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Summary: 

Neuroendocrine tumours (NETs) can be slow growing and associated with prolonged survival even 

in the presence of liver metastases. Use of liver transplantation (LT) has been advocated in order 

to achieve better symptom-free and/or overall survival. Improving therapeutic options and 

management by multi-disciplinary teams are leading to significant improvements in symptom 

control and survival. Review of world experience of NET management, for tumours with portal 

venous drainage, leads us to draw the following conclusions in relation to liver transplantation: 

1. LT for symptom palliation (without curative intent) is associated with poor survival and 

cannot be recommended. 

2. Multi-visceral transplantation is associated with poor survival and cannot be 

recommended. 

3. LT can be considered in patients with good prognostic factors (prior complete resection of 

primary tumour including local and appropriate distal lymph nodes, age <55 years, no 

extra-hepatic disease at time of consideration for LT, <50% replacement of liver with 

tumours, Ki67 <5 on a tumour sample taken within 6 months of assessment for LT) 

provided all other available methods of controlling tumour and/or symptom progression 

(as outlined below) have been exhausted. 

4. There  is need for a randomised controlled study to determine the benefit of LT, if any, for 

this group of patients 

Neuroendocrine tumours encompass a heterogeneous group of neoplasms arising from the 

neuroendocrine system. Although occurring anywhere in the body, they originate in the 

gastrointestinal tract and the pancreas in about 85% of cases. NETs have the second highest 

prevalence of gastrointestinal tumours (5-7 cases per 100.000) 1. NETs include carcinoid tumours and 

pancreatic tumours (gastrinoma, insulinoma, vasoactive intestinal peptide-secreting tumours, 

glucagonoma and somatostatinoma).   

Based on tumour biology and behaviour NETs can be divided into high-grade poorly differentiated 

malignant tumours exhibiting aggressive behaviour and low grade well-differentiated tumours with 

relatively benign behaviour (WHO classification; table 1) 2,3.  In a second important distinction NETs 

are classified, in relation to their primary location, into tumours where liver is ‘first station’ for 

haematogenous spread (NETs with portal venous drainage) or those where liver metastatic 

involvement is part of systemic disease dissemination3,4.  Consequently, in NETs with portal venous 

drainage resection of the primary tumour and liver metastatic load can be performed with curative 

intent and with the aim of achieving improved patient outcomes.  



Portal venous drainage is limited to the embryologicaly-derived midgut (distal stomach, duodenum, 

small bowel, right colon) and body and tail of the pancreas.  Thus, NETs of the oesophagus, lower 

rectum, head of pancreas or other systems (i.e. lungs, thyroid, adrenals) are excluded. 

The WHO classification system for NETs combines primary site of tumour and anatomical location, 

histological features of malignancy and hormone production. Numbers of mitoses on primary and 

metastatic histological sampling and/or the proliferation index (assessed by Ki67 staining) are useful 

surrogate markers for malignancy1,5. Well-differentiated tumours with low proliferative indices are 

associated with a reduced risk of recurrence and Ki67 index of <5% is widely accepted to be a 

reasonable cut-off when considering patients for liver transplantation. 

Gastrointestinal NETs are usually slow growing tumours frequently diagnosed at advanced stage 

with metastatic disease present at diagnosis (40% of cases), with liver being the commonest site of 

metastases (40-93%) followed by bone (12–20%) and lung (8–10%). The presence of extensive liver 

metastases can be associated with complications such as troublesome hepatomegaly, hormone 

related syndromes, and weight loss. Liver involvement is considered the strongest predictor of poor 

survival.  

However even extensive liver metastatic disease can be consistent with prolonged survival. SEERS6 

database demonstrates good survival figures with improvement in outcomes in the more recent 

cohort (88-99 cohorts versus 73-87) (figure 1) 7. Furthermore, management in a specialist centre can 

lead to even better survival, as demonstrated by the Uppsala group (figure 1)7. Improvements in life 

expectancy are related to the use of somatostatin analogues, surgery, peptide receptor targeted 

radiotherapy, classical chemotherapy, and newer forms of chemotherapy such as biologicals and 

inhibitiors of cell signalling pathways (sunutuinib and everolimus respectively). 

Somatostatin analogues have been shown to stabilise disease for approximately 12-18 months on 

average and 5 years or more in certain cases (figure 2)7, 8. Similarly, peptide receptor targeted 

radiotherapy (PRT) has been shown to lead to prolonged periods of disease stabilisation (figure 3)9. 

Surgical removal of primary tumour and liver metastases may be curative and lead to excellent 

outcomes (table 2)10-23. Additionally, there is now good evidence for the efficacy of modern 

chemotherapeutic agents such as sunitinib (figure 4)24 and everolimus (figures 5)25. Sequential 

application of these therapies is already leading to significant improvements in survival such that for 

certain patients one can hope for >10 year survival even after presentation with liver metastases.  



  

Figure 1: The survival duration of patients with metastatic midgut tumors, as recorded in the SEER 

database (representing standard care in the USA) and as observed in a specialty centre in Uppsala, 

Sweden, managing patients with a multidisciplinary team. (Ref  6, 7) 

 



 
Figure 2: Time to progression or tumor-related death in patients with well-differentiated, metastatic, 

functioning or nonfunctioning, midgut neuroendocrine tumors treated with octreotide long-acting repeatable 

or placebo. (Ref 8) 

LAR: Long-acting repeatable.  

 

Figure 3: Disease-related survival in 310 patients according to treatment outcome. Patients with 

progressive disease (PD; 19.3% of treated patients) had significantly shorter survival. Survival between 

other treatment outcomes (80.3% of patients) was substantially better. (Ref 9)                                                    

CR, complete response; PR, partial response; MR, minimal response; SD, stable disease. 



 
Figure 4: Kaplan–Meier analogs of progression-free survival in patients treated with sunitinib versus 

placebo. (Ref 24) 

HR: Hazard ratio; PFS: Progression-free survival. 

 
Figure 5: Kaplan–Meier analysis of progression-free survival. Patients were treated with (A) 

everolimus and (B) everolimus plus octreotide (Ref 25). 

NA: Not available; PFS: Progression-free survival. 

 



Surgical debulking of liver metastases, usually recommended if > 90% of liver metastatic disease can 

be removed, is possible in approximately 20% of cases. It affords excellent palliation and is 

consistent with prolonged survival and low operative risk. Five-year survival of 80% has been 

observed for such cases, however, even incomplete resection achieved satisfactory results of 5- year 

survival of 60-80% (table 2) 10-23.   The beneficial effect of debulking surgery for NET liver metastases 

prompted consideration of salvage liver transplantation, initially as a palliative procedure and later 

with curative intent. UNOS published a series of 150 liver transplants performed for metastatic NET 

between 1988 and 2008 reporting 1-, 3- and 5-year survival rates of 81%, 65% and 49% respectively. 

Further interrogation of the UNOS database to include the additional 35 transplant procedures up to 

March 2011, reveals overall 5- year survival of 57.8%  in the 185 liver transplants performed in total 

for metastatic NETs in the US 26. This was significantly poorer than the 74% 5-year survival for all 

other patients.  

Results of palliative or rescue liver transplantation for NET liver metastases reflect the principle of 

rescue rather than cure as indication for LT and have yielded disappointing survival outcomes. The 

inclusion of such cases in the UNOS historic series may have confounded the overall outcomes.  In 

current era of scarcity of liver grafts and wait list mortality rates of 12-20% in the UK, it is difficult to 

justify palliative LT for metastatic NET. Similarly, results of multi-visceral transplantation for 

endocrine pancreatic tumours with requirements for extensive splanchnic surgery have been 

disappointing and the procedure cannot be recommended. 

The poor to only reasonable overall and tumour-free survival outcomes in earlier case series of liver 

transplantation for NETs led to refinement of patient selection criteria. The most rigorous of these 

has been applied and published by Mazzaferro.4 (table 3). Although this has been associated with 

excellent outcomes when applied by the Milan group (table 4), it has not been validated. 

Additionally, the qualifying group of patients have excellent 5 and 10 year outcomes as they are 

amenable to serial application of virtually all available therapies. It is therefore not clear if liver 

transplantation, even in this super-selected group, leads to better long-term outcomes when 

compared to patients not transplanted but managed by expert NET multi-disciplinary teams. We 

therefore suggest that liver transplantation is reserved for a select group of NET patients (less than 

55 years of age, primary tumour drained by the portal system, no extra-hepatic disease following 

prior “curative” removal of primary and associated proximal and distal lymph nodes, less than 

50% liver replacement, and Ki67 less than 5% on a sample taken within 6 months of assessment 

for liver transplantation [table 3]) who have already received majority of available treatments but 

whose disease continues to progress in terms of symptoms and or radiological appearance. 

 

 

 

 

 

 

 

 

 

 



Table 1. WHO classification of neuroendocrine tumors (NET) of the Gastrointestinal Tract with portal 

venous drainage (adapted from Solcia E. et al.: Ref. 2) 

Stomach, ileum, colon Pancreas 

Well-differentiated Endocrine Tumor (Carcinoid) Well-differentiated Endocrine Tumor 

(1) Benign behaviour (1) Benign behaviour 

Non-functioning Confined to the pancreas, non-angioinvasive 

Confined to mucosa-submucosa, non-

angioinvasive 

Size: <2 cm 

Size: 1 cm (stomach and small intestine) or 

2 cm (colon) 

Mitoses: 2 

 Ki67 positive cells/10 HPF: 2% 

  

(2) Uncertain behaviour (2) Uncertain behaviour 

Non-functioning Confined to the pancreas 

Confined to mucosa-submucosa, angioinvasive Size: 2 cm 

Size: >1 cm (stomach or small intestine) or >2 cm 

(colon) 

Mitoses: >2, or angioinvasive 

 Ki67 positive cells/10 HPF: >2% 

  

Well-differentiated Endocrine Carcinoma (Malignant 

Carcinoid) 

Well-differentiated Endocrine Carcinoma 

Low-grade malignant tumor Functioning or non-functioning 

Deeply invasive (muscularis propria or beyond) or 

with metastases (liver) 

Low-grade malignant tumor with gross local invasion 

and/or metastases (liver) 

 Ki67 positive cells/10 HPF: >5% 

  



Stomach, ileum, colon Pancreas 

Poorly-differentiated Endocrine Carcinoma Poorly-differentiated Endocrine Carcinoma 

Small-cell carcinoma Small-cell carcinoma 

High-grade malignant tumor High-grade malignant tumor 

 Ki67 positive cells/10 HPF: >15% 

  

Mixed Endocrine/Exocrine Carcinoma  

Moderate to high-grade malignant tumor  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2. Results for hepatic resections of liver metastases from neuroendocrine tumors: literature 

review 

Author Period 

(years) 

No. of 

patients 

Histology Surgery Peri-

operative 

mortality 

Patient 

survival 

Disease-

free 

survival 
CAR NCAR Curative Palliative 

Martin [11] – 5 5 – 4 1 0 46 mo 

(median) 

NR 

Danforth [12] 1957–

1982 

1 – 1 1 0 0 – – 

Norton [13] 1975–

1985 

5 – 5 4 1 0 80% at 

30 mo 

NR 

Makridis [14] 1979–

1989 

6 6 – – 6 0 30 mo 

(median) 

NR 

McEntee 

[15] 

1970–

1989 

37 24 13 17 20 2.7% 85% at 

20 mo 

NR 

Søreide [16] 1960–

1989 

4 4 – 1 3 – 139 mo 

(median) 

NR 

Carty [17] 1982–

1991 

17 – 17 13 4 0 79% at 5 

year 

22% at 5 

year 

Que [10] 1984–

1992 

74 50 24 28 46 2.7 73% at 4 

year 

36% at 4 

year 

Dousset [18] 1986–

1994 

17 10 7 12 5 5.9 46% at 5 

year 

36% at 5 

year 

Chen [19] 1984–

1995 

15 5 10 15 – 0 73% at 5 

year 

25% at 2 

year
a
 

Chamberlain 

[20] 

1992–

1998 

34 14 20 15 19 6% 76% at 5 

year 

NR 

Jaeck [21] 1986–

1998 

13 5 8 13 – 0 68% at 6 

year 

69% at 3 

year 

Sarmiento 

[22] 

1977–

1998 

170 120 50 75 95 1.2% 35% at 

10 year 

16% at 5 

year 

Yao [23] 1992–

2000 

16 8 8 16 – 0 73% at 5 

year 

42% at 5 

year 



Author Period 

(years) 

No. of 

patients 

Histology Surgery Peri-

operative 

mortality 

Patient 

survival 

Disease-

free 

survival 
CAR NCAR Curative Palliative 

          

INT Milano 1987–

2006 

36 30 6 36 – 0 85% at 5 

year 

34% at 5 

year 

        59% at 

10 year 

19% at 10 

year 

CAR, carcinoid; NCAR, non-carcinoid; NR, not reported.  

Mean age of the reported patients: 56 years old. 

a Data calculated from the published curves. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 3. Milan criteria for liver transplantation in patients with NET hepatic metastases (Ref 4) 

Inclusion criteria 

1. Confirmed histology of carcinoid tumor (low-grade neuroendocrine tumors) with or without syndrome 

2. Primary tumor drained by the portal system (pancreas and intermediate gut: from distal stomach to sigmoid colon) 
removed with a curative resection (pre-transplant removal of all extra-hepatic tumor deposits) through surgical 
procedures different and separate from transplantation 

3. Metastatic diffusion to liver parenchyma 50% 

4. Good response or stable disease for at least 6 months during the pre-transplantation period 

5. Age 55 years 

  

Exclusion criteria 

1. Small-cell carcinoma and high-grade neuroendocrine carcinomas (non-carcinoid tumors) 

2. Other medical/surgical conditions contraindicating liver transplantation, including previous tumors 

3. Non-gastrointestinal carcinoids or tumors not-drained by the portal system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4. Liver transplantation for metastatic NETs (literature review: 1970–2006) 

Author No. of 

patients 

Histology Patients 

with 

symptoms 

Venous drainage 

primary tumor 

Chemo 

pre-

OLT 

Median 

interval 

between 

diagnosis 

and OLT 

(months) 

Patient 

survival 

Recurrence-

free 

survival 

CAR NCAR Portal Systemic 

Lehnert
a
[27] 103 36 67 42%   38% NR 47% at 5 

year 

24% at 5 year 

Le Treut 

[28] 

31 15 16 55% 84% 16% 84% 19 36% at 5 

year 

17% at 5 year 

Olausson 

[29] 

9 4 5 44% 100%  0 2–120 88% at 3 

year 

44% at 3 year 

Fernandez 

[30] 

5 2 3 33% 100%  100% 11 80% at 2 

year 

40% at 2 year 

Rosenau 

[31] 

19 6 10 90% 100%  NR NR 80% at 5 

year 

21% at 5 year 

Cahlin [32] 10 4 6 40% 89% 20% 0 NR 80% at 1 

year 

50% at 3 year 

Florman 

[33] 

11 3 8 100% 91% 9% NR NR 36% at 5 

year 

9% at 5 year 

V.Vilsteren 

[19] 

19 8 11 32% 100%  47% NR 87% at 1 

year 

77% at 1 year 

           

INT Milano
b
 24 24 – 10% 100%  55% 18 90% at 5 

year 

77% at 5 

year 

CAR, carcinoid; NCAR, non-carcinoid; CT, chemotherapy; NR, not reported; OLT, orthotopic liver transplantation.  

Mean age of the reported patients: 48 years old. Median follow-up of the reported series: from 5 to 103 months. 

aLehnert is a review of the previous literature on 103 cases collected between 1981 and 1997 

 

 

 



GI NETs, with portal drainage, and their liver metastases: Multimodal management and 

selection for liver transplantation 

                          

 

                      

                                

 

 

 

 

  

         

 

 

  

 

  
 

 

 

 

 

 

  

 

 

 

                       

 

Midgut NET with liver metastases and 

lack of involvement of other sites 

Primary tumour resected with complete loco-

regional and adequate distant LN clearance 
Primary un-resectable 

Carcinoid syndrome  Asymptomatic 

Medical treatment 

Not suitable for transplant 
 

Residual LN 

Somatostatin 

analogue 

Observe until radiological 

progression and/or 

symptomatic disease 

Symptomatic 

response and 

stable disease 

No symptomatic 

response and/or 

disease 

progression 

Somatostatin 

analogues 

Observe (possibly 

12-18+) months 

1.  No extrahepatic disease (CT, liver MRI, Octreoscan).     

2.  Patient age < 55 years.                                                         

3.  Liver metastatic disease < 50% of liver volume.              

4.  Ki67< 5%. 

Continue analogues and 

observe 
  Disease progression    Stable disease  

Continue analogues 

and observe Serial treatment with 

some of following: PRT, 

HAE, SIRT, chemo-therapy, 

Sunitinib, etc. 

Consider LT for patients who meet 

all following criteria: 

Disease stability 

possible for many 

years 



Pancreatic NETs, with portal drainage, and their liver metastases: Multimodal 

management and selection for liver transplantation 

                          

 

                      

                                

 

 

 

 

  

         

 

 

 

 

 

 

 

 

 

 

  

 

                       

 

 

 

Endocrine pancreatic tumour 

Primary tumour resected with 

adequate LN clearance Primary un-resectable 

Symptomatic Asymptomatic 
Medical treatment  

(Not suitable for transplant) 

 

Primary head of pancreas 

requiring consideration of 

for MVTx for tumour 

clearance 

Observe until 

radiological 

progression and/or 

symptomatic disease 

Not for transplant                            

(as poor outcomes) 

Consider LT after failure of 

medical/oncological 

treatments for patients who 

meet all following criteria: 

1.  No extrahepatic disease (CT, liver MRI, Octreoscan, 

laparoscopy).                                                                                          

2.  Patient age < 55 years.                                                         

3.  Liver metastatic disease < 50% of liver volume.              

4.  Ki67< 5%. 
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