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Background This case report details a 57-year-old African American man with pancreatic neuroendocrine tumors (NETs). The
patient underwent positron emission tomography (PET) imaging using gallium Ga 68 dotatate, which localized the tumors.
Selected tumors were treated with 4 doses of 200 mCi of lutetium Lu 177 dotatate during a period of 8 months. At the
conclusion of treatment, the patient demonstrated improvement, progressing from bedbound and confused to ambula-
tory and coherent. In addition, the patient stated he felt no adverse effects.

Discussion Pancreatic NETs are rare tumors affecting 0.001% of the population. These tumors are associated with various
symptoms and are classified as functional or nonfunctional. Imaging modalities, such as computed tomography (CT), mag-
netic resonance (MR) imaging, and gallium Ga 68—labeled PET, are essential in detecting and evaluating pancreatic NETs.
For patients with localized NETs, the primary treatment is surgery; however, the radiopharmaceuticals yttrium Y 90 micro-
spheres and lutetium Lu 177 dotatate are used as therapy to treat nonresectable tumors.

Conclusion Lutetium Lu 177 dotatate is used in NET cases that are deemed inoperable and for patients who are not respond-
ing to treatment. This case study demonstrates the effectiveness of combining imaging with Ga 68-labeled PET and treat-
ment with lutetium Lu 177 dotatate. This treatment is not a cure but has been shown to improve a patient’s quality of life.

neuroendocrine tumors, Lutathera treatment, positron emission tomography-computed
tomography, gallium Ga 68 dotatate, lutetium Lu 177 dotatate

etastatic pancreatic neuroendocrine tumors
(NETs) arise from the islet cells of the pan-
creas and are rare, accounting for approxi-
mately 2% of pancreatic cancers. Various

modes of diagnostic imaging are used to help localize and

treat these pancreatic NETs, including computed tomog-
raphy (CT), magnetic resonance (MR) imaging, and
nuclear medicine (NM). In NM, positron emission
tomography (PET) combined with CT and MR can help
clinicians further understand the nature of these tumors
and how to treat them.

Literature Review

Pancreatic NETs are rare neoplasms that arise spe-
cifically from the endocrine tissues of the pancreas.
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Although rare, there are a few case studies published
on this condition. For example, a 62-year-old man at
the Gastroenterology and Hepatology Department at
the Fundeni Clinical Institute presented with aggres-
sive pancreatic NETs that metastasized to the liver,
spleen, and bone. Imaging included contrast-enhanced
CT, sonography, NM bone scans, and MR. The patient
underwent palliative chemotherapy and radiation thera-
py; the patient died less than 1 month later.’

Another case study involved an incidental finding of
pancreatic NETSs in a 37-year-old asymptomatic man
during a laparotomy after abdominal trauma. The only
imaging reported was a CT, which was the standard at
the time for detecting NETs. The patient underwent
an endoscopy, biopsies, and exploratory laparotomies,

431



along with chemotherapy for treatment. He was report-
ed to have no complications other than chemotherapy
toxicity, which was then discontinued, and the patient
continued to improve.”

Although the literature includes similar cases of
pancreatic NETs and treatment, there is limited infor-
mation regarding imaging by gallium Ga 68 dotatate
and treatment by lutetium Lu 177 dotatate. This case
provides information on how this imaging technique
and treatment have become successful tools for patients
with pancreatic NETs.

Case Description

This case report details an individual with a pan-
creatic NET. Because the case study contains 3 or
fewer patients, it is exempt from Institutional Review
Board approval.

In August of 2017, a 57-year-old African American
man was admitted to the hospital to evaluate prostate
problems. He had a history of smoking, high choles-
terol, and hypertension. A CT scan was performed in
which doctors incidentally found tumors in his liver,
and a diagnosis of metastatic high-grade malignant pan-
creatic neuroendocrine cancer was given (see Figure 1).
The largest tumor was 12 cm and located in the right
lobe of the liver. In addition, 2 smaller lesions were

Figure 1. Computed tomography (CT) image showing a transverse
slice, indicating a 12-cm liver tumor in the right lobe (arrow). Image
courtesy of the authors.
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found in the right lobe, and 2 small lesions were found
in the left lobe. A follow-up PET-CT scan was per-
formed, which also showed multiple lesions on the
right lobe of the liver and a hyperenhancing mass on
the pancreatic tail. After completing 3 cycles of sys-
temic therapy in January 2017, MR imaging of the
liver was performed, which showed that the therapy
was successful enough for him to be a candidate for
surgical resection.

In February 2018, he was admitted to the hospital
and underwent several surgical procedures including a
radical antegrade modular pancreatosplenectomy, supe-
rior mesenteric vein resection with bovine pericardial
patch repair, left adrenalectomy, 15 liver ablations, and
8 microwave ablations of the liver masses. After all surgi-
cal procedures, he went into acute renal failure but was
given fluids to help correct this issue. After these proce-
dures, a CT of the chest, abdomen, and pelvis without
contrast was performed, and the patient was discharged.

The patient was readmitted in March 2018, because
of an abdominal abscess from the extensive surgical
procedures. To treat the abscess, 3 percutaneous drains
were placed. Three days after drain placement, an
infection presented in the right upper quadrant of the
patient’s abdomen. The drain was removed, and anti-
biotics were given to treat the infection. A month later,
the patient underwent a CT scan, which confirmed that
his condition had improved, and he was discharged.

In August 2018, the patient underwent a visceral
arteriogram in interventional radiology. This procedure
was used to insert technetium Tc 99m macroaggregated
albumin particles directly into the hepatic artery via
catheter placed in the femoral artery. This procedure
also ensured the placement and patency of the catheter.
After the arteriogram, the patient was transported to
the NM department for a hepatic arterial perfusion
scintigraphy scan. His chest and liver were imaged to
collect accurate counts of the amount of particles that
were delivered to the lungs and the liver. It was deter-
mined that less than 20% of the tracer localized in the
lungs; therefore, he was a candidate for yttrium Y 90
treatment. In September 2019, the patient received
yttrium Y 90 microspheres (TheraSpheres) treat-
ment to radioembolize his liver tumors. Two weeks
later, a limited PET-CT scan confirmed a successful

asrt.org/publications



Building
, Professionals

Figure 2. Nuclear medicine scan indicating successful radioembolization
of liver tumor in the right lobe. Image courtesy of the authors.

Case Study

Stephens et al

Figure 3. Nuclear medicine positron emission tomography-CT
scan with gallium Ga 68 dotatate showing osseous metastases.
Image courtesy of the authors.

transarterial radioembolization of the right hepatic lobe
(see Figure 2).

In February 2020, the patient had an abdominal CT
with and without contrast that showed continuation of
metastatic NET in the liver. The CT also showed that
he had progressive extrahepatic disease with the addi-
tion of new osseous metastases. A few months later, a
follow-up CT of the abdomen was performed with and
without contrast that revealed new bone metastases.
Physicians began designing a new treatment plan to
improve the patient’s condition.

In June 2020, the patient had a gallium Ga 68 dot-
atate PET scan that showed the NETSs that overexpress
somatostatin receptors and precisely located the tumors
in the patient’s body. For this study, the patient was
injected with 5.4 mCi of gallium Ga 68. The scan was
delayed for 1 hour
to allow the tracer

that the patient might respond favorably to lutetium Lu
177 dotatate treatment (see Figure 3).

In July 2020, the patient began receiving lutetium
Lu 177 dotatate (Lutathera) treatment for NETs. For
this treatment, the patient had two 20 G peripheral
I'Vs. He was premedicated with antiemetics 15 minutes
before being given an amino acids solution. Amino
acids were given, and a lutetium Lu 177 dotatate infu-
sion was started 30 minutes later (see Figure 4). A
dose of 200 mCi of lutetium Lu 177 was infused for
approximately 30 minutes total, starting with a rate of
50 mL/h for S minutes and then 100 mL/h for S min-
utes. Most of the dose was delivered during this time.
The rate was then changed to 300 mL/h because he
did not have extreme symptoms in the first 10 minutes.
A pancake probe was placed over the dose during the

adequate time to cir-
culate throughout the
body. Once started,
the scan lasted about
45 minutes, and the
patient was imaged
from vertex to thigh.
This scan suggested

Obtain 2
Access Sites: Administer
1 to administer antiemetic to
antiemetic help with —

and amino acids; treatment-related

the other to nausea, vomiting,

administer lutetium or both

Lu 177 dotatate

Explain process
to the patient

Introduce personnel:
radiologist, nurse,
nuclear medicine

technologist

Figure 4. Lutetium Lu 177 dotatate administration process. Flowchart courtesy of the authors.
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last part of infusion to monitor activity. The activ-

ity began decreasing quickly and started to level after
about 30 minutes. When the activity had steadied, a
final 5-minute countdown was started to complete the
infusion. After the first treatment of lutetium Lu 177
dotatate, the patient’s condition improved tremen-
dously. He went from being bedbound and confused to
ambulatory and coherent. Three more doses oflutetium
Lu 177 dotatate were administered to this patient in
8-week intervals. The patient received his final treat-
ment of lutetium Lu 177 dotatate in March 2021. After
treatment was completed, the patient stated that he had
not experienced adverse effects regarding treatments
and was feeling better than he had in years.

Discussion

NET: are rare, occurring in 1 in 100 000 people;
however, they can affect any age group. Signs and symp-
toms vary in each case and are classified as functional
or nonfunctional. Functional cases include gastrino-
mas, insulinomas, and glucagonomas. Gastrinomas are
associated with the hormone gastrin, which aids in the
digestion of food by causing the release of stomach acid.
Insulinomas arise from insulin-forming cells and can
form in any part of the pancreas. In most cases, these
tumors are benign and slow growing. Like insulinomas
are glucagonomas that cause the liver to break down
glycogen, which is necessary to control blood sugar lev-
els. In contrast to insulinomas, glucagonomas manifest
in the tail of the pancreas and usually are malignant.’

Nonfunctional NETSs, the second classification
group, are the most common. They usually are found
incidentally with symptoms presenting in the later
stages.* Overall, NETs present themselves aggressively
in comparison with other tumors and often are found
to be metastatic.** In this case study, the tumors were
found incidentally with the disease already metastasiz-
ing to the liver on detection.

Symptoms

Depending on the functionality of the tumor, the
patient might exhibit symptoms. In most cases, these
tumors are nonfunctional and demonstrate no clini-
cal indications of NETs. If functional, these tumors
might present with digestive tract symptoms such as
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stomach ulcers, indigestion, constipation, or diarrhea.
Other common indications are abdominal and back
pain, weakness, fatigue, and muscle cramps. Aggressive
tumors might produce more noticeable changes,
including sudden weight loss, skin rash, hypoglyce-
mia, diabetes, or yellowing of the skin and eyes. These
symptoms depend on the location of the tumor, if it is
functional or not, and the type of hormone secreted.**
In this case, the patient’s tumor was nonfunctional and
resulted in no symptoms until the tumor reached its
later stages.

Imaging

Medical imaging is essential to properly diagnose
and treat NETs. The most common imaging modalities
used to image NETs are CT, MR, and PET. CT uses
ionizing radiation to form cross-sectional images of the
anatomy of interest. The computer system can then
reconstruct the slices by stacking them on top of each
other and creating a 3-D image free of superimposition,
which is not possible with conventional radiography.
These scans also have better contrast resolution than do
radiographs, which leads to an increased ability to dis-
tinguish differences in tissue.” In this case, CT was the
critical imaging modality, serving as the basis of tumor
diagnosis, disease management, and treatment efficacy.

MR imaging uses a magnet and radio waves to form
cross-sectional images free of superimposition; how-
ever, unlike CT, this is accomplished without the use of
ionizing radiation. For this reason, it might be preferred
to CT because of the decreased amount of exposure
to the patient. Because of its ability to distinguish
the smallest differences in contrast, MR imaging is
extremely useful in diagnosis." These small differences
in contrast in MR imaging were useful in this case in
discovering the success of the initial surgical resection.

PET scans using gallium Ga 68 dotatate are becom-
ing 1 of the main tools used to diagnose pancreatic
NETs. Fusion scans, incorporating PET with CT, use
a combination of the 2 technologies to form 1 fused
image. The fused scans allow for attenuation correc-
tion as well as anatomic localization of such tumors.
The gallium Ga 68 dotatate used in PET-CT pro-
cedures serves to enhance the sensitivity further.*"
Somatostatin receptors are present on the cells of NETs,
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which allows targeted receptor imaging. Gallium Ga 68
dotatate is chelated to these somatostatin receptors of
the tumors and is shown to have a higher affinity than
previously used indium In 111 pentetreotide.™"

Another modality that incorporates fusion tech-
nology and is beneficial to the detection of NETs is
PET-MR. This type of scanning was not available for
the patient in this case report because this innovative
technique that is making strides in the localization of
tumors was not available at the facility. Because of the
high soft tissue contrast used in MR imaging, lesions
not previously detected by PET-CT might be found
using the fusion of PET and MR imaging. However,
in some scenarios, such as those in patients with lung
metastases, PET-CT remained superior regarding
sensitivity. Although PET-MR might lead to addi-
tional pancreatic NET findings, PET-CT is the most
widely used because of its shorter duration, lower cost,
and availability."

Treatments

Treatment for pancreatic NETs depends on the stage
of the cancer. For patients with localized NETs, the
primary choice is surgery. Prognosis usually is favorable
when the tumors are completely resected.” Surgical
resection of hepatic metastases or hepatic artery
embolization also might be beneficial in patients with
hepatic-predominant metastatic disease.” The patient
in this case did have surgical resection as the first
attempt to control the disease.

Radioembolization has been shown to provide a
better prognosis for patients in addition to surgery."
Yttrium Y 90 is a particulate radioisotope used for
patients with metastatic liver cancer and is used as a
radioembolization treatment after surgery of the pri-
mary tumor. The radioembolization is performed in
2 different sessions. The first session is to map out the
arteries in the liver circulation to prevent radiation
damage to healthy organs or tissues. The second session
is the internal radiation delivery to the liver tumors."*"
This treatment was used twice for the patient in this
case, and both occurrences yielded positive results.

Lutetium Lu 177 dotatate is a peptide receptor
radionuclide therapy for the treatment of somatostatin
receptor-positive pancreatic NETs. This method is used
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for cases that are deemed inoperable or are not respond-
ing to other treatment options. Lutetium Lu 177
dotatate binds to the surface of somatostatin receptors
and then is internalized."” This treatment is a pure beta
emitter which forms free radicals, causing damage in
the cell it binds to and in neighboring cells. Patients are
given 4 doses of 7.4 GBq, or 200 mCi, intravenously
every 8 weeks. Standard protocol recommends that

the patient receives antiemetics before administration
of amino acids, which are given before, during, and
after treatment to prevent renal damage and toxicity."
This standardized protocol was used on the patient in
this case. Lutetium Lu 177 dotatate treatment is not a
cure but has been shown to improve a patient’s quality
of life by limiting their symptoms as demonstrated in
this case.”

Conclusion

There are new localization and treatment techniques
for patients who present with NETs. NETs are rare
tumors that primarily affect a person’s gastrin, insulin,
and glycogen levels. Symptoms of pancreatic NETs
depend on the classification of the tumor; however,
common symptoms include diarrhea, weakness, fatigue,
and yellowing of the eyes and skin. The use of CT, MR,
and gallium Ga 68 dotatate PET imaging is vital in the
detection and localization of pancreatic NETs.

Surgical resection and radioembolization are 2 typi-
cal choices used for NET treatment. Prognosis is largely
dependent on the stage in which the pancreatic NETs
are detected with the survival rate for localized disease
being approximately 70% higher than for distant dis-
ease. Gallium Ga 68 dotatate coupled with lutetium
Lu 177 dotatate treatment has proven to be an effec-
tive combination for enhancing patients’ quality of life.
This imaging technique and treatment combination is
becoming more common as its effectiveness is demon-
strated in patients.
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