]. In our study, the patient showed typical imaging features of CCRCC and PCC on an enhanced CT scan, but regrettably she refused to undergo PET/CT and MIGB examinations, although the surgeon recommended these tests. In the present case, although examination of images was very beneficial for diagnosing this condition before surgery, the rare diagnosis of TTM was still based on pathological investigations.

CONCLUSION
The present study reports a unique case of a patient with right kidney CCRCC that metastasized to left retroperitoneal PCC. Both the primary and metastatic CCRCC carried a rare c.529A>T mutation and an Arg177Ter change in the VHL protein. These findings expand the scope of tumor-to-tumor metastasis.
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Figure Legends
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Figure 1 Enhance computed tomography scan of the upper and lower abdomen and the cut surfaces of tumor masses. A: A tumor mass in the patient’s right kidney; B: A tumor mass in her left retroperitoneum; C: The upper portion of the patient’s right kidney was replaced by a tumor mass. The cutting section of the tumor was tan to whitish or yellowish solid, with hemorrhage and necrosis; D: The cutting section of the left retroperitoneal mass was dark red with cystic changes, hemorrhage, and necrosis. Distinct whitish to yellowish confluenting tumor nodules were observed within the major mass.
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Figure 2 Histopathological and immunohistochemiscal figures of the right kidney. A: Typical clear cell renal cell carcinoma morphology of the right kidney tumor; B: Necrosis in the right kidney tumor; C: The tumor showed positive for PAX8; D: The tumor showed positive for CAIX.
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Figure 3 Histopathological and immunohistochemiscal figures showed the left retroperitoneal tumor mass contained two components. A: One component was typical pheochromocytoma (PCC) with tumor cells arranged in organoid nests and cords; B: The other component exhibited clear cell renal cell carcinoma (CCRCC) morphology; C: The PCC nests at high magnification; D: The PCC nests mixed with CCRCC at their intersection; E: Immunohistochemistry (IHC) showed PAX8 was positive in the CCRCC tumor cells; F: IHC showed CAIX was positive in the CCRCC tumor cells; G: PCC tumor cells showed positive for CgA; H: PCC tumor cells showed positive for Syn.
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Figure 4 Results of Sanger sequencing and fluorescence in situ hybridization. A: Sanger sequencing showed identical VHL c.529A>T mutation and fluorescence in situ hybridization analysis showed the loss of 3p in the right kidney clear cell renal cell carcinoma (CCRCC); B: The VHL c.529A>T mutation and loss of 3p in metastatic CCRCC component within the left pheochromocytoma (PCC); C: The left retroperitoneal PCC did not carry VHL c.529A>T mutation and loss of 3p; D: The right normal kidney tissue did not carry VHL c.529A>T mutation and loss of 3p. CCRCC: Clear cell renal cell carcinoma; PCC: Pheochromocytoma.



Table 1 Literature review related to the characteristics of tumor-to-tumor metastasis 
	Case number
	Year
	Donar neoplasm
	Recepient neoplasm
	Ref.

	1
	2003
	RCC
	Oncocytic carcinoma of the thyroid
	Ales Ryska et al[6]

	2
	2009
	RCC
	Meningioma
	Gutiérrez Morales JC et al[7]

	3
	2011
	RCC
	pNEN
	Michael Cenkowski et al[8]

	4
	2014
	RCC
	Breast cancer
	Tai-Di Chen et al[9]

	5
	2020
	RCC
	Meningioma
	Johannes Dietterle et al[10]

	6
	2022
	RCC
	pNEN
	Shunryo Minezaki et al[11]

	7
	2022
	RCC
	Meningioma
	Pirlog R et al[12]


Renal cell carcinoma was selected as the donor neoplasm. RCC: Renal cell carcinoma.






[image: C:\Users\18810513029\Desktop\logo.png]

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wjgnet.com
Help Desk: https://www.f6publishing.com/helpdesk
https://www.wjgnet.com



[image: C:\Users\18810513029\Desktop\二维码.png]










© 2022 Baishideng Publishing Group Inc. All rights reserved.


image6.png




image1.png
: 10.12998/wijcc.v10.i19.6750 Copyright ©The Author(s) 2022.




image2.png




image3.png




image4.png
A pCCRCC

175X, R R*

TACA G GTG ACT G G ACAT
523. 529.

B mCCRCC
175.Y R R*

TACAG G TGACTG G ACAT
523. 529.

C rcc

175.Y R R L D |
TACA G G AGACTG
523. 529.

A%

D Normal kidney

175.Y R R L D I 180
TACA GG AG ACT G G ACATC
523. 529. 540.

DOI: 10.12998/wjcc.v10.i19.6750 Copyright ©The Author(s) 2022.




image5.png
9

JSaishideng®




