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Background: Pancreatic neuroendocrine tumor (NET) is rare, and the majority

presents late in their clinical course. Here, we present a huge locally advanced

pancreatic NET having Hi-Art helical Tomotherapy that resulted in a 68%

reduction in target volume during adaptive image-guided radiotherapy

(IGRT).

Case summary: A 63-year-old man without any history of systemic disease

developed voiding difficulty for several months. Associated symptoms included

poor appetite, nausea, distended abdomen, and body weight loss. Further

magnetic resonance imaging showed a large multilobulated tumor in the left

upper abdomen. Tumor biopsy revealed well-differentiated, grade 2,

neuroendocrine tumor. Complete resection was unattainable. Therefore,

Lanreotide was prescribed initially. However, tumor progression up to the

greatest diameter of 18 cm was noted on computed tomography 5 months

later. Thus, he stopped Lanreotide and commenced on concurrent

chemoradiotherapy (CCRT). With a total dose of 70 Gy in 35 fractions, we

generated two adaptive treatment plans during the whole course.

Laparoscopic subtotal pancreatectomy with spleen preservation was

performed after neoadjuvant CCRT. It has been more than 3 years after

IGRT, and he remains cancer free and reports no side effects during regular

follow-ups.

Conclusion: Tomotherapy caused tumor size reduction and hence facilitated

surgical possibility for this originally unresectable pancreatic NET.

Neoadjuvant IGRT incorporated with adaptive treatment planning enhanced
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delivery accuracy. In this case of pancreatic NET resistant to Lanreotide, inter-

fractional tumor regression from 1910 to 605 cc (68%) was documented.
KEYWORDS

Tomotherapy, pancreas, abdomen, unresectable neuroendocrine tumor (NET),
neuroendocrine neoplasm (NEN), image-guided radiotherapy (IGRT), adaptive
planning, case report
Introduction

Pancreatic neuroendocrine tumor (NET) is a rare type of

neuroendocrine neoplasm (NEN) that arises from endocrine cell

in pancreatic tissue, accounting for only 3% of all pancreatic tumors

(1). The majority of pancreatic NETs are non-functional without

defined clinical syndrome or abnormal hormone profiles, and their

presentation is often delayed until significant mass effect or distant

metastasis (2). In this situation, curative surgical resection is often

intricate. However, the role of surgical resection in the treatment of

pancreatic NET is imperative. Hill et al. have investigated the

impact of resection on overall survival. Resection of pancreatic

NET was related to significantly improved survival in contrast with

those patients who were recommended for surgery but did not

undergo resection (114 vs. 35 month; p<0.01) (2).

Surgery was, however, not recommended in cases of giant

size and small probability of complete resection. Combining

different treatment modalities prior to definitive surgical

intervention was hence applied. Radiotherapy used as a main

treatment of primary pancreatic NET is novel and not often

reported, although it has long been regarded as an approved

treatment option in palliative symptom relief (3). Here, we

present a case of locally advanced unresectable pancreatic NET

who underwent neoadjuvant concurrent chemoradiation

(CCRT) via Tomotherapy and subsequent surgical resection

successfully. To the best of our knowledge, this is the first

reported pancreatic NET who had 68% regression of target

volume during IGRT of 70 Gy.
Case description

A 63-year-old man without any history of systemic disease

developed voiding difficulty for several months prior to his presence

in the hospital. Associated symptoms included poor appetite,

nausea, distended abdomen, and body weight loss. Further

abdominal magnetic resonance imaging (MRI) showed a large

multilobulated tumor with the size of 16.1 × 14.9 × 14.5 cm in

the left upper abdomen (Figure 1A). During physical examination, a

very big abdominal mass was palpated in the left upper quadrant

with firm texture. The mass was fixed with regular border. His
02
laboratory data, such as alpha-fetoprotein and carcinoembryonic

antigen, were within normal limits. He received tumor biopsy in

which it revealed tissue fragment infiltrated by tumor cells bearing

relatively uniform round nuclei and high nucleus–cytoplasm ratio

arranged in sheet or rosette-like patterns. Immunohistochemical

staining showed positive for chromogranin A, synaptophysin, and

somatostatin receptor 2A (SSTR2A) (Figures 2A–C). Moreover, the

mitotic activity was about 3 per 10 high-power fields. The Ki-67

labeling index was about 4%. Well-differentiated, grade 2,

neuroendocrine tumor was diagnosed.

There was no metastasis or regional lymph node involvement

under initial MRI and further contrast-enhanced computerized

tomography (CT). Because the tumor size was too large to

differentiate the primary affected organ and the border of the

tumor was implicated with surrounding organ, complete

resection was not achievable. Therefore, Lanreotide was given

initially. However, marked enlargement up to the greatest

diameter of 18 cm was noted on CT scan 5 months later

(Figure 1B). Coinciding with this, he complained about bulging

abdomen interfering with digestion. In the second-line therapeutic

regimens, there are multiple anti-tumor therapy including

Everolimus- or Sunitinib-based targeted therapy, chemotherapy,

and even peptide receptor radionuclide therapy (PRRT). Among

these therapies, PRRT was not achievable in our hospital, and

reimbursement for Temozolomide for pancreatic NET was not

included in the National Health Insurance of our country. Given the

bulky and progressive disease status, a second-line therapeutic

regimen with cytotoxic chemotherapy was taken into

consideration. After offering multidisciplinary treatment options

in the full discussion with the patient and his families, CCRT was

chosen for strengthening local control. Thus, he began to receive

capecitabine + oxaliplatin (XELOX) concurrently with image-

guided radiotherapy (IGRT).

We utilized the Hi-Art helical Tomotherapy, version 2.2.4.1

(TomoTherapy, Inc., Madison, WI). The planned total dose was 70

Gy in 35 fractions. The dose statistics was provided in the

supplementary material regarding doses of the various organs at

risk at each of the three plans, e.g., kidneys, liver, stomach, and

spinal cord. After 14 fractions, we performed adaptive treatment

planning to better suit regressed tumor. The target volume has

shrunk from 1,910 to 1,057 cc (Figures 3A, B). Again, after 10 more
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FIGURE 2

(A) Chromogranin, (B) synaptophysin, (C) somatostatin receptor 2A, and (D) monomorphous round to cuboidal cells arranging in solid and
trabecular patterns. These cells have rich cytoplasm, and salt and pepper nuclei (hematoxylin–eosin stain; original magnification, 100×). (E) The
immunohistochemical study reveals immunoreactivity of synaptophysin (original magnification, 100×).
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FIGURE 1

(A) Pretreatment magnetic resonance imaging (MRI) image depicting a multilobulated tumor with the size of 16.1 cm × 14.9 cm × 14.5 cm in the
left upper abdomen. (B) Tumor progression up to the greatest diameter of 18 cm in the axial view of computerized tomography (CT) scans after
treatment of Lanreotide. (C) Prominent tumor shrinkage after concurrent chemoradiation. (D) At least 50% reduction of tumor axial
perpendicular diameters in preoperative CT.
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fractions, IGRT revealed further shrinkage. Another new adaptive

plan was administered, since the target volume has shrunk from

1,057 to 605 cc (Figures 3B, C). Corresponding with radiological

response, his urinary and abdominal symptoms improved. The

tumor volumes of the enhanced CT before and after radiotherapy

have been calculated by the radiation oncologist utilizing a

segmentation tool program. It was 2,199.35 cc before

radiotherapy and 315.54 cc after radiotherapy. On the third

month of CCRT, MRI showed a continuously decreased tumor

dimension (Figure 1C). The axial perpendicular diameters of the

tumor reduced at least 50% in preoperative CT after

CCRT (Figure 1D).

His baseline performance status before CCRT was Eastern

Cooperative Oncology Group (ECOG) grade 1 with only mild

urinary frequency but no other complaint. There was also no acute

radiation-induced nausea, diarrhea, or abdominal cramping. The

radiotherapy-related toxicity was evaluated by the Common

Terminology Criteria for Adverse Events (CTCAE) v4.0.

Radiotherapy was well-tolerated without acute toxicities >2. In

addition, his kidney function, as measured by creatinine

clearance, remains mostly the same throughout the radiotherapy.

He developed grade 1 radiation-induced dermatitis with mild

erythema and later worsened because of a weekend trip

swimming in the ocean. Grade 2 dermatitis subsided after

Tomotherapy. Apart from avoiding disease progression, CCRT
Frontiers in Oncology 04
under current regimens resulted in tremendous tumor volume

shrinkage. To achieve the best prognosis for the patient, curative

surgical resection of tumor was indicated. Laparoscopic subtotal

pancreatectomy with spleen preservation was performed, and the

surgeons did not report any unusual difficulty. Pathology confirmed

a pancreatic NET with the size of 12 × 10 × 6 cm and weighed

315.9 g with American Joint Committee on Cancer (AJCC) stage II,

ypT3 (Figure 2). The surgical margin was 15 mm and uninvolved

by tumor, which was confined to the pancreas.

The patient recovered well without post-operative

complication. There was neither diabetes mellitus, postoperative

ileus, nor surgery-related infection after subtotal pancreatectomy.

Then, he was under regular surveillance in the outpatient

department with abdominal CT every 3 months in the first year

post-resection and every 12 months after the first year post-

resection. It has been more than 46 months since his diagnosis of

pancreatic NET, and he has no recurrence or distant metastasis

during regular follow-ups. The overview of the clinical course of this

patient is illustrated in Figure 3D.
Discussion

Surgical resection is the only treatment that can cure

pancreatic NETs, and it is recommended to remove all
B C

D

A

FIGURE 3

(A) Isodose curves depicting a target volume of 1,910 cc in the initial treatment plan of Tomotherapy. (B) Target volume reduced from 1,910 to
1,057 cc after 14 fractions. (C) Target volume reduced from 1,057 to 605 cc after 10 fractions. (D) Multidisciplinary treatment course of the
patient from the day of initial presentation until definitive surgery: adaptive Tomotherapy plans were administrated twice at the timing of
substantial target volume reduction from 1910 to 1,057 cc and from 1,057 to 605 cc, respectively.
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localized and limited metastatic disease (4). However, for our

patient who presented with a sizeable tumor burden causing

high surgical risk and impossibility of complete tumor resection,

other modality like somatostatin analogues was applied. Within

5 months of commencing Lanreotide, this locally advanced

tumor kept progressing. We shifted to CCRT for tumor

growth control and symptom alleviation. Radiotherapy acted

as a bridge forward to curative surgical resection. This patient

was able to receive curative operation when the tumor became

smaller to less than one-third of the original size after CCRT.

Although radiotherapy is not considered a curative method

as much as surgery, Iwata et al. demonstrated that radiotherapy

was effective for local control in pancreatic NET. This

retrospective study included 11 patients with pancreatic NET

who received radiotherapy with maximum dose of 60 Gy in 30

fractions and ended up having 100% disease control rate (1). In

addition, symptomatic relief owing to reduction in the physical

pressure from large tumor burden was obvious after

radiotherapy. However, Iwata et al. disclosed that median

progression-free survival (PFS) and median overall survival for

patients with pancreatic NET were 5.5 months (95% confidence

interval [CI], 3.7–28.2 months) and 35.9 months (95% CI, 9.04

months—not reached), respectively (1). On the contrary, our

patient had been alive without disease recurrence for 45 months.

In our case, radiotherapy was delivered up to 70 Gy in 35

fractions via Tomotherapy with image-guided and adaptive

planning ability. Nine of 11 patients in the study of Iwata et al.

utilized three-dimensional conformal radiation therapy, which

delivered 50–54 Gy in 25–30 fractions (1). Moreover, the fact

that 8 of 11 patients were in metastasis status and only one

patient underwent post-RT surgical resection was the major

cause of the different prognosis between the study of Iwata et al.

and our case (1).

Tomotherapy allows radiation oncologists to visualize inter-

fractional radiation responses. Kupelian et al. illustrated the

benefit of IGRT in head and neck tumors by comparing the

severity of inter-fractional setup errors. Even if imaging

guidance was performed every other day, about 10% of all

fractions still had a setup error over 5 mm (5). In addition to

setup errors and organ mobilization, the dimension of targeted

tumor was likely to change after each fraction, which may cause

daily deviation. Different anatomic sites also have various setup

uncertainties. Studies have shown that inter-fractional

displacement in the lung is the largest followed by that in the

abdomen (6). The mean 3D displacement (average of lateral,

longitudinal, vertical, and rotational direction) of inter-

fractional variation in the abdomen was 4.4 mm (6). The

advantage of applying IGRT to avoid daily variation before

abdominal irradiation is evident.

The recent advancements in radiotherapy technologies have

made the delivery of the highly conformal dose to the target

volume possible. The organ at risk that needed to be considered

first was the kidneys. With the aim of maximal renal
Frontiers in Oncology 05
parenchymal sparing, radiotherapy was delivered. We provide

the dose statistics in the supplementary material regarding the

doses of the various organs at risk at each of the three plans, e.g.,

kidneys, liver, stomach, and spinal cord. With daily IGRT via

Tomotherapy, we have carefully prescribed 70 Gy in 35

fractions, exceeding the doses of previous reports for

pancreatic NET while causing no chronic-radiation-induced

side effect (7). Bresciani et al. reported minimal toxicities from

66 Gy in 30 fractions delivered via Tomotherapy for para-aortic

lymphadenopathy in the upper abdomen (8). The majority of

patients received 45–50.4 Gy in 1.8 Gy per fraction as their

abdominal radiation course. Radiation-induced diarrhea or

emesis is commonly seen during abdominal–pelvic

radiotherapy. Wang et al. has calculated that mean dose to the

small bowel is associated with radiation-induced emesis. They

suggested to limit the constraint of the small bowel mean dose to

<63% of the prescribed dose (median, 28.35 Gy) (9). In the

present case, the mean dose of the small bowel was 26.56, 24.97,

and 18.39 Gy, respectively, in all three plans.

Somatostain analogues (SSAs) have been used in advanced or

grade 1 or 2 (Ki-67 <10%) enteropancreatic, somatostatin

receptor-positive NET (10), and the National Comprehensive

Cancer Network (NCCN) guidelines have regarded it as an

appropriate drug for symptom control and prevention of tumor

progression (3). However, the huge tumor remained enlarged and

resistant to Lanreotide in our case. The clinically predictive factors

for tumor resistance in SSA can be determined by baseline tumor

growth rate, and the patients can then be stratified by disease

status and documented progression status to individualized

treatment protocol (11). In pathological or molecular aspect, the

NCCN guideline recommended using SSA on patients with

positive SSTR2A expression (3). Recent research also showed

the significant correlation between SSTR2A expression and the

clinical efficacy of Lanreotide (12). Increased Ki-67 index and

poorly differentiated NET also had unsatisfying SSA treatment

outcome (13). In addition, genetic difference had been found

between poorly differentiated neuroendocrine carcinoma (NEC)

and well-differentiated NET. Poorly differentiated NEC, which

includes small- and large- cell NEC, has frequent loss of

immunolabeling patterns in p53 and Rb (14). On the other

hand, loss of nuclear death domain-associated protein (DAXX)

and alpha-thalassemia X-linked intellectual disability syndrome

(ATRX) immunolabeling was observed in 5 of 11 (45%) well-

differentiated pancreatic NET (14). There is also more clinical

value of the finding of ATRX and DAXX gene mutations. In one

recent meta-analysis, altered ATRX and DAXX gene had

significant correlation with the prognosis of pancreatic NET

(15). Disease- and relapse-free survival significantly decreased in

patients who had ATRX and DAXXmutations (15). However, the

present case did not undergo genetic testing as part of the

assessment. More advanced investigation on molecular

characteristics of pancreatic NET can help us predict the

prognosis and set individualized clinical practice.
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Our patient had a huge locally advanced abdominal tumor

cured without chronic treatment-related complication. We

searched on PubMed and Medline databases for articles written

in English from 2016 to 2022 with keywords such as “Abdominal

mass,” “Neuroendocrine tumor,” and “locally advanced.” Table 1

shows the clinicopathological characteristics of eight recent cases.

The definitive treatment for NET is surgical resection, and the

resectability is associated with size and location. The cases whose

primary site was in the liver or duodenum or colon received surgery

as primary treatment even if the tumor size was up to 20 cm ×

16 cm × 11 cm (18–20, 22). Tumors with the pancreas as the

primary site and with an initial tumor diameter of 4/3.8 cm were

able to be resected (16), and yet, some researchers preferred

chemotherapy and radiotherapy in tumors with the greatest

diameter up to 9.8 cm (17). In the case of a 9.8-cm pancreatic

NET, systemic therapy followed by CCRT with 54 Gy in 30

fractions was applied and reached partial response (17). Similar to

our case, CCRT was used. With unprecedented 70 Gy, a 68%

reduction in target volume followed by a successful conversion to

resectable status was presented in our case. Quite the opposite,

colorectal NET was rare and often diagnosed very late, and bowel

perforation was noted in the case of Alshammari et al. (19).

Namikawa et al. presented a case of gastric NET that developed

hepatic metastasis (diameter up to 25 cm). Spontaneous rupture of

hepatic metastasis was noted 8 months after initial treatment with

everolimus plus somatostatin (21).

Further prospective studies with larger patient numbers are

required to establish the role of IGRT in huge NET (7). However,

it is often not expected to see one with such considerable size in

the present case. It is imperative to take into consideration
Frontiers in Oncology 06
various treatment options for the best benefits of each individual

patient. As in our case, IGRT showed its value in optimizing the

therapeutic ratio by maximizing target dose safely. Most of all,

the conversion of surgical suitability has extended his disease-

free survival.
Conclusions

IGRT via Tomotherapy has eased the patients’ symptoms from

such 18-cm pancreatic NET in this case. Apart from complete relief

of abdominal and pelvic discomfort, CCRT caused a 68% target

volume reduction (1,910 to 605 cc) and facilitated further surgical

resectability. To the best of our knowledge, this is the first reported

case using Tomotherapy to deliver 70 Gy to a pancreatic NET with

such favorable outcome. Adaptive planning helps to modify doses

according to volumetric changes.
Patient perspective

I was at first disheartened with the diagnosis of an inoperable

tumor. When I came to the Department of Radiotherapy, I was

dismayed and yet impressed by the coordination of simulation

scanning and resource intensive re-planning due to markedly

shrinkage of the tumor. Following more and more fractions of

Tomotherapy, I felt vigorous because of a flatter belly coinciding

with the diminished tumor volume. I remember swimming at the

beach during the radiation treatment course, and the belly skin

became painful, which was later relieved by topical medication
TABLE 1 Clinicopathological characteristics of reported cases of locally advanced abdominal neuroendocrine tumor.

Articles Age
(year)

Sex Location Grade
(G)

Initial size
(cm)

Treatment 1 Treatment 2 Treatment 3 Outcome

Mirică et al., 2016
(16)

59 F Pancreas G2 4/3.8 Surgery Somatostatin analogue Chemotherapy #Alive 34
months

Won et al., 2017
(17)

52 F Pancreas NEC 9.8 Etoposide +
cisplatin

CCRT (etposide+. Cisplatin +
54 Gy/30 Fr)

Irinotecan +
cisplatin

§Alive 11
months

Meng et al., 2018
(18)

56 F Liver G1 20×16×11 Surgery None None §Alive 6
years

Alshammari et al.,
2019 (19)

57 M Colon NEC 9×7 Surgery None None N/A

Wang et al., 2021
(20)

55 F Duodenum G2 6.2×5.8 Surgery None None §Alive 3
months

Namikawa et al.,
2021 (21)

64 M Stomach G3 *25 Everolimus +
somatostatin

None None *Died 8
months

Felux et al., 2022
(22)

65 F Colon NEC 9.8–10.5 Surgery Carboplatin + Etoposide None N/A

Present case, 2022 63 M Pancreas G2 16.1× 14.9×
14.5

Lanreotide CCRT (XELOX+ 70 Gy/35 Fr) Surgery §Alive 45
months
fro
F, female; M, male; NEC, neuroendocrine carcinoma; CCRT, concurrent chemoradiotherapy; Gy, Gray; Fr, fraction; XELOX, Capecitabine plus oxaliplatin; N/A, not applicable.
*The case was diagnosed with hemoperitoneum due to hemorrhaging of the enormous liver metastasis with 25 cm in diameter. CT imaging revealed progression of liver metastasis, and the
patient died 8 months after initial treatment.
#Alive since diagnosis.
§Alive since initial treatment.
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from Dr. Lee. She advised me to be heedful of skin care. Owing to

the strikingly smaller size after radiotherapy, I was able to take on

surgery followed by an uneventful postoperative recovery. It has

been almost 4 years, and I am energetic with my cancer-free life.
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