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Abstract
BACKGROUND
Anaplastic carcinoma mural nodules in ovarian mucinous tumors are very rare. This study aimed to report the morphological characteristics, molecular detection results, clinical treatment and prognosis of three ovarian mucinous tumors with mural nodules of anaplastic carcinoma.

CASE SUMMARY
The pathomorphological features, molecular detection results, clinical treatment and prognosis of anaplastic carcinoma mural nodules were described in three cases. In case 1, sarcoma-like mural nodules (SLMNs) coexisted with anaplastic carcinoma mural nodules. No mutation was found in mucinous tumors. KRAS mutation was found in anaplastic carcinoma nodules and heterotypic cells were found in SLMNs. In case 2, KRAS mutation occurred in the mucinous epithelium and BRAF mutation occurred in mural nodules. In case 3, both mural nodules and mucinous tumors had the same KRAS mutation and a morphological transition between them was observed. All three patients died within 2 years, whether receiving chemotherapy or not. 

CONCLUSION
Anaplastic carcinoma mural nodules may develop from dedifferentiation of mucinous tumors or are unrelated to mucinous tumors.
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Core Tip: Anaplastic carcinoma mural nodules in ovarian mucinous tumors are rare. The pathomorphological features, molecular detection results, clinical treatment and prognosis of anaplastic carcinoma mural nodules were described in three cases. After limited molecular detection, it is inferred that the mural nodules of anaplastic carcinoma may arise from (1) dedifferentiation of mucinous tumors or (2) a tumor unrelated to mucinous tumors and the KRAS signal pathway may be involved in the formation of this tumor and is unrelated to mucinous tumors. The KRAS signal pathway may be involved in the formation of mural nodules of anaplastic carcinoma. The mural nodules of anaplastic carcinoma may promote the progression of borderline mucinous ovarian tumors.

INTRODUCTION
Primary ovarian mucinous tumors, whether benign, borderline or malignant may be associated with mural nodules of various types including true sarcomas, sarcoma-like mural nodules[1], anaplastic carcinomas, carcinosarcomas, mixed nodules and leiomyomas[2]. However, cases of mucinous tumors of the ovary with mural nodules are rare. Also, the histogenesis of the mural nodules is unclear.
This study described the morphological characteristics, molecular detection results, clinical treatment and prognosis of three ovarian mucinous tumors with mural nodules of anaplastic carcinoma so as to supplement the clinicopathological features of this rare case.

CASE PRESENTATION
Chief complaints
Case 1: The patient complained of a conscious abdominal circumference increase for 2 wk and then came to our hospital for further examination.

Case 2: The patient felt lower abdominal distension for more than 2 wk and came to our hospital for further examination.

Case 3: The patient felt dull abdominal pain for 12 years and as it became more frequent and severe, she came to our hospital to relieve her symptoms.

History of present illness
Case 1: The patient complained of a conscious abdominal circumference increase.

Case 2: The patient felt lower abdominal distension.

Case 3: The patient felt dull abdominal pain.

History of past illness
Cases 1-3: Patients' past physical health.

Personal and family history
Cases 1 and 2: The patients have no family genetic predisposition.

Case 3: The patient underwent laparoscopic cholecystectomy for gallstones in 2013 and had no family genetic tendency.

Physical examination
Case 1: The patient has normal development, moderate nutrition, clear mind, cooperative physical examination, no obvious enlargement of superficial lymph nodes in the whole body, clear respiratory sounds on auscultation of both lungs, no dry or wet rales, strong heart sound with a uniform rate and no pathological murmur in each valve area. Abdominal swelling, no gastrointestinal type and peristaltic wave, tough abdominal texture, no rebound pain and muscle tension, can touch a package, about 20 cm × 10 cm, mobile voiced negative. No swelling of both lower limbs, normal bowel sounds. There is no deformity of the spine, the limbs move freely, the physiological reflex exists and the pathological reflex is not drawn out.

Case 2: The patient has normal development, moderate nutrition, clear mind, cooperative physical examination, no obvious enlargement of superficial lymph nodes in the whole body, clear respiratory sounds on auscultation of both lungs, no dry or wet rales, strong heart sounds with a uniform rate and no pathological murmur in each valve area. Abdominal swelling, no gastrointestinal type and peristaltic wave, tough abdominal texture, no rebound pain and muscle tension, can touch a package, about 15 cm × 9 cm, mobile voiced negative. No swelling of both lower limbs, normal bowel sounds. There is no deformity of the spine, the limbs move freely, the physiological reflex exists and the pathological reflex is not drawn out.

Case 3: The patient has normal development, moderate nutrition, clear mind, cooperative physical examination, no obvious enlargement of superficial lymph nodes in the whole body, clear respiratory sounds on auscultation of both lungs, no dry or wet rales, strong heart sounds with a uniform rate and no pathological murmur in each valve area. The abdomen is slightly swollen, without gastrointestinal type and peristaltic wave. The abdomen is tough, without rebound pain and muscle tension. A lump can be touched, about 10 cm × 7 cm, mobile voiced negative. No swelling of both lower limbs, normal bowel sounds. There is no deformity of the spine, the limbs move freely, the physiological reflex exists and the pathological reflex is not drawn out.

Laboratory examinations
Cases 1 and 2: The serum CEA, CA125, CA199 and AFP levels were within the normal range. 

Case 3: The serum level of CA125 and CA199 was 142.07 U/mL (normal range < 30 U/mL) and 524.60 U/mL (normal range < 37 U/mL), respectively. 

Imaging examinations
Case 1: Ultrasonic imaging showed a huge, cystic mixed mass with a thick cystic area and septum in the abdominal cavity. The last computed tomography (CT) examination showed that multiple enlarged lymph nodes (the largest one was about 2.1 cm in diameter) in the retroperitoneal space, left internal iliac vascular space, upper mediastinal vascular space, right anterior trachea, subcarinal and right hilum were considered metastatic. Masses in the right accessory area (3.1 cm × 2.7 cm) were considered metastatic. Large amounts of pelvic effusion and bilateral pleural effusion were considered. Adenocarcinoma cells were found in the pleural fluid along with ascites. 

Case 2: Ultrasonic imaging showed multilocular cystic solid masses in the pelvic cavity. 

Case 3: Ultrasonic imaging showed a cystic solid mass on the right side of the pelvic cavity with a clear boundary. CT results showed solid nodules in S4, S5 and S7 segments of the liver, considering metastasis, and the CA199 level increased continuously. 

Pathological findings
Case 1: The left ovary tumor measured 18 × 17 × 2 cm3. The tumor was cystic and composed of benign, borderline or malignant intestinal mucinous epithelium. Several gray/dark mural nodules (diameter 0.5-1.2 cm) projected into the cyst cavities. Some nodules were composed of AE1/AE3- spindle cells (shown in Figure 1A and B), multinucleated giant cells and histiocytes. Necrosis and hemosiderin deposits were found in these nodules. Multinucleated giant cells with abundant eosinophilic cytoplasm were detected with an osteoclast-like appearance (shown in Figure 1C). Some AE1/AE3+ spindle cells showed invasive growth with nuclear pleomorphism and active mitotic figures (approximately 25/10 per high-power field, HPF) in another nodule (shown in Figure 1D and E). The final histopathological diagnosis was a mucinous adenocarcinoma with SLMNs and anaplastic carcinoma mural nodules, without omentum involvement. Ovarian mucinous adenocarcinoma cells were found in the ascites.

Case 2: The right ovary measured 11 × 8 × 2 cm3 with a mural nodule (diameter 3 cm). The AE1/AE3+ rhabdomyoid cells were distributed in the fibrous interstitium of mural nodules (shown in Figure 1F and G). The nuclei were obviously heteromorphic with nucleoli, mitotic figures (> 15/10 HPF) and pathological mitosis. The right ovary was diagnosed with a mucinous borderline tumor having mural nodules of anaplastic carcinoma. No lesions were found in the omentum, lymph nodes and appendix.

Case 3: The size of the right ovary was 12 × 10 × 2 cm3 and two gray/white nodules (diameter 0.7-1.1 cm) were observed on the cyst wall. The nodule (diameter approximately 0.7 cm) was infiltrated with atypical mucinous glands and heterotypic AE1/AE3+ spindle cells were seen in another nodule (1.1 cm in diameter) with mitotic figures (approximately 7/10 HPF) (shown in Figure 1H). The final histopathological diagnosis was a mucinous adenocarcinoma with anaplastic carcinoma mural nodules.

The immunohistochemical and molecular results are shown in Table 1.

FINAL DIAGNOSIS
Case 1
The final histopathological diagnosis was a mucinous adenocarcinoma with SLMNs and anaplastic carcinoma mural nodules without omentum involvement. Ovarian mucinous adenocarcinoma cells were found in the ascites. The tumor was staged as International Federation of Gynecology and Obstetrics (FIGO 2014) Ic. 

Case 2
The right ovary was diagnosed with a mucinous borderline tumor having mural nodules of anaplastic carcinoma. No lesions were found in the omentum, lymph nodes and appendix. (FIGO 2014) Ia. 

Case 3
The final histopathological diagnosis was a mucinous adenocarcinoma with anaplastic carcinoma mural nodules. (FIGO 2014)IIIc.

TREATMENT
Case 1
The patient refused to receive the subsequent treatment. 

Case 2
The patient received chemotherapy (six courses of paclitaxel and carboplatin) in other hospitals. The specific details were unknown. 

Case 3
After the surgery, paclitaxel + carboplatin systemic chemotherapy was given for six cycles. Each cycle was monitored using ultrasound and blood tumor markers. After four cycles, the CA199 level gradually decreased to 17.05 U/mL. After five cycles, the CA199 level began to increase. At the same time, abdominal CT showed solid nodules in the S5 segment of the liver. After six cycles, the patient received two cycles of systemic chemotherapy of docetaxel + oxaliplatin. The level of blood tumor marker CA199 did not decrease significantly. Gemcitabine chemotherapy was continued for two cycles. At this time, the CT results showed solid nodules in S4, S5, and S7 segments of the liver, considering metastasis, and the CA199 level increased continuously.

OUTCOME AND FOLLOW-UP
Case 1 died of the disease 12 mo following tumor resection. Case 2 died of the disease 18 mo after her surgery. Case 3 died 14 mo after the surgery due to the disease.
The detailed clinicopathological features are shown in Table 2.

DISCUSSION
Sporadic reports of malignant mural nodules such as clear cell carcinoma, carcinosarcoma, sarcoma and anaplastic carcinoma have been found[3]. The mural nodules of anaplastic carcinoma can be divided into three types: rhabdomyoid, spindle cell-like and pleomorphic[4]. The anaplastic carcinoma cells in the present report were spindle cell-like and rhabdomyoid.
The differential diagnosis between SLMNs and anaplastic carcinoma mural nodules is generally considered to be particularly important. SLMNs usually occur in young women and are characterized by a small size[5]. Matias et al[6] proposed that cytokeratin immunohistochemical staining should be used to distinguish between SLMNs and anaplastic carcinoma mural nodules. CK staining was negative or focal positive in SLMNs, while strong positive diffuse staining was detected in anaplastic carcinoma nodules. Shao et al[7] mentioned that most benign SLMNs were associated with anaplastic carcinoma mural nodules . Case 1 was a young woman and the diameter of the mural nodules was 0.5-1.2 cm. Some nodules were SLMNs and AE1/AE3 staining was focal positive. However, in other nodules, spindle cells showed invasive growth and diffusely expressed AE1/AE3. The heterogeneous expression of AE1/AE3 suggested the presence of SLMNs and anaplastic carcinoma mural nodules. Case 1 was very young. The cells in the mural nodule of anaplastic carcinoma were spindle shaped. They were difficult to distinguish from the spindle cells in the mural nodule of SLMNs and easy to be ignored during diagnosis. Therefore, enough samples are needed for careful observation when ovarian mucinous tumors are accompanied by mural nodules. 
Zheng et al[3] suggested that the formation of SLMNs might result from the differentiation of undifferentiated stromal cells beneath the mucous epithelium under external stimulation, such as intramural hemorrhage or cyst contents. However, the latest research on mural nodules showed tumor cell groups with the abnormal expression of TP53 and methylthioadenosine phosphorylase in SLMNs. It suggested that SLMNs were not benign and reactive and all mural nodules in mucinous ovarian tumors should be regarded as potentially malignant neoplasms. In the SLMNs of Case 1, two types of giant cells were found. The first type was osteoclast-like giant cells with wild-type expression of TP53 (as shown in Figure 2A and B) which expressed CD68. The other types of giant cells were mononuclear or multinuclear. The nucleus was located around the cytoplasm. Furthermore, the cells were heteromorphic with TP53 nonsense mutation (as shown in Figure 2C and D), AE1/AE3 and CD68 were not expressed in these cells (as shown in Figure 2E and F), and the expression of Ki-67 was also low (as shown in Figure 2G). However, pathological mitotic images could be found and the morphology was concerning.
Mesbah et al[2] also speculated that the mural nodules of anaplastic carcinoma might result from the dedifferentiation of mucinous tumors in which TP53 mutation played a key role. Chapel et al[8] reported that only 1 of 13 cases showed a TP53 mutation in the mural nodules but not in the associated differentiated mucinous tumor. In 8 of 13 cases, both tumor components harbored the same TP53 mutation, indicating that TP53 mutation did not play a key role in the occurrence of mural nodules. TP53 had wild-type expression in mucinous tumors and mural nodules in three cases which did not confirm that TP53 played a key role in the formation of mural nodules.
Mesbah et al[2] identified KRAS mutations in the anaplastic carcinoma mural nodules and paired mucinous epithelial neoplasms in six of seven cases. Therefore, it was inferred that the mural nodules of anaplastic carcinoma might originate from tumors with KRAS mutation. Similarly, a concordant KRAS mutation (p.G13D) was identified in both mucinous tumors and mural nodules in Case 3. The tumor was composed of well-differentiated to moderately differentiated invasive mucinous carcinoma. At the same time, the transition of malignant mucinous epithelium from well-differentiated glandular tubular cells to dedifferentiated single cancer cells was observed under the microscope. Based on the immunohistochemical staining and molecular detection results of Case 3, it was also speculated that some anaplastic carcinoma mural nodules might originate from the mucinous epithelium which was the result of epithelial dedifferentiation. This conjecture was consistent with reports by Desouki et al[9] and Zheng et al[3]. Different from Case 3, KRAS (p.G12S/D) missense mutation was found in the mural nodules of Case 1 and BRAF (p.V600E/K/R/O) missense mutation was found in the mural nodules of Case 2 with no such change in the two corresponding mucinous tumors. Therefore, it was speculated that the formation of some mural nodules might not be related to mucinous tumors and the KRAS signal pathway might be involved in the formation of these mural nodules.
All three patients died within 2 years, whether receiving chemotherapy or not. Cases 1 and 3 were mucinous adenocarcinoma and therefore the effect of anaplastic mural nodules on disease progression could not be evaluated. Case 2 was a borderline mucinous tumor with the anaplastic carcinoma mural nodule. The patient still died of the disease 14 mo after the surgery. Therefore, it was speculated that the presence of anaplastic carcinoma nodules might accelerate the progression of the disease.
Three cases of mucinous tumors and associated mural nodules were positive for mismatch repair protein immunohistochemistry indicating that the microsatellite status of these three cases of tumors was stable.

CONCLUSION
In conclusion, the present study reported three cases of mucinous tumors with mural nodules of anaplastic carcinoma. Worrisome giant cells were found in SLMNs of Case 1. All SLMNs were recommended to be fully sampled to avoid missed diagnoses. Based on the existing literature and the experimental results of this study, it is speculated that the mural nodules of anaplastic carcinoma may have two origins: (1) dedifferentiation of mucinous tumors; and (2) a tumor unrelated to mucinous tumors and the KRAS signal pathway may be involved in the formation of this tumor. The mural nodules of anaplastic carcinoma may promote the progression of borderline mucinous ovarian tumors.
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Figure Legends
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Figure 1 Microscopic morphology and immunohistochemical results of mural nodules in three cases of anaplastic carcinoma. A: Sarcoma-like mural nodules (SLMNs) of case 1 (20 ×); B: Expression of AE1/AE3 in SLMN of case 1 (20 ×); C: Osteoclast-like multinucleated giant cells in SLMNs of case 1 (20 ×); D: Mural nodule of anaplastic carcinoma in case 1 (20 ×); E: Expression of AE1/AE3 in anaplastic carcinoma in case 1 (20 ×); F: Mural nodule of anaplastic carcinoma in case 2 (20 ×); G: Expression of AE1/AE3 in anaplastic carcinoma in case 1 (20 ×); H: Expression of AE1/AE3 in anaplastic carcinoma in case 3 (20 ×).
[image: D:\稿件编辑\2022-05-03\72890-64635\72890-XML\72890-g002.png]
Figure 2 Two types of giant cells in the sarcoma-like mural nodules of case 1. A: Osteoclast-like multinucleated giant cells (20 ×); B: Wild-type expression of TP53 (20 ×); C: Another kind of giant cells (40 ×); D: Expression of TP53 in another kind of giant cells (40 ×); E: Expression of AE1/AE3 (40 ×); F: Expression of CD68 (40 ×); G: Expression of Ki-67 (40 ×).


Table 1 Immunohistochemical and molecular results
	
	Case 1
	Case 2
	Case 3

	
	Epithelium
	Nodule
	Epithelium
	Nodule
	Epithelium
	Nodule

	Immunohistochemical

	AE1/CK7
	+
	+
	+
	+
	+
	+

	Vim
	-
	+
	-
	+
	-
	+

	ER/PR
	-
	-
	-
	-
	-
	-

	Pax8
	Focally+
	-
	+
	+
	+
	+

	TP53
	WT
	WT
	WT
	WT
	WT
	WT

	PTEN
	+
	+
	+
	+
	-
	-

	Hotspot mutations

	KRAS
	WT
	p.G12S/D
	p.G12S/D
	WT
	p.G13D
	p.G13D

	NRAS
	WT
	WT
	WT
	WT
	WT
	WT

	BRAF
	WT
	WT
	WT
	p.V600E/K/R/O
	WT
	WT




Table 2 Clinicopathological features of three cases
	Case
	Age in yr
	Mucinous tumor
	Size of nodule in cm3
	Nodule type
	FIGO stage
	Prognosis

	1
	25
	MA
	4 × 4 × 4
	SAAC
	Ic
	DT (12 mo)

	2
	60
	BMC
	3 × 3 × 3
	AC
	Ia
	DT (18 mo)

	3
	55
	MA
	1 × 1 × 1
	AC
	IIIc
	DT (14 mo)


MA: Mucinous adenocarcinoma; BMC: Borderline mucinous cystadenoma; SAAC: Sarcoma like and anaplastic carcinoma; AC: Anaplastic carcinoma; DT: Death from tumor; FIGO: Federation of Gynecology and Obstetrics.
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