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NETs associated with liver metastases

Most frequent malignant NETs

• Lung, pancreas, ileum

– Specific molecular abnormalities

– Treatment ± well codified

• Metastases

– In 50-60% of cases

– Liver metastases +++

Dasari et al, JAMA Oncol 2017
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Liver metastases from NETs of unknow primary

• Liver localisation of NET
– Almost always metastases
– Work-up to identify primary tumour

• Liver metastases from NET of unknow primary
– Relatively rare situation (10% ?)
– Challenges in characterization and treatment

• Possible primary hepatic NET (PHNET) ?
– Poorly described entity
– Molecular features largely unknown

?



Primary hepatic NETs – clinical description

• What has been described
– Generally solitary, heterogeneous, polylobed liver mass

– Arterial contrast enhancement with portal wash-out

– Possible metastases (bone, liver, lung, CNS)

– Prognosis : stage, Ki-67 and possibility of curative-intent surgery

• Difficult characterization
– Rare entity ! 

– Relies on exhaustivity of work-up to exclude extra-hepatic primary NET

– Very few publications including advanced IHC, 68Ga-SSTR-PET…

Begum et al., W J Surg 2015; Cha et al., Abdo Radiol 2018; Jung et al., Ann Surg Treat Res 2019; Parray et al. Ann HPB Surg 2020



Primary hepatic NETs – first molecular description

Yang et al. Int J Cancer 2018

• 22 patients 

• Diagnostic: pathology, MRI, CT, PET(?)

• Whole-exome and CNA profile analyses

• 22 recurrent alterations : ++ TP53, SETD1B (3/22)

• SETD1B (histone methyltransferase complex):

– Decrease in protein expression

– Pejorative prognostic impact

– Increase in proliferation, migration and invasion

• Comparison to hepatocellular carcinoma

• No comparison with other types of NET



PHNETs – do they really exist ?

Objectives
– Describe a relatively large cohort of patients with PHNETs
– Describe the main molecular abnormalities of PHNETs
– Compare their expression profile with NETs of other origins



Patients and methods 

Retrospective cohort

– Inclusion criteria

• Consecutive patients, Beaujon Hospital (Clichy, France), 2005-2020

• Liver localization of NETs from unknow primary (initial work up of follow-up)

• Exclusion in case of neuroendocrine carcinoma or MiNEN

– Review of all clinical, radiological, nuclear medicine data

– Review of all pathological samples: Ki-67, exhaustive IHC



Patients and methods 

DNA analyses
– Extraction of frozen tumour DNA

– Whole exome sequencing 

– CNA profile

RNA analyses
– Selection of primary NETs from pancreas, lung, and small intestine

– Extraction of FFPE tumour DNA → 3’RNAseq sequencing

– Principal component analysis (PCA) and clustering

– Enrichment for organ-specific primary NET cells (GSVA)

– GSEA analyses: H and C6 gene-sets



Results – flow chart



Results – population

Clinical and pathological characteristics Patients (n=16)

Male sex 6 (38%)

Age at diagnosis, median (IQR) 51.0 (34.7 – 63.9)

Incidental discovery 8 (50%)

Distant metastases 5 (31%)

Bone 4 (25%)

Peritoneal carcinomatosis or abdominal lymph nodes 4 (25%)

Lung or mediastinal lymph nodes 3 (19%)

Central nervous system 2 (13%)

Tumour size (cm), median (IQR) 10.5 (3 – 18.5)

Solitary tumour 10 (63%)

Uptake on SSTR imaging 16 (100%)

Ki-67 index, median (IQR) 7.5 (3 – 15)

Tumour grade (WHO 2019)
G1 NET 3 (19%)

G2 NET 13 (81%)





Results – population

Work-up to exclude extra-hepatic primary NET Patients (n=16)

Abdominal-pelvic CT-scan 16 (100%)

Chest CT-scan 16 (100%)

Abdominal MRI 16 (100%)

Upper GI endoscopy 9 (56%)

Duodeno-pancreatic endoscopic ultrasonography 6 (38%)

Small-bowel explorations (enteroscopy, entero-CT/MR) 7 (44%)

Ileo-coloscopy 8 (50%)

Bronchial bronchoscopy 3 (19%)

Explorative surgery 15 (94%)

111In-pentetreotide scintigraphy (octreoscan) 13 (81%)

68Ga-DOTATOC PET/CT 8 (50%)

18F-FDG PET/CT 8 (50%)

18F-FDOPA PET/CT 7 (44%)



Results – histopathology

Typical neuroendocrine aspect Variable architecture

Large nests Cribriform

Trabecular Compact



Results – immunohistochemistry

Marker Miss. N (%) Marqueur Manqu. N (%)

Neuroendocrine marker Small intestine NET markers

Chromogranin A + 14 (88%) Serotonin + 1 (6%)

Chromogranin B + 1 11 (73%) CDX2 + 5 (31%)

Synaptophysine + 15 (94%) Pancreatic NET markers

CD56 + 1 8 (53%) DAXX - 2 0

Neuron Specific Enolase + 3 10 (77%) ATRX - 2 1 (7%)

SSTR2A + 1 9 (60%) Menin - 5 1 (9%)

Hepatocellular markers Islet-1 + 3 (19%)

Hepatocyte + 0 PAX6 + 2 1 (7%)

Glypican + 0 Lung NET markers

Arginase + 0 TTF1 + 0

Epithelial markers NEC markers

CK20 + 0 Normal p53 1 15 (100)

CK7 + 8 (50%) Rb - 1 0

No marker evocative of hepatocellular carcinoma

At least 2 neuroendocrine markers

No profile suggestive of small-intestine, lung or 
pancreatic NET

No profile suggestive of neuroendocrine carcinoma



Whole-exome sequencing

• 12 frozen DNA samples

• 435 somatic variants in 415 genes

• 151 SNV/indels with predictive pathogenicity

• Seven variants in genes with known oncological role
– ATM, CDKN2A, KAT6B, KDM5C, KMT2A, SMARCC2

– No mutation in SETD1B

– No mutation in CDKN1B, MEN1, DAXX, ATRX



Copy number analysis

Profile with predominant losses
Ploidy < 2

Profile of duplicate genome with 
multiple additional losses
Ploidy > 3

Profile with low events
Ploidy ≈ 2

• 8/12 PHNETs : diploid genome
stable (n=3), predominant losses (n=2), predominant gains (n=2) or mixt (n=1)

• 4/12 PHNETs : duplicate genome with multiple additional losses
• No isolated chromosome 18 loss (small-intestine NET), no massive loss profile (pancreatic NET)



Copy number analysis

No minimal common copy number alteration

« Foregut-like » profile, notably involving chromosome 11

Most frequent chromosomal losses

• chr 11q: LOH for KMT2A (n=6), ATM (n=5) et MEN1 (n=4)

• chr 11p: LOH for FANCF (n=4)

• chr 3p: LOH for BAP1 and FANCD2 (n=3 each)

• chr 16q: LOH for CDH1 (n=4) and FANCA (n=3)

• chr 1: LOH for CDKN2C (n=4)

Most frequent chromosomal gains

• chr 6p, 7, 20q et 21q

• No focal amplification (>10 copies)



Summary of WES + CNA data



Gene expression profile - PCA

1200 most varying genes

• Separation of PHNETs from the NETs of 
other origins 

• PC1 (13.8%): midgut vs. foregut

• PC2 (8.6%): lung vs. others

• No difference if PHNET solitary/multiple

• No difference if 68Ga-DOTATOC PET/CT



Gene expression profile - GSVA
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– Other NETs mostly expressed the signature corresponding to 
neuroendocrine cells of their organ of origin

– PHNETs were not particularly enriched for any of these 3 signatures 
confirming that they may represent a distinct entity



Gene expression profile - Clustering

• 1ère classif. : midgut vs. foregut

• 2nde classif. : pancreas vs. lung + PHNETs

• 80% of PHNETs had similar expression 
profile and clusterized together



Gene expression profile - GSEA

• 10 PHNETs vs. 68 other NETs

• FDR q-val < 0.05 et NES > |1.5| → 19 gene-sets significantly enriched in one group or the other

• FDR q-val < 0.01 et NES > |2.0|

GENE SET SIZE NES NOM p-val FDR q-val

HALLMARK_E2F_TARGETS 198 2.08 <0.001 <0.001

C6_KRAS_KIDNEY_UP_V1 134 -2.12 <0.001 <0.001

C6_CAHOY_NEURONAL 90 -2.08 <0.001 <0.002

PHNETs were enriched for genes 
associated with cell cycle control 

(targets of E2F)

Other NETs were enriched for 
MAPK signature → No pERK

immunostaining

Other NETs were enriched 
for neuronal secretion 

signature



Theranostic biomarkers

• 80% low expression of MGMT 
→ efficacy of alkylating agents

• 100% strong uptake on SST-R imaging (although 60% SSTR2+ expression) 
→ efficacy of SST analogues and PRRT

• 50% mTOR pathway alterations and 30% p4EBP1 positivity
→ possible efficacy of mTOR inhibitors

• 100% conserved Rb expression
→ inefficacy of etoposide-platinum chemotherapy



Treatment and outcomes

Treatments received Patients (n=16)

Liver surgery/thermal ablation 13 (81%)

Liver transplantation 4 (25%)

No recurrence following curative-intent surgery 9 (56%)

Liver-directed therapy 4 (25%)

Chemotherapy 8 (50%)

Somatostatin analogues 7 (44%)

Overall survival (months), median (IQR) 115.6 (94.1-215.6)



Conclusions

• PHNETs display a foregut-like molecular profile, distinct from other types of NETs

• Low number of pathogenic mutations, no mutation in SETD1B
• Redundant alterations involving the Fanconi DNA repair (75%), histone modifiers (58%), 

adherens junctions (58%) and cell cycle control (50%) pathways

• No hallmark genomic abnormalities of pancreatic, lung and small-intestine NETs

• Main perspective : compare PHNETs with liver metastases from other NETs 
→ specific signature for diagnostic purpose



“Do primary liver NETs exist ??” 

………   Yes !

• PHNETs should not be assimilated to metastases from unknown primary NET but 
should be considered as a distinct entity

• Upon exhaustive work-up to exclude unrecognized primary tumor

• Treatment options similar to other foregut NETs could be relevant in this setting



If they exist… Where would they come from ???

• Hypotheses :

– from the rare neuroendocrine cells in the epithelium of the intrahepatic bile ducts
… but no case with initial jaundice or massive bile duct extension

– From heterotopic pancreatic tissue within the liver (hilum++): rare cases of adenocarcinoma arising 
from heterotopic pancreas have been reported

– from pluripotent liver stem cells, notably if mixed HCC + neuroendocrine components, but mostly NEC

• To be further explored !

Altiti et al., Int J Surg Case Rep 2021; Yan et al., W J Gastroenterol 2012; Nakano et al., W J Surg Oncol 2021
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