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NET liver metastases is heterogeneous including surgi-
cal, medical, radiological and nuclear medical possibili-
ties; all methods have potential therapeutic benefits and 
their indications and outcomes are discussed in detail 
here. The broad range of treatments underlines the need 
for a multidisciplinary approach in considering therapy 
for patients with digestive NETs.

  Epidemiology
  Endocrine tumors are heterogeneous diseases in terms 

of both biological features and clinical behavior. One of 
the major prognostic factors that dramatically affects pa-
tient survival is the presence of liver metastases. It has 
been demonstrated that patients with liver metastases 
have a worse survival rate when compared to those with-
out liver involvement  [7–9] . Unfortunately, a large pro-

 Introduction

  Much useful information has already been published 
in relation to primary neuroendocrine tumors (NETs) of 
the foregut, midgut and hindgut  [1–6] . Due to the fre-
quency of liver metastases and their impact in prognosis, 
decisions pertaining to management in patients with di-
gestive NETs frequently have to take this factor into con-
sideration prior to therapeutics. This chapter is devoted 
to management of patients with liver metastases, how-
ever, specifics in relation to individual tumors types such 
as tumor markers and diagnostics should be sought in the 
relevant chapters  [2–6] . The management of patients with 
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portion of patients with either midgut or hindgut tumors 
(up to 60–75%) already present with liver metastases. In 
particular, patients with tumors not associated with hor-
monal symptoms (non-functioning tumors) present with 
liver disease in up to 50% of the cases  [7] .

  The impact of liver metastases on patient survival also 
depends on the site of the primary tumor. Pancreatic tu-
mors, for example, have a 5-year survival rate of 30–60%, 
whereas gastrointestinal tumors have a survival rate of 
60–90%  [7–9] . The site of the primary tumor remains un-
known in 5–10% of patients who present with liver me-
tastases, in spite of intensive diagnostic work-up. Addi-
tional prognostic factors include histological grading, the 
extent and lobarity of liver involvement, and the presence 
of extrahepatic metastases.

  Minimal Consensus Statements – Epidemiology
  
  Up to 75% of patients who present with mid- or hindgut tu-

mors also have liver metastases. In particular, patients with non-
functioning tumors often already present with liver involve-
ment. The site of the primary tumor is also of prognostic value, 
with pancreatic tumors exhibiting a much worse prognosis than 
tumors of the gastrointestinal tract.

  Prognosis
  The presence of liver metastases confers an overall 

poor prognosis compared to patients without liver metas-
tases for all NETs regardless of the primary. Some specif-
ics in survival rates in relation to tumor type deserve 
mention.

   Foregut.  Hepatic metastases, rare in cases of type 1 
gastric carcinoids, may be observed in up to 30% of pa-
tients with type 2 tumors  [10] . Type 3 gastric tumors pre-
sent frequently with liver metastases (50–100%). Tumor-
related death occurs in 0, 10 and 25–30% of patients with 
types 1, 2 and 3, respectively  [11–14] . 5–10% of duodenal 
gastrinomas and 20–25% of pancreatic gastrinomas are 
associated with liver metastases. Liver metastases have a 
negative impact on survival with a 10–20% 10-year sur-
vival compared to 90–100% without liver metastases. The 
extent of liver metastases also influences survival (10-
year survival of 16% for diffuse liver metastases versus 
80% for limited disease of  ! 5 metastases per lobe). Devel-
opment of metachronous liver metastases also reduces 
survival to 85%  [15, 16] . For malignant insulinomas me-
dian disease-free survival after curative resection is 5 
years, but recurrence occurs in more than 60% at a me-
dian interval of 2.5–3 years  [17, 18] . For rare functioning 
pancreatic NETs, not enough data are available to predict 
prognosis in patients with liver metastases but their pres-

ence is a pejorative factor. In patients with non-function-
ing pancreatic NETs, actuarial 5- and 10-year survival 
rates after diagnosis of liver metastases were 46 and 38%, 
respectively  [19] . However, aggressive treatment may in-
crease 5-year survival to 63 or 82%  [20, 21] . Rapid pro-
gression of liver metastases ( 1 25% volume increase with-
in 6–12 months) confers a poor prognosis  [19] .

   Midgut.  For NETs involving the jejunum or ileum, the 
10-year survival is approximately 45% in the absence of 
liver metastases at diagnosis,  ! 40% in the presence of liv-
er metastases. Five-year survival decreases from 60–70% 
in patients with localized or regional disease to 50–60% 
in those with distant metastases including liver  [22–25] .

   Appendix.  Five-year survival of patients with an ap-
pendiceal carcinoid decreases from 95% for localized dis-
ease to 34% for those with distant metastases including 
liver  [22, 26–28] .

   Rectal or Colonic NETs.  Distant metastases in rectal 
NETs at diagnosis are uncommon ( � 1.7 and 8.1%  [22] ). 
In the latest subset of SEER (1992–1999) only 1.7% of the 
925 tumors had distant metastases. Rectal carcinoids 
have an overall 5-year survival rate of 75–88% when lo-
calized at diagnosis and it decreases to 21–32% with dis-
tant disease. Colonic NETs have a poor prognosis due to 
the advanced stage at which the tumors are diagnosed. 
Only 16% of cecal tumors are localized at diagnosis in 
the latest SEER subset, although the figures have im-
proved for the other colonic sites  [29] . More than 40% of 
cecal tumors have distant metastatic disease at diagno -  
sis  [30] .

   Poorly-Differentiated Endocrine Carcinomas.  Poorly-
differentiated endocrine carcinomas belong to the WHO 
group 3 of highly malignant tumors; the prognosis for 
patients with poorly-differentiated endocrine carcino-
mas is generally poor regardless of the localization of the 
primary tumor. Patients with treated metastatic disease 
have an expected survival time of 6–18 months  [31] .

  Minimal Consensus Statements – Prognosis
  
  Presence of liver metastases largely influences prognosis in all 

types or digestive NETs. In addition, progressive liver metastases 
as well as the extent of metastases are negative prognostic factors. 
According to the experts, although no study has compared ther-
apies for liver metastases to the natural history alone, it appears 
that interventional strategies alter the prognosis with overall 5-
year survival increasing from  ! 50% to 60–70% in patients under-
going aggressive treatment (curative liver surgery or effective lo-
coregional therapies) for metastases compared to historical con-
trols. Poorly-differentiated carcinomas have an overall poor 
prognosis whether presenting with or without liver metastases.
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  Clinical and Pathological Presentation
  The clinical presentation of liver metastases from en-

docrine tumors depends upon the functional status of the 
tumor. In tumors with associated syndromes, these are 
related to the hypersecretion of the specific hormones 
(e.g. Zollinger-Ellison syndrome, carcinoid syndrome, 
etc.). In patients with non-functional tumors, symptoms 
depend on tumor load and the location of the metastases 
(non-specific abdominal pain, weight loss). Due to these 
non-specific clinical features, diagnosis of liver metasta-
ses from non-functioning endocrine tumors may then be 
an incidental finding (e.g. on ultrasound study performed 
for cholestasis liver tests). The extent of liver metastases 
in non-functioning endocrine tumors may be more ex-
tensive than in functioning tumors.

  Morphologically, three different patterns of liver infil-
tration by metastases must be differentiated, since they 
have an impact on the therapeutic approach ( fig. 1 ,  2 ).

  (A) The metastases are confined to one liver lobe or 
limited to two adjacent segments so that they can be re-
sected by a standard anatomical resection. This ‘simple 
pattern’ can be found in 20–25% of the cases.

  (B) In the ‘complex pattern’ there is one major focus 
but with smaller satellites contralaterally (see  fig. 3 ). Such 
bilobar patterns occur in 10–15% of the cases and can still 
be approached surgically.

  (C) Diffuse, multifocal liver metastases are found in 
60–70% of the cases.

B. Complex pattern of LMs
(bilobar)

Morphological staging

C. Diffuse LMsA. Simple pattern of LMs
(unilobar or limited)

Resection

(minor or
anatomical)

Major liver resection
± RFA

1) Minor resection ±
 RFA, RPVE, RPVL

2) Sequential major
liver resection

Ablation

(RFA, LITT)
TACE

Surgery
contraindicated

Selected cases
(<1%)

One-step surgery Two-step surgery Non-surgical

treatment

- Biotherapy
- Chemotherapy
- PRRT

Liver

transplantation

Resection of primary

Surgery
contraindicated

TACE

TAE

NO extrahepatic spread

  Fig. 1.  Treatment approach to liver metastases without extrahepatic spread. The first line of therapy in limited 
unilobar and complex liver disease without extrahepatic spread is surgical resection with or without local abla-
tive techniques. Patients with diffuse liver disease, and those who are poor surgical candidates, may be treated 
with biotherapy, or chemotherapy TACE, or TAE. In specially selected candidates with diffuse metastases, 
liver transplantation may be an option. LM = Liver metastasis; RFA = radiofrequency ablation; RPVE = right 
portal vein embolization; RPVL = right portal vein ligation; LITT = laser-induced thermotherapy; TACE = 
trans-catheter arterial chemoembolization; TAE = trans-catheter arterial embolization. See ‘Differential Indi-
cation’.
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  Diagnostic Work-Up
  The initial diagnostic approach in patients with liver 

metastases includes histological examination of the me-
tastases, which is always required prior to planning ther-
apeutic decisions. Cytology may be considered acceptable 
when histology is not possible.

  Further investigations are also required: (a) general 
markers and detailed histological appreciation; (b) to as-
sess the primary tumor and the extent of extrahepatic 
spread, and (c) for evaluating the above-mentioned pat-
terns of hepatic infiltration.

  (a)  For known primary tumors:  Chromogranin A and 
synaptophysin; for multiple endocrine neoplasia (MEN) 
patients, the primary-specific markers (e.g. gastrin, insu-
lin, PP, etc.)  [1–6] .    For unknown primary tumors:  Chro-

Morphological staging

B. Complex pattern of LMs C. Diffuse LMsA. Simple pattern of LMs
(unilobar or limited) (bilobar)

Major liver resection
± RFA

(debulking)

One-step surgery

Non-surgical treatment 

TACE
TAE

Extrahepatic spread

Selected cases Selected cases

If palliation is needed

(minor or
anatomical)

Resection

Ablation

(RFA, LITT)
or

TACE

TAE

Ablation

(RFA, LITT)
and/or
TACE

TAE

If palliation is needed If palliation is needed

  Fig. 2.  Treatment approach to liver metastases with extrahepatic spread. Patients with liver metastases with in-
operable extrahepatic spread should initially be treated using non-surgical methods (biotherapy, chemotherapy, 
etc.) regardless of the extent of liver disease. If palliative steps are also required, tumor ablation or embolization 
may be used in simple and complex liver disease. Surgery (of a debulking nature) may be undertaken for se-
lected candidates. Embolization may be used in diffuse disease if palliation is needed. LM = Liver metastasis; 
RFA = radiofrequency ablation; LITT = laser-induced thermotherapy; TACE = trans-catheter arterial chemo-
embolization; TAE = trans-catheter arterial embolization. See ‘Differential Indication’.
 

  Fig. 3.  MRT scan showing a large metastasis in the right lobe and 
a smaller satellite on the left side in segments III/IV (type B). This 
pattern can be approached by a sequential or a combined surgical 
approach (see text and figure 1). 
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mogranin A, synaptophysin and markers characteristic 
of specific primary sites (TTF-1-bronchial, CDX2-gas-
trointestinal, serotonin-midgut, PP-foregut, etc.). The as-
sessment of the mitotic index and Ki-67 should also be 
performed  [14] .

  (b) Tumor staging in poorly-differentiated tumors 
should include a chest-abdomen-pelvis computer to-
mography (CT) and somatostatin receptor scintigraphy 
(SRS). In well-differentiated tumors where the primary 
source is unknown, a single photon emission computer 
tomography (SPECT)-SRS and triphasic CT of the chest, 
abdomen and pelvis (CT/SPECT) should be performed 
and, if available, a CT with positron emission tomogra-
phy (PET) using  68 Ga-somatostatin analogue. Investiga-
tion of the large bowel may be useful, either by means of 
a colonoscopy plus ileoscopy or by means of a colon CT 
with a neutral enema. F-DOPA PET is a promising di-
agnostic tool, however it is still investigational, and 
therefore its use in the standard work-up may not be 
suggested.

  (c) If the CT study is inconclusive, T 2 -weighted thin-
slice dynamic Gd-enhanced magnetic resonance imag-
ing (MRI), and, if available, a contrast-enhanced ultraso-
nography should be performed.

  The minimal biochemical work-up for metastases 
from endocrine tumors includes circulating chromo-
granin A and urinary 5-HIAA evaluation. Additional as-
sessment of insulin, C-peptide, gastrin, PP, VIP, gluca-
gons family peptides, calcitonin and somatostatin should 
be useful depending on the tumor functional status, clin-
ical symptoms, and histological features and has been 
dealt with elsewhere  [2–6] .

  

  Minimal Consensus Statements –
Clinical Presentation and Diagnosis
  
  Histological examination (with Ki-67 and mitotic index deter-

mination) of the metastasis is essential for planning the course of 
treatment. Biochemistry with chromogranin A and synaptophy-
sin, or primary specific markers depending on the functional sta-
tus should be assessed. Tumor staging in differentiated tumors 
requires a chest-abdomen-pelvis CT and SRS. In well-differenti-
ated tumors, a CT/SPECT or CT/PET may be useful for staging. 
Resectability may be evaluated by CT and/or MR imaging.

  Surgery

  Resection
  A prerequisite prior to undergoing surgery in patients 

with liver metastases is the assurance that they are in fact 
well-differentiated lesions. Surgery is generally proposed 
to all patients with operable well-differentiated metasta-
ses from digestive NETs regardless of the site of origin 
although resection of metastases with hindgut origin is 
rare. The benefits of surgical resection of liver metastases 
have been demonstrated in terms of overall survival and 
quality of life. Complete resection (R0/R1) for both mid- 
and hindgut tumors is associated with better long-term 
survival in all series  [32–36] , survival rates of 60–80% at 
5 years may be achieved ( table 1 ). In comparison, histori-
cal data demonstrate a survival rate of only 30% in pa-
tients whose liver metastases are not resected  [37–39] . Re-
section is also associated with a low mortality rate (0–5%) 
and an acceptable morbidity (close to 30%). It can also be 
beneficial in alleviation of symptoms: in a study of 170 
patients, 95% of patients with symptoms at the time of 

  Table 1.  Results of surgical resection therapy in NET liver metastases

 Author  Year Patients
  

 Perioperative
  mortality, % 

 Symptom
  control, % 

Survival 

 Que [51]  1995 74  1.6 90 74% at 4 years 
 Dousset [53]  1996 17  5.9 88 46% at 4 years 
 Ahlman [54]  1996 14  0  100  100% at 5 years 
 Chen [36]  1998 15  0 – 73% at 5 years 
 Chamberlain [34]  2000 34  0 90 76% at 5 years 
 Grazi [55]  2000 19  0 – 92% at 4 years 
 Pascher [56]  2000 25  0 – 76% at 5 years 
 Jaeck [45]  2001 13  0 – 91% at 3 years 
 Nave [57]  2001 31  0 – 47% at 5 years 
 Sarmiento [32]  2003  170  0 96 61% at 5 years 
 Elias [58]  2003 47  5 – 71% at 5 years 
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surgery testified to improvement afterward  [32] . The 
most significant factor after resection is the high rate of 
recurrence after a median time of 16–20 months and 
close to 50–60% will have recurrent disease at 5 years. 
Recurrence can be either intrahepatic, extrahepatic or 
both intra- and extrahepatic. Recurrence depends main-
ly on the initial completeness of liver resection and re-
quires qualified pre- and intraoperative assessment of 
small liver metastases.

  The minimal criteria required for liver surgery with 
‘curative intent’ are: (1) resectable well-differentiated liv-
er disease with acceptable morbidity and  ! 5% mortality; 
(2) absence of right heart insufficiency; (3) absence of ex-
tra-abdominal metastases (previously assessed by CT 
scan and SRS), and (4) absence of diffuse peritoneal car-
cinomatosis. The primary tumor is usually also deemed 
resectable (or has been resected previously). The presence 
of local recurrence including abdominal lymph node in-
volvement is not an absolute contraindication for surgery 
if the removal of both liver metastases and lymph nodes 
and/or the recurrence site(s) is planned. If heart surgery 
is also required, it should be undertaken 3 months prior 
to liver surgery due to the need for anticoagulants after 
valvular replacement  [40] .

  The type of surgical resection is related to the patient’s 
general condition, the number and location of liver me-
tastases, the complexity of the liver resection, and the es-
timation of the future remnant liver parenchyma volume. 
In this regard, specialized surgery can safely remove 65–
70% of the whole liver volume (in patients with non-in-
jured liver parenchyma) if inflow, outflow, and the biliary 
tree of the remnant liver are preserved  [41, 42] . In all cas-
es in which the patients have carcinoid syndrome, spe-
cific perioperative treatments with somatostatin ana-
logues are indicated to prevent intra- and postoperative 
carcinoid crisis  [43, 44] .

  The effectiveness of the resection of unilobar and bilo-
bar liver metastases depends on the operative techniques 
employed as well as the competence of the hepatobiliary 
surgeon. Intraoperative ultrasonography is essential in 
defining the extent of any known lesions and to detect 
smaller lesions occulted at preoperative diagnosis. The 
presence and extent of steatosis must also be assessed in 
order to correctly estimate the amount of liver that may be 
removed without compromising liver function. Using seg-
mental anatomy as a guide, liver resection is undertaken 
with or without the use of the Pringle maneuver (clamping 
of the hepatoduodenal ligament). Ultrasonic and water-jet 
dissection methods have proven effective in the resection 
of liver parenchyma along anatomical planes.

  The presence of bilobar liver metastases (the complex 
pattern of infiltration, example in  figure 3 ) poses the 
challenge of achieving adequate tumor resection while 
maintaining sufficient liver function. Depending upon 
the size and number of tumors, as well as the condition 
of the remaining tumor-free tissue, three different ap-
proaches may be employed:

  (1) The first method involves the resection of the me-
tastases in the left lobe, followed by the percutaneous em-
bolization of the right portal vein (RPVE). Alternatively, 
the right portal vein can be ligated (RPVL) at the time of 
the first surgical intervention (e.g. when removing the 
primary tumor). As a result of embolization, or ligation, 
the right lobe atrophies and functional hypertrophy of 
the remaining left lobe occurs. Within 6 weeks the func-
tion of the left lobe has typically regenerated (usually as-
sessed by volumetry) to such an extent that a right hepa-
tectomy may be safely undertaken  [45] .

  (2) The second method incorporates both surgical re-
section and the use of locoablative therapy. Metastases
 ! 3 cm can be effectively treated with ablative techniques 
while concurrent larger tumors that are also present may 
be surgically resected.

  (3) The third approach entails repeated hepatectomies, 
which have been shown to carry similar mortality and 
morbidity risks as the initial hepatectomy  [45–47] .

  The timing of surgical procedures may be adjusted de-
pending upon whether the metastases are synchronous or 
metachronous. In synchronous disease, liver metastases 
may be resected at the same time as the primary tumor 
with little additional risk if the metastases are unilobar 
 [33, 35] . However, if major or complex liver resection is 
required, two-stage surgery is preferable in order to re-
duce the operative risk. In such a case, the primary tumor 
is removed first, together with left liver metastases and 
lymph nodes. In a second step, 8–9 months afterwards, all 
remaining right liver metastases are removed  [45, 48, 49] . 
For irresectable liver metastases, the resection of the pri-
mary tumor may be recommended to avoid local compli-
cations such as intestinal occlusion, mesenteric retrac-
tion, and hemorrhage. Thereafter, focus can be directed 
to the treatment of the liver disease. If the primary tu -
 mor can be removed and the liver metastases prove ir-
resectable, a cholecystectomy is recommended to prevent 
 ischemic complications of the gallbladder subsequent to 
chemoembolization and possible further for mation of 
gallstones during somatostatin analogue therapy  [33] .

  For metachronous liver metastases, a one-step proce-
dure can be recommended as a low-risk approach to uni-
lobar disease ( ! 30% morbidity). For bilobar or diffuse 
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liver metastases, a sequential approach including preop-
erative portal embolization, percutaneous treatments or 
intra-arterial chemoembolization may be adopted.

  Incomplete debulking surgery (R2) has limited indica-
tions, yet it can improve the quality-of-life in selected pa-
tients for whom medical treatment has failed. This may 
apply to several digestive NETs but especially to func-
tioning tumors. However, in order to be efficient, the re-
moval of at least 90% of the tumor volume is required  [33, 
36, 50, 51] . Even if liver resection with curative intent is 
seen as first-line treatment, as is often proposed in young 
patients with low operative risk, it should be part of a pre-
defined multidisciplinary strategy. In selected patients, it 
can be proposed after down-staging of liver disease in a 
predefined multidisciplinary strategy. Of patients with 
functional midgut tumors, 90% attest to an improvement 
of their symptoms after surgery  [32, 36]  with a median 
duration of 19.3–45.5 months  [36] .

  Foregut Origin
  Both curative and palliative surgery is indicated for 

patients with liver metastases of foregut origin. Complete 
resection should be the aim in curative surgery in both 
functioning and non-functioning foregut tumors. How-
ever, surgery should only be undertaken if at least 90% of 
the tumor mass can be successfully removed  [33, 36, 51] . 
Palliative resection of foregut tumor metastases has be-
come more widely accepted and the indications have 
broadened. Patients whose hormonal symptoms do not 
respond to medical therapy should be considered for pal-
liative debulking. In all cases, extrahepatic spread should 
be ruled out and sufficient hepatic reserve substantiated 
prior to surgery.

  Midgut Origin
  Liver metastases of midgut origin that are causing 

functional symptoms can be treated with debulking pro-
cedures. 90% of the patients attest to an improvement of 
their symptoms after surgery  [32, 36]  with a median du-
ration of 19.3–45.5 months  [36] . For palliative hepatic 
surgery, the mortality should not be higher than 3–5% 
and morbidity not higher than 30% and the metastatic 
spread should be confined to the liver  [52] .

  Hindgut Origin
  Metastases to the liver from hindgut tumors are rare-

ly functional in nature, and extrahepatic metastases are 
frequent. Consequently, there is rarely an indication for 
surgery.

  

  Minimal Consensus Statements – Surgery
  
  Surgical resection remains the gold standard in the treat-

ment of liver metastases, achieving a survival rate of 60–80% 
at 5 years with low mortality (0–5%) and acceptable morbidity 
(close to 30%). The minimal requirements for resection with 
‘curative intent’ are the following: (1) resectable well-differenti-
ated liver disease with acceptable morbidity and  ! 5% mortal-
ity, (2) absence of right heart insufficiency, (3) absence of extra-
abdominal metastases, and (4) absence of diffuse peritoneal 
carcinomatosis. In planning the operation, care should be tak-
en to assess the amount and quality of the postoperative rem-
nant liver parenchyma. In both synchronous and metachro-
nous tumors, one- and two-step procedures may be undertak-
en, depending upon whether the liver disease is unilobar or 
complex. Debulking resections can exceptionally be justified 
in palliative situations; however, removal of at least 90% of the 
tumor volume is necessary. If the primary tumor is still pres-
ent, it should be removed at this time as well.

  Liver Transplantation

  Liver transplantation with total tumor hepatectomy 
in patients with liver metastases of NETs has proved ef-
fective for selected patients for whom standard surgical 
and medical therapies have failed. While transplantation 
can be undertaken with intent to cure in carefully cho-
sen candidates, it can also achieve significant palliative 
results in patients suffering from life-threatening hor-
monal disturbances. The potential benefit of liver trans-
plantation in patients with malignant NETs needs to be 
weighed, however, against issues of perioperative mor-
bidity and the ethical distribution of donor organs.

  With the exception of hepatocellular carcinoma, 
NET liver metastases are almost the only indication that 
justifies liver transplantation as a viable therapy in ma-
lignant disease  [59, 60] . In spite of this, skepticism re-
mains and many institutions are hesitant to allocate 
scarce donor organs to patients with metastatic NETs. 
Recommended indications for liver transplantation 
therefore restrict the procedure to those patients with 
widespread liver disease. Likewise, young patients with 
pain or hormonal symptoms refractory to surgical and 
medical therapy may be considered for liver transplant 
 [61, 62] . In either case, the exclusion of extrahepatic me-
tastases needs to be guaranteed prior to transplantation 
 [56] . The exclusion of extrahepatic metastases can be ac-
complished through SRS, and CT, as well as diagnostic 
laparoscopy.

  Although results are functionally good  [63] , current 
studies show that though transplants provide initial pal-
liative effect, the long-term cure rates are still very low 
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( table 2 ). In a recent study of 11 patients who underwent 
liver transplant, a 1-year survival rate of 73% and a 5-
year survival rate of 36% were demonstrated  [64] . Yet 
only 1 of the 3 patients who survived 5 years was tumor-
free. In another review of 103 patients, a 2-year survival 
rate of 60% and a 5-year survival rate of 47% in trans-
planted patients were shown. The number of tumor-free 
patients at 5 years was not more than 24%, though this 
figure does not take into account several patients for 
whom the timing of their tumor recurrence could not be 
reconstructed  [65] . In yet another single-institution re-
view of liver transplants, 19 patients had 5- and 10-year 
survival rates of 80 and 50%, respectively. Three of the 
19 patients were still tumor-free 8 years after transplan-
tation. Twelve of the 19 were diagnosed with recurrent 
tumors within 48 months of the transplantation  [66] . 
The results of a very recent Swedish series were slightly 
more favorable  [71] .

  No more than 150 cases involving liver transplants in 
NET patients are found in published studies, of which the 
vast majority is retrospective in nature with low case 
counts. Therefore, judgments regarding transplant ther-
apy remain based on limited evidence. Nonetheless, the 
very small percentage of tumor-free patients after 5 years 
reinforces the impression that liver transplant is under-
taken with palliation as the realistic goal. Liver trans-
plantation with intent to cure, while possible, remains the 
exception.

  The recommended indications for liver transplanta-
tion can be coupled with favorable prognostic markers. It 
has been proposed that a patient age of less than 50 years 
is of favorable prognostic value. The importance of high 

postoperative mortality in patients with extended ab-
dominal surgery in addition to the liver transplant has 
also been noted. Patients who underwent Whipple’s op-
eration had a 5-year survival rate of only 31%  [65] . The 
importance of well-differentiated tumors is underlined 
by better survival when Ki-67 is  ! 5% (probably reflecting 
G1 rather than G2 histology)  [67] . Patients with tumors 
that stain for E-cadherin in addition to having a low Ki-
67 expression have an increased survival (median 90 
months) compared to those with high marker expression 
(median survival of 46 months)  [66] . Favorable results 
can best be expected when the tumor does not make up 
more than 40% of the extracted liver  [68] . For those who 
have a long time interval between operations, a staging 
laparotomy to aid in the detection of possible extrahe-
patic disease has been recommended  [69] .

  Minimal Consensus Statements –
Liver Transplantation
  
  In patients with diffuse unresectable liver metastases or who 

suffer from life-threatening hormonal disturbances refractory 
to medical therapy, liver transplantation may be a possible ther-
apy option for the special, carefully selected candidate. Because 
of the slow-growing nature of NETs and their tendency to me-
tastasize only to the liver, NETs remain one of the few indica-
tions for liver transplantation in metastatic disease, particularly 
if living-related donation is feasible. Patients less than 50 years 
old who are free of extrahepatic tumor and have low expression 
of Ki-67 and E-cadherin are those who are most likely to benefit 
from liver transplantation. However, a long-term cure from the 
disease by transplantation will be an exceptional event even in 
this highly selected subgroup.

  Table 2.  Single-center studies of patients with liver transplantation for metastatic neuroendocrine tumors

 Author  Year  Patients
 

 Median follow-
  up, months 

1-Year
survival, % 

 5-Year
  survival, % 

 Disease-free survi-
  vors at 5 years 

 Van Vilsteren [70]  2007  19  22 88  –  2 
 Olausson [71]  2007  10  67 95  90  2 
 Frilling [63]  2006  15  61 78  67  0 
 Florman [64]  2003  11  30  36  1 
 Rosenau [66]  2002  19  38 89  80  3 
 Ringe [72]  2001 5  22 80 –  0 
 Coppa [73]  2001 9  39  100  70  – 
 Pascher [56]  2000 4  42  100  50  1 
 Frilling [74]  1998 4  54 50  50  0 
 Dousset [53]  1996 9  29 33  33  0 
 Anthuber [75]  1996 4  11 25 0  0 
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  Local Ablative Techniques

  Radiofrequency Ablation
  The use of radiofrequency ablation (RFA) has been 

shown to be effective in both relieving the symptoms of 
NET liver metastases and in achieving local control of the 
metastases. RFA has become the preferred local-ablative 
therapy in most centers, achieving reduced tumor mass 
in functioning and non-functioning metastases. Both 
percutaneous and laparoscopic applications of RFA are 
available, depending upon the location and extent of met-
astatic spread  [76, 77] .

  The number and scope of studies investigating RFA 
treatment of NET liver metastases are still limited. In the 
largest study to date, 34 patients with a total of 234 NET 
metastases were treated with RFA  [78] . 80% of the patients 
testified to complete or significant relief from their symp-
toms, lasting for an average of 10 months. 41% of the treat-
ed patients showed no evidence of progression. In anoth-
er study of 25 patients, 69% of the patients reported relief 
of tumor-related symptoms  [79] . As a subgroup from 
these 25 patients, 19 patients were followed up with imag-
ing diagnostic, of whom 74% exhibited tumor control.

  Tumor size poses a significant limit on the effective-
ness of RFA. Though ablation may be used repeatedly 
within the same metastasis  [74] , it becomes increasingly 
difficult to fully eradicate with certainty tumors  1 3 cm 
in diameter  [80] , and a tumor  1 5 cm in diameter is con-
sidered to be unsuitable for RFA. RFA is problematic to 
employ near vital structures or at the surface of the liver 
in close proximity to the stomach, the colon or the dia-
phragm. When situated next to larger vessels there may 
be a cooling effect that may explain the high rate of recur-
rences.

  Though experience with RFA is limited in cases of 
NET liver metastases, there is ample experience and data 
in cases of colorectal metastases and hepatocellular car-
cinoma. RFA has been shown to be a relatively low-risk 
procedure for treating liver tumors  [57] . In a recent study 
of 608 patients with multiple tumor types treated with 
RFA, the mortality rate was 0.5%. Patients undergoing 
RFA at surgery suffered from a higher rate of early com-
plications (8.6%) than those who underwent percutane-
ous RFA (4.4%). In 2.4% of the patients, later complica-
tions were reported  [81] .

  While the safety of RFA makes it an attractive method 
of treatment, the rate of tumor recurrence after therapy 
demonstrates the limits of its effectiveness as a single 
therapy. A recent study compared the recurrence rate of 
418 patients treated for colorectal liver metastases. 190 

underwent resection alone, 101 patients underwent re-
section plus RFA, 57 were treated only with RFA, and 70 
were treated only with chemotherapy. Therapy with RFA 
alone resulted in the highest recurrence rate at 84%, 
compared to 64% recurrence after RFA plus resection. 
Patients who only underwent resection had a 52% recur-
rence rate. The recurrence of liver-only tumor was four 
times higher after RFA treatment alone (44%) than after 
resection alone (11%). The overall survival was highest 
after resection alone (58%), and the 4-year survival rates 
after resection, resection plus RFA, and RFA alone were 
65, 36, and 22%, respectively  [82] . In another study of 180 
patients with solitary colorectal liver metastasis, 150 un-
derwent resection and 30 underwent RFA. The local re-
currence rate after resection was 5%, compared to 37% 
after RFA therapy  [83] . These and similar results from 
other studies show that surgical resection remains the 
standard therapy for colorectal liver metastases  [84, 85] .

  Though resection remains the therapy of choice in 
limited tumor disease, RFA can effectively supplement 
surgical resection. This is particularly the case in patients 
whose metastases are otherwise irresectable or difficult 
to access, the combination of resection and RFA provides 
the opportunity to achieve complete tumor removal  [86–
88] . The synergistic and complementary effect of RFA, in 
combination with surgery, depends on the size and to-
pography of the tumor. Only tumors  ! 3 cm should be 
treated with RFA in combination with resection  [89] , and 
the number of tumors should be limited. In one series, 
the rate of recurrence began to increase with the treat-
ment of four or more tumors  [86] . The addition of RFA to 
resection is generally well tolerated (complication rates 
reported at 19.8%) with a median actuarial survival of 
44.5 months  [84] .

  Laser-Induced Thermotherapy
  Laser-induced thermotherapy (LITT) has been used 

to eradicate liver metastases from colorectal tumors and, 
to a limited extent, endocrine tumors. In studies of pa-
tients with liver metastases of colorectal origin, LITT 
produced a survival rate of 3.8 years after treatment and 
4.4 years after diagnosis of the metastasis  [90] . While the 
range of effect can be more precisely controlled than RFA 
methods, the heat that is produced from the laser limits 
LITT application to tumors located at a distance to vital 
structures  [91] . The notable disadvantages are in its inef-
fectiveness in treating large tumors; though with multi-
ple fibers it has been shown that tumors up to 7 cm in 
diameter can be successfully treated  [92] . Recent studies 
have also shown that treatment of large tumors with re-
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peated transarterial chemoembolization (TACE) can 
down-size liver metastases to such a degree that LITT 
treatment can be successfully performed  [93] . Due to the 
fact that LITT is MR imaging-guided, its widespread use 
is limited and it has been abandoned in favor of RFA in 
most centers.

  Cryotherapy
  Cryotherapy has been used since the early 1960s to 

treat liver metastases by freezing and thawing tumor tis-
sue. Its use today, however, has been eclipsed by the ef-
fectiveness of RFA in the therapy of NET liver metastases. 
Although it still plays a role in some centers in treating 
tumors  1 5 cm in diameter that cannot be sufficiently 
treated with RFA, it is most often used in combination 
with RFA in order to limit complications such as coagu-
lopathy  [75] .

  Ethanol Injection
  Percutaneous ethanol injection (PEI) offers an alter-

native treatment method for very small metastases or 
when the tumors are located close to vital structures or 
vessels  [94] . Though experience with ethanol injection in 
NET liver metastases is limited  [75] . PEI has been shown 
to be effective in dealing with primary hepatic tumors 
rather than with liver metastases  [78, 95]  and has been 
largely abandoned since the advent of RFA.

  Brachytherapy
  CT-guided brachytherapy for liver metastases has 

promise in some experienced centers as a means of treat-
ing liver metastases that are too large or poorly situated 
to be treated with RFA. Application of brachytherapy is 
not limited by vital structures, since it neither damages 
bile ducts and vessels, nor does it lose efficacy due to vas-
cular cooling effects. Though more experience with 
brachytherapy is required, it has already been demon-
strated that tumors up to 10 cm in diameter can be suc-
cessfully treated  [96] .

  Minimal Consensus Statements – Ablative Techniques
  
  Ablative techniques such as RFA can be used effectively as 

anti-tumor treatment and in relieving symptoms in patients 
with NET liver metastases, either as a sole therapy or in combi-
nation with surgery. While surgery remains the therapy of 
choice in limited tumor disease, RFA may be employed for pal-
liation in order to avoid a major surgical procedure and it can 
also effectively supplement a surgical resection. In patients with 
tumors  1 5 cm in diameter or near vital structures, RFA or oth-
er ablative techniques are not the most suitable single therapy.

  Chemoembolization
  Selective hepatic trans-catheter arterial embolization 

(TAE) or chemoembolization (TACE) with hepatic artery 
occlusion can be employed in the treatment of liver me-
tastases from all types of well-differentiated digestive 
NETs. More data are available using this method for liver 
metastases of midgut origin than in foregut or hindgut 
tumors. Selective embolization of peripheral arteries in-
duces temporary, but complete ischemia. The procedure 
can be performed repeatedly. Median survival in patients 
treated with TAE is between 59 and 64 months after the 
occurrence of the first symptoms of the carcinoid syn-
drome  [97] . In two recent series using TACE, overall sur-
vival rates at 5 years were 83 and 50%, respectively  [96, 
97] . For TACE, the cytotoxic agent most often used is 
doxorubicin  [98–104]  or streptozotocin. TACE or TAE 
alone can be used if surgery is not feasible as an antipro-
liferative treatment modality. TACE can be effective in 
both symptom control and as an antiproliferative treat-
ment modality. Complete or partial responses for symp-
toms, tumor markers and imaging occurred in 73–100, 
57–91 and 33–35% of the patients, respectively  [96–102] . 
The duration of symptomatic response and mean sur-
vival time were 14–22 and 24–32 months, respectively 
 [96–102] .

  Whether survival is prolonged following TACE has 
yet to be demonstrated. Mortality (0–3.3%) of the proce-
dure is low in experienced hands  [96–102] . As significant 
morbidity may result from this procedure, TACE should 
be performed only in experienced centers. Minor side 
effects such as nausea and vomiting (50–70%), right up-
per quadrant pain (50–60%), fever (30–60%), and eleva-
tion of transaminases (100%) are common  [105] . Ade-
quate hydration and analgesics are required and antibi-
otics are employed for 48 h  [103] . The postembolization 
syndrome is often observed. Major observable side ef-
fects include: gallbladder necrosis; hepatorenal syn-
drome; pancreatitis; liver abscess, and formation of an-
eurysms. The procedure is contraindicated in patients 
with complete portal vein thrombosis and hepatic insuf-
ficiency  [50, 96–102, 106] . The following points remain 
unclear: whether TACE is preferable to TAE alone; tim-
ing of sequential (chemo)embolizations, and choice of 
cytotoxic agents (e.g. doxorubicin vs. streptozotocin; al-
though a recent retrospective study found streptozoto-
cin to be more efficacious  [97] ). The only study that com-
pared the results of hepatic resection with TACE dem-
onstrated prolonged survival in the former. However, 
selection bias may have influenced the outcome towards 
hepatic surgery  [36] .
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  Minimal Consensus Statements – Chemoembolization
  
  Selective hepatic trans-catheter arterial embolization (TAE) 

or chemoembolization (TACE) may be used to treat liver me-
tastases in patients where surgery is not feasible regardless of 
the origin of the primary tumor. These modalities are effective 
in the control of symptoms and tumor growth and result in sig-
nificant decrease in biochemical markers with objective tumor 
responses in about half of the patients. No current evidence ex-
ists that TACE is superior to TAE. The cytotoxics used include 
either doxorubicin or streptozotocin (the latter should be used 
under general anesthesia due to pain induced at injection) in a 
mixture with lipiodol. Because of its potential morbidity, TAE 
or TACE should be performed in experienced centers; a com-
mon side effect is postembolization syndrome. Major side ef-
fects are rare and the procedure is contraindicated in case of 
complete portal vein thrombosis and hepatic insufficiency. In 
patients in whom liver transplantation may subsequently be 
considered, multiple TAE or TACE can induce endoarteritis 
rendering the vascular reconstruction at transplantation more 
difficult due to arterial thrombosis.

  Medical Therapy

  Symptomatic Treatment
  As is the case in all functional primary NETs, careful 

control of symptoms in relation to hormonal hypersecre-
tion should be ensured prior to specific anti-tumoral 
treatment measures (surgical or locoregional) in patients 
with liver metastases. In many instances, somatostatin 
analogues are efficacious (e.g. liver metastases from mid-
gut carcinoids with carcinoid syndrome or rare pancre-
atic functional NETs such as VIPoma). Specific details 
related to use of these analogues have been dealt with in 
a consensus manner elsewhere  [43] . Preventative soma-
tostatin analogue therapy (delivered as either a s.c. bolus 
or an i.v. perfusion) is usually effective  [102] .   Interferon 
may also be considered for symptom control in some pa-
tients. Other specific related therapies are required ac-
cording to the primary  [4–6] .

  Minimal Consensus Statements – 
Symptomatic Treatment
  
  Symptoms from hormonal hypersecretion are frequent in 

functional tumors with liver metastases. Control of these symp-
toms is urgent and somatostatin analogues (with or without 
 interferon) are often effective. Locoregional therapies may be 
required to achieve symptomatic relief. Prophylaxis against car-
cinoid crisis should be performed prior to surgical or locore-
gional interventions using adequate doses of somatostatin ana-
logues (usually with bolus subcutaneous therapy or intrave-
nously).

  Antiproliferative Treatment
  Biotherapy
  The anti-tumor efficacy of somatostatin analogues 

and/or interferon, according to recent data, appears weak 
with objective tumor responses of  ! 10%  [107–109] ; how-
ever, disease stabilization of up to 40% has been reported 
and these agents may be of value in subgroups of patients 
with slowly-progressive well-differentiated NET express-
ing sst 2  receptor subtypes (i.e., a positive SRS)  [105, 107] . 
In patients with gastric carcinoids, somatostatin ana-
logues have been shown to have antiproliferative effects 
in animals and in man  [6] , however, data is not available 
in cases of liver metastases. In metastatic poorly-differ-
entiated tumors, regardless of the site of origin, soma-
tostatin analogue treatment or interferon therapy is not 
recommended.

  Systemic Chemotherapy
  Systemic cytotoxics are indicated in patients with in-

operable progressive liver metastases from well-differ-
entiated NET of foregut origin using combinations of 
streptozotocin and 5-FU and/or doxorubicin with objec-
tive response rates in the order of 35%  [29, 110] . This is 
considerably lower than the 69% reported by Moertel et 
al.  [111]  in 1992. Chemotherapy in the adjuvant setting 
has not to date been explored. Experience is accumulat-
ing concerning peptide receptor radionuclide therapy 
(PRRT) in the treatment of digestive NETs with liver 
metastases where its efficacy in both advanced pancre-
atic and midgut tumors have been demonstrated,  90 Y-
DOTATOC and  177 Lu-DOTATOC showing particular 
promise  [112–114] . Results with systemic chemotherapy 
are poor in patients with well-differentiated metastatic 
midgut NETs with response rates below 10%  [1]  and for 
such patients current cytotoxic regimens cannot be rec-
ommended. Limited data are available in relation to re-
sults of systemic chemotherapy in patients with liver me-
tastases from hindgut tumors. Such treatment can be 
proposed in progressive disease although the choice of 
agents needs to be defined in clinical trials. In cases of 
liver metastases involving poorly-differentiated NETs, 
regardless of the site of the primary tumor, combination 
chemotherapy using cisplatin/etoposide (Moertel regi-
men)  [115]  is recommended early (provided that the pa-
tient has adequate organ function and performance sta-
tus). Encouraging results using 5-FU (either i.v. or oral) 
combined with oxaliplatine may be an option in the fu-
ture  [116, 117] .
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  Minimal Consensus Statements –
Medical Antiproliferative Therapy
  
  Somatostatin analogues and/or interferon have weak anti-

proliferative effects. Systemic chemotherapy using combina-
tions of streptozotocin and doxorubicin and 5-fluorouracil 
should be considered in patients with inoperable well-differenti-
ated progressive foregut NET with liver metastases. Cytotoxics 
are not efficacious for liver metastases of midgut tumors. Com-
binations of etoposide and cisplatin are indicated in advanced/
metastatic poorly-differentiated NET regardless of the origin of 
the primary. PRRT may be used to treat metastases of foregut 
and midgut NET, with  90 Y-DOTATOC and  177 Lu-DOTATOC 
showing particular promise.

  Differential Indication

  There is a variety of approaches and a multitude of 
techniques that can be employed in the treatment of liver 
metastases. The difficulty, however, is to select the most 
appropriate and to determine the specific algorithm ac-
cording to patient needs. There are currently no random-
ized studies to aid the decision-making process and the 
recommendations do not exceed the evidence level of ex-
pert opinion. Decisions to use a particular technique are 
often upon local expertise available. Ideally, a multidisci-
plinary conference of oncologists, radiologists, internists, 
and surgeons is available where the case can be presented 
and the therapy options discussed. The presence of a sur-
geon with personal experience in hepatobiliary surgery 
and liver transplantation is critical for properly assessing 
the tumor resectability and operative risk.

  The application of algorithms in the multidisciplinary 
setting should ensure the best individualized option for 
patients.

  As presented in  figure 1 , well-differentiated liver me-
tastases with no evidence of extrahepatic spread are treat-
ed initially with surgical resection, if possible:

  (A) In the event that a liver metastasis can be removed 
using an anatomical liver resection, the surgical approach 
should be favored over ablative methods. Randomized 
studies are required prior to advocating ablative strategies 
over surgery and indeed by analogy, the former have prov-
en less efficacious compared to traditional surgery in treat-
ing liver metastases in colorectal carcinoma  [80–83] .

  (B) If metastases are bilobar or complex, the surgical 
approach is still to be favored, either in one step or two. 
The one-step method combines major surgical resection 
with simultaneous RFA treatment. The two-step approach 
combines minor surgical resection of the left lobe with 
RFA, RPVE, or RPVL, followed by surgical resection of 

the right lobe. If the primary tumor is still present, it 
should be removed at this time as well. Patients with com-
plex metastases, for whom surgery would not be well toler-
ated, can be treated with TACE to control tumor growth.

  (C) Diffuse metastases throughout the liver pose an 
indication for systemic therapy, since the benefit of surgi-
cal resection in such cases is yet to be demonstrated. For 
highly selected patients in the latter group, liver trans-
plantation can provide a therapy option.

  In case of extrahepatic metastases ( fig. 2 ), systemic 
treatment is preferable to surgical therapy. In such cases, 
the liver metastases can serve as a good marker to assess 
the efficacy of the systemic therapy. A role for palliative 
removal of liver metastases, however, is justified and can 
offer patients significant relief of symptoms – especially 
for hormone-secreting foregut and midgut tumors. The 
palliative effect of RFA treatment alone must be judged 
on an individual basis, with larger tumors being more ef-
fectively treated through resection. Palliative debulking, 
in this sense, can also be indicated in certain circum-
stances.

  Minimal Consensus Statements –
Differential Indication
  
  If metastases are limited to the liver, then surgical resection 

is preferable to ablative therapies. Even complex patterns of me-
tastases can often be eliminated through a combination of resec-
tion and ablation, as well as sequential intervention. Should ex-
trahepatic metastases be present as well, interventional thera-
pies can have significant palliative value, especially for hor - 
mone-secreting tumors.
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