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A young patient presents to the endocrinology clinic with recurrent hypoglycaemic spells, dizzy 

episodes, weight loss, abdominal pain and tiredness. After numerous tests, a 10 cm complex mass in 

the tail of the pancreas was found with large volume liver and bone metastases as well as gastric and 

splenic varices. The histology report shows that it is a metastatic insulinoma, a rare neuroendocrine 

tumour, and treatment options are limited. 

Despite being a rare cancer, this was a typical patient story in the neuroendocrine tumour clinic, 

where I spent six weeks during my student selected component block. Whilst treatment for these 

tumours is mostly palliative, a new therapy known as peptide receptor radionuclide therapy (PRRT) 

was being offered. This delivers targeted radiotherapy direct to tumour sites, with limited damage to 

other tissues, to achieve tumour regression; a solution seemingly too good to be true. This essay will 

journey through the pathophysiology of neuroendocrine tumours, treatment options and the history 

and evidence behind PRRT, specifically lutate therapy.  

 



Introduction to neuroendocrine tumours and their management 
 

Neuroendocrine tumours (NETs) are an elusive entity which have baffled oncologists and 

endocrinologists. They are neoplasms of neuroendocrine cells, which originate from neural crest and 

receive neuronal inputs, but secrete amine and polypeptide hormones. These cells are present in the 

gastrointestinal system, pancreatic islet cells, respiratory epithelium, parafollicular cells in the 

thyroid, and pituitary and adrenal glands. Gastroenteropancreatic (GEP) NETs have three groups: 

tumours of the foregut include bronchial, stomach, pancreas, duodenal and gall bladder NETs; 

tumours of the midgut include jejunal, ileum, appendix, caecum and right colon NETs; and finally of 

the hindgut include the left colon and rectal NETs. These GEP-NETs will be the focus of this essay.  

GEP-NETs include, and are sometimes called, carcinoid tumours, which refers to serotonin secreting 

tumours. Clinical features are caused by secretion of hormones and vasoactive mediators or 

obstruction by the tumour. Signs and symptoms often have an insidious onset and are vague, 

leading to a prolonged diagnosis, which is frustrating for the patient and their family. For example, 

carcinoid syndrome is caused by NET metastasis to the liver causing a release of serotonin, 

tachykinins and other vasoactive compounds into the circulation, which cause flushing, diarrhoea, 

lacrimation and palpitations. If there has been long term carcinoid syndrome- often common owing 

to the prolonged survival of patients with metastatic NETs- carcinoid heart disease develops, with 

restrictive cardiomyopathy, heart failure and wheeze. Abdominal obstructive symptoms include 

pain, nausea and vomiting, which is often misdiagnosed as irritable bowel syndrome owing to the 

lack of tumour visibility on imaging, or even recurrent ascites and portal vein compression and, at 

worst, bowel obstruction. Bronchial carcinoids present with obstructive symptoms such as wheeze, 

dyspnoea, cough, haemoptysis, pleurisy, pneumonia and atelectasis. Other paraneoplastic 

symptoms are weight loss, night sweats, neuralgia and Cushing’s syndrome. Sometimes these 

symptoms can come to a head in a carcinoid crisis with an acute attack of flushing, bronchospasm, 

tachycardia with a wide pulse pressure, speculated to be caused by mediators like kallikrein 

promoting a higher secretion of serotonin and vasoactive molecules like bradykinin.  

Once there is clinical suspicion, diagnosis can be aided with blood and urine biochemical testing, 

such as measuring plasma chromogranin A and urinary 5-HIAA excretion. Other special tests for 

suspected pancreatic NETs include fasting gastrin, fasting insulin or glucagon and fasting gut 

hormones can be tested (vasointestinal peptide, pancreatic polypeptide and somatostatin) for gut 

NETs. Histological diagnosis is the gold standard, but as the primary tumour may not be visible on 

standard imaging alone, this makes biopsy problematic to say the least. If patients already present 

with visible liver metastases, biopsy is easier. There is currently no TNM staging for these tumours, 

and after specialist pathology analysis, the WHO classification is used to give a histological diagnosis, 

ranging from well differentiated (low grade) to poorly differentiated (high grade).1 

 

Current treatment options and the role for PRRT 
 

Whilst treatment aims to be curative, due to the diagnostic delay, many patients present with 

metastasis, which carries a five-year survival of 30 to 70% depending on histological factors like 

degree of differentiation, mitotic rate, Ki67 index and tumour size. The most common metastasic 

sites of GEP-NETs are the gut, mesentery, peritoneum, liver, bone and lung and most common 

malignant metastatic GEP-NETs have five-year survival rates of less than 50%.1, 2 The only curative 

therapy is surgical resection of the primary tumour and metastatic sites, for example through liver 



resection or radiological techniques like radiofrequency ablation of metastatic lesions. Other 

treatments such as anti-emetics or proton pump inhibitors in gastrinomas provide symptomatic 

relief. Unfortunately, the response to cytotoxic chemotherapy in well differentiated NETs is poor at 

worst and ambiguous at best. 1 Moderate response rates have been seen in treating pancreatic NETs 

with tyrosine kinase or mammalian target of rapamycin inhibitors and treating non-functioning NETs 

with Everolimus is being explored in the RADIANT-4 trial, but toxicity to healthy cells is high. 3 

Historically it has been difficult to predict how NETs respond to therapies, and it appears that the 

type of secretory tumour may affect treatment response.  As NETs are relatively rare with long 

disease course, large scale multi-centre prospective trials are difficult to conduct. Nevertheless, 

there is a rising need to find effective treatments for NETs as incidence is rising, probably due to 

better detection, and increased numbers of patients are surviving longer with metastatic disease. 

Not only does this place a greater burden on health services, but there is a desperate need to 

improve quality of life for these patients.1  

The discovery that neuroendocrine tumours strongly express somatostatin receptors on their cell 

membranes has revolutionised NET therapies. Somatostatin receptors are G protein coupled 

receptors with five subtypes, which bind the polypeptide hormone somatostatin resulting in 

inhibitory effects on hormone secretion. Subtypes 2 and 5 are most commonly expressed on NETs. 4 

Somatostatin analogues were then developed, such as octreotide which is given for short term 

symptomatic control.  Sustained release analogues have also been developed such as Lanreotide 

Autogel, which are delivered as monthly intramuscular injections. This therapy achieves 

symptomatic control in most patients and inhibition of hormone production in 30-70%. Over time 

somatostatin analogues have anti-proliferative effects and tumour growth may also stabilise. 

However, there is limited cytoreductive potential and a huge unmet need for treatment options for 

patients who have become refractory to somatostatin analogue therapy and have uncontrolled 

symptoms with progressive metastatic disease. 1,4  

The success of somatostatin analogues has been exploited to deliver targeted radiotherapy to 

tumour sites, known broadly as peptide receptor radionuclide therapy (PRRT). PRRT uses 

radiolabelled peptides which are targeted cytotoxic, therapeutic doses of ionising radiation to cancer 

cells for curative intent or disease control. This specific cytotoxic effect which has minimal 

harmfulness on healthy cells is the holy grail of cancer therapeutics and therefore has enormous 

potential. The challenge in using radiotherapy for NET treatment is that malignant cells are often 

highly disseminated. Therefore, PRRT combines the advantages of targeted radiotherapy like 

brachytherapy with the advantages of a systemic chemotherapy, which treats disseminated disease 

and micrometastases, and has been used to treat inoperable metastatic NET worldwide. 5 

PRRT is made of the targeting ligand peptide, bifunctional chelating agent and a therapeutic 

radionuclide (figure 1). Somatostatin analogues function as the ligand peptide and bind somatostatin 

receptors with an extraordinary affinity. The peptide-receptor complex is then internalised by the 

cell allowing accumulation of the radioligand in tumour cells and highly localised radiotherapy. 

Furthermore, the small size of the molecule allows relatively rapid clearance from the blood. In 

terms of chelating agents, DOTA-based macrocyclic chelators are most widely used due to their 

thermodynamic stability and resistance to dissociation. Some common radionuclides include 111In, 

90Y and 177Lu which make up complexes like 111In-DTPA-octreotide, 90Y-DOTA-Tyr3-octreotide 

(90Y-DOTATOC) and 177Lu-DOTA-Tyr3-octreotate (177Lu-DOTATATE). 6, 7 
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111In-DTPA-octreotide was the first approved radiopharmaceutical for diagnostic imaging of NETs, 

but high dose administration as therapy did not provide sufficient tumour regression. 

Radiopharmaceutical development led to DOTA being proven to be a more stable chelator compared 

to DTPA, and the replacement of the phenylalanine-threoninol moiety of the DOTATOC peptide with 

tyrosine-threonine to improve affinity for somatostatin receptors, creating DOTA-Tyr3-octreotate or 

DOTATATE. 111In was replaced by 90Y and 177Lu, both of which emitted more beta energy, and 

177Lu or lutetium-177 emerged as the best radionuclide due to greater gamma emission, allowing 

whole body imaging during the therapy and thus visualisation of uptake to tumour sites and 

quantification of the absorbed dose.5 6 

Lutetium-177 is a beta and gamma emitting radionuclide with a maximum particle range of 2mm 

and half-life of 160 hours. 177Lu compounds were able to be easily produced and had high specific 

activity (radioactivity per quantity of radionuclide, measured in becquerels). 8 Other reasons 177Lu 

compounds emerged as superior included lower nephrotoxicity and haematotoxicity compared to 

90Y labelled compounds, probably due to the lower energy and shorter particle range of beta 

particles emitted by lutetium-177. Additionally, the co-infusion of positively charged amino acids 

which acts as competitive inhibitors to proximal tubule absorption reduces the renal radioactive 

dose up to 53%. 5 

177-Lu-DOTA-Tyr3-octreotate (177Lu-DOTATATE or lutate) therapy has thus become the 

predominant PRRT for treating metastatic NET, with aims to stop tumour growth and reduce 

subsequent symptoms and has been investigated worldwide. The rest of the essay will focus on 

lutate therapy and the emerging evidence for its efficacy.  

 

The administration of lutate therapy 
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Figure 1  

Schematic diagram showing a somatostatin receptor (SSTR) in the cell membrane of NET cell. It has 

been bound by the targeting somatostatin analogue ligand (1) which is attached to a radionuclide 

(3) via a chelating agent (2).  



During my placement, I attended the nuclear medicine department to observe the therapy being 

administered. The treatment was given in four cycles, eight to twelve weeks apart at 7.4 GBq (giga-

becquerels) per dose. Before each cycle, baseline blood tests (full blood count, urea and electrolytes 

and liver function tests) are performed, as well as a physical examination to assess general health 

and suitability for the treatment and a urinary pregnancy test for females to exclude pregnancy. 

Treatment appropriateness is assessed initially through a baseline octreotate scintigraphy scan, 

where a scintillation tracer detects radioactive decay of the radionuclide to visualise how well it 

attaches to tumour sites in the body.  

The patient is admitted to hospital for the procedure. A cannula is placed into an arm vein and first 

an anti-emetic is given. Then an amino-acid infusion is administered to protect renal function, which 

runs for around an hour. This is then stopped to allow the 177Lu-DOTATATE to start, which runs for 

30 minutes. Following this, the amino acid infusion runs for another three hours. The patient is 

generally admitted to a ward for an overnight stay to monitor radiation levels, perform post-therapy 

scintigraphy scans to view radionuclide uptake to tumour sites and blood tests are done to monitor 

blood count, liver function and kidney function. These blood tests are also performed every two 

weeks for a further eight to ten weeks.  

I spoke to patients and observed oncologists counsel patients about side effects. They were warned 

of the risks of nausea and vomiting on the day of therapy, and tiredness in the weeks following 

therapy, which was a common complaint among patients. Due to an inflammatory response by the 

tumour, there was also the risk of increased pain, especially if there were skeletal metastatic 

deposits. A low dose of dexamethasone could be prescribed for this, as well as warning patients they 

may need to take analgesia more often. If the patients already had carcinoid symptoms, lutate 

therapy could cause an increased intensity of them. It was important to find out if patients were 

having octreotide injections, such as Sandostatin LAR for carcinoid symptom control, as this could be 

administered in the few days following lutate therapy to reduce the intensity. Other potential side 

effects related to radiation effects on non-target cells were bone marrow suppression and reduction 

in kidney function, as well as minimal hair loss. 9 

 

 

 

Evidence for the efficacy of lutate therapy  
 

Whilst there was anecdotal evidence that lutate PRRT improves outcomes for patients with 

metastatic GEP-NET, the NET community were waiting with bated breath for the results of the 

NETTER-1 randomised control trial investigating the role of lutate PRRT in the treatment of 

metastatic midgut NETs. Previously, Kwekkeboom et al. (2008) performed a single group trial of 

lutate in 310 patients with GEP-NETs and found extremely promising results. There was complete 

tumour remission in 2% and partial remission in 28%, with a median progression free survival of 33 

months. 10  Furthermore, a 2015 meta-analysis of six studies with 473 patients investigating 177Lu-

labelled radiopharmaceuticals on inoperable or metastatic NETs found disease response rates 

ranging from 17.6 to 43.8%, with a pooled effect of 29% (95% confidence interval 24-43%). 11   

In 2016, Strosberg et al. published the results of NETTER-1 in the New England Journal of Medicine.12 

It was an international, multi-centre, phase 3, open- label randomised control trial. 229 people with 

well-differentiated metastatic midgut neuroendocrine tumours were randomised in a 1:1 ratio to 



receive either 177Lu-Dotatate (116 patients) at 7.4 GBq every 8 weeks with best supportive care 

(Sandostatin LAR 30 mg intramuscularly) or Sandostatin LAR 60 mg intramuscularly every 4 weeks 

(113 patients). The primary end-point was progression-free survival (PFS) and objective tumour 

assessment was made every 12 weeks on CT/MRI, with failed treatment equating to progressive 

disease on imaging according to RECIST criteria. PFS at 20 months was 65.2% (confidence interval 50- 

76.8%) and 10.8% in the control group. The hazard ratio for progression or death with 177Lu-

Dotatate compared to control was 0.21 (confidence interval 0.13 to 0.33, p< 0.001), equalling a 79% 

lower risk of disease progression or death in patients receiving 177Lu-Dotatate. Secondary end 

points included objective response rate, overall survival and safety profiling. An interim analysis of 

overall survival was performed which showed 14 deaths in the lutate group, compared to 26 in the 

control group. Furthermore, the response rate was 18% in the lutate group, compared to 3% in the 

control group (p< 0.001). In fact, consistent treatment benefits were seen regardless of prognostic 

factors, such as level of radiotracer uptake on scintigraphy.  The result of this study was ground-

breaking news for the NET community as response rates of above 5% had not been observed in large 

RCTs of other systemic therapies in this patient population. 12 

These promising results must be balanced with side effects. Sabet et al. (2013) reported long term 

myelodysplastic syndrome in 2% of patients receiving PRRT.13  Adverse events related to the trial 

occurred in 86% of the lutate group and 31% of the control group. The most common adverse events 

in the lutate group were nausea and vomiting, but 65% of those with nausea and 73% with vomiting 

reported that this was due to the concurrent amino acid infusion. Other common events were 

fatigue, abdominal pain and diarrhoea. Grade 3 or 4 neutropaenia, thrombocytopaenia and 

lymphopenia occurred in 1, 2 and 9% respectively of patients in the lutate group compared to no 

patients in the control group, but these were transient and there was no evidence of renal toxic 

effects.12, 14 A long term efficacy and safety study published in 2017 in a subgroup of 443 Dutch 

patients found a good objective response rate of 39%, PFS of 29 months and overall survival of 63 

months, with acute leukaemia and myelodysplastic syndrome in just four (0.7%) and nine patients 

(1.5%) respectively. 15 

How do other types of PRRT compare to 177Lu-dotatate therapy? One systematic review looked at 

24 studies between January 1998 and November 2010 with 1791 patients and reported a median 

overall survival of 16 moths for patients treated with 90Y-DOTATOC to 46 months for patients 

treated with 177Lu-dotatate. They concluded that there was no strong evidence to support that one 

PRRT therapy was more effective than another and that well-designed RCTs were needed.16 

However, this systematic review did not include the NETTER-1 trial results, and therefore the 

strongest evidence of effectiveness is for 177Lu-Dotatate as PRRT for metastatic NET. 

 

A retrospective analysis of outcomes of lutate therapy in a tertiary centre 
 

During my placement, I performed a retrospective analysis of 25 patients who had undergone lutate 

PRRT using data gathered from clinic letters, hospital notes, radiology and pathology reports. The 

average age of the cohort was 65.5 years and at the time of analysis 21 patients were alive, but 4 

had died, with an overall survival range of 130-555 days. The most common sites of primary tumour 

were ileal and small bowel mesentery and all 25 patients had metastases to at least one location, of 

which the most common were liver, mesentery and bone. There was predominantly improvement 

and stabilisation of primary tumour and metastatic burden post PRRT, but progression of ‘other’ 

obstructive radiology findings such as ascites (figure 2A and B). There was reported symptomatic 



improvement of carcinoid disease symptoms such as in 67% of cases of diarrhoea and 73% of cases 

of flushing. However, there was new development of breathlessness, leg oedema and ascites, 

partially reflecting the development of carcinoid heart disease (figure 2C). 80% of the patients 

experienced side effects, most of which were mild, but the importance of anti-emetics was 

highlighted for nausea and vomiting. In rare cases, grade 3 and 4 neutropaenia, thrombocytopaenia 

and anaemia occurred (figure 3). A notable occurrence during therapy was also ascites and 

mesenteric vein occlusion, therefore suggesting that PRRT may not be suitable for patients with pre-

existing ascites or signs of abdominal venous occlusion.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thoughts on the future: funding and further developments  
 

Despite the evidence in favour of PRRT, it was a surprise that funding issues around the time of my 

placement in 2016 were particularly contentious. On the 4th November 2015, PRRT was delisted 

from the NHS England Cancer Drugs Fund (CDF), and no new cycles of PRRT were prescribed. This 

was met with outcry and appeals from patients and clinicians.17 The CDF is a funding source which 

provides cancer treatments to patients via a managed access agreement while further clinical 

evidence is collected.18 This decision appeared poorly timed as the promising results of NETTER-1 

were presented at the European Cancer Congress in September 2015. Hot on the heels of an 

approval by the European Commission, the US FDA (Food and Drugs Administration) also approved 

lutate therapy in February 2018, not only for the treatment for metastatic midgut NETs which the 

NETTER-1 trial investigated, but all GEP-NETs; an extremely promising sign.19  Finally, on the 20th 

Figure 2  

Effects of lutate therapy on signs 

and symptoms and radiological 

progression of tumour 
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Figure 3  

The occurrence of grade 1-4 anaemia, neutropaenia, 

thrombocytopaenia and renal injury according to NCI CTCAE 

criteria 14 



February 2018, the National Institute of Clinical Excellence, UK, released a statement that PRRT was 

to be discussed in the health technology appraisal committee meeting on the 11th April 2018, with 

an  published by July 2018. 20 

Overall, NETTER-1 has provided unprecedented evidence for the efficacy of lutate therapy and it will 

be fascinating to follow results of large multi-centre international trials as PRRT is more widely 

prescribed following European Commission and FDA approval, especially as overall survival figures 

emerge.  Moreover, there is scope for new developments to improve PRRT. Combining 90Y and 

177Lu radionuclides in a ‘cocktail approach’ may achieve better outcomes in patients with 

heterogenous tumour sizes and receptor distributions. Hepatic intra-arterial administration of PRRT 

may be superior in liver-dominant disease to make use of the first pass effect increase uptake. The 

use of somatostatin receptor antagonists as the ligand peptide vector have shown increased tumour 

uptake and longer retention in mouse models which could translate to increased efficacy and 

reduced side effect profile in humans. Finally, adding chemotherapeutic agents could radio-sensitise 

tumours to PRRT, as seen in pancreatic NETs. 5 

The patient described at the beginning of this essay received lutate PRRT. An impact on blood 

glucose was observed after just one cycle and after three cycles they suffered no more 

hypoglycaemic episodes. A CT scan after the therapy showed a reduction in the primary tumour to 5 

cm, with a reduction in hepatic metastasis and disappearance of a bony metastasis in the humerus. 

Whilst results like this are rare, it is easy to see why the NET community are excited and hopeful 

about the future of PRRT in NET treatment. Although NETTER-1 described treatment benefits despite 

prior prognostic indicators, my small retrospective analysis showed that PRRT may worsen 

obstructive abdominal symptoms such as ascites, which warrants further exploration.  The 

occurrence of renal and haematological toxicity also requires close monitoring, but overall the 

relatively low side effect profile is favourable in view of the huge potential clinical benefits. I feel 

privileged to have been given a small glimpse into the advancing field of targeted radionuclide 

therapy and, along with the patients and clinicians I have met, I believe that lutate therapy could 

well be the magic bullet in controlling progression of inoperable GEP-NETs.  
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