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The liver is the most common metastatic organ of neuroendocrine tumors (NETs). NET liver metastases (NETLMs) are categorized into simple liver metastasis (type I), complex liver metastasis (type II) and diffuse liver metastasis (type III), of which diffuse liver metastasis accounts for the highest percentage, up to 60-70%. Radical resection is recommended for all patients with type I and partial type II liver metastases without extrahepatic metastases in G1 and G2 grades, with a 5-year survival rate of 65%-70%. But for patients with G3 or type III liver metastases, treatment is controversial. Ablation and TAE/TACE are commonly used localized treatments. Somatostatin analogue (octreotide and lanreotide) are efficacious in the treatment of better-differentiated NETs and can prolong the progression-free survival (PFS) of patients. Targeted drugs such as sunitinib, everolimus, sofantinib and cabozantinib are used to control tumor growth and improve symptoms. In addition, peptide receptor radionuclide therapy (PRRT), has been approved by the FDA for the treatment of progressive somatostatin receptor-positive gastroenteropancreatic NETs and has shown potential for prolonging PFS and improving survival. Multidisciplinary treatment is crucial for patients with NETLMs with high tumor load, and neoadjuvant therapy combined with surgery may lead to a better prognosis. However, the choice of treatment, indications for combination therapy, and disease prognosis still require further research and exploration. This review summarizes and evaluates the current treatment strategies and development trend of NETLM treatment through a literature review and provides new ideas as well as insights.
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1 Introduction

Neuroendocrine tumors (NETs) are a heterogeneous group of tumors that originate from neuroendocrine cells and can occur in different organs, frequently located in the gastroenteropancreas (GEP), accounting for about 55%-70% (1). According to data from national databases and registries, the incidence of GEP-NET in the United States (US) was approximately 3.56/100,000; the incidence of NET in the United Kingdom in 2018 was approximately 9/100,000; and the incidence of GEP-NET in Japan in 2016 was 3.53/100,000. The incidence of pancreatic NET (pNET) and rectal NET has increased more significantly (2, 3). According to the US surveillance, epidemiology and database, the incidence and prevalence of NENs has increased significantly, with their incidence rising sixfold over the past 40 years (4). The WHO (2022) classifies them into well-differentiated neuroendocrine tumors (G1, G2 and G3), poorly differentiated neuroendocrine carcinomas (including large and small cell types), and mixed neuroendocrine-nonneuroendocrine tumors, based on the nuclear fission image and the Ki-67 index (5).

Liver is the most common metastatic organ. The European Neuroendocrine Tumor Society (ENETS) guidelines classify NET liver metastases (NETLMs) into 3 types. First, simple LMs, which account for 20% to 25% of cases, are confined to one liver lobe or two adjacent resectable liver segments. The second is complex LMs, accounting for 10% to 15% of cases, i.e., one large metastasis in one hepatic lobe and multiple small metastases in the contralateral hepatic lobe, with the possibility of surgical resection. Third, diffuse LMs, which account for 60% to 70% of cases, have diffuse multiple metastases in the liver that cannot be surgically resected (6). Approximately 28-77% of patients develop LMs during their lifetime, and these are also an indicator of their poor prognosis (7). Without treatment, the 5-year survival rate is about 20%-40% (8). However, according to guidelines of ENETS and the North American Neuroendocrine Society (NANETS), surgery remains the preferred treatment option for resectable patients. The 5-year survival rate of NETLM patients after surgical resection has been reported to be approximately 60-90%, but short-term recurrence of the disease remains a troubling problem (9). For NETLM with multifocal hepatic lobe involvement, numerous patients may not meet surgical criteria. Systemic therapies, including chemotherapy (etoposide, capecitabine), somatostatin analogue (e.g., octreotide, lanreotide), targeted therapies (sunitinib, everolimus, sofentinib), peptide receptor-radionuclide therapy (PRRT, 177Lu-DOTATATE, 90Y-DOTATATE and 111In), and localized therapies, e.g., ablation, transcatheter arterial embolization (TAE), transcatheter arterial chemoembolization (TACE), and selective internal radiation therapy (SIRT) are available. (Figure 1) With the deepening of the multidisciplinary treatment (MDT) concept, the combination of these therapeutic modalities has brought light to patients, and it is possible to achieve complete R0 resection through tumor regression after comprehensive preoperative treatment. Relevant studies have shown that there is a survival benefit for patients, even if R1 resection or tumor reduction surgery (10, 11).
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Figure 1 | The treatment and indications for NETLM patients.

Liver metastasis is a common progression pattern of GEP-NETs, and its treatment strategies remain controversial. This systematic review synthesizes evidence on surgical resection, local therapies, systemic treatments, and multidisciplinary management for NF-GEP-NETLM, aiming to clarify the indications and efficacy of different therapeutic modalities.




2 Methods

This study was searched from PubMed, Embase, and Cochrane databases based on the search terms ((neuroendocrine tumor [Title/Abstract]) OR (neuroendocrine neoplasm [Title/Abstrac])) AND (liver metastasis [Title/Abstract)]). The language is English. The cut-off date was from the inception of the database to October 20, 2024, and the screening strategy follows the PRISMA standard and can be found in Figure 2; Supplementary Table 1.
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Figure 2 | The flow chart of screening for studies.




3 Results

The diagram of the proposed treatments for NETLM was shown in Figure 3.
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Figure 3 | The diagram of the proposed treatments for NETLM.



3.1 Surgery

Patients with type I LMs without extrahepatic metastases in G1 and G2 grades are recommended to undergo radical resection, which can maximize the survival benefit (12). The 5-year overall survival (OS) of radical resection is 65%-70% (13). For patients with partial type II, surgical resection remains the mainstay of treatment for NETLM. Related studies have shown similar survival outcomes after R0 and R1 resection (11). For G1/G2 patients with Ki-67 ≤20%, relevant studies have shown a survival benefit from radical resection. However, there is still controversy regarding patients with G3 (Ki-67 >20%) liver metastases. Contrary to the ENETS, the European Society of Medical Oncology (ESMO) guidelines do not recommend G3 with LMs as a contraindication to surgery (14). But, the NANETS guidelines suggest that surgical resection may be considered for those who can achieve radical resection after adequate evaluation (15). In a Norwegian multicenter retrospective cohort study about pNET G3 combined with distant metastases (all with liver metastases), 12 patients underwent resection of the primary and metastatic lesions. 78 patients received palliative chemotherapy, which showed that patients in the surgical resection group had a better prognosis than those in the palliative chemotherapy group (3-year OS rate: 69% versus 17%, P<0.01) (16). For neuroendocrine carcinoma (NEC, G3, Ki-67 >20%), traditional views hold that surgery confers limited benefit, but recent studies have challenged this notion. Ammann et al. conducted a retrospective analysis of G3 NETLM and NEC liver metastases (NECLM), showing that some NEC patients had a median OS of 2.4 years after surgery, with tumor diameter and number of metastases identified as independent prognostic factors. This study suggests that surgery may be part of comprehensive therapy for NEC patients with localized lesions, though strict patient selection criteria are required (17). Notably, a Chinese cohort study found that elevation of Ki-67 in metastases relative to primary tumors was an independent predictor of poor OS (HR=1.396), highlighting the need to integrate Ki-67 assessment into surgical decision-making for NETLMs (18).

Furthermore, the results of previous retrospective studies and meta-analysis suggested that simultaneous resection could prolong the OS and progression-free survival (PFS) of patients (19). However, the difference in the incidence of major complications and 30-d perioperative mortality between the simultaneous resection and heterochronous groups was not statistically significant according to the results of a study (20). Although radical resection was ideal, almost all patients suffered from recurrence. Mayo et al. followed up 339 patients with NETLM who underwent radical surgical resection and found that 94% of patients had recurrence within 5 years (13). Sarmiento et al. statistically analyzed 170 NETLM patients with postoperative data and discovered a 5-year recurrence rate of up to 76% even with pathologically confirmed R0 resection (21). Radical resection is only feasible in 5%-15% of patients due to the majority of patients having bilobar metastases that cannot be completely resected (21, 22). For patients with type III and partial type II liver metastases who cannot undergo radical resection, cytoreductive surgery is an alternative treatment that can improve patients’ quality of life and prognoses. In a small sample study, resection to 70%, 90%, and 100% of the tumors did not have a significant effect on the patients’ prognoses (10). However, the comparison between radical and cytoreductive surgery was reported in a meta-analysis that included 11 studies (1,729 patients), founding that cytoreductive surgery was associated with a significantly shorter OS, with a risk ratio of 3.49 (95% CI, 2.70-4.51; p<0.001) (23).

Liver transplantation (LT) can be performed when patient is subject to Milan criteria, i.e., absence of extrahepatic lesions; histologically high-differentiated NETs (G1-G2, Ki67<10%); resectable primary tumor; metastatic load <50% of total liver volume; stable disease for at least 6 months prior to transplantation; and age <60 years (24). ENETS also published the criteria for patients to be eligible for LM, including highly differentiated low-grade diseases and no extrahepatic diseases (7). In addition, the UK has conducted a major pilot project in the field of liver transplantation, which was initiated by the Liver Advisory Team of the National Health Service (NHSBT) to comprehensively assess and recommend indications, patient selection criteria, etc., for liver transplantation. The clinical trials NCT02878473, NCT04195503, and NCT04556214 are currently ongoing. These trials focus on early-stage intrahepatic cholangiocellular carcinoma (iCCA), primary or recurrent iCCA, and locally advanced disease requiring downstaging, respectively. The results of the studies will help demonstrate the benefits of liver transplantation for disease treatment (25). Evaluation of these criteria requires careful imaging such as CT, MRI and PET-CT (26). Studies have shown that the 5-year OS and disease-free survival (DFS) rates of LT patients are 47%-71% and 20%-32%, respectively (10). However, the length of pre-transplantation observation, threshold of Ki-67 index, shortage of organs, and high recurrence after LM also limit the wide use (27).

For initially unresectable NETLM, a staged strategy of “downstaging therapy + surgery/LT” can be considered. Local therapies like TACE and PRRT can reduce tumor burden, converting some patients to resectable status or meeting LT criteria (28, 29). A Dutch study showed that oligometastatic patients (<3 lesions) treated with neoadjuvant 177Lu-octreotide had improved surgical resection rates and a median PFS of 69 months, suggesting that staged treatment may improve survival (30).




3.2 Local treatment

Local treatments can be equally beneficial for patients. The most common treatment modalities include ablation, TAE, TACE, and SIRT. Ablation generates thermal energy within the tumor tissue to cause coagulative necrosis, leading to cellular protein denaturation, which is indicated for smaller lesions and can be used as an adjunct to surgery. Usually 70-90% cellular attenuation can be achieved, mainly including radiofrequency ablation (RFA) and microwave ablation (MWA) (31). Akyildiz et al. retrospectively studied 89 patients with NETLM treated with ablation and found significant symptom control in 97% of patients. The median PFS (mPFS) time for patients treated with ablation alone was up to 15 months (32). A systematic review of ablation for NETLM showed 92% improvement in symptoms after RFA, with a median duration of symptom relief of 14–27 months (33). Ablation can also be used during the transition period to slow disease progression in multifocal unresectable disease requiring systemic or pharmacologic therapy. Microwave ablation’s ability to penetrate tissues less susceptible to the “heat sink” effect may improve the efficacy of treatment for larger or irregularly shaped lesions, which makes it possible to treat NETLM with complex anatomical locations (34, 35). Pickens et al. found that MWA combined with or without surgical resection was associated with clinical improvement in 95% of patients with a 5-year OS rate of 70% (36). TAE is another commonly used local therapy to effectively control tumor growth and improve symptoms in patients with NETLM. Since NETLM vascularization is mainly dependent on the arterial system, the normal liver is primarily supplied by the portal venous system (37). In a cohort of 160 patients, Zener found 1-, 3-, and 5-year OS of well to moderately differentiated patients to be 87%, 59%, and 48%, respectively. Among them, complete response (CR) was 13%, partial response (PR) was 40%, and stable disease (SD) was 24% (38). Among the 84 patients evaluated by Strosberg et al, 23 underwent imaging follow-up; 48% had PR, 52% had SD, and DCR was 77-100% (39). Besides, Guerbet (i.e., conventional TACE (cTACE), and chemotherapeutic agents mixed with iodinated poppy seed oil or drug-eluting beads (DEBs-TACE) can also be used. The aim is to increase the local concentration of cytotoxic drugs in the tumor and decrease the systemic concentration and adverse effects. However, the use of DEBs-TACE in non-cirrhotic patients was associated with an increased risk of biliary tract injury and hepatic infarction due to the lower portal blood supply and higher arterial blood supply in non-tumorigenic livers [odds ratio (OR)=6.628 (95% confidence interval (CI): 3.699-11.876), P<0.001; OR=35.2 (95%CI: 8.41-147.36), P<0.001) (40, 41). The drugs used for TACE are similar to the systemic chemotherapeutic agents used for primary NET. Of these, doxorubicin or streptozotocin are the most commonly used (42). TACE is mainly applied to NETLM patients who are unwilling to accept or unable to undergo surgery due to some reasons, such as advanced age, insufficient hepatic functional reserve, high-risk tumor sites, or bridging and down-staging treatment for patients with liver transplantation in the waiting period. Adverse effects associated with TAE and TACE simultaneously warrant attention. Post embolization syndrome is usually associated with vomiting, abdominal pain and fever. Serious cases may result in hepatic necrosis, liver abscesses, ischemic cholecystitis, and even death (43). In contrast, SIRT is the transarterial deposition of a radioactive source within a tumor, which is primarily a proximal radiation therapy that destroys tissue and blocks blood flow to a slight degree. Compared with TACE, the incidence of postembolization syndrome is lower, and SIRT is mostly a one-time treatment that can be given on an outpatient basis, thus eliminating the need for hospitalization. SIRT can be used for salvage therapy and tumor shrinkage in diffuse NETLM. Most SIRT uses yttrium 90 (90Y) without environmental radiation (44). Another device loaded with Holmium-166 (166Ho) has recently become available. Holmium is characterized by a high degree of paramagnetism, which can be quantified by MRI, and has the advantage that a small fraction of the gamma rays can be used for nuclear imaging (45). Frilling et al. recently conducted a meta-analysis of 27 retrospective studies on 90Y microsphere radioembolization for NETLM. Objective response rate (ORR) and disease control rate (DCR) were 51% (95%CI: 47-54%) and 88% (95%CI: 85-90%), respectively. 1-, 2-, and 3-year survival rates were 95%, 87%, and 78%, respectively, with a median OS of 57 months (46). Similar results were found in a study by Jia et al. that a systematic review of 11 studies showed a DCR of 86% (range: 62.5-100%). 1-, 2-, and 3-year survival rates were 72.5%, 57%, and 45%, respectively. The median OS was 28 months (range: 14–70 months) (47). Notably, the unique complication is acute radiation injury. Radiation pneumonitis characterized by diffuse interstitial changes can be induced in 1–6 months when hemophagocytic syndrome (HPS) >10% (48). Secondly, hepatic sinusoidal obstruction syndrome characterized by jaundice and ascites can emerge 4–8 weeks after SIRT. Death can occur in severe cases, with a high mortality rate of up to 30% (49, 50).




3.3 Somatostatin analogues

Octreotide and lanreotide, somatostatin analogues (SSAs), were administered every 10 or 14 days, which were adopted into clinical practice in the late 1980s and mid-1990s, respectively (4). SSA has anti-hormone secretion and tumor growth inhibiting effects, and is applicable to NET patients with slow growth, Ki-67 ≤ 10%, and SSTR positivity. Small sample study confirmed that the use of SSA in pNETs with Ki-67>10% could also prolong PFS of patients (51). The CLARINET study showed favorable efficacy of lanreotide in pancreatic or extra-pancreatic NET. The PROMID study established long-acting octreotide as a therapeutic position in better differentiated midgut NET patients (52). Them can be administered once a month for greater convenience (53). PFS was significantly prolonged in better differentiated midgut NET patients treated with long-acting octreotide with a favorable safety profile (54). In addition, octreotide auto-injector pens and another formulation of octreotide for subcutaneous self-release (CAM2029) are in development (55). Currently, oral octreotide is mainly used for the treatment of philtrum hypertrophy, and relevant studies include the CH-ACM-01 trial, the OPTIMAL trial, and the MPOWERED trial (56–58). Other therapeutic methods include oral nonpeptide growth inhibitor type 2 receptor agonists and drugs such as somatoprim, which has an affinity for SSTR (59, 60). These innovative therapeutic approaches may contribute to more effective treatment of patients with NET/NETLMs.




3.4 Systemic therapies

Conventional chemotherapy drugs can cause tumor cell death via interfering with the DNA synthesis or transcription process, including temozolomide, streptozotocin, etoposide, and platinum, which are mainly indicated for NETs with high proliferative index. Rycke et al. conducted a retrospective study of 62 patients with advanced pNET from three centers in France, and the results confirmed that the treatment modality of temozolomide or streptozotocin in combination with 5-FU or capecitabine is safe and feasible, and is well tolerated by patients, with a PFS of 9.2 months (61). The results of the phase II ECOG-ACRIN E2211 study of temozolomide combined with capecitabine (CAPTEM) versus single-agent temozolomide (TEM) for the treatment of advanced pNETs demonstrated a significant increase in PFS for the combination chemotherapy group (22.7 months vs. 14.4 months, P=0.022), and the low expression level of MGMT was significantly correlated with the efficacy of temozolomide, however there was no statistically significant difference between the ORR of the two groups (CAPTEM: 40% vs TEM: 34%) (62). STEM study showed that temozolomide combined with teguio for advanced pNETs had an ORR of 36.7% and patients with low MGMT expression had a higher ORR after receiving treatment (63).

Sunitinib is a multi-targeted tyrosine kinase inhibitor (TKI) that inhibits the activity of multiple receptors. In a study of patients with locally advanced or metastatic pNETs, sunitinib prolonged patients’ median PFS from 5.8 to 12.6 months and OS from 29.1 to 38.6 months (64). Everolimus is a targeted agent against the mTOR signaling pathway. In the RADIANT-3 study, everolimus significantly prolonged PFS of patients with pNETs from 4.6 to 11 months, with a 65% reduction in the risk of progression or death (65). In the RADIANT-4 study, the drug similarly demonstrated therapeutic efficacy in patients with non-functional pulmonary and gastrointestinal (GI) NETs, extending median PFS from 3.9 to 11 months with a 52% risk reduction (66). Sofantinib has dual antiangiogenic and immunomodulatory activities and exerts antitumor effects through inhibition of VEGFR1 to 3, FGFR1 and CSF-1R kinase activities (67, 68). The drug is approved for locally advanced or metastatic, progressive non-functional and well-differentiated (G1, G2 grade) ep-NET that cannot be surgically resected. In two studies led by Chinese investigators, the SANET-ep and SANET-p studies provided evidence-based medical evidence for the treatment of NETs. The SANET-ep study in patients with ep-NET showed that the mPFS for the primary study endpoint in the sofacitinib arm was more than twice as long as in the placebo arm (9.2 vs. 3.8 months) (69). The SANET-p study in patients with pNET showed an mPFS of 10.9 months in the sofantinib group and 3.7 months in the control group. In further imaging evaluations, the mPFS was 13.9 months in the sofacitinib group compared to 4.6 months in the control group (70). Cabozantinib is a small-molecule, multi-target oral TKI. the CABINET study evaluated cabozantinib versus placebo in 298 patients with NET whose disease progressed after treatment. the mPFS in the cabozantinib arm was 8.4 months versus 3.9 months in the placebo arm for the 203 ep-NET (P<0.001). In the other 95 patients with pNET, the mPFS was 13.8 months in the cabozantinib group and 4.4 months in the placebo group (P<0.001). ORR was 5% and 19% between ep-NET and pNET, respectively (71). Another phase II TALENT study included lenfatinib in 111 cases of advanced G1-G2 pNET and GI-NET that had progressed after targeted or SSA therapy. The results showed that ORR between the two groups was 44% and 29.9%, the median duration of regression was 19.9 and 33.9 months, mPFS was 15.6 and 15.7 months, respectively (72). In addition, although the immune drugs are highly acclaimed, they do not perform well in tumors. The study by Vijayvergia et al. suggests that pembrolizumab may be safe for use in patients with G3 NETs, especially those with dMMR/MSI-H, but monotherapy activity is limited.




3.5 PRRT

PRRT is a nuclide-targeted therapy based on the enriched expression of SSTR by NETs, which uses a nuclide-labeled SSTR agonist or antagonist to allow the rays to act directly on tumor cells to kill them. Currently, nuclides commonly include 177Lu, 90Y, and 111In. In 2018, the U.S. Food and Drug Administration (FDA) also formally approved PRRT for treatment of progressive growth inhibitor receptor-positive GEP-NETs. The NETTER-1 clinical trial demonstrated significantly longer PFS of patients treated with PRRT in combination with SSA compared to patients treated with SSA incremental therapy. Median survival was prolonged by 11.7 months, with a 20-month PFS of 65.2% vs 10.8% (73). However, this study was a second-line treatment and also did not include well-differentiated high-grade NET-G3 patients. Recent results on the NETTER-2 study demonstrated the efficacy of 177Lu as first-line treatment in patients with advanced G2/G3 GEP-NETs. 177Lu in combination with standard-dose octreotide LAR significantly improved patients’ ORR (43% vs. 9.3%), reduced the risk of disease progression or death compared to the increasing-dose octreotide LAR group (72%), and prolonged the PFS time in patients with first-diagnosed advanced G2/G3 GEP-NETs (22.8 months vs 8.5 months) (74). Doyle et al. included 36 patients initially treated with 90Y resin microspheres from 2013 to 2022. According to RECIST 1.1, the results showed that 36 patients had an ORR of 75% (CR 19%, PR 56%), a DCR of 97%, and a median follow-up of 581 days. According to mRECIST, 32 patients had an ORR of 85% (CR 39%, PR 45%), a DCR of 97%, and a median follow-up time of 491 days. PRRT can be used in locally advanced NF-pNET, even in tumors with limited distant metastases (oligometastases), which may also be a promising therapeutic approach. Satapathy et al. by including 40 patients with advanced inoperable/metastatic NETs treated with PRRT, suggested that 12/40 (30%) achieved PR and 22/40 (55%) were SD (75). For non-surgical, highly to moderately differentiated metastatic NETs, the study by Hamiditabar et al. included 143 patients who underwent PRRT (177LuDOTATATE), and the results suggested an ORR of 9.09%, DCR of 59.09%. The prolongation of the treatment cycle was able to provide benefit to patients (ORR: 28.57%, DCR: 85.71%) (76). In 2018, a clinical study by Partelle et al. retrospectively included 23 patients who underwent PRRT followed by surgical resection versus those who underwent direct surgical resection. The results showed a higher R0 resection rate and lower lymph node positivity in the PRRT group. In addition, the COMPOSE trial (NCT 04919226) comparing PRRT combined with chemotherapy versus everolimus in G2 to G3 GEP-NET is ongoing.





4 Discussion

Finally, NETLMs are a class of diseases with high complexity and heterogeneity. Regarding the drug selection, many factors need to be considered, including the primary site of the tumor, pathological grade, hormone secretion, stage, load, growth inhibitory receptor expression, blood supply, and residual function of the liver, and so on. It involves the cooperation of several departments such as surgery, medical oncology, imaging, intervention and pathology. Therefore, the model of multidisciplinary treatment has been proven to be effective. Malcolm et al. reported in 2020 that 30 pNET patients were preoperatively treated with capecitabine combined with temozolomide (CAM-TAP), of which 26 patients underwent surgery with a median PFS of 28.2 months and a 5-year survival rate of 63% (77). Dutch study noted that after 29 patients with oligometastatic (<3) pNET in the liver received neoadjuvant PRRT with 177Lu-octreotide, 9 patients underwent surgical resection, with a mPFS of 69 months, compared to 25 months for the other 90 patients who had >3 hepatic metastases as controls (30). In 2022, Liu et al. included 116 patients with G1/G2 NETLM treated with TAE in combination with octreotide LAR. The results showed that the mPFS under the combination regimen was 13.6 months. Liver metastatic load >50%, Ki-67 >10% and bone metastasis were independent prognostic factors for PFS; while TAE was more efficacious in patients with Ki-67 ≤10%, no bone metastasis, and well-defined liver metastatic tumor (78). In the CLARINET study, PFS was halved in patients with liver metastatic load >25% compared to those with ≤25% (24.1 vs 50.8 months) (79). The GETNE-TRASGU study also found that a hepatic metastatic load >50% was a factor negatively associated with PFS for SSA therapy, whereas a hepatic metastatic load ≤25% was a factor positively associated with PFS for SSA therapy (80). A study evaluated the efficacy of SIRT combined with PRRT versus SIRT alone in patients with liver-dominant NETs. The results showed no statistically significant difference in OS or PFS between the two groups, but the combination treatment improved survival (67.5 months vs 34.9 months) (81). Another study evaluated CAPTEM in combination with LuTate PRRT versus PRRT alone in patients with mNETs. Results showed that the 15-month PFS rate in the CAPTEM/PRRT group was similar to the PRRT-alone group, but the combination group was more toxic. (ACTRN12615000909527) Li et al. compared the clinical efficacy of sufatinib combined with TAE versus sufatinib alone in the treatment of NEMLTs, which is still ongoing (82).

Therefore, it is still controversial whether to adopt the traditional systemic and then local treatment, or local and then systemic treatment and systemic combined with local treatment for patients with NETs with high tumor load. In addition, there is a lack of high-level evidence-based medical evidence for NETLMs. The choice of treatment, indications for combination therapy, and evaluation of the efficacy for liver metastases are all urgent issues. Notably, systemic inflammatory response markers such as neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and cytokines (e.g., IL-8, VEGF) show potential in prognostic assessment of NETLM. Giannetta et al. indicated that elevated NLR and PLR are associated with poor prognosis in NET patients, serving as simple indicators for predicting disease progression and survival. Additionally, the immunomodulatory role of PD-1/PD-L1 expression in the tumor microenvironment provides a theoretical basis for immunotherapy, though more studies are needed to validate its clinical value (83). In contrast to the systematic review by Muttillo et al., this study places greater emphasis on individualized treatment strategies for NF-NETLM. Future research should focus on sequential strategies integrating local and systemic therapies within multidisciplinary team (MDT) frameworks, precision stratification based on molecular markers (such as Ki-67 and PD-L1), and combinatorial applications of novel targeted agents (like dual-target inhibitors) with immunotherapies. Additionally, the role of liver transplantation in unresectable NETLM requires validation through prospective studies, particularly regarding optimization of the Milan criteria and strategies for preventing postoperative recurrence (84). With the development of genomics, spatial transcriptomics, and proteomics, more therapeutic modalities and broader drug development are important trends for the future. We look forward to investing more research for neuroendocrine tumors and liver metastases in the future.




5 Conclusion

This review retrospectively examines and analyzes a substantial literature and details the therapeutic approaches to NETLMs. Surgery is the primary option for the treatment of NETLMs but suffers from the problem of postoperative recurrence. Non-surgical treatments are diverse, including TAE, TACE, SIRT, SSAs, pharmacologic therapies, and PRRT, which each has its own indications and efficacy. Multidisciplinary treatment has been applied to improve patients’ outcomes and survival. However, there is still a lack of high-level evidence-based medical evidence for the treatment of NETLMs. Issues regarding the choice of treatment regimen, indications for combination therapy, and disease prognosis urgently warrant resolving. Further exploration and optimization of therapies are needed in the future to improve the survival quality and prognosis of patients.





Author contributions

J-sX: Formal Analysis, Data curation, Methodology, Writing – original draft, Software. YY: Methodology, Investigation, Project administration, Resources, Writing – original draft. ZH: Methodology, Project administration, Investigation, Writing – review & editing, Resources. HZ: Conceptualization, Writing – review & editing, Supervision, Funding acquisition. XC: Resources, Conceptualization, Supervision, Writing – review & editing. J-qC: Writing – review & editing, Conceptualization, Supervision, Funding acquisition.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This report is supported by the National Natural Science Foundation of China (Grant No. 81972311 & 82141127), CAMS Innovation Fund for Medical Sciences (Grant No. 2021-I2M-1-066), and the CAMS Initiative for Innovative Medicine (Grant No. 2021-I2M-1-015).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2025.1601185/full#supplementary-material




References

	 Frilling A, Modlin IM, Kidd M, Russell C, Breitenstein S, Salem R, et al. Recommendations for management of patients with neuroendocrine liver metastases. Lancet Oncol. (2014) 15:e8–21. doi: 10.1016/S1470-2045(13)70362-0, PMID: 24384494


	 Shah MH, Goldner WS, Benson AB, Bergsland E, Blaszkowsky LS, Brock P, et al. Neuroendocrine and adrenal tumors, version 2.2021, NCCN clinical practice guidelines in oncology. J Natl Compr Canc Netw. (2021) 19:839–68. doi: 10.6004/jnccn.2021.0032, PMID: 34340212


	 Rizen EN, Phan AT. Neuroendocrine tumors: a relevant clinical update. Curr Oncol Rep. (2022) 24:703–14. doi: 10.1007/s11912-022-01217-z, PMID: 35254612


	 Dasari A, Shen C, Halperin D, Zhao B, Zhou S, Xu Y, et al. Trends in the incidence, prevalence, and survival outcomes in patients with neuroendocrine tumors in the United States. JAMA Oncol. (2017) 3:1335–42. doi: 10.1001/jamaoncol.2017.0589, PMID: 28448665


	 Rindi G, Mete O, Uccella S, Basturk O, La Rosa S, Brosens LAA, et al. Overview of the 2022 WHO classification of neuroendocrine neoplasms. Endocr Pathol. (2022) 33:115–54. doi: 10.1007/s12022-022-09708-2, PMID: 35294740


	 Akerström G, Falconi M, Kianmanesh R, Ruszniewski P, Plöckinger U. ENETS Consensus Guidelines for the Standards of Care in Neuroendocrine Tumors: pre- and perioperative therapy in patients with neuroendocrine tumors. Neuroendocrinology. (2009) 90:203–8. doi: 10.1159/000225949, PMID: 19713712


	 Cloyd JM, Ejaz A, Konda B, Makary MS, Pawlik TM. Neuroendocrine liver metastases: a contemporary review of treatment strategies. Hepatobiliary Surg Nutr. (2020) 9:440–51. doi: 10.21037/hbsn.2020.04.02, PMID: 32832495


	 Harrelson A, Wang R, Stewart A, Ingram C, Gillis A, Rose JB, et al. Management of neuroendocrine tumor liver metastases. Am J Surg. (2023) 226:623–30. doi: 10.1016/j.amjsurg.2023.08.011, PMID: 37657968


	 Fairweather M, Swanson R, Wang J, Brais LK, Dutton T, Kulke MH, et al. Management of neuroendocrine tumor liver metastases: long-term outcomes and prognostic factors from a large prospective database. Ann Surg Oncol. (2017) 24:2319–25. doi: 10.1245/s10434-017-5839-x, PMID: 28303430


	 Moris D, Tsilimigras DI, Ntanasis-Stathopoulos I, Beal EW, Felekouras E, Vernadakis S, et al. Liver transplantation in patients with liver metastases from neuroendocrine tumors: A systematic review. Surgery. (2017) 162:525–36. doi: 10.1016/j.surg.2017.05.006, PMID: 28624178


	 Farley HA, Pommier RF. Treatment of neuroendocrine liver metastases. Surg Oncol Clin N Am. (2016) 25:217–25. doi: 10.1016/j.soc.2015.08.010, PMID: 26610783


	 Doi R. Determinants of surgical resection for pancreatic neuroendocrine tumors. J Hepatobiliary Pancreat Sci. (2015) 22:610–7. doi: 10.1002/jhbp.v22.8


	 Mayo SC, de Jong MC, Pulitano C, Clary BM, Reddy SK, Gamblin TC, et al. Surgical management of hepatic neuroendocrine tumor metastasis: results from an international multi-institutional analysis. Ann Surg Oncol. (2010) 17:3129–36. doi: 10.1245/s10434-010-1154-5, PMID: 20585879


	 Pavel M, Öberg K, Falconi M, Krenning EP, Sundin A, Perren A, et al. Gastroenteropancreatic neuroendocrine neoplasms: ESMO Clinical Practice Guidelines for diagnosis. Treat follow-up Ann Oncol. (2020) 31:844–60. doi: 10.1016/j.annonc.2020.03.304, PMID: 32272208


	 Howe JR, Merchant NB, Conrad C, Keutgen XM, Hallet J, Drebin JA, et al. The north american neuroendocrine tumor society consensus paper on the surgical management of pancreatic neuroendocrine tumors. Pancreas. (2020) 49:1–33. doi: 10.1097/MPA.0000000000001454, PMID: 31856076


	 Haugvik SP, Janson ET, Österlund P, Langer SW, Falk RS, Labori KJ, et al. Surgical treatment as a principle for patients with high-grade pancreatic neuroendocrine carcinoma: A nordic multicenter comparative study. Ann Surg Oncol. (2016) 23:1721–8. doi: 10.1245/s10434-015-5013-2, PMID: 26678407


	 Ammann M, Gudmundsdottir H, Antwi SKA, Santol J, Podrascanin V, Thiels CA, et al. Long-term outcome of cytoreductive hepatectomy in metastatic neuroendocrine neoplasia G3: A single center retrospective analysis. Eur J Surg Oncol. (2025) 51:109678. doi: 10.1016/j.ejso.2025.109678, PMID: 40215606


	 Lv Y, Han X, Xu XF, Ji Y, Zhou YH, Sun HC, et al. Risk factors affecting prognosis in metachronous liver metastases from WHO classification G1 and G2 gastroenteropancreatic neuroendocrine tumors after initial R0 surgical resection. BMC Cancer. (2019) 19:335. doi: 10.1186/s12885-019-5457-z, PMID: 30961559


	 Yuan CH, Wang J, Xiu DR, Tao M, Ma ZL, Jiang B, et al. Meta-analysis of liver resection versus nonsurgical treatments for pancreatic neuroendocrine tumors with liver metastases. Ann Surg Oncol. (2016) 23:244–9. doi: 10.1245/s10434-015-4654-5, PMID: 26111625


	 Gudmundsdottir H, Pery R, Graham RP, Thiels CA, Warner SG, Smoot RL, et al. Safety and outcomes of combined pancreatic and hepatic resections for metastatic pancreatic neuroendocrine tumors. Ann Surg Oncol. (2022) 29:6949–57. doi: 10.1245/s10434-022-12029-7, PMID: 35731358


	 Sarmiento JM, Heywood G, Rubin J, Ilstrup DM, Nagorney DM, Que FG. Surgical treatment of neuroendocrine metastases to the liver: a plea for resection to increase survival. J Am Coll Surg. (2003) 197:29–37. doi: 10.1016/S1072-7515(03)00230-8, PMID: 12831921


	 Metz DC, Jensen RT. Gastrointestinal neuroendocrine tumors: pancreatic endocrine tumors. Gastroenterology. (2008) 135:1469–92. doi: 10.1053/j.gastro.2008.05.047, PMID: 18703061


	 Kulkarni R, Kabir I, Hodson J, Raza S, Shah T, Pandanaboyana S, et al. Impact of the extent of resection of neuroendocrine tumor liver metastases on survival: A systematic review and meta-analysis. Ann Hepatobiliary Pancreat Surg. (2022) 26:31–9. doi: 10.14701/ahbps.21-101, PMID: 34980681


	 Zane KE, Cloyd JM, Mumtaz KS, Wadhwa V, Makary MS. Metastatic disease to the liver: Locoregional therapy strategies and outcomes. World J Clin Oncol. (2021) 12:725–45. doi: 10.5306/wjco.v12.i9.725, PMID: 34631439


	 Hakeem AR, Isaac J, Thorburn D, Heaton N, Prasad R, Group† obotNB, et al. The role of liver transplant for intrahepatic cholangiocarcinoma: the UK NHSBT liver advisory group pilot programme. Hepatoma Res. (2023) 9:38. doi: 10.20517/2394-5079.2023.59


	 Ronot M, Clift AK, Vilgrain V, Frilling A. Functional imaging in liver tumours. J Hepatol. (2016) 65:1017–30. doi: 10.1016/j.jhep.2016.06.024, PMID: 27395013


	 Mazzaferro V, Sposito C, Coppa J, Miceli R, Bhoori S, Bongini M, et al. The long-term benefit of liver transplantation for hepatic metastases from neuroendocrine tumors. Am J Transplant. (2016) 16:2892–902. doi: 10.1111/ajt.13831, PMID: 27134017


	 Schmidt MC, Uhrhan K, Fischer T, Schmitz S, Markiefka B, Drzezga A, et al. Complete remission of metastatic neuroendocrine paragastric carcinoma after "Neoadjuvant" Peptide receptor radionuclide therapy and surgery. Clin Nucl Med. (2015) 40:667–9. doi: 10.1097/RLU.0000000000000805, PMID: 26053706


	 Shimata K, Sugawara Y, Hibi T. Liver transplantation for unresectable pancreatic neuroendocrine tumors with liver metastases in an era of transplant oncology. Gland Surg. (2018) 7:42–6. doi: 10.21037/gs.2017.12.11, PMID: 29629319


	 van Vliet EI, van Eijck CH, de Krijger RR, Nieveen van Dijkum EJ, Teunissen JJ, Kam BL, et al. Neoadjuvant treatment of nonfunctioning pancreatic neuroendocrine tumors with [177Lu-DOTA0,Tyr3]Octreotate. J Nucl Med. (2015) 56:1647–53. doi: 10.2967/jnumed.115.158899, PMID: 26272813


	 Mazzaferro V, Battiston C, Perrone S, Pulvirenti A, Regalia E, Romito R, et al. Radiofrequency ablation of small hepatocellular carcinoma in cirrhotic patients awaiting liver transplantation: a prospective study. Ann Surg. (2004) 240:900–9. doi: 10.1097/01.sla.0000143301.56154.95, PMID: 15492574


	 Akyildiz HY, Mitchell J, Milas M, Siperstein A, Berber E. Laparoscopic radiofrequency thermal ablation of neuroendocrine hepatic metastases: long-term follow-up. Surgery. (2010) 148:1288–1293; discussion 1293. doi: 10.1016/j.surg.2010.09.014, PMID: 21134563


	 Mohan H, Nicholson P, Winter DC, O'Shea D, O'Toole D, Geoghegan J, et al. Radiofrequency ablation for neuroendocrine liver metastases: a systematic review. J Vasc Interv Radiol. (2015) 26:935–942.e931. doi: 10.1016/j.jvir.2014.12.009, PMID: 25840836


	 Simon CJ, Dupuy DE, Mayo-Smith WW. Microwave ablation: principles and applications. Radiographics. (2005) 25 Suppl 1:S69–83. doi: 10.1148/rg.25si055501, PMID: 16227498


	 Pillai K, Akhter J, Chua TC, Shehata M, Alzahrani N, Al-Alem I, et al. Heat sink effect on tumor ablation characteristics as observed in monopolar radiofrequency, bipolar radiofrequency, and microwave, using ex vivo calf liver model. Med (Baltimore). (2015) 94:e580. doi: 10.1097/MD.0000000000000580, PMID: 25738477


	 Pickens RC, Sulzer JK, Passeri MJ, Murphy K, Vrochides D, Martinie JB, et al. Operative microwave ablation for the multimodal treatment of neuroendocrine liver metastases. J Laparoendosc Adv Surg Tech A. (2021) 31:917–25. doi: 10.1089/lap.2020.0558, PMID: 33296283


	 Clouse ME, Perry L, Stuart K, Stokes KR. Hepatic arterial chemoembolization for metastatic neuroendocrine tumors. Digestion. (1994) 55 Suppl 3:92–7. doi: 10.1159/000201208, PMID: 7698544


	 Zener R, Yoon H, Ziv E, Covey A, Brown KT, Sofocleous CT, et al. Outcomes after transarterial embolization of neuroendocrine tumor liver metastases using spherical particles of different sizes. Cardiovasc Intervent Radiol. (2019) 42:569–76. doi: 10.1007/s00270-018-02160-y, PMID: 30627774


	 Strosberg JR, Choi J, Cantor AB, Kvols LK. Selective hepatic artery embolization for treatment of patients with metastatic carcinoid and pancreatic endocrine tumors. Cancer Control. (2006) 13:72–8. doi: 10.1177/107327480601300110, PMID: 16508629


	 Guiu B, Deschamps F, Aho S, Munck F, Dromain C, Boige V, et al. Liver/biliary injuries following chemoembolisation of endocrine tumours and hepatocellular carcinoma: lipiodol vs. drug-eluting beads. J Hepatol. (2012) 56:609–17. doi: 10.1016/j.jhep.2011.09.012, PMID: 22027582


	 Joskin J, de Baere T, Auperin A, Tselikas L, Guiu B, Farouil G, et al. Predisposing factors of liver necrosis after transcatheter arterial chemoembolization in liver metastases from neuroendocrine tumor. Cardiovasc Intervent Radiol. (2015) 38:372–80. doi: 10.1007/s00270-014-0914-1, PMID: 24873919


	 Pelage JP, Fohlen A, Mitry E, Lagrange C, Beauchet A, Rougier P. Chemoembolization of neuroendocrine liver metastases using streptozocin and tris-acryl microspheres: embozar (EMBOsphere + ZAnosaR) study. Cardiovasc Intervent Radiol. (2017) 40:394–400. doi: 10.1007/s00270-016-1535-7, PMID: 28035432


	 Barat M, Cottereau AS, Kedra A, Dermine S, Palmieri LJ, Coriat R, et al. The role of interventional radiology for the treatment of hepatic metastases from neuroendocrine tumor: an updated review. J Clin Med. (2020) 9:2302. doi: 10.3390/jcm9072302, PMID: 32698459


	 Andrews JC, Walker SC, Ackermann RJ, Cotton LA, Ensminger WD, Shapiro B. Hepatic radioembolization with yttrium-90 containing glass microspheres: preliminary results and clinical follow-up. J Nucl Med. (1994) 35:1637–44., PMID: 7931662


	 van de Maat GH, Seevinck PR, Bos C, Bakker CJ. Quantification of holmium-166 loaded microspheres: estimating high local concentrations using a conventional multiple gradient echo sequence with S0-fitting. J Magn Reson Imaging. (2012) 35:1453–61. doi: 10.1002/jmri.23593, PMID: 22281661


	 Frilling A, Clift AK, Braat A, Alsafi A, Wasan HS, Al-Nahhas A, et al. Radioembolisation with 90Y microspheres for neuroendocrine liver metastases: an institutional case series, systematic review and meta-analysis. HPB (Oxford). (2019) 21:773–83. doi: 10.1016/j.hpb.2018.12.014, PMID: 30733049


	 Jia Z, Wang W. Yttrium-90 radioembolization for unresectable metastatic neuroendocrine liver tumor: A systematic review. Eur J Radiol. (2018) 100:23–9. doi: 10.1016/j.ejrad.2018.01.012, PMID: 29496075


	 Sangro B, Martínez-Urbistondo D, Bester L, Bilbao JI, Coldwell DM, Flamen P, et al. Prevention and treatment of complications of selective internal radiation therapy: Expert guidance and systematic review. Hepatology. (2017) 66:969–82. doi: 10.1002/hep.29207, PMID: 28407278


	 Currie BM, Hoteit MA, Ben-Josef E, Nadolski GJ, Soulen MC. Radioembolization-induced chronic hepatotoxicity: A single-center cohort analysis. J Vasc Interv Radiol. (2019) 30:1915–23. doi: 10.1016/j.jvir.2019.06.003, PMID: 31353191


	 Sangro B, Gil-Alzugaray B, Rodriguez J, Sola I, Martínez-Cuesta A, Viudez A, et al. Liver disease induced by radioembolization of liver tumors: description and possible risk factors. Cancer. (2008) 112:1538–46. doi: 10.1002/cncr.23339, PMID: 18260156


	 Merola E, Alonso Gordoa T, Zhang P, Al-Toubah T, Pellè E, Kolasiánska-Čwikła A, et al. Somatostatin analogs for pancreatic neuroendocrine tumors: any benefit when ki-67 is ≥10%? Oncologist. (2021) 26:294–301. doi: 10.1002/onco.13633, PMID: 33301235


	 Rinke A, Müller HH, Schade-Brittinger C, Klose KJ, Barth P, Wied M, et al. Placebo-controlled, double-blind, prospective, randomized study on the effect of octreotide LAR in the control of tumor growth in patients with metastatic neuroendocrine midgut tumors: a report from the PROMID Study Group. J Clin Oncol. (2009) 27:4656–63. doi: 10.1200/jco.2009.22.8510, PMID: 19704057


	 Öberg K, Lamberts SW. Somatostatin analogues in acromegaly and gastroenteropancreatic neuroendocrine tumours: past, present and future. Endocr Relat Cancer. (2016) 23:R551–r566. doi: 10.1530/ERC-16-0151, PMID: 27697899


	 Caplin ME, Pavel M, Čwikła JB, Phan AT, Raderer M, Sedlácková E, et al. Lanreotide in metastatic enteropancreatic neuroendocrine tumors. N Engl J Med. (2014) 371:224–33. doi: 10.1056/NEJMoa1316158, PMID: 25014687


	 Singh S, Ferone D, Capdevila J, Chan JA, de Herder WW, Halperin D, et al. Methodology of the SORENTO clinical trial: a prospective, randomised, active-controlled phase 3 trial assessing the efficacy and safety of high exposure octreotide subcutaneous depot (CAM2029) in patients with GEP-NET. Trials. (2024) 25:58. doi: 10.1186/s13063-023-07834-8, PMID: 38229199


	 Labadzhyan A, Nachtigall LB, Fleseriu M, Gordon MB, Molitch M, Kennedy L, et al. Oral octreotide capsules for the treatment of acromegaly: comparison of 2 phase 3 trial results. Pituitary. (2021) 24:943–53. doi: 10.1007/s11102-021-01163-2, PMID: 34173129


	 Samson SL, Nachtigall LB, Fleseriu M, Gordon MB, Bolanowski M, Labadzhyan A, et al. Maintenance of acromegaly control in patients switching from injectable somatostatin receptor ligands to oral octreotide. J Clin Endocrinol Metab. (2020) 105:e3785–3797. doi: 10.1210/clinem/dgaa526, PMID: 32882036


	 Fleseriu M, Dreval AV, Pokramovich Y, Bondar I, Isaeva E, Molitch ME, et al. A phase 3 large international noninferiority trial (MPOWERED): assessing maintenance of response to oral octreotide capsules in comparison to injectable somatostatin receptor ligands. J Endocrine Soc. (2021) 5:A517–7. doi: 10.1210/jendso/bvab048.1056


	 Boudreaux JP, Klimstra DS, Hassan MM, Woltering EA, Jensen RT, Goldsmith SJ, et al. The NANETS consensus guideline for the diagnosis and management of neuroendocrine tumors: well-differentiated neuroendocrine tumors of the Jejunum, Ileum, Appendix, and Cecum. Pancreas. (2010) 39:753–66. doi: 10.1097/MPA.0b013e3181ebb2a5, PMID: 20664473


	 Shimon I, Rubinek T, Hadani M, Alhadef N. PTR-3173 (somatoprim), a novel somatostatin analog with affinity for somatostatin receptors 2, 4 and 5 is a potent inhibitor of human GH secretion. J Endocrinol Invest. (2004) 27:721–7. doi: 10.1007/BF03347512, PMID: 15636423


	 De Rycke O, Walter T, Perrier M, Hentic O, Lombard-Bohas C, Coriat R, et al. Alkylating agent rechallenge in metastatic pancreatic neuroendocrine tumors. Endocr Relat Cancer. (2021) 28:457–66. doi: 10.1530/ERC-21-0034, PMID: 33979778


	 Kunz PL, Graham NT, Catalano PJ, Nimeiri HS, Fisher GA, Longacre TA, et al. Randomized study of temozolomide or temozolomide and capecitabine in patients with advanced pancreatic neuroendocrine tumors (ECOG-ACRIN E2211). J Clin Oncol. (2023) 41:1359–69. doi: 10.1200/JCO.22.01013, PMID: 36260828


	 Chi Y, Song L, Liu W, Zhou Y, Miao Y, Fang W, et al. S-1/temozolomide versus S-1/temozolomide plus thalidomide in advanced pancreatic and non-pancreatic neuroendocrine tumours (STEM): A randomised, open-label, multicentre phase 2 trial. EClinicalMedicine. (2022) 54:101667. doi: 10.1016/j.eclinm.2022.101667, PMID: 36188432


	 Faivre S, Niccoli P, Castellano D, Valle JW, Hammel P, Raoul JL, et al. Sunitinib in pancreatic neuroendocrine tumors: updated progression-free survival and final overall survival from a phase III randomized study. Ann Oncol. (2017) 28:339–43. doi: 10.1093/annonc/mdw561, PMID: 27836885


	 Yao JC, Shah MH, Ito T, Bohas CL, Wolin EM, Van Cutsem E, et al. Everolimus for advanced pancreatic neuroendocrine tumors. N Engl J Med. (2011) 364:514–23. doi: 10.1056/NEJMoa1009290, PMID: 21306238


	 Yao JC, Fazio N, Singh S, Buzzoni R, Carnaghi C, Wolin E, et al. Everolimus for the treatment of advanced, non-functional neuroendocrine tumours of the lung or gastrointestinal tract (RADIANT-4): a randomised, placebo-controlled, phase 3 study. Lancet. (2016) 387:968–77. doi: 10.1016/S0140-6736(15)00817-X, PMID: 26703889


	 Zhang J, Jia Z, Li Q, Wang L, Rashid A, Zhu Z, et al. Elevated expression of vascular endothelial growth factor correlates with increased angiogenesis and decreased progression-free survival among patients with low-grade neuroendocrine tumors. Cancer. (2007) 109:1478–86. doi: 10.1002/cncr.v109:8, PMID: 17340592


	 Katoh M. FGFR inhibitors: Effects on cancer cells, tumor microenvironment and whole-body homeostasis (Review). Int J Mol Med. (2016) 38:3–15. doi: 10.3892/ijmm.2016.2620, PMID: 27245147


	 Xu J, Shen L, Zhou Z, Li J, Bai C, Chi Y, et al. Surufatinib in advanced extrapancreatic neuroendocrine tumours (SANET-ep): a randomised, double-blind, placebo-controlled, phase 3 study. Lancet Oncol. (2020) 21:1500–12. doi: 10.1016/S1470-2045(20)30496-4, PMID: 32966811


	 Xu J, Shen L, Bai C, Wang W, Li J, Yu X, et al. Surufatinib in advanced pancreatic neuroendocrine tumours (SANET-p): a randomised, double-blind, placebo-controlled, phase 3 study. Lancet Oncol. (2020) 21:1489–99. doi: 10.1016/S1470-2045(20)30493-9, PMID: 32966810


	 Chan JA, Geyer S, Zemla T, Knopp MV, Behr S, Pulsipher S, et al. Phase 3 trial of cabozantinib to treat advanced neuroendocrine tumors. N Engl J Med. (2024) 392:635–65. doi: 10.1056/NEJMoa2403991, PMID: 39282913


	 Capdevila J, Fazio N, Lopez C, Teulé A, Valle JW, Tafuto S, et al. Lenvatinib in patients with advanced grade 1/2 pancreatic and gastrointestinal neuroendocrine tumors: results of the phase II TALENT trial (GETNE1509). J Clin Oncol. (2021) 39:2304–12. doi: 10.1200/JCO.20.03368, PMID: 33945297


	 Strosberg JR, Caplin ME, Kunz PL, Ruszniewski PB, Bodei L, Hendifar A, et al. (177)Lu-Dotatate plus long-acting octreotide versus high−dose long-acting octreotide in patients with midgut neuroendocrine tumours (NETTER-1): final overall survival and long-term safety results from an open-label, randomised, controlled, phase 3 trial. Lancet Oncol. (2021) 22:1752–63. doi: 10.1016/S1470-2045(21)00572-6, PMID: 34793718


	 Singh S, Halperin D, Myrehaug S, Herrmann K, Pavel M, Kunz PL, et al. (177)Lu]Lu-DOTA-TATE plus long-acting octreotide versus high−dose long-acting octreotide for the treatment of newly diagnosed, advanced grade 2-3, well-differentiated, gastroenteropancreatic neuroendocrine tumours (NETTER-2): an open-label, randomised, phase 3 study. Lancet. (2024) 403:2807–17. doi: 10.1016/S0140-6736(24)00701-3, PMID: 38851203


	 Satapathy S, Mittal BR, Sood A, Sood A, Kapoor R, Gupta R. Peptide receptor radionuclide therapy as first-line systemic treatment in advanced inoperable/metastatic neuroendocrine tumors. Clin Nucl Med. (2020) 45:e393–9. doi: 10.1097/RLU.0000000000003170, PMID: 32604121


	 Hamiditabar M, Ali M, Roys J, Wolin EM, O’Dorisio TM, Ranganathan D, et al. Peptide receptor radionuclide therapy with 177Lu-octreotate in patients with somatostatin receptor expressing neuroendocrine tumors: six years' Assessment. Clin Nucl Med. (2017) 42:436–43. doi: 10.1097/RLU.0000000000001629, PMID: 28263217


	 Squires MH, Worth PJ, Konda B, Shah MH, Dillhoff ME, Abdel-Misih S, et al. Neoadjuvant capecitabine/temozolomide for locally advanced or metastatic pancreatic neuroendocrine tumors. Pancreas. (2020) 49:355–60. doi: 10.1097/MPA.0000000000001500, PMID: 32132509


	 Liu Y, Liu H, Chen W, Yu H, Yao W, Fan W, et al. Prolonged progression-free survival achieved by octreotide LAR plus transarterial embolization in low-to-intermediate grade neuroendocrine tumor liver metastases with high hepatic tumor burden. Cancer Med. (2022) 11:2588–600. doi: 10.1002/cam4.v11.13, PMID: 35289113


	 Caplin ME, Pavel M, Phan AT, Čwikła JB, Sedláčková E, Thanh XT, et al. Lanreotide autogel/depot in advanced enteropancreatic neuroendocrine tumours: final results of the CLARINET open-label extension study. Endocrine. (2021) 71:502–13. doi: 10.1007/s12020-020-02475-2, PMID: 33052555


	 Carmona-Bayonas A, Jiménez-Fonseca P, Lamarca Á, Barriuso J, Castaño Á, Benavent M, et al. Prediction of progression-free survival in patients with advanced, well-differentiated, neuroendocrine tumors being treated with a somatostatin analog: the GETNE-TRASGU study. J Clin Oncol. (2019) 37:2571–80. doi: 10.1200/JCO.19.00980, PMID: 31390276


	 Yilmaz E, Engin MN, Özkan ZG, Kovan B, Büyükkaya F, Poyanli A, et al. Y90 selective internal radiation therapy and peptide receptor radionuclide therapy for the treatment of metastatic neuroendocrine tumors: combination or not? Nucl Med Commun. (2020) 41:1242–9. doi: 10.1097/MNM.0000000000001284, PMID: 32941405


	 Li R, Li X, You X, Su M, Liu Y, Ke N, et al. Surufatinib combined with transarterial embolization versus surufatinib monotherapy in patients with liver metastatic neuroendocrine tumors: Study protocol for a prospective, randomized, controlled trial. Cancer Med. (2024) 13:e7131. doi: 10.1002/cam4.v13.8, PMID: 38629255


	 Giannetta E, La Salvia A, Rizza L, Muscogiuri G, Campione S, Pozza C, et al. Are markers of systemic inflammatory response useful in the management of patients with neuroendocrine neoplasms? Front Endocrinol (Lausanne). (2021) 12:672499. doi: 10.3389/fendo.2021.672499, PMID: 34367064


	 Muttillo EM, Mazzarella G, Picardi B, Rossi S, Cinelli L, Diana M, et al. Treatment strategies for neuroendocrine liver metastases: a systematic review. HPB (Oxford). (2022) 24:1832–43. doi: 10.1016/j.hpb.2022.06.009, PMID: 35794053







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Xue, Yang, Huang, Zhao, Chen and Cai. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-16-1601185-g001.jpg
Surgery Drug

* RO resection (G1/G2 of I/Il) * SSAs (Ki-67=10%, slow growth,
* R1 resection (lll/partial 1) SSTR2 positivity)
 Liver transplantation * Chemotherapy (Neo-/adjuvant)
(Milan criteria, » Target therapy
ENETS criteria) % (Neo-/adjuvant)

* immunotheary
(Neo-/adjuvant)

Locality PRRT

« RFA, MWA * 177Lu DOT;?TQEE

+ TAE, TACE

e (SSTR2 : '1t'1 1tl;
; positivity,

ikt Well-differentiated G1 or G2 grades,

Complementary treatment,

Salvage treatment) G3 grades must be cautious)





OEBPS/Images/cover.jpg
, frontiers | Frontiersin Endocrinology

Management of liver metastases from
non-functional gastroenteropancreatic
neuroendocrine tumors: a systematic review





OEBPS/Images/fendo-16-1601185-g003.jpg
G1/G2 NELM

Morphological and functional imaging

l

Resectable primary tumor;
No extrahepatic metastases

l

Unilobar or localized LM

(Type I) ‘

l

‘ Bilobar complex LM ‘

l

G3 NELM

(Type II)
Stage | surgical Stage I/l surgical
Surgery contraindication surgery + RFA contraindication
(RO) (RO/R1)

Diffuse LM
(Type lIl)
liver Surgery 9
transplant + RFA [«
(RO/R1)

Local treatment
(RFA/TAE/TACE/SIRT)

I+

Systemic treatment
(SSAs, IFN, PRRT, TKI, Chemotherapy, Everolimus)






OEBPS/Images/fendo-16-1601185-g002.jpg
326 studies were searched
from PubMed

471 studies were searched from

Embase

1100 studies were searched

from Cochrane

|

|

v

329 duplications were excluded —>

1897 studies

were screened

L 2

1153 studies

were included

o—| 415 unrelated studies were excluded

|

|

v

|

|

130 studies about
clinic of
NETLM

41 studies about

experiments of
NET/NETLM

468 stud

clin

NET

ies ablout

ic of

59 studies ablout

review of
NET/NETLM

455 studies ablout
case of
NET/NETLM






OEBPS/Images/crossmark.jpg
©

2

i

|





