The Rapid Developed Ovarian Krukenberg Tumors after Ovarian Hyperstimulation: a Case Report and Discussion
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Introduction

Among infertile women who receive assisted reproductive technologies (ART), the incidences of cancers with a hormonal etiology are of particular interest. The use of ovarian stimulating drugs (OSDs) could potentially alter the hormonal environment and theoretically increase the risk of hormone dependent malignant tumors, such us ovary, endometrium and breast cancers1. Some studies have observed an upgraded risk of ovary cancer and borderline ovarian tumors among infertility women with ART treatments2. But more studies did not find a significant association between ART and primary ovary cancer3. So far, there is no report about the effect of ovarian hyperstimulation on the development of metastatic ovarian tumors. Here, we report a woman with rapid developed bilateral ovarian Krukenberg tumors (KT) after OSDs treatment. In this case, the coexistence of ovarian hyperstimulation syndrome (OHSS) and ovarian KTs resulted in the difficulty of diagnosis and the delay of therapy. 

Case report
A 37 year-old female patient presented symptoms of severe abdominal distension, cough and fever was admitted to our hospital on March 14 of 2019. From April 2018 to January 2019, the patient had been undergoing the ovarian stimulating treatment due to the history of secondary infertility. At the first three months, the ART protocol was clomiphene citrate (CC) 50 mg daily for 5 days plus human choriogonadotropin (hCG) 5,000 IU trigger. After three failures, the patient chose Chinese Medicine for ovary stimulation during the following seven months and plus hCG 10,000U trigger respectively in November 2018 and January 2019. Five days after hCG 10,000U injection on January 26 of 2019, the abdominal bloating occurred and progressively worsened during the following 2 weeks. The patient was treated with anti-ovarian hyperstimulation syndrome (OHSS) therapy for three weeks and pleural effusion, cough, dyspnea and fever appeared. The bilateral ovarian cysts developed to 15 cm in diameter. During this period, the hCG is normal and serum estradiol (E2) slightly increased. Three cytological examinations of ascite showed no malignant cells.
After being admitted in our hospital, the computed tomography (CT) scan of the abdomen and pelvis disclosed bilateral cystic-solid mass of 16 cm in diameter, massive ascite and bilateral pleural effusions. Laboratory tests revealed values within the normal range of serum hCG, E2 and tumor markers except cancer antigen (CA) 125 (442.6 U/mL, normal<35 U/mL) and CA724 (155.4 U/mL, normal <6.9 U/mL). D-dimer increased and hypoalbuminemia was less severe due to the daily supplement of albumin. Tuberculous pleural effusion and ascites have been excluded. The patient failed to perform gastroscopy and enteroscopy due to the massive pleural effusion, ascite and dyspnea. Being afraid of uncontrolled ovarian bleeding induced by ovarian biopsy, the patient refused to undergo laparoscopic exploration. After taking one week of anti-infective and anti-OHSS treatment, the patient's fever subsided and ascites decreased. But severe abdominal distension, pain under the xiphoid and ileus appeared. Re-evaluating with magnetic resonance imaging (MRI) showed malignant features of the solid component in left ovarian tumors. CT-guided percutaneous biopsy of left ovarian tumor was performed on March 28 of 2019 and the pathological report was adenocarcinoma. An exploratory laparotomy was performed on April 1 of 2019. Intraoperative palpation revealed that two complex cystic masses with smooth surface and 18 cm in diameter originated from right and left ovaries separately. Grossly distended small intestines, ascending and transverse colon were induced by a fibrotic like constricting lesion at the proximal descending colon. There were scattered small tumor nodules in the omentum, Douglas’ pouch and bilateral paracolon sulcus. No enlarged lymph nodes were found and other organs were normal. Bilateral salpingo-oophorectomy, partial colon resection and anastomosis were performed. Post-operative pathology displayed poorly differentiated colon adenocarcinoma. Immunohistochemistry of both ovarian tumors showed that cytokeratin (CK)-20, cadherin 17 (CDH17), caudal-type homeobox transcription factor 2 (CDX2) were positive and CK7 was negative, which validated bilateral ovarian KTs (Fig.1). Investigations into the patient's history revealed that she had intermittent constipation for over ten years. Pleural effusion and ascites disappeared in a few days after the operation. The CA125 and CA724 decreased respectively to 52.1U/mL and 31.5U/mL one week after surgery. The patient received 6 cycles of systemic chemotherapy of oxaliplatin (FOLFOX), bevacizumab plus capecitabine regimen and is alive now with no recurrence. 
Discussion
OHSS is a common complication of ART and its clinical manifestations were mostly caused by the increased capillary permeability4. It is characterized by enlarged ovaries, high concentration of sex steroids, ascites and pleural effusion, hemoconcentration, hypoalbuminemia as well as hypercoagulability. OHSS is classified into different grades based on timing (early and late) and severity (mild, moderate, severe and critical) 5. Generally, acute OHSS is self-limiting and alleviated soon if the patient did not conceive5. In our case, the women had a history of recurrent ovarian stimulation for ten months. Five days after the last hCG 10,000U trigger, abdominal distension and enlarged bilateral ovarian cysts appeared and worsened quickly, accompanied by hypoalbuminemia and hypercoagulable state, which were highly consistent with the clinical manifestations of OHSS. According to classification criteria，this patient was defined as acute and severe OHSS. After three weeks of anti-OHSS treatment, under the conditions of non-pregnancy and normal serum E2 level, the ascite, pleural effusion and bilateral ovarian enlargement still exacerbated and ileus appeared. These are inconsistent with the clinic manifestations of OHSS. 
KT is ovarian metastatic malignancy characterized by signet-ring adenocarcinoma that primarily derives from gastrointestinal site6. KT accounts for 1%-2% of all ovarian tumors7. KT can be asymptomatic or has non-specific gastrointestinal manifestations such as ascites, bloating or abdominal pain6. Over 80% KTs are bilateral and usually appear solid7. Serum CA125 can be elevated in KT8. In this case, except for years of constipation, the patient has no other symptoms or family history of colon cancer. The serum carcinoembryonic antigen (CEA) was normal. There was no specific CT image due to the constricting essential of this colon cancer. The patient had no chance to take gastroscopy and enteroscopy examination. Until after the last ovarian stimulation in January 2019, bloating, ascites and bilateral symmetrical ovarian cysts did not develop. All of these make it difficult to diagnosis of KT before operation. 
OSDs have been used to treat infertility for more than half century. OSDs can increase the endogenous estrogen levels and promote ovarian cell proliferation. It has been suspected to upgrade the risk of ovarian cancer9. Cumulatively analyzing 37 observational studies from 1990 to November 2018, which included 24 cohort studies and 13 case-control studies and a total of 4,684,724 women, there is no convincing evidence to suggest a potentially higher risk of invasive ovarian cancer in OSDs-treated women3. In this case, the patient had taken OSDs for ten months and did not progress to primary ovarian cancer. This is consistent with the above conclusions to some extent. How to understand the rapid development of ovarian KT after OSDs treat? The mechanisms of KT spread are thought generally via the lymphatic system, the hematogenous system or the transcoelomic pathway10. As to this patient, after ten months of OSDs treatment and two times of hCG 10,000U trigger, we speculated that OHSS did exist at the early stage. At the same time, the enrich blood supply of pelvic and ovaries under the hyperstimulation promoted the development of KT in both ovaries. The history of ART and the symptoms of OHSS masked the manifestations of KT. 
In conclusion, the rapid developed ovarian KT during the process of ART is rare. It is the first report of ovarian KT being misdiagnosed as OHSS after OSDs treatment. This case warns us to think of KT when bilateral symmetrical ovarian masses progressed, whether it’s cystic, cystic-solid or solid. All patients should take thorough physical examination prior to ART, including gastrointestinal tract. It needs longer follow-up times to address the association between OSDs and primary or metastatic ovarian malignant tumors.
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Figure 1. Histopathology and immunohistochemical (IHC) examinations of colon cancer and bilateral ovarian tumors. 

Hematoxylin-eosin (HE) staining and IHC examinations of CK20, CDH17, CDX2 and CK7 in colon cancer and bilateral ovarian tumors. All of these photos are magnification x100 using Olympus BX51.
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