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Abstract

BACKGROUND

77Lu peptide receptor radionuclide therapy (PRRT) is a recently approved
therapy in Spain that has been demonstrated to be a well-tolerated therapy for
positive somatostatin receptor advanced gastroenteropancreatic neuroendocrine
tumors.

AIM
To determine the impact of PRRT on quality of life, radiologic and metabolic
response, overall survival, prognostic factors and toxicity.

METHODS

Thirty-six patients treated with 7Lu-PRRT from 2016 to 2019 were included. The
most frequent location of the primary tumor was the gastrointestinal tract
(52.8%), pancreas (27.8%), and nongastropancreatic neuroendocrine tumor
(11.1%). The liver was the most common site of metastasis (91.7%), followed by
distant nodes (50.0%), bone (27.8%), peritoneum (25.0%) and lung (11.1%).
Toxicity was evaluated after the administration of each dose. Treatment efficacy
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was evaluated by two parameters: stable disease and disease progression in
response evaluation criteria in solid tumors 1.1 criterion and prognostic factors
were tested.

RESULTS

From 36 patients, 55.6% were men, with a median age of 61.1 + 11.8 years.
Regarding previous treatments, 55.6% of patients underwent surgery of the
primary tumor, 100% of patients were treated with long-acting somatostatin
analogues, 66.7% of patients were treated with everolimus, 27.8% of patients
were treated with tyrosine kinase inhibitor, and 27.8% of patients were treated
with interferon. One patient received radioembolization, three patients received
chemoembolization, six patients received chemotherapy. Hematological toxicity
was registered in 14 patients (G1-G2: 55.5% and G3: 3.1%). Other events
presented were intestinal suboclusion in 4 cases, cholestasis in 2 cases and
carcinoid crisis in 1 case. The median follow-up time was 3 years. Currently, 24
patients completed treatment. Nineteen are alive with stable disease, two have
disease progression, eight have died, and nine are still receiving treatment. The
median overall survival was 12.5 mo (95% confidence interval range: 9.8-15.2),
being inversely proportional to toxicity in previous treatments (P < 0.02), tumor
grade (P < 0.01) and the presence of bone lesions (P = 0.009) and directly
proportional with matching lesion findings between Octreoscan and computed
tomography pre-PRRT (P < 0.01),, primary tumor surgery (P = 0.03) and
metastasis surgery (P = 0.045). In a multivariate Cox regression analysis, a high
Ki67 index (P = 0.003), a mismatch in the lesion findings between Octreoscan and
computed tomography pre-PRRT (P < 0.01) and a preceding toxicity in previous
treatments (P < 0.05) were risk factors to overall survival.

CONCLUSION

Overall survival was inversely proportional to previous toxicity, tumor grade
and the presence of bone metastasis and directly proportional to matching lesion
findings between Octreoscan and computed tomography pre-PRRT and primary
tumor and metastasis surgery.

Key words: Peptide receptor radionuclide therapy; Gastropancreatic neuroendocrine
tumors; Radiological response; Metabolic response

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Peptide receptor radionuclide therapy has been used successfully in patients
diagnosed with metastatic gastroenteropancreatic somatostatin receptor positive tumors
when cytoreductive options are limited. In this study we found that overall survival was
inversely proportional to toxicity to previous treatments, tumor grade, bone metastasis
and directly proportional to matching lesion findings between Octreoscan and computed
tomography pre-peptide receptor radionuclide therapy and primary tumor and metastasis
surgery. Also, pseudo-progression in the middle of the treatment was a common finding
that should be taken into consideration by clinicians in daily practice.
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INTRODUCTION

Neuroendocrine tumors (NETs) form a heterogeneous group of neoplasms with
predominantly neuroendocrine differentiation that can develop in any place of the
human body and that have the ability to secrete peptides and neuroamines!'l.
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Physiologically the transcription factors that direct fate and cell proliferation during
embryological development maintain a balance between proliferation, cellular
differentiation and apoptosis. Therefore, its disturbance plays a key role in
oncogenesis!'l. This can lead to a malignant transformation of cells of the neu-
roendocrine system, which derives from the neural crest and endoderm and is
characterized by its capacity to generate peptides that produce hormonal syn-
dromes!'.

Although they can originate from any organ, gastroenteropancreatic endocrine
tumors are the most numerous (67.5%) followed by bronchopulmonary tumors
(25.3%)", and the remaining cases arise in other endocrine tissues. The most common
site of gastroenteropancreatic endocrine tumors is the pancreas (30%-40%), the small
intestine (15%-20%) and the rectum (5%-15%)"..

NETs are an uncommon type of neoplasia; however, its prevalence is higher than
other gastrointestinal cancers such as pancreatic, esophageal and hepatobiliary cancer,
being exceeded only by colorectal neoplasms!”. Its current incidence and prevalence
increase are probably due to the extensive use of more developed routine radiological
tests and endoscopic techniquesl™. According to the data from the Surveillance
Epidemiology and End Results program of the National Cancer Institute, an increase
in the incidence of gastric NETs in the latter was reported by 0.3 per 100000 in the last
30 years and that it is attributed to the routine use of endoscopic techniques. This
increase in incidence was similar across sex and racel’. According to the results of the
national cancer registry in Spain, a substantial increase in the latest trends was
reported, being the incidence of 2.5 to 5 cases per 100000 inhabitants in the Caucasian
populationt™.

An exclusive feature of well-differentiated gastropancreatic neuroendocrine tumor
is the overexpression of somatostatin receptors, which is the basis for possible
treatments with somatostatin analogues or with radionuclide-labeled peptides that
bind to somatostatin receptors and for imaging tests!*”l. In the past two decades,
peptide receptor radionuclide therapy (PRRT) with radiolabeled somatostatin
analogues "Lu-DOTAOQ-Tyr3-octreotate ("’Lu-Dotatate) has been used successfully in
patients diagnosed with metastatic gastroenteropancreatic somatostatin receptor
positive tumors when cytoreductive options are limitedl.

"Lu-Dotatate is a radionuclide labeled peptide that binds to somatostatin receptors
with high affinity for type 2 receptor and binds to the tumor cells that overexpress
them. ""Lu is a radionuclide that disintegrates into stable hafnium (*’Hf) by emission
of B-particles. It also emits low energy gamma radiation with a half-life of 6.65 d and
is indicated in adults for the treatment of gastroenteropancreatic endocrine tumors
positive for somatostatin receptor, well differentiated (G1 and G2), progressive and
unresectable or metastatic!’.

The aim of this study is to determine the impact of this treatment on the patient’s
quality of life, radiological and metabolic response, overall survival and possible
prognostic factors and its toxicity.

MATERIALS AND METHODS

This is a retrospective longitudinal observational study in which impact on quality of
life, radiological and metabolic response, overall survival, possible prognostic factors
and toxicity were evaluated in patients diagnosed with advanced tumors expressing
somatostatin receptors treated with PRRT. The information pertinent to this cohort of
patients is collected through the clinical history, obtaining information about clinical
data, treatment response and disease state. These data were treated confidentially and
in an encrypted form for analysis. Written consent was obtained from all patients.

Patients

Patients diagnosed with advanced NET treated from May 2016 to November 2019
were included. All patients received ’Lu-Dotatate treatment in the Nuclear Medicine
department of the University Hospital Santiago de Compostela in Spain. These
patients come from all the autonomous community of Galicia and have been
previously evaluated by a committee of endocrine tumors in their own hospital
center. Also, this study was evaluated and approved by the ethical committee of our
medical center.

To evaluate the impact of PRRT over quality life of each patient, three parameters
were used by means of a questionnaire after each dose, including “overall im-
provement,” “pain assessment” and “evaluation of hormonal secretion symptoms”
that included the assessment of diarrhea, flushing, and abdominal pain.

PRRT
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The inclusion criteria were: Patients with advanced NET with a baseline tumor uptake
on (111In-DTPADOQ) octreotide scintigraphy (Octreoscan®) in tumor cells at least as high
as in normal liver tissue (Krenning score > 2), tumor progression to previous
treatments defined by response evaluation criteria in solid tumors (RECIST) in
computed tomography (CT) or magnetic resonance imaging performed at least 3 mo
before the treatment, a life expectancy of at least 6 mo, baseline serum hemoglobin > 8
g/dL, white blood cell count > 3000/ uL, platelet count > 75.000/ L, creatinine
clearance > 50 mL/min, bilirubin < 3 times the range limit, serum albumin > 30g/L (if
the albumin < 30 g/L, then prothrombin time must be normal) and a Karnofsky
performance status = 60 or an ECOG < 2.

Patients were hospitalized for the administration of the treatment in which 30 min
before the infusion of PRRT a capsule containing 300 mg of netupitant and 0.5 mg of
palonosetron (Akynzeo®) was administrated orally. Later, an infusion of amino acids
(2.5% arginine and 2.5% lysine, 1 L) was started 30 min before the administration of
the radiopharmaceutical, lasting for 4-6 h. The radiopharmaceutical was co-
administered using a second pump system. All cycle doses were 7.4 GBq (200 mCi) of
"Lu-Dotatate, injected over 30 min completing 4 cycles of treatment. The intended
interval between treatments cycles was 6-10 wk.

Between treatment cycles patients underwent blood analysis 4 and 6 wk after the
dose administration to detect possible side effects. These blood tests included a
hemogram and renal and liver function parameters. A full body scintigraphy was
performed 24 h after each dose in an Optima 640 gamma camera from General
Electric as well as a whole body CT following the second cycle to evaluate RECIST
criterion. The follow-up included CT or magnetic resonance imaging performed 3-6
mo after the last treatment and thereafter every 6 mo.

Statistical analysis

Statistical analyses were performed using IBM SPSS® version 23.0 with the data
obtained. A descriptive analysis was carried out describing the continuous variables
as means, medians and standard deviation while the categorical variables were
described as proportions, including 95% confidence intervals (Cls). The radiological,
clinical and metabolic response variable was calculated as the percentage of patients
that responded. Progression-free survival was calculated from the initiation date
treatment with PRRT until disease progression, assessed by RECIST criteria or death
from any cause. Overall survival was calculated from the start date of treatment with
PRRT until the date of death of the patient for any reason and was estimated using
Kaplan-Meier. Cox regression was used to evaluate the association with independent
variables.

The study was conducted following the Declaration of Helsinki of the World
Medical Association (1964) and ratifications of the following assemblies on ethical
principles for medical research in humans (RD 1090/2015, of December 24, of clinical
trials, specifically the provisions of article 38 on good clinical practice and the
Convention on Human Rights and Biomedicine), made in Oviedo on April 4, 1997 and
successive updates.

RESULTS

Baseline clinical characteristics

The median age was 61.1 + 11.8 years (age range: 38-85 years), and 20 were men
(55.6%). Regarding medical history, seven patients were diabetic (19.4%), fifteen were
hypertensive (41.7%), nine had smoking habits prior to the diagnosis (25%), five had
cancer history (13.9%), of which 3 received chemo-radiotherapy treatments, and one
patient was a carrier of a mutation in the MEN-1 gene.

Regarding chief complaints, 33.3% consulted for abdominal pain, 16.67% for
gastrointestinal and hormonal related symptoms, 12.5% for weight loss and 11.1% had
no symptoms prior the diagnosis. In 58.3% of patients, the diagnosis was casual by an
imaging test performed for other reasons, 30.6% guided by clinical suspicion and 5.6%
during a surgical intervention for uterine leiomyomatosis.

The most common primary tumor was in the gastrointestinal tract (52.8%),
followed by the pancreas (27.8%). A nongastropancreatic NET was diagnosed 11.1%
of patients, including two endobronchial NETSs, one thymic and three with unknown
origin of the primary tumor. The vast majority of the patients (91.7%) had liver
metastases followed by metastasis in the peritoneum (25.0%), lymph nodes (50.0%),
bone (27.8%), lung (11.1%) and other locations including a lesion in the heart, in the
suprarenal gland, in the kidney and in the ovary. Baseline characteristics are
presented in Table 1.
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Table 1 Demographic and baseline clinical characteristics of patients with neuroendocrine

tumors, n = 36
Characteristics Number of patients
Sex
Male 20 (55.6%)
Female 16 (44.4%)
Comorbidities
Hypertension 15 (41.7%)
DM 7 (19.4%)
Smoking habits 9 (25.0%)
Cancer history 5 (13.9%)
Symptoms prior to diagnosis
Abdominal pain 12 (33.3%)
Gastrointestinal and carcinoid symptoms 6 (16.7%)
Weight loss 5 (12.5%)
Asymptomatic 4 (11.1%)
Primary tumor site
Gastrointestinal tract 19 (52.8%)
Pancreas 10 (27.8%)
Nongastropancreatic NET 4 (11.1%)
Endobronchial NETs 2
Thymic 1
Histologic grade
Grade 1 15 (41.7%)
Grade 2 18 (50.0%)
Grade 3 (2 NEC + 1 TNE) 3 (8.3%)
Site of metastasis
Liver 33 (91.7%)
Lymph nodes 18 (50.0%)
Bone 10 (27.8%)
Peritoneum 9 (25.0%)
Lungs 4 (11.1%)
Primary tumor resection 20 (55.6%)
Metastasis resection 7 (19.4%)

Primary treatment before PRRT

SSA 36 (100%)
Everolimus 24 (66.7%)
Sunitinib 10 (27.8%)
Interferon 10 (27.8%)
Chemotherapy 6 (16.7%)
Liver directed therapy

Chemoembolization 3
Radioembolization 1

NEC: Neuroendocrine carcinoma; NET: Neuroendocrine tumors; PRRT: Peptide receptor radionuclide
therapy; SSA: Somatostatin analogues.

Regarding anatomopathological characteristics, 41.7% were grade 1 (Ki67% < 2),
50% were grade 2 (Ki67% = 3-20) and 8.3% were grade 3 (Ki67% > 20), of which two
were poorly differentiated neuroendocrine carcinoma. Of the total number of patients,
63.9% completed treatment with PRRT, 25.0% patients are receiving treatment and
11.1% could not complete it due to death or complications of their underlying disease.

Treatment patterns before PRRT

More than half of the patients had surgically removed the primary tumor (55.6%), and
19.4% underwent surgery of the metastases. All patients were treated with
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somatostatin analogues (SSA), 44.4% needed treatment with short-acting octreotide,
66.7% received everolimus, 27.8% received sunitinib, 27.8% received treatment with
interferon, and 16.7% received chemotherapy. Four patients received liver directed
therapy, three of which underwent chemoembolization and one underwent
transarterial radioembolization of liver metastases.

Most patients (94.4%) had progression to previous treatments 12 mo after their
start. Only 5.6% of patients had early progression of their disease according to
RECIST criteria before 12 mo.

Metabolic and radiological imaging response

We assessed whether there was a matching coincidence between the lesions described
in the CT evaluation and the Octreoscan® pre-PRRT. Twenty-six (72.2%) of the
patients presented matching lesions in the two studies, 13.9% had lesions in the CT
that did not express somatostatin receptors in Octreoscan®, and 13.9% presented
metabolic lesions without anatomical correlate in the CT.

It was corroborated that 69.4% of the patients presented a greater number of lesions
in the scintigraphy scan after the first dose of PRRT than in those described in the
Octreoscan® pre-treatment. The most frequent localization was the liver (38.9%), bone
(11.1%), lymph (5.6%), lung (2.8%) and spleen (2.8%).

At the end of the treatment, 23 patients completed the treatment. Of these patients,
11 (30.6%) presented a decrease in the number of lesions in the fourth post-dose
scintigraphy compared to the first scan. The intensity of lesions decreased in 33.3% of
patients, which changed the Krenning score from 4 to 3.

In the CT evaluation after the administration of the second dose, the radionuclide
treatment was effective at achieving a radiological stability according to RECIST
criteria in 20 patients (69%). However, there was an apparent radiological progression
in nine cases (25%). Despite this, due to a significant clinical improvement and control
of hormonal related symptoms, it was decided in a multidisciplinary committee to
complete the treatment. Disease control was reached in the evaluation after the last
dose in all cases. So far, nineteen patients (52.8%) are alive with stable disease, two
(5.6%) have disease progression, eight (22.2%) have died and seven (25.0%) are still
receiving treatment.

Quality of life

After the administration of the first and second doses, 75% of the patients presented
an overall improvement that remained until the end of the treatment. Regarding the
evaluation of pain, 15 patients (41.7%) reported a clear recovery after the first dose. Of
these patients, ten (27%) were asymptomatic after the last dose. Of the 15 patients
with hormonal secretion symptoms, 66.6% reported an amelioration of symptoms
after the first dose, reaching control at the end of treatment in 26.6% of the patients.

Overall survival and prognostic factors

The median overall survival (OS) was 12.5 mo (95%CI: 9.8-15.2) (Figure 1). Eight
patients (22.2%) died during follow-up. OS was inversely proportional to preceding
toxicity in previous treatments (P < 0.02) with a hazard ratio (HR) of 0.09 (95%CI:
0.01-0.7; P = 0.02), tumor grade (P < 0.01, HR: 0.09, 95%CI: 0.014-0.676; P = 0.018)
(Figure 2) and the presence of bone metastasis (BM) (P = 0.009, HR: 0.08, 95%CI:
0.015-0.446; P = 0.004) (Figure 4) and is directly proportional with matching lesion
findings between Octreoscan and CT pre-PRRT (P < 0.01, HR: 0.36, 95%ClI: 0.07-1.79;
P =0.21); primary tumor surgery (P = 0.03, HR: 1.7, 95%CI: 0.48-6.03; P = 0.4) and
metastasis surgery (P = 0.045, HR: 26.2, 95%CI: 0.01-711; P = 0.41) (Figure 3). In a
multivariate Cox regression analysis, a high Ki67 index (P = 0.003), a mismatch in the
lesion findings between Octreoscan and CT pre-PRRT (P < 0.01) and a preceding
toxicity in previous treatments (P < 0.05) were risk factors for OS.

OS was not significantly different by gender (P = 0.74, HR: 1.4, 95%CI: 0.39-5.47; P
= 0.56); oncological history (P = 0.091, HR: 23.95, 95%CI: 0.00-316; P = 0.51); smoking
(P =0.34, HR: 5.07, 95%CI: 0.63-40.28; P = 0.12); treatment with SSA (P = 0.959, HR:
1.59, 95%CI: 0.32-7.71; P = 0.56); everolimus (P = 0.97, HR: 0.85, 95%CI: 0.21-3.35; P =
0.82); sunitinib (P = 0.993, HR: 0.85, 95%CI: 0.23-3.04; P = 0.80); interferon (P = 0.945,
HR: 1.04, 95%CI: 0.21-5.17; P = 0.95); radioembolization (P = 0.425); qui-
mioembolization (P = 0.972, HR: 0.25, 95%CI: 0.02-2.53; P = 0.24); and quimiotherapy
(P =0.06, HR: 0.42, 95%CI: 0.12-1.52; P = 0.18).

History of hypertension (P = 0.06), diabetes (P = 0.83), oncology diseases (P = 0.31),
smoking (P = 0.08) as well as other factors such as the location of the primary tumor
(P = 0.426), treatment with SSA (P = 0.56), everolimus (P = 0.82), sunitinib (P = 0.80)
and interferon (P = 0.95) were not predictive risk factors.

Toxicity
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Figure 1 Graphical representation of overall survival in patients diagnosed with neuroendocrine tumors
treated with peptide receptor radionuclide therapy. A median survival of 12.5 mo is shown (95% confidence
interval: 9.8-15.2).

In this study, 44.4% of the patients presented toxicity to previous treatments before
PRRT, of which 36.1% were due to everolimus and 8.3% to chemotherapy. Toxicity
grade 1-2 was present in 71.4% of patients, and grade 3-4 was present in 28.6% of
patients

During PRRT, acute adverse effects (< 24 h) were more frequent after the
administration of the first dose, which manifested in 33.3% of the patients with
sickness (25%), abdominal discomfort or pain (2.8%) and extravasation (2.8%). A
hormone-related crisis in one patient resulted in hospitalization within 5 d after the
administration dose. All recovered after adequate care.

During treatment, 55.6% of the patients suffered complications or toxicity.
Hematological toxicity was present in 38.8% with one case being severe (CTCAE v.4 o
v.5.) with thrombocytopenia. Four patients (11.1%) suffered intestinal suboclusion in
which only one had to be surgically operated, and three patients (8%) presented with
cholestasis that corrected spontaneously. One patient with extensive liver metastasis
presented with serious delayed liver toxicity. Liver functions deteriorated in the
weeks following the first administration, and the patient died of hepatic failure 5 wk
later.

DISCUSSION

In this study, the median OS obtained was 12.5 mo after 3 years of follow-up, and
death presented in 21.8% of patients. Thomas et al’l in a retrospective review with 273
patients diagnosed with advanced gastrointestinal NET for a similar period of time
(41 mo) recorded 28% mortality during follow-up.

In this cohort of patients, OS was inversely proportional with respect to toxicity in
previous treatments (P < 0.05) tumor grade and the presence of bone lesions, while it
was directly proportional to matching lesion findings between Octreoscan and CT
pre-PRRT (P < 0.01) and surgery of the primary tumor or its metastasis. These
findings are confirmed by conducting a multivariate Cox regression analysis. A high
Ki67 index (P = 0.003), a mismatch in lesion findings between Octreoscan and CT pre-
PRRT (P < 0.01) and toxicity in previous treatments (P < 0.05) were risk factors to OS.
Other contributing factors to OS were tumor grade and the presence of bone lesions. It
is increasingly recognized that Ki-67 index and tumor grade are powerful
determinants of survival. A study with 74 patients demonstrated the favorable
response and long-term outcome of patients with G1/G2 gastroenteropancreatic NET
after PRRT being the most powerful predictive factor in OS!'"l.

Regarding BM, there is little published data on the general prognostic impact of
bone metastasis in NET in the context of PRRT, but it is well known that this outcome
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Figure 2 Representation of cumulative survival in the population studied according to the histological tumor
grade. Grade 1 (blue), grade 2 (green) and grade 3 (gray) demonstrating that overall survival is inversely proportional
to tumor grade.

is associated with pain and eventual decrease of bone marrow function!''l. It is
difficult to evaluate the direct prognostic impact of BM in NET due to the incidence
and the heterogeneity of these tumors as well as the frequent coexistence of multiple
distant metastases. To the best of our knowledge, only retrospective studies and one
systematic review have analyzed this topic. In the study by Strosberg et all'’],
evaluating 146 cases of metastatic midgut NETs, BM represented a negative
prognostic factor because patients with BMs (n = 35) had a median survival of 32 mo
(95%ClI: 28-35 mo) and a 5-year survival rate of 20%.

On the other hand, OS was similar and independent to other factors, such as the
location of the primary tumor and the administration of previous treatments with SSA
or others. However, a larger number of patients is needed to determine an accurate
relationship between these variables.

Most patients (72.2%) presented with matching lesions identified in the CT
evaluation and Octreoscan® pre-PRRT, while 13.9% had more lesions in the CT that
did not express somatostatin receptors in Octreoscan® and 13.9% presented metabolic
lesions without anatomical correlation in CT. Matching lesions between Octreoscan
and CT pre-PRRT had a proportional relationship to OS, representing a prognostic
factor (P < 0.05). This may be due to all lesions visualized on the CT expressing
somatostatin receptors. Therefore, a greater number of tumor cells would be treated
by the radionuclide and would respond well to treatment. However, in the case of a
wide cellular heterogeneity and having lesions in the CT that are not visualized in the
Octreoscan®, the scope of the radiopharmaceutical would be limited to the lesions
with positive receptors, leaving the rest of the tumor cells untreated. This is the first
study to our knowledge to report this important outcome. This result may help to
evaluate individual prognostic factors to OS as well as for the need to conduct a **F-
FDG positron emission tomography/CT to predict treatment response in patients
with cellular heterogeneity. In addition, they demonstrate the need for more research
with a greater number of patients assessing the importance of this and other
prognostic factors that are yet to be described in order to improve patient ma-
nagement.

Another important result in this study was an apparent radiological progression in
20 cases (55.6%) in the CT evaluation after the second dose manifested as an increase
in the lesion’s diameter. Despite this, due to a significant clinical improvement and
symptom control, it was decided to complete the treatment. Disease control was
reached after the last dose in all cases. This transient increase was probably due to
inflammation causing localized edematous tissue at the site of the metastases and not
based on progression. This radiogenic edema has been described previously as
possible pitfalls by Brabander et /'™, in which the phenomenon was called pseudo-
progression. These findings were previously described in brain tumors and external
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Figure 3 Representation of cumulative survival in patients treated with primary tumor surgery and metastases with peptide receptor radionuclide therapy
(green) and patients treated only with peptide receptor radionuclide therapy (blue). A: For patients treated with primary tumor surgery, the probability of long-
term survival is higher when treated with peptide receptor radionuclide therapy, showing the existence of a directly proportional relationship between survival and
surgical treatment; B: The patients treated with metastases.

beam radiation, in cytokine studies, in monoclonal antibodies and in immunotherapy,
where the increase in tumor size was probably related to infusion of lymphocytes and
macrophages and was not always considered as disease progression. Therefore, in
NET patients, clinicians should be aware and take into account in daily practice that
an increase in tumor size is frequent due to radiation-induced inflammation and not
always refers to tumor progression!"’l.

Currently, the only available curative treatment for NET is surgery, but for those
patients who have an inoperable primary tumor, recurrent disease or metastatic
disease, few therapeutic options are available. PRRT is commonly noncurative in
patients diagnosed with NETs. Therefore, this systemic treatment should be focused
on improving patient quality of life. Our results demonstrate an improvement in
quality of life in 75% of our patients, better pain assessment in 41.7% and a better
control of hormonal related symptoms in 66.6%, reaching full control at the end of the
treatment in 26.6% of the population. Also, 41.6% of our patients were asymptomatic
after the fourth dose. These results also prove the need for more research with a
greater number of patients in assessing adverse events and effects on quality of life for
NET therapies!l.

The NETTER-1 study showed a significant quality-of-life benefit for patients with
midgut NETs who received ""Lu-DOTATATE vs those treated with high dose long-
acting octreotide specifically for diarrhea, flushing and abdominal pain!>'“l. Likewise,
Tellestar is a Phase III, multicenter, randomized, double-blind, placebo-controlled
study in which clinical outcomes were assessed. The study suggested a sustained
improvement in bowel movement frequency in patients with carcinoid syndrome and
a long-term effect on patient’s well-being!'”l. Additionally, Martini et al'"! studied the
impact of health-related quality of life (HRQoL) from the first PRRT to the first
restaging and compared the scores with general population norms. They observed
improvements from baseline to the first restaging for diarrhea in small-intestine NET
patients and a clinically relevant decrease in appetite loss (for female small-intestine
NET patients only). Compared with HRQoL general population norms, patients had
impairments consisting of diarrhea, fatigue, appetite loss, reduced physical, social,
and role functioning and reduced global HRQoL. In conclusion their findings
supported overall stable HRQoL under PRRT. However, significant HRQoL
impairments compared with the general population and potentially specific subgroup
patterns need to be considered.

Side effects in our group were either related to the administration of the amino
acids or due to the radio-peptide itself!'”*’l. During the follow-up, half of the patients
suffered some kind of complication or toxicity, in order of frequency: Nausea,
discomfort or abdominal pain and a carcinoid crisis triggered by the massive release
of bioactive substances. Similarly, the evaluation of toxicity in a group of 504 patients
who were given four cycles of treatment at intervals of 6 to 10 wk revealed that the
most common symptoms in the first 24 h were nausea (25%), vomiting (10%) and pain

Baishidengs WJG | https://www.wjgnet.com 1521 April 7, 2020 | Volume26 | Issuel3 |



Abou Jokh Casas E et al."’’Lu-Dotatate treatment in metastatic neuroendocrine tumors

1.0 “h

~1No

& e
L Yes

0.8 b

+ -t

Cumulative suvival

04 -

0.2 -

0.00 5.00 10.00 15.00 20.00
Time from treatment start (mo)

Figure 4 Representation of cumulative survival in patients with (green) and without (blue) bone metastasis.
The probability of long-term survival is higher in the second group.

(10%)P!. In a similar study, carried out in 479 patients, it was determined that only 1%
with hormonally active neuroendocrine tumors had a clinical crisis after ad-
ministration®*.

The development of hematological toxicity was found in almost half of the patients
(38.8%), being severe (grade 3) in one case (2.8%) with thrombocytopenia. A recent
study conducted with 450 patients treated with PRRT in five different centers
stipulated that serious adverse events were rare with leukopenia and throm-
bocytopenia of grade 3 in 1.1% and 1.3% of patients respectively, and only one
episode of grade 4 thrombocytopenia®**.

The most serious side effect in our study was observed in one patient with
extensive liver metastasis who developed a severe deterioration of liver function. In
patients with or without mild metastatic hepatic involvement, no significant liver
toxicity has been reported. However, in patients with massive liver metastases and
impaired hepatic function, hepatic toxicity may occur. This should be considered,
along with pre-existing conditions affecting the liver, when deciding the appropriate
dosel™.

Study limitations

This study has limitations. First, it is a retrospective observational study. The aim is to
observe and describe and lacks an intervention in the natural course of patients.
Therefore, one or more variables of interest could not be studied. As well, we are
aware that the number of patients is scarce and limited, but this is the first study to
our knowledge to describe that matching lesions in CT and Octreoscan® previous to
PRRT treatment could be a prognostic factor that should be studied with a larger
cohort of patients. If corroborated, this finding could be considered into treatment
decisions and may result in major patient surveillance.

In this study we found that matching lesions in CT and Octreoscan® pre-PRRT,
represent a prognostic factor to overall survival and that pseudo-progression is a
common finding observed in the first stages of the treatment that should be taken into
consideration by clinicians in daily practice.

ARTICLE HIGHLIGHTS

Research background

The incidence and prevalence of neuroendocrine tumors are currently increasing, probably due
to the extensive use of more developed routine radiological tests and endoscopic techniques. In
patients with limited cytoreductive options, peptide receptor radionuclide therapy (PRRT) with
radiolabeled somatostatin analogues ’Lu-DOTAO0-Tyr3-octreotate (*’Lu-Dotatate) has been
used successfully in patients diagnosed with metastatic gastroenteropancreatic somatostatin
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receptor positive tumors in the past two decades.

Research motivation
The aim of this study was to determine the impact of this treatment on patient’s quality of life,
radiological and metabolic response, overall survival, prognostic factors and its toxicity.

Research objectives

The determination of prognostic factors that can modify the overall survival of these patients is
of vital importance because it could allow a more specialized therapy and increase patient’s
surveillance when required. This might be an interesting approach in future research.

Research methods

This is a retrospective longitudinal observational study in which impact on quality of life,
radiological and metabolic response, overall survival, prognostic factors and toxicity were
evaluated in patients diagnosed with advanced tumors expressing somatostatin receptors
treated with PRRT. The information pertinent to this cohort of patients was collected through the
clinical history, obtaining information about clinical data, treatment response and disease state.
These data were treated confidentially and in an encrypted form for analysis. Written consent
was obtained from all patients.

Research results

In this cohort of patients, overall survival was inversely proportional with respect to toxicity in
previous treatments (P < 0.05), tumor grade and the presence of bone lesions and was directly
proportional to matching lesion findings between Octreoscan and computed tomography (CT)
pre-PRRT (P < 0.01) andsurgery of the primary tumor or its metastasis. Also, we found that
pseudo-progression is a common finding observed in the first stages of the treatment that should
be taken into consideration by clinicians in daily practice. We consider that the matching lesions
in CT and Octreoscan® before PRRT treatment could be a prognostic factor and should be
studied with a greater cohort of patients. If corroborated, this finding could be considered in
treatment decisions and may result in major patient surveillance.

Research conclusions

Overall survival was inversely proportional with respect to toxicity in previous treatments (P <
0.05) and was directly proportional to matching lesion findings between Octreoscan and CT pre-
PRRT. Matching lesion findings between Octreoscan and CT pre-PRRT should be taken into
consideration when treating these patients.

Research perspectives
This study reveals that prognostic factors should be taken into consideration because they
modify the overall survival. Therefore, future research should focus on finding new prognostic
factors that could allow specialized patient surveillance. In future studies, a larger number of
patients should be included to extract more conclusive results that would allow the identification
of new prognostic factors.
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