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CASE REPORT

Duodenal neuroendocrine tumor 
after bilateral breast cancer with type 1 
neurofibromatosis: a case report
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Abstract 

Background Young women with NF1 are at a high risk of developing breast cancer. Although they are at risk 
for abdominal tumors, such as gastrointestinal stromal tumors and neuroendocrine tumors, follow-up strategies 
for other tumors after breast cancer have not yet been established. Here, we present a case of duodenal neuroendo-
crine tumor found during follow-up after bilateral mastectomy for breast cancer with type 1 neurofibromatosis (NF1), 
for which pancreaticoduodenectomy (PD) and lymphadenectomy were performed.

Case presentation A 46-year-old woman with NF1 was referred to our hospital for treatment of a duodenal submu-
cosal tumor. Her previous operative history included bilateral mastectomy for breast cancer: right total mastectomy 
and left partial mastectomy performed 9 and 5 years ago, respectively. Her daughter was confirmed to have NF1, 
but her parents were unclear. Although she had no recurrence or symptoms during the follow-up for her breast 
cancer, she wished to undergo 18-fluorodeoxyglucose–positron emission tomography (FDG–PET) for systemic 
screening. FDG–PET demonstrated FDG accumulation in the duodenal tumor with a maximum standardized uptake 
value of 5.78. Endoscopy revealed a 20-mm-diameter tumor in the second duodenal portion, and endoscopic biopsy 
suggested a NET G1. We performed PD and lymphadenectomy for complete. She was doing well without recurrence 
and was followed up with PET tomography–computed tomography.

Conclusions Early detection of gastrointestinal tumors is difficult, because most of them are asymptomatic. Gas-
trointestinal screening is important for patients with NF1, and PD with lymphadenectomy is feasible for managing 
duodenal neuroendocrine tumors, depending on their size.
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Background
Type 1 neurofibromatosis (NF1), also known as von 
Recklinghausen disease, is a type of neurofibromatosis 
with an autosomal dominant pattern of inheritance [1]. 
Patients with NF1 have a high risk of developing benign 
and malignant tumors, particularly breast cancer [2]. 
However, the risk of other tumors remains unclear. 
Duodenal neuroendocrine tumors are rare tumors that 
require complete resection [1]. However, early detec-
tion is difficult. The incidence of NF1 with symptomatic 
gastrointestinal tumors accounts for < 5% of cases [3]. 
Furthermore, the management of periampullary neu-
roendocrine tumor (NET) remains controversial with 
respect to metastasis.

Recent guidelines suggest that the risk and follow-up 
for gastrointestinal tumor with NF1 patients. National 
Comprehensive Cancer Network Guidelines version 
3.2023 recommended to start the annual mammogram 
at 30  years and consider MRI as screening for breast 
cancer in NF1 patients [4]. It mentions the risk of gas-
trointestinal stromal tumor (GIST) as well and recom-
mended referral to NF1 specialist for management, 
but they did not suggest the details. Japanese guide-
line does not recommend to routinely checkup for the 
asymptomatic gastrointestinal tumor [5]. It suggests 
following up every 1 year or a few years observation for 

adult patients with NF1 and recommends gastrointesti-
nal screening in case of bleeding or abdominal pain [5].

Here, we present a case of duodenal neuroendocrine 
tumor found during follow-up after bilateral mastectomy 
for breast cancer, for which pancreaticoduodenectomy 
(PD) and lymphadenectomy were performed.

Case report
A 46-year-old woman was referred to us for examina-
tion and treatment of duodenal submucosal tumor 
(SMT). Her medical history was NF1, and her surgical 
history was bilateral mastectomy for breast cancer. She 
underwent a right total mastectomy and left partial mas-
tectomy 9 and 5  years ago, respectively. Although her 
daughter was diagnosed with NF1, the medical history of 
her parents was not clear. After these operations, she was 
doing well without any recurrences. In addition, there 
were no signs of recurrence and clinical concerns, but 
she wanted to have systemic screening with 18-fluorode-
oxyglucose–positron emission tomography (FDG–PET). 
FDG–PET showed FDG accumulation in the duodenal 
tumor unexpectedly. FDG accumulation had a maximum 
standardized uptake value of 5.78 (Fig.  1). These results 
suggest no evidence of metastasis. Endoscopy revealed 
a 20-mm-diameter tumor in the second duodenal por-
tion (Fig. 2), and endoscopic biopsy suggested a NET G1. 
We performed PD and lymphadenectomy for complete 

Fig. 1 Computed tomography and 18-fluorodeoxyglucose–positron emission tomography images. A Contrast-enhanced computed tomography 
demonstrated a 20 × 20-mm duodenal mass (yellow arrow). B, C Demonstrated an accumulation of 18-fluorodeoxyglucose in this tumor 
with a maximum standardized uptake value of 5.78 (white arrows)
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resection (total operative time, 413 min; estimated blood 
loss, 155 mL), because preoperative evaluation suggested 
the potency of lymph node metastasis and invasion into 
the pancreas. Pathological findings suggested that a 
22 × 17-mm NET had invaded the pancreas and lymph 
nodes (Fig.  3). The patient was discharged on postop-
erative day 8 without complications. She was doing 
well without recurrence and was followed up with PET 
tomography–computed tomography (CT).

Discussion
We report a case of duodenal neuroendocrine tumor 
diagnosed during follow-up after bilateral mastectomy 
for breast cancer, for which PD and lymphadenectomy 

were performed. NF1 is an autosomal dominant disor-
der with a high risk of tumor formation. A high risk for 
breast cancer has already been established. However, the 
risk of abdominal tumors, such as GIST and NET, after 
mastectomy remains unclear. Furthermore, a follow-up 
strategy for other tumors after breast cancer has not yet 
been established. Thus, we have to consider two issues: 
what is the risk level of patients with NF1 and breast 
cancer for another de novo tumor, and how should we 
follow-up and treat patients with NF1 after mastectomy 
considering multiple neoplasms?

The risk of breast cancer in patients with NF1, particu-
larly in young women, is very high [6, 7]. Johns Hopkins 
Hospital and some groups reported that patients with 
NF1 aged < 50  years have a high risk of breast cancer 
(standardized incidence ratio was 4.4–8.8, but the risk in 
patients aged > 50 years had no significant statistical dif-
ference) [6]. In addition, the proportional mortality rate 
of breast cancer patients with NF1 was 3.5 (95% confi-
dence interval 1.3–7.7) [8]. In addition, another study 
suggested that 5-year overall survival of patients with 
breast cancer and NF1, after age and estrogen receptor 
expression level matched, was poorer than breast cancer 
patients without NF1 [9]. Furthermore, another study 
reviewed malignant neoplasms in women with NF1 and 
breast cancer [10]. In this study, 8 of 76 patients had vari-
ous types of malignant neoplasms, and 5 patients had 
multiple neoplasms [10]. Only two patients with NF1 
developed GI tumors: duodenal adenocarcinoma after 
6  years of ductal carcinoma in  situ of the breast and 
rectosigmoid adenocarcinoma after 5  years of invasive 
ductal carcinoma of the breast [10]. However, we could 
not find any other data on the risk of other GI tumors, 
including NETs, after mastectomy with NF1. In this case, 

Fig. 2 Endoscopic findings. Endoscopy revealed a 20-mm-diameter 
tumor in the second duodenal portion

Fig. 3 Gross finding of resected specimen and pathological findings. A Gross finding of neuroendocrine tumor (yellow arrowhead). B Pathological 
findings revealed displaying organoid pattern and lacking necrosis (HE stain, low-power field). C Pathological findings revealed composed of cells 
with minimal atypia in organoid pattern (HE stain, high-power field)
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the patient developed a neuroendocrine tumor 5  years 
after the last mastectomy.

A follow-up strategy for abdominal neoplasms in 
patients with NF1 and breast cancer has not been estab-
lished. Sharif et  al. recommended that screening with 
mammography for women from age 40  years should be 
considered, because women with NF1 aged < 50  years 
could be categorized with a moderately increased risk 
for breast cancer [11]. However, we need to consider 
other abdominal neoplasms, because some reports have 
revealed that GI tumors develop in 5–25% of patients 
with NF1 [3]. In particular, the reported incidence of 
symptomatic GI tumors, such as GIST and NET, is < 5% 
[3]. Thus, abdominal imaging, endoscopy, and endoscopic 
ultrasonography (EUS) should be considered for the 
follow-up of patients with NF1 after mastectomy; CT is 
not recommended for the usual follow-up of breast can-
cer [12, 13]. Daniel et al. reviewed 80 cases and reported 
tumor locations, types, and size; 78% of these tumors 
were > 5 cm, and common locations were the duodenum 
(60%) and ampulla of Vater (31%) [3]. Moreover, 26% of 
patients have multiple GI tumors [3]. Neuroendocrine 
tumors were only observed in 6% of patients, and most 
tumors were somatostatinomas (40%) and GIST (34%) 
[3]. Even if a < 2-cm SMT is not identified, it should be 
followed at 4–6 months with endoscopy or EUS [14, 15].

NET prognosis is dependent on derived locations and 
metastases [16, 17]. The prognosis of duodenal and peri-
amupallry neuroendocrine tumors is not poor compared 
with that of NET originating from the pancreas and hind 
gut [16]. The Mount Sinai group analyzed population-
based data (n = 3133) and revealed that the extent of 
lymph node involvement is a prognostic factor for gas-
troenteropancreatic NET [17]. Considering the risk of 
lymph node involvement in duodenal and periampullary 
neuroendocrine tumors, PPPD with lymphadenectomy 
is feasible for > 1-cm tumor and is recommended for 
tumors > 2-cm tumor [15, 18, 19]; tumors < 1 cm can be 
locally resected with endoscopy [15].

Conclusions
Patients with a pathologic variant of NF1 should be fol-
lowed carefully, because they are at a high risk of devel-
oping gastrointestinal tumors, including NETs, not only 
breast cancer. Patients with NF1 should be considered for 
GI screening and contrast-enhanced CT or MRI as a fol-
low-up screening tool for over 5 years. Although endos-
copy may be optimal in asymptomatic cases, endoscopic 
checkups should be considered in symptomatic cases. 
More cases should be accumulated to establish an effec-
tive follow-up for NF1 and to clarify the risk of other de 
novo tumors in patients with NF1.
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