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Abstract
BACKGROUND
[bookmark: OLE_LINK426]Large cell neuroendocrine carcinoma (LCNEC) of the endometrium is an uncommon and highly aggressive tumor that has not been comprehensively characterized. We report a case of pure endometrial LCNEC and review the current literature of similar cases to raise awareness of the histological features, treatment, and prognosis of this tumor.

CASE SUMMARY
We report the case of a 73-year-old woman who presented with irregular postmenopausal vaginal bleeding. Ultrasonography showed an enlarged uterus and a 5.1 cm × 3.3 cm area of medium and low echogenicity in the uterine cavity. Biopsy by dilatation and curettage suggested poorly differentiated carcinoma. Magnetic resonance imaging revealed a heterogeneously enhanced uterine tumor with diffuse infiltration of the posterior wall of the uterine myometrium and enlarged pelvic lymph nodes. The patient underwent a hysterectomy and bilateral adnexal resection. Gross observation revealed an ill-defined white solid mass of the posterior wall of the uterus infiltrating into the serosa with multiple solid nodules on the serous surface. Microscopically, the tumor cells showed neuroendocrine morphology (organoid nesting). Immunohistochemistry revealed the tumor cells were diffusely positive for the neuroendocrine markers CD56, chromogranin A, and synaptophysin. Thus, the tumor was diagnosed as stage IIIC endometrial LCNEC. 

CONCLUSION
[bookmark: OLE_LINK427][bookmark: OLE_LINK428]Pathologic findings and immunohistochemistry are essential in making a diagnosis of endometrial LCNEC. 
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Core Tip: We report the diagnostic and therapeutic experience of a 73-year-old patient with pure endometrial large cell neuroendocrine carcinoma. This article explores the histological features, differential diagnosis, treatment, and prognosis of this tumor and reviews the current literature of similar cases to provide a reference for the diagnosis and treatment of endometrial large cell neuroendocrine carcinoma.


INTRODUCTION
Neuroendocrine carcinoma arising from the endometrium is an uncommon entity, accounting for less than 1% of endometrial carcinoma, and large cell neuroendocrine carcinoma (LCNEC) is very rare[1]. LCNEC has an aggressive natural history, a high propensity to metastasize, and poor survival outcomes[1]. To the authors’ knowledge, only 21 cases of LCNEC in the uterine corpus have been published[2-12], and only 12 of these were pure LCNEC (Table 1). Due to the small number of reported cases, knowledge of LCNEC is limited, and the tumor may be difficult to diagnose. Here, we present a case of LCNEC arising in the endometrium. Our findings should raise awareness of the histological features, treatment, and prognosis of this tumor.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK429][bookmark: OLE_LINK430]A 73-year-old woman was admitted to Liaocheng People’s Hospital in October 2019 due to irregular postmenopausal vaginal bleeding. 

History of present illness
The patient had undergone natural menopause 32 yrs ago and had a history of irregular vaginal bleeding in the 3 mo prior to admission. Initially, bleeding was intermittent, lasting for intervals of 2 d. Blood loss was minimal, there was no abdominal pain, and the patient did not seek medical treatment. Twenty days before admission, the patient experienced continuous vaginal bleeding. Blood loss was similar to menstruation, and there was occasional abdominal pain. Two weeks later, the patient experienced massive bleeding and was treated in the gynecology clinic of Liaocheng People’s Hospital. 

History of past illness
[bookmark: OLE_LINK431][bookmark: OLE_LINK432]The patient’s medical history was unremarkable.

Physical examination
[bookmark: OLE_LINK433][bookmark: OLE_LINK434]After admission to the hospital, the patient’s temperature was 36.6 ℃, heart rate was 76 bpm, respiratory rate was 18 breaths per minute, and blood pressure was 142/73 mmHg. On gynecological examination, when the patient held her breath, the posterior wall of the vagina compressed and partially protruded outside the vagina. The cervix was atrophied, and the uterus was enlarged.

Laboratory examinations
Blood analysis, biochemistry, and urinalysis were normal. Electrocardiogram, chest X-ray, and arterial blood gas were normal.

Imaging examinations
[bookmark: OLE_LINK435][bookmark: OLE_LINK436]Ultrasonography showed an enlarged uterus and a 5.1 cm × 3.3 cm area of medium and low echogenicity in the uterine cavity. Magnetic resonance imaging demonstrated an enlarged uterus and uterine cavity, and the endometrium was thickened, irregular, and protruded into the uterine cavity. A coronal contrast-enhanced computed tomography scan revealed a heterogeneously enhanced uterine tumor with diffuse infiltration of the posterior wall of the uterine myometrium and local roughness of the serosa. Lymph node metastasis was suspected as the internal and external iliac lymph nodes were enlarged. The largest was approximately 1.4 cm and lay along the right external iliac artery. The right internal iliac lymph nodes were partially necrotic (Figure 1). Diagnostic imaging showed no detectable invasion of the tumor into the bladder or rectum.

Pathological examination
[bookmark: OLE_LINK437][bookmark: OLE_LINK438]Biopsy by dilatation and curettage suggested poorly differentiated carcinoma. The patient underwent a hysterectomy and bilateral adnexal resection. Pelvic lymph node dissection was not performed as the patient was obese. Gross observations revealed an ill-defined white solid mass that arose from the endometrium and extended through the full thickness of the posterior wall of the myometrium to the uterine serosa. Multiple solid nodules were scattered on the serosa; the largest was 1 cm × 0.8 cm × 0.5 cm. 
Microscopically, the poorly differentiated carcinoma infiltrated the muscular layer of the posterior wall of the uterine body to the serosa and did not invade the inner orifice of the cervix. Histologic characteristics included polygonal cells with abundant cytoplasm and a granular eosinophilic or basophilic appearance, large nuclei, prominent nucleoli, “salt and pepper” chromatin, thick nuclear membranes, and ≥ 10 mitoses/high power field without obvious necrosis. The tumor cells showed neuroendocrine morphology (organoid nesting, trabeculae, palisading, or a rosette-like growth pattern) mixed with a solid diffuse pattern (Figure 2). There was obvious vascular invasion and occasional perineural invasion.
Immunohistochemically, the tumor cells were positive for cytokeratin AE1/AE3, chromogranin A, synaptophysin, CD56 (Figure 2) and P16 and negative for P53, estrogen receptor, progesterone receptor, and CD10. The Ki-67 index was approximately 80%. There was no loss of expression of mismatch repair proteins (MLH1, PMS2, MSH2, and MSH6). 

FINAL DIAGNOSIS
Based on the histological characteristics and results of the immunohistochemical staining, the tumor was diagnosed as LCNEC. Bilateral ovaries and fallopian tubes were not involved, but a small number of tumor cells were found in pelvic lavage fluid. The clinical postoperative stage was IIIC (International Federation of Gynecology and Obstetrics).

TREATMENT
[bookmark: OLE_LINK439][bookmark: OLE_LINK440]The patient’s recovery after surgery was uneventful. She received four cycles of adjuvant chemotherapy with paclitaxel liposome (240 mg) and lobaplatin (50 mg) over a 3 wk interval at Liaocheng People’s Hospital.

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK308]The response to chemotherapy was mild, and there was no obvious alopecia or gastrointestinal reaction. After the fourth chemotherapy treatment, computed tomography of the chest and abdomen and abdominal ultrasound showed no abnormalities. Six months later, computed tomography of the chest and abdomen, abdominal ultrasound, and gynecological examination showed no recurrence or metastasis. At present, after 15 mo, the patient is alive with no evidence of disease.

DISCUSSION
[bookmark: OLE_LINK441][bookmark: OLE_LINK442]Most reports on LCNEC describe lung malignancies, even though LCNEC only account for 3% of lung cancers. LCNEC of the female genital tract are usually found in the uterine cervix and ovary and rarely involve the endometrium[13]. Endometrial LCNEC may be formed by LCNEC alone or as composites with varying proportions of other tumors, usually endometrioid carcinoma. Previous studies have described the clinicopathological features of endometrial neuroendocrine carcinoma. Pocrnich et al[14] reported on 25 cases, including large cell type, small cell type, or a mixture of both. Of these, 22 cases had a LCNEC component and 3 cases had a small cell neuroendocrine carcinoma component[14]. Rivera et al[1] reported a case of LCNEC associated with low-grade endometrial stromal sarcoma. In the present case, the tumor was pure LCNEC.
A literature review revealed published studies describing endometrial LCNEC included patients aged 51 to 73 years (median: 60 years; mean: 61 years) (Table 1), suggesting the disease mainly affects older postmenopausal women. The most common clinical manifestation of endometrial LCNEC was abnormal or postmenopausal bleeding. The maximum reported endometrial LCNEC tumor dimensions ranged from 0.8 to 12 cm (median: 6.0 cm). Most publications showed endometrial LCNECs had neuroendocrine morphology with an insular (organoid nesting) and admixed solid (diffuse) growth pattern. Most tumors had high mitotic activity, areas of necrosis, and vascular invasion and expressed at least one neuroendocrine marker (chromogranin, synaptophysin, or CD56)[14,15]. The Ki-67 proliferation index was very high (> 80%)[16,17]. Immunohistochemical staining of four cases of pure LCNEC, three cases of LCNEC associated with endometrioid carcinoma, and one case of small cell neuroendocrine carcinoma associated with endometrioid carcinoma demonstrated abnormalities of mismatch repair protein expression[14]. In the present case, the tumor was diffusely and strongly positive for synaptophysin, chromogranin A, and CD56, and there was no loss of mismatch repair expression. 
[bookmark: OLE_LINK311][bookmark: OLE_LINK312]The genetic profile of endometrial LCNEC is unknown. However, endometrioid carcinoma and endometrial LCNEC share a gene mutation signature with identical alterations in phosphatase and tensin homolog, PIK3CA, and fibroblast growth factor receptor 3, suggesting a common origin[18].
Routine tissue sampling may misdiagnose or miss endometrial LCNEC. Endometrial biopsy provided only one pathologic diagnosis among 20 cases of endometrial LCNEC, even though endometrial assessment by biopsy or sampling of endometrial cells has a sensitivity of 81% for detecting endometrial carcinoma and atypical hyperplasia in women with abnormal uterine bleeding[19,20]. Consistent with this, consensus suggests that LCNEC of the lung should not be made on cytology or biopsy alone with the final diagnosis based on resected specimens[21].
Due to its rarity, there is no standard therapy for LCNEC[22], and most clinical recommendations are relevant to LCNEC of the lung or cervix, including the use of first-line chemotherapy with irinotecan/cisplatin therapy[22]. For early stage endometrial LCNEC, consensus favors surgery followed by chemotherapy with etoposide and platinum-based agents[20]. Surgical approaches to endometrioid histology include hysterectomy, bilateral salpingo-oophorectomy, and lymph node dissection, while omentectomy is performed for nonendometrioid carcinoma[22]. In the studies identified in our literature review, six patients with endometrial LCNEC were treated with standard surgical methods relevant to nonendometrioid carcinoma with various outcomes. Complete surgery provided better outcomes compared to incomplete surgery[23]. At present, there is no established first-line chemotherapy regimen for endometrial LCNEC. Etoposide and cisplatin are generally preferred in LCNEC of the cervix with an 83% recurrence free survival reported at 3 yrs[24]. Paclitaxel and platinum-based chemotherapy has become a first-line chemotherapy regimen for gynecological malignant tumors such as endometrial cancer and ovarian cancer, especially for patients with aggressive tumors who have a high risk of recurrence. Lobaplatin is more effective for controlling disease progression and associated with less toxicity and better patient quality of life than carboplatin[25,26]. Therefore, this patient was treated with liposomal paclitaxel combined with lobaplatin, which achieved good efficacy with mild side effects.
[bookmark: OLE_LINK315][bookmark: OLE_LINK316]Differential diagnosis for endometrial LCNEC includes grade 3 endometrioid carcinoma, undifferentiated carcinoma, and primitive neuroectodermal tumor. Grade 3 endometrioid carcinoma express neuroendocrine markers but lack nest-like, trabecular, or ribbon-like polygonal cells. Undifferentiated carcinomas resemble LCNEC but may show diffuse staining for neuroendocrine markers[6]. LCNECs are identified when neuroendocrine markers are expressed in > 10% of tumor cells. Primitive neuroectodermal tumor usually stain positive for synaptophysin but are typically chromogranin negative and show neuroectodermal differentiation (fibrillary background, rosettes, ganglion cells, astrocyte-like cells) and are negative for cytokeratins[8]. Endometrial LCNECs do not show specific characteristics on imaging. Magnetic resonance imaging findings resemble other poorly differentiated carcinomas and uterine sarcoma, showing an ill-defined endometrial-myometrial border and a heterogeneous mass with necrosis and hemorrhage[27]. Preoperative magnetic resonance imaging has clinical utility for assessing the extent of endometrial LCNEC.
Stage is an important predictor of prognosis in patients with cancer[22]. Among the studies identified in our literature review, 11 endometrial LCNECs were stage III-IV (91.7%) and 1 was stage IC. Among the 12 patients, 8 (66.7%) died within 7.3 mo of diagnosis. However, several studies show International Federation of Gynecology and Obstetrics stage was not a significant predictor of prognosis in patients with endometrial LCNECs on multivariate analysis[22,23], possibly because neuroendocrine carcinomas are invasive and aggressive, with pure neuroendocrine carcinomas progressing more rapidly and having a worse prognosis than mixed neuroendocrine carcinomas[23]. 

CONCLUSION
Endometrial LCNEC is extremely uncommon, especially pure LCNEC, which is likely under-reported and misdiagnosed. Correct diagnosis of endometrial LCNEC is important as it is a highly aggressive tumor that is associated with poor survival outcomes, but there is no evidence-based therapeutic regimen. Here, we describe a case of pure endometrial LCNEC and review the current literature of similar cases to raise awareness of the histological features, treatment, and prognosis of this tumor.
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Figure Legends
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[bookmark: OLE_LINK446]Figure 1 Diagnostic imaging of the tumor. A: Sagittal T2-weighted magnetic resonance imaging; B: T2-enhanced magnetic resonance imaging of the pelvis revealed an irregular thickened endometrium and a heterogeneously enhanced uterine tumor with diffuse infiltration of the posterior wall of the uterine myometrium; C: Coronal fast spin echo with T2WI fat suppression revealed an enlarged uterus and uterine cavity and local roughness of the serosa (star) and enlargement and partial necrosis of the right internal iliac lymph node (arrows).
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[bookmark: OLE_LINK447][bookmark: OLE_LINK448]Figure 2 Histology and immunohistochemistry. A: Microscopically, tumors showed an organoid pattern of growth with tumor embolism (hematoxylin and eosin, × 40); B: Trabeculae-like pattern (hematoxylin and eosin, × 200); C: Rosette-like pattern with “salt and pepper” chromatin (hematoxylin and eosin, × 400); D-F: Immunohistochemistry revealed positivity for CD56 (D, membranous), synaptophysin (E, cytoplasmic), and chromogranin A (F, cytoplasmic).

Table 1 Published reports of pure endometrial large cell neuroendocrine carcinoma
	Case
	Ref.
	Age in yr
	Presenting symptom
	Histology
	Immunoprofile positivity
	FIGO stage
	Surgery
	Treatment
	Outcome

	1
	Nguyen et al[9]
	70
	PMB
	Pure LCNEC
	Synaptophysin, chromogranin A, CD56, EMA
	IVB
	TAH, BSO, OMT
	Etoposide, cisplatin
	NED 6 mo

	2
	Nguyen et al[9]
	71
	PMB
	Pure LCNEC
	Synaptophysin, chromogranin A, CD56, P53, P16，PR
	IVB
	TAH, BSO, LND, OMT
	Etoposide, cisplatin, octreotide
	DOD 1 mo

	3
	Nguyen et al[9]
	52
	PMB
	Pure LCNEC
	NSE, synaptophysin
	IC
	TAH, BSO
	Etoposide, cisplatin
	DOD 7 mo

	4
	Kobayashi et al[10]
	52
	Abdominal pain
	Pure LCNEC
	Synaptophysin, chromogranin A, CD56
	IIIC
	TAH, BSO, LND
	Irinotecan, cisplatin, RT
	DOD 10 mo

	5
	Makihara et al[28]
	73
	Abdominal distension
	Pure LCNEC
	Synaptophysin, chromogranin A, NSE, P53
	IVB
	Refused surgery
	Refused chemotherapy
	DOD 5 wk

	6
	Makihara et al[28]
	73
	PMB
	Pure LCNEC
	Synaptophysin, chromogranin A, CD56, P53
	IIIC
	TAH, BSO, LND, OMT
	Cisplatin, irinotecan
	Recurrence at 6 mo

	7
	Ogura et al[29]
	52
	Menorrhagia
	Pure LCNEC
	Synaptophysin, CD56, Ki67
	IIIC
	None
	None
	DOD 1 mo

	8
	Mulvany et al[27]
	50
	PMB
	Pure LCNEC
	NSE, synaptophysin
	IIIC
	TAH, BSO, LND, OMT
	Carboplatin, etoposide, RT
	AWD 12 mo

	9
	Tu et al[15]
	51
	PMB
	Pure LCNEC
	CK, P53, CD56, synaptophysin
	IVB
	TAH, BSO, OMT, suboptimal debulking
	Cisplatin, etoposide
	DOD 3 mo

	10
	Shahabi et al[3]
	59
	PMB
	Pure LCNEC
	NSE, chromogranin A, synaptophysin, CD56
	IIIC
	TAH, BSO, LND, OMT, suboptimal debulking
	Carboplatin, paclitaxel, doxorubicin, etoposide, cisplatin, octreotide
	DOD 12 mo

	11
	Suh et al[22]
	61
	Abdominal pain and rapid uterine enlargement
	Pure LCNEC
	synaptophysin, CD56
	IIIB
	TAH, BSO, OMT
	Etoposide/cisplatin, irinotecan/cisplatin, fluorouracil, leucovorin, irinotecan, RT
	DOD 23 mo

	12
	Present case
	73
	PMB
	Pure LCNEC
	Cytokeratin AE1/AE3, chromogranin A, synaptophysin, CD56, P16
	IIIC
	TAH, BSO
	Paclitaxel, liposome, carboplatin
	NED 15 mo


AWD: Alive with disease; BSO: Bilateral salpingo-oophorectomy; DOD: Died of disease; FIGO: International Federation of Gynecology and Obstetrics; LCNEC: Large cell neuroendocrine carcinoma; LND: Lymph node dissection; NED: No evidence of disease; NSE: Neural-specific enolase; OMT: Omentectomy; PMB: Postmenopausal bleeding; PR: Progesterone receptor; RT: Radiotherapy; TAH: Total abdominal hysterectomy.
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