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Abstract
The patient was an asymptomatic 43-year-old woman. Abdominal ultrasonography and enhanced computed tomography showed a tumor lesion accompanied by multiple cystic changes in the liver and the pancreatic tail. Endoscopic ultrasound-fine needle aspiration was performed on the pancreatic tumor lesion and revealed pancreatic neuroendocrine tumor (PNET). As it was unresectable due to multiple liver metastases, the decision was made to initiate treatment with everolimus and transcatheter arterial chemoembolization. The patient ceased menstruating after the start of everolimus administration. When the administration was discontinued due to interstitial lung disease, menstruation resumed, but then again stopped with everolimus resumption. An association between everolimus and amenorrhea was highly suspected. Amenorrhea occurred as a rare adverse event of everolimus. As the younger women might be included in PNETs patients, we should put this adverse event into consideration.
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Core tip: This is the first case report of amenorrhea as a rare adverse event associated with everolimus treatment for pancreatic neuroendocrine tumor. As the younger women might be included in pancreatic neuroendocrine tumors patients, we should put this adverse event into consideration.
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INTRODUCTION
Pancreatic neuroendocrine tumors (PNETs) are becoming more frequent in both incidence and prevalence. PNETs at the time of diagnosis have reached an advanced stage, and the tumors are metastatic or unresectable, in 65% of cases. For PNETs at such a stage, prognosis is poor, mainly because few good treatments exist. A recent prospective study showed sunitinib and everolimus to exert antitumor activity against PNETs. The drug-related adverse events associated with everolimus were stomatitis, aphthous ulceration, lymphopenia, neutropenia or infections[1]. In this case, we experienced amenorrhea as a rare drug-related adverse event. Thia is the first case report of amenorrhea as a rare adverse event associated with everolimus treatment for PNETs.

CASE REPORT
The patient was an asymptomatic 43-year-old woman. Her past medical and family histories were unremarkable. Because multiple hepatic tumors were identified at a routine health check-up, she was referred to our hospital. There were no marked physical findings. Blood biochemistry tests revealed no abnormalities in either tumor markers or endocrine data except for mildly elevated alkaline phosphatase and gamma-glutamyl transferase. Abdominal ultrasonography showed a tumor lesion accompanied by multiple cystic changes in the liver, and abdominal enhanced computed tomography identified a contrast-enhanced tumor lesion accompanied by multiple cystic changes in the liver (Figure 1). The pancreatic tail showed contrast enhancement of the same level as that in the pancreatic parenchyma, confirming a tumor lesion accompanied by cystic changes in a portion of the liver (Figure 1). Endoscopic ultrasound-fine needle aspiration was performed on the pancreatic tumor lesion and revealed a neuroendocrine tumor (NET) G2 (Figure 2A-D). As it was unresectable due to multiple liver metastases, the decision was made to initiate treatment with everolimus and transcatheter arterial chemoembolization (TACE). Approximately 4 mo after starting everolimus administration, the patient developed interstitial lung disease (Grade 2). As symptoms disappeared and image findings improved after drug suspension for 2 mo and 10 d, treatment with everolimus was resumed with a dose reduction to 5 mg/d. At 2.5 mo after treatment resumption, there was no recurrence of interstitial lung disease. The KL-6 level reflected well the state of interstitial lung disease. The patient ceased menstruating after the start of everolimus administration. When the administration was discontinued due to interstitial lung disease, menstruation resumed, but then again stopped with everolimus resumption. As the patient had experienced no prior episodes of menstrual disorders or irregularities, an association with everolimus was highly suspected (Figure 3). At approximately 1 year after the start of treatment, she underwent TACE three times and has since had a favorable course, with the therapeutic effect of a partial response. We experienced a patient with a PNET accompanied by multiple liver metastases that responded to combination treatment with everolimus and TACE. After discontinuation of everolimus due to the development of interstitial lung disease, this drug could be resumed and continuously administered at a reduced dose without recurrence of the lung disease. However, amenorrhea occurred as a rare adverse event.

DISCUSSION
PNETs are becoming more frequent in both incidence and prevalence, and now account for about 1.3% of the incidence, and 10% of the prevalence, of pancreatic cancer[2-4]. PNETs at the time of diagnosis have reached an advanced stage, and the tumors are metastatic or unresectable, in 65% of cases. For PNETs at such a stage, prognosis is poor. Patients with distant metastatic disease have a median survival time of 24 mo[3], and few good treatments exist.
The majority of patients with PNETs receive chemotherapy, radiotherapy, somatostatin analogue therapy, or some combination of these treatments.
A recent prospective study showed sunitinib and everolimus to exert antitumor activity against PNETs[1,5]. Yao et al[1] showed that 10 mg per day everolimus significantly prolonged the survival of advanced PNETs in comparison with a placebo. Also, the rate of severe adverse events was lower in the everolimus group than in the placebo group.
 Everolimus is an antitumor drug that inhibits mammalian target of rapamycin (mTOR) pathway. As mTOR pathway plays a role in proliferation and angiogenesis, everolimus has an important antitumor effect on PNETs[4,6-10].
 The safety profile of everolimus has been examined in prior studies[1,11]. Stomatitis and aphthous ulceration were reported as the commonest drug-related adverse events in these studies. Lymphopenia, neutropenia and infections have also been reported as common adverse events associated with everolimus. However, as most of these adverse events were mild and manageable, there were few that this treatment failed to terminate[1]. Though severe adverse events of interstitial pneumonitis were also reported, in most cases, the treatment guidelines were effectual in eliminating the disease. The present patient developed interstitial pneumonitis during everolimus administration. However, it resolved with temporary suspension of drug administration, and there has been no recurrence, to date, since the resumption of everolimus at a reduced dose. 
With regard to amenorrhea, our patient had no prior history of menstrual disorders. Menstruation ceased after the start of everolimus administration and resumed when the drug was suspended, then ceased again with re-administration. Therefore, an association between everolimus and amenorrhea was strongly suspected. There are no case reports, to our knowledge, describing amenorrhea associated with everolimus, and it was thus considered to be a rare drug-related adverse event. In the EXIST-2 study of angiomyolipoma, 11 amenorrhea-related events were reported in 8 of 52 female patients (15%) receiving everolimus[12]. When patients were followed without receiving treatment, amenorrhea disappeared in 7 and persisted in 4 until 28 d after the end of treatment. In the EXIT-1 study of subependymal giant cell astrocytomas, 3 amenorrhea-related events were reported in 3 of 29 female patients (10%) receiving everolimus[13]. Two patients were followed without treatment and one received medication. The amenorrhea disappeared in 1 patient and persisted in 2, though reportedly disappeared thereafter. 
　Everolimus-induced amenorrhea is a potential, albeit rare, drug-related adverse event. Unfortunately, the mechanism underlying the occurrence of amenorrhea has not been examined endocrinologically, and no treatment for amenorrhea has yet been established. Therefore, endocrinological studies are required in the future. As PNETs tend to develop in relatively young people, we should be aware that the administration of everolimus could result in amenorrhea.

COMMENTS
Case characteristics
An asymptomatic 43-year-old woman that multiple hepatic tumors were identified at a routine health check-up.

Differential diagnosis
Multiple hepatic tumors, pancreatic tumor.

Laboratory diagnosis
Blood biochemistry tests revealed no abnormalities in either tumor markers or endocrine data except for mildly elevated alkaline phosphatase and gamma-glutamyl transferase.

Imaging diagnosis
Abdominal enhanced computed tomography identified contrast-enhanced multiple tumor lesions accompanied by cystic changes in the liver and the pancreatic tail.

Pathological diagnosis
Endoscopic ultrasound-fine needle aspiration, which was performed on the pancreatic tumor lesion, revealed a neuroendocrine tumor (NET) G2.

Treatment
The patient was treated with everolimus in combination with transcatheter arterial chemoembolization.

Related reports
This is the first case report of amenorrhea as a rare adverse event associated with everolimus treatment for pancreatic NET.

Term explanation
Everolimus is an antitumor drug that inhibits mammalian target of rapamycin (mTOR) pathway. As mTOR pathway plays a role in proliferation and angiogenesis, everolimus has an important antitumor effect on PNETs.

Experiences and lessons
As the younger women might be included in PNETs patients, we should put this adverse event “amenorrhea” into consideration.

Peer review
This article is the first case report of amenorrhea as a rare adverse event associated with everolimus treatment for PNETs.
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Figure legends
[image: E:\2013-10-10\2014-5-23\9791\Figure 1.jpg]
Figure 1 Abdominal enhanced computed tomography showed a contrast-enhanced tumor lesions accompanied by cystic changes in the liver and the pancreatic tail.

[image: E:\2013-10-10\2014-5-23\9791\Figure 2.jpg]Figure 2 Endoscopic ultrasound-fine needle aspiration revealed a neuroendocrine tumor. A: Hematoxylin and eosin; B: Chromogranin A; C: CD56; D: Synaptophisin.
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Figure 3 Clinical course. TACE: Transcatheter arterial chemoembolization.
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