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Abstract

BACKGROUND

Gastrointestinal neuroendocrine carcinoma (GI NEC) has a low incidence rate and
poor prognosis. Most patients already have metastatic disease when they are
diagnosed. Platinum chemotherapy is the main means of treating metastatic GI
NECs. There is a lack of effective treatment methods after chemotherapy failure.
Therefore, Therefore, selecting appropriate posterior-line treatment programs to
improve the prognosis of patients is urgently needed.

CASE SUMMARY

A 64-year-old female was diagnosed with stage IV NEC of the rectum due to
abdominal pain and rectal bleeding. After multiline chemotherapy, the condition
progressed, and the patient was treated with a combination of camrelizumab and
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surufatinib. The efficacy evaluation revealed partial remission (PR) and stable conditions, with the expression of
the tumor marker neuron-specific enolase (NSE) returning to normal. The adverse reactions were controllable, and
the overall condition was good, with weight gain achieved in the past four years. Another 51-year-old female
experienced recurrence and metastasis of a duodenal NEC after surgery. After multiline chemotherapy, she
received sintilimab combined with surufatinib. The curative effect fluctuated between PR and stability. During
treatment, she recovered from immune-related diabetes and later died due to deterioration of her condition.
During the treatment, the patient’s NSE level returned to normal.

CONCLUSION
The combination of antiangiogenic targeted drugs and immunotherapy provides a new therapeutic approach for
the treatment of metastatic GI-NECs.

Key Words: Gastrointestinal neuroendocrine carcinoma; Immune checkpoint inhibitors; Angiogenesis inhibitors; Combination
therapy; Case report

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Effective treatment options for metastatic gastrointestinal neuroendocrine carcinomas (GI-NECs) are limited after
chemotherapy failure. This study presents the cases of two patients with metastatic rectal and duodenal neuroendocrine
carcinomas who achieved sustained remission and long-term survival through a combination of antiangiogenic targeted
therapy and anti-PD-1 immunotherapy. These cases highlight the potential of this combination as a posterior-line treatment
for GI-NECs, offering new insights into their management.
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INTRODUCTION

Originating from cells of the diffuse neuroendocrine system, neuroendocrine neoplasms (NENs) are known for often
accompanying carcinoid syndrome or hormonal symptoms|[1]; they can occur primarily in various organs and sites.
According to the World Health Organization classification 5" edition, NENs are classified into G1-3 neuroendocrine
tumors (NETs) and neuroendocrine carcinomas (NECs) based on their grade, degree of differentiation, mitotic rate, and
Ki-67 index (Table 1). NECs account for 10%-20% of all NENs and are defined as poorly differentiated tumors with more
than 20 mitoses/2 mm? under high-power field microscopy, as well as a Ki-67 index higher than 20%, distinguishing
them from G3 NETs, which are well differentiated[2].

The incidence of NECs is 9.36/100000 per year, according to records from the SEER database. Approximately 91.3% of
these cases occur primarily in the lungs. NECs of the digestive system account for 3% of these cases, and unknown
primary NECs account for 2.8%. In the digestive system, the most prevalent disease site is the colon, which accounts for
26% of cases. The second highest percentage comes from pancreatic NECs, which account for 20% of all NECs. The ratio
of the stomach to rectal cases is 12%, and that of the small intestine is 5%. The incidence of most gastrointestinal (GI)-
NECs is less than 0.1/100000 per year, which accounts for no more than 2% of all GI malignancies. Although less pre-
valent, the prognosis for GI-NECs is relatively poor. Up to 60.8% of patients have metastasis at the time of diagnosis. The
5-year survival rate of advanced GI-NEC patients is 4.7%, and the median overall survival (OS) of metastatic gastric and
colorectal NECs is less than 6.2 months|[3].

The treatment options for NETs include somatostatin analogs, peptide receptor radionuclide therapy, and targeted
therapy; however, systemic chemotherapy remains the primary approach for managing GI-NECs, particularly in cases of
metastatic disease. Due to the small patient population, chemotherapeutic regimens, which are platinum-based che-
motherapies[4,5], are used mainly for small-cell lung cancer patients. Etoposide plus cisplatin (EP) is the first-line
treatment, with an objective response rate (ORR) of 30%-70% and a median progression-free survival (mPFS) of 7 months
[6]. Etoposide + carboplatin (EC) or irinotecan + cisplatin (IP) could serve as alternatives[7,8]. For second-line treatment,
there are no standard recommendations; either capecitabine plus temozolomide (CAPTEM) + bevacizumab, FOLFOX, or
FOLFIRI could be an option, although their ORRs are usually approximately 15%, and the mPFS is only 4.2 months[9-12].

Evidence of effective treatment after the failure of chemotherapy has been extremely rare for decades. Recently,
immunotherapy has been explored as a therapeutic option (Table 2)[13-25]. Pembrolizumab may be a solution for highly
selected dAMMR/MSI-H patients, who constitute a minority (10%) of GI-NEC patients[15,26]. Although a small sample
size has not been confirmed in a randomized controlled trial, dual blockade of PD-L1 and CTLA-4 showed promising
ORRs of 24%-44%, and the mPFS and OS were 4.8 and 7.2 months, respectively[27]. These limited clinical benefits may
not be sufficient to change clinical practice; therefore, more effective measures for posterior-line treatment are urgently
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Table 1 Classification and grading criteria for neuroendocrine neoplasms of the gastrointestinal tract and hepatopancreatobiliary

organs

Terminology Differentiation Grade Mitotic rate (mitoses/2 mm?) Ki-67 index
NET, G1 Well differentiated Low <2 <3%

NET, G2 Intermediate 2-20 3%-20%
NET, G3 High >20 >20%

NEC, small-cell type (SCNEC) Poorly differentiated High >20 >20%

NEC, large-cel type (LCNEC) >20 >20%
MiNEN Well or poorly differentiated Variable Variable Variable

NET: Neuroendocrine tumor.

needed. Anti-angiogenic drugs play an important role in tumor treatment; however, research on their use in GI-NEC
cases is relatively scarce, the optimal application mode has not been clearly defined, and further exploration is needed.

Here, we report two cases with advanced rectal and duodenal NECs. Both of these patients progressed after multiple
lines of chemotherapy. By combining antiangiogenic targeted therapy and anti-PD-1 immunotherapy, both patients
achieved sustained remission and long-term survival, and toxicities were tolerable. Targeted antiangiogenic therapy
reduces the proliferation and metastatic ability of tumor cells by inhibiting the blood supply in the tumor microenvir-
onment, while anti-PD-1 immunotherapy enhances the recognition and attack ability of tumor cells by activating the
body's immune system. The combination of this approach may effectively prolong the survival of patients, and it is hoped
that it can provide an important reference for the clinical practice of posterior-line treatment of GI-NECs.

CASE PRESENTATION

Chief complaints
Case 1: Paroxysmal lower abdominal pain and intermittent rectal bleeding for more than 3 months.

Case 2: Upper abdominal pain for more than one month.

History of present illness
Case 1: In April 2020, a 64-year-old female patient visited a local hospital for more than two months due to paroxysmal
lower abdominal pain and intermittent rectal bleeding. The patient entered menopause at the age of 50.

Case 2: In 2020, a 51-year-old woman with an Eastern Cooperative Oncology Group score of 0 sought medical attention at
a local hospital for one week due to yellow urine accompanied by intermittent nausea and vomiting. She had no
symptoms, such as abdominal pain, vomiting blood, black stool, or fever. She went through menopause at the age of 49.
Mild tenderness was observed in the upper abdomen during the physical examination. Abdominal magnetic resonance
imaging (MRI) and magnetic resonance cholangiopancreatography (MRCP) revealed abnormal thickening and narrowing
of the lower segment of the common bile duct with intrahepatic and extrahepatic bile duct dilation. Gastroscopy revealed
a large ulcerative lesion near the ascending papilla of the duodenum, with irregular swelling of the surrounding mucosa.
Biopsy pathology revealed poorly differentiated duodenal cancer. On June 2, 2020, under general anesthesia, pancre-
aticoduodenectomy was performed for treatment.

History of past illness
They had no past medical history.

Personal and family history
They had no other relevant personal or family history.

Physical examination
Case 1 had lower abdominal tenderness and enlarged lymph nodes palpable in the left supraclavicular area.

Case 2: A surgical incision was made in the abdomen, and multiple enlarged lymph nodes were palpable in the supracla-
vicular region on both sides.

Laboratory examinations
Case 1: Blood tests revealed an increase in neuron-specific enolase (NSE) to 22.38 ng/mL; other tumor markers and
biochemical tests revealed no abnormalities. The preliminary pathological diagnosis of the biopsy sample was poorly
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Table 2 Clinical trials in gastroenteropancreatic neuroendocrine tumors using immune checkpoint inhibitors

No. Trial name/NCT Phase Interventions Populat|o.n . ORR (%) mPFS mOS (month)
number characteristics (month)
1 KEYNOTE-028 Ib Pemprolizumab Cohort A7: 16 patients  6.3% 45 37.8
NCT02054806[13] with PD-L1-negative,
well or moderately
differentiated
pancreatic NETs
Cohort A6: 25 patients  12% & 16.2
with PD-L1-positive,
locally advanced or
metastatic carcinoids
(lung, gut, and other
locations)
2 KEYNOTE-158 I Pemprolizumab 107 patients with 3.7% (7.5% in 41 24.2
NCT02628067[14] heavily pretreated, pancreatic NET
well-differentiated, subgroup)
progressive NETs
8 NCT02939651[15] 1T Pemprolizumab 29 patients with 3.4% (1 patient) 8.86 20.43
advanced G3
NETs/NECs (48%
patients had GI
primaries) progressing
on platinum-based
chemotherapy
4 PLANET Ib/II  Pemprolizumab + Lanreotide 22 patients with 0.045% (39% stable  5.04 28.6
NCT03043664[16] Depot nonresectable, disease, 52%
recurrent or progressive disease)
metastatic, well or
moderately differen-
tiated GEP-NETs
5 NCT03136055[17] 1T Pembrolizumab/Pembrolizumab + 36 patients with 7%; 5% 1.8;2 7.8;4.8
Chemotherapy (Irinotecan/ extrapulmonary
Paclitaxel) poorly differentiated
neuroendocrine
carcinomas (28% in
Pem-only and 73% in
Pem + chemo)
6 NCT02955069[18] II Spartalizumab 32 patients with well-  3.1%, 3.0%, and 3.8 in well- 23.4 in well-
differentiated GI 4.8%, respectively differentiated differentiated
NETs, 33 patients with NETs; 1.8 in NETs; 6.8 in
pancreatic NETs, 21 NECs NECs
patients with poorly-
differentiated GEP-
NECs
7 DART SWOG 11 Ipilimumab + Nivolumab 32 patients, of whom Overall: 25%; 44% in 4 11
1609 15 with GI-NENs and  nonpancreatic high-
NCT02834013[19] 6 with lung-NENs grade NEC and 0%
in low-intermediate
grade tumors
8 CA209-538 I Ipilimumab + Nivolumab 29 patients with 43% of patients with 4.8 (in whole 14.8 (in whole
NCT02923934[20] advanced, any grade  pan-NENs achieved cohort) cohort)
NEN:S (including an objective
atypical bronchial response
carcinoid and high-
grade pan-NENs)
9 NCT03074513[21] 1T Atezolizumab + Bevacizumab 40 patients with 20% in the 19.6 and 14.9, -
advanced, progressive pancreatic NET respectively
grade 1to 2 NETs (20  cohort; 15% in the
with pancreatic NETs  extra-pancreatic
and 20 with extra- NET cohort
pancreatic NETSs)
10 DUNE 1 Durvalumab + Tremelimumab 123 patients with 11.1% inlung NENs 5.6,5.8,5.5and Not reached,
NCT03095274[22] advanced or (cohort 1), 0% in G1- 2.4, respectively 29.5,23.8,5.9,
metastatic GEP/Lung 2 GI NETs (cohort respectively
NENSs or NENs of 2), 6.3% in G1-2
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11 NCT03167853[23] Ib Toripalimab 40 patients with NENs  13.0% in GINENs, 154 (for TMB-  Not reached (for
(of whom 9 with pan-  22.2% in pan-NENs, high subgroup), TMB-high
NENSs) 37.5% in 2.1 (for TMB- subgroup), 227
nondigestive NENs  low subgroup)  (for TMB-low
subgroup)
12 NET-001/NET- I Avelumab 27 patients with GEP 0% (33% stable 3.3 14.2
002 NCT03278405 NENS or from disease)
NCT03278379[24] bronchial primary, (10

G2-3 NETs in NET-
001,17 NECs in NET-

002)
13 AVENEC il Avelumab 60 patients with G3 20% (9 stable 2.1 42
NCT03352934[25] NET (1 =22) or NEC ( disease, 3 partial
n = 38) of any origin response)
14 CABOAVENEC 1II Avelumab + Cabozantinib 19 patients (12 with 47.4% 121 -
NCT05289856[25] G3 NET, 7 with NEC)

The objective response rate of some trials were assessed by irRECIST criteria.
NEC: Neuroendocrine carcinoma; NET: Neuroendocrine tumor; ORR: Objective response rate; mPFS: Median progression-free survival; OS: Overall

survival.

differentiated rectal carcinoma. Pathology revealed that a mixed cancer composed of large and small cells was positive for
Syn expression and negative for CgA expression through IHC staining. The Ki-67 positivity rate was 80%, while CD56
expression was positive (Figure 1A). Genetic testing revealed mutations in KRAS, APC, and TP53, whereas NRAS and
BRAF showed wild-type status and microsatellite stability.

Case 2: Blood, tumor marker level and biochemical tests revealed no abnormalities. Postoperative pathology revealed
poorly differentiated MiNEC, with an ulcerative mass of 2.8 cm x 2.5 cm x 0.7 cm that penetrated the entire duodenal
wall. No cancer was found at the cut edge, and lymph node metastasis was observed in 2/7 of the adjacent pancreas and
in 6/7 of the mesentery. IHC results revealed partial positive Syn and positive CgA, Ki-67, and CD56 expression.
Postoperative histopathological consultation revealed mixed gonadal NEC (MANEC), with poorly differentiated
adenocarcinoma found in 30% of the tissue (Ki-67 index of 80%) and small cell components found in 70% of the tissue (Ki-
67 index of 90%) (Figure 1B).

Imaging examinations

Case 1: Fibrocolonoscopy revealed a circumferential irregular neoplasm at the rectum, located 8-14 cm away from the
anal margin (Figure 1C). The preliminary pathological diagnosis of the biopsy sample was poorly differentiated rectal
carcinoma. The computed tomography (CT) scan results revealed irregular thickening of the rectal wall along with
multiple enlarged lymph nodes in the pelvic cavity, abdomen, and left neck region (Figure 1D). A PET-CT scan revealed
an abnormal hypermetabolic rectal neoplasm with a maximum standardized uptake value (SUV,,,,) of 8.45. Multiple
enlarged and fused lymph nodes were detected adjacent to the bilateral iliac vessels in the pelvic cavity as well as in the
retroperitoneum, with an SUV,, of 16.59. Local involvement of the right ureter was noted, with dilation of the upper
ureter and right renal pelvis accompanied by hydrops and impaired right renal function. A metastatic lymph node with
an SUV__ of 10.24 was identified in the left supraclavicular region (Figure 1E).

Case 2: Abdominal MRI and MRCP were performed, revealing abnormal thickening and luminal stenosis of the lower
common bile duct along with dilation of the intra- and extrahepatic bile ducts. Gastroscopy revealed a large ulcer-like
lesion near the papilla of the ascending duodenum with irregular swelling of the surrounding mucosa. However, chest
and abdominal CT scans revealed extensive relapse with multiple enlarged lymph nodes in the retroperitoneum,
abdominal cavity, mediastinum, and bilateral supraclavicular regions.

MULTIDISCIPLINARY EXPERT CONSULTATION

The patients were eligible to receive advanced first-line treatment.

FINAL DIAGNOSIS

Case 1
The patient was diagnosed with cT3N3M1 stage IV rectal NEC.

Case 2

The patient was diagnosed with duodenal mixed adenoneuroendocrine carcinoma, with widespread recurrence and
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Figure 1 Imaging examination, laboratory examination for cases. A: HE staining revealed poorly differentiated atypical cells with mixed large and small
cells; the scale bar at the bottom right represents 1 cm. Immunohistochemistry of Syn, CgA, CD56 and ki-67; B: Pathological assessment of surgical tissue slides: HE
staining revealed poorly differentiated ulcerous mixed neuroendocrine/neuroendocrine carcinoma (MINEC), with a ratio of 30% poorly differentiated adenocarcinoma
to MINEC; C: Colonoscopy revealed a circumferential rectal neoplasm with an irregular shape; D: Computed tomography (CT) at diagnosis revealed irregular
thickening of the rectal wall with uneven enhancement and multiple enlarged nodes in the pelvic cavity, abdomen, and left neck; E: PET/CT at diagnosis revealed
hypermetabolic nodes in the pelvic cavity, abdomen, and left neck; F: CTs after 11 cycles of camrelizumab and surufatinib revealed partial remission; the sizes of
both the primary rectal lesion and the lymph nodes had decreased (more than 30%); G: Dynamics of NSE during the treatment process.

lymph node metastasis in the retroperitoneum, abdominal cavity, mediastinum, and bilateral supraclavicular regions.

TREATMENT

Case 1

From May to August 2020, the patient began four cycles of systemic treatment with etoposide and cisplatin. After two
cycles, the efficacy was evaluated as partial remission (PR) according to RECIST 1.1[28]; the efficacy evaluation after the
fourth cycle of chemotherapy revealed disease progression (PD). Subsequently, second-line treatment was initiated with
CAPTEM and bevacizumab. After 4 cycles of treatment, the condition stabilized, with partial progression. However, after
two cycles of treatment with capecitabine plus oxaliplatin and bevacizumab, the disease continued to progress, and
symptoms worsened.

Owing to the lack of a standard treatment plan for the posterior line of gastrointestinal NECs, we cautiously chose to
use combination therapy consisting of the anti-PD-1 monoclonal antibody camrelizumab and the small-molecule antian-
giogenic tyrosine kinase inhibitor (TKI) surufatinib (camrelizumab 200 mg d1, q3w; surufatinib 250 mg po qd). After 4
and 6 cycles of treatment, the efficacy was evaluated as a PR, with a significant reduction in the primary lesion and lymph
nodes. After 8 and 11 cycles, the efficacy was evaluated as stable disease (SD) (Figure 1F). After three treatment cycles, the
NSE levels returned to normal (Figure 1G). During the treatment period, the patient experienced grade II diarrhea and a
mild rash, which were relieved by adjusting the dosage of sunitinib and supportive therapy. Fiber colonoscopy re-
examination did not reveal any tumors on the rectal mucosa, and biopsy revealed chronic inflammation with lymphocyte
infiltration, indicating complete remission of the primary rectal lesions (Figure 2A and B). The second PET-CT scan in
January 2022 revealed no abnormal metabolism in the rectum or left supraclavicular area. There are still several enlarged
lymph nodes behind the peritoneum, but the SUV, . has decreased (Figure 2C).

Case 2

Starting in July 2020, systemic chemotherapy (etoposide 0.1 g d1-5, carboplatin AUC = 6, q3-w) was administered. After 4
cycles, the disease progressed, and liver metastasis occurred. Irinotecan combined with raltitrexed was used for 3 cycles
of treatment, but the disease continued to progress. CT scans revealed increased liver metastasis, and XELOX + be-
vacizumab was used for 3 cycles of treatment. CT scans still indicated PD; however, the patient's general condition
worsened, and the patient refused to undergo another biopsy for personal reasons.

In January 2021, systemic treatment with sintilimab and surufatinib (sintilimab 200 mg q3w; surufatinib 250 mg po qd)
was administered. In April 2021, due to the progression of liver metastasis, hepatic artery chemoembolization (TACE)
was performed. The efficacy evaluation for treatment cycles 3 and 6 revealed a PR, whereas the assessment after cycles 9
and 12 revealed SD (Figure 2D). In the 10* cycle, the patient went to the hospital due to progressive fatigue and sudden
loss of consciousness. Biochemical examination revealed that her blood glucose level was 49.6 mmol/L and that her
urinary ketone body level was positive. The patient was diagnosed with hyperosmolar nonketotic diabetic coma. Patients
with type I diabetes related to immunotherapy were further assessed and recovered after supportive and insulin
treatments. The patient continued with the original treatment plan for 14 cycles, and the overall condition improved, with
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Figure 2 Imaging and laboratory tests of these cases and the course of TACE treatment of the patient in case 2. A: Colonoscopy revealed scar-
like changes in the original rectal lesion with distorted surrounding mucosa; B: Microscopy of the biopsy sample revealed chronic inflammation with lymphocyte
infiltration; C: PET/CT revealed no hypermetabolic uptake in the rectum or left neck, with several residual lymph nodes in the abdomen. Computed tomography (CT)
at diagnosis revealed irregular thickening of the rectal wall with uneven enhancement and multiple enlarged nodes in the pelvic cavity, abdomen, and left neck; D: CT
images at 1 month after surgery, 4 cycles (PD) of etoposide + carboplatin, 3 cycles (PD) of irinotecan + raltitrexed, and 3 cycles (PD) of xelox + bevacizumab.
Sintilimab + surufatinib (ICI-TKI) continuous treatment (TACE of hepatic metastasis 2021-04-27); E: Dynamics of NSE during the treatment process.

NSE levels returning to normal (Figure 2E). In August 2022, a CT scan revealed an enlarged liver metastasis and a right
adrenal metastasis. Owing to the presence of duodenal adenocarcinoma in the tumor, the original treatment plan
included albumin-bound paclitaxel (300 mg every 3 weeks) for 4 cycles of treatment. The liver metastasis still progressed,
but the patient acknowledged that the overall condition was good, tolerated the current treatment, and had a high quality
of life (QoL). Chemotherapy was refused, and the patient chose to continue with the combination of sorafenib and
sintilimab (right adrenal artery, right inferior phrenic artery, and hepatic artery embolizations were performed in
December 2022) (Figure 3A).

OUTCOME AND FOLLOW-UP

Case 1

In November 2023, the latest CT assessment revealed PD. The combined treatment regimen, consisting of an immune
checkpoint inhibitor (ICI) and surufatinib, has been consistently administered for a duration of 33 months (Figure 3B). By
February 2024, nearly four years after the initial diagnosis, the patient continues to exhibit a favorable overall clinical
status with a satisfactory QoL and an additional increase in body weight of 4 kg.

Case 2

In February 2023, the last efficacy evaluation after 24 months of ICI-TKI combination therapy revealed SD (Figure 3C).
Owing to the deterioration of the patient's general condition and refusal to undergo further antitumor treatment, the local
hospital provided symptomatic supportive treatment. Eventually, the patient passed away three months later.

DISCUSSION

NEC has a low incidence rate and is highly heterogeneous, so accurate diagnosis is the primary challenge in NEC
management. Early detection is hindered by the lack of production or secretion of hormones by a large proportion of
extrapulmonary NECs. Localized late-stage and metastatic GI-NECs often induce local and systemic symptoms similar to
those of other malignant tumors in the digestive tract. It is also difficult to distinguish GI-NECs from other common
malignant tumors in the corresponding area via radiological imaging or endoscopic examination. More importantly, NEC
tumors are often mixed with glandular or squamous components, making them prone to diagnostic errors[29,30].
Therefore, histopathological morphology, IHC staining, and sufficient sampling are crucial for obtaining an accurate
diagnosis.

Case 1 was confirmed to have rectal NEC, a mixed large- and small-cell subtype. While the small-cell subtype is
dominant in lung NECs, the large-cell subtype is more prevalent in GI NECs. Both subtypes share a similar mutation
landscape, although the prognosis of large-cell NECs is superior to that of small-cell NECs[18]. Up to 40% of NECs have
other components mixed into a tumor[17,18]. According to the definition, a diagnosis of MiNEC is assigned if the ratio of
each component is at least 30%. Adenocarcinoma, squamous cell carcinoma, or low-grade neoplasms are common causes.
The adeno-mixture is also named MANEC. Case 2 was diagnosed with a 30% adenocarcinoma component in the tumor,
which corresponds to her partial positivity of Syn. Duodenal NECs are commonly localized at the ampulla of Vater; their
incidence is quite low, and MANECs of the duodenum are even rarer. Thus, statistics are lacking, and incidences are
mostly presented as case reports[31]. With respect to the criteria of the pathological report, the ratio, differentiation, and
Ki-67 index of each component should be described separately[4] to help determine the therapeutic approach. According
to the pathological report, both of the components in Case 2 exhibited poorly differentiated carcinomas, and both had a
high Ki-67 index, indicating the complexity of the case.
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Figure 3 The treatment history of arterial embolism in patient 2 and the treatment plan for these two patients. A: ICI-TKI continuous treatment,
left adrenal gland and hepatic metastasis chemoembolization, and X cycles of ICI-TKI rechallenge; B: Timeline of the diagnosis and treatment process for case 1; C:
Timeline of the diagnosis and treatment process for case 2.

Regarding plasma or serum markers, CgA, LDH, and certain tumor markers (such as NSE) may help assist in the
diagnosis and monitoring of treatment efficacy and recurrence[32,33]. However, some centers, such as ours, may not be
able to perform plasma CgA testing; therefore, we focused on the levels of serum LDH and tumor markers. One patient
showed an increase in NSE during diagnosis, which returned to normal after three cycles of ICI-TKI combined treatment,
indirectly confirming the effectiveness of the treatment. Multiple variants, such as TP53 and RB mutations, have been
found in sporadic NEC and can be used to distinguish NEC from NETs[34]. In Case 1, somatic mutations were found in
the APC, KRAS, and TP53 genes during genetic testing. The high mutation rate of KRAS makes it a key research topic in
the field of oncology. KRAS mutations can regulate the tumor microenvironment and induce the production of inflam-
matory cytokines such as CXCL-8, IL-1, and NF-«B, which increase tumor angiogenesis, invasiveness, matrix remodeling,
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and immune suppression, thereby promoting tumor development. The comutated state of KRAS (such as KRAS/STK11
and KRAS/p53) can affect the tumor microenvironment and immune checkpoint inhibition, potentially leading to immune
suppression or an inflammatory tumor microenvironment[35]. TP53 is the most commonly mutated gene in human
cancers, with a mutation rate of over 50% in at least 20 tumor types. Targeted mutation of p53 to restore wild-type activity
is highly important for the treatment of cancers with high mutation frequencies[36].

Like common gastrointestinal malignancies, curative surgery and adjuvant chemotherapy (with or without radiation
therapy) are the standard treatments for early invasive gastrointestinal NEC[4]. Platinum-containing systemic
chemotherapy is the fundamental treatment for both large- and small-cell subtypes of metastatic GEP-NECs. The
NORDIC study suggested that NECs with higher Ki-67 indices have higher response rates to platinum but are more
prone to relapse than those with lower Ki-67 indices[6]. Options for posterior-line treatment are limited. There is no
consensus on the best treatment for MANECs. In addition to chemotherapy for EP, EC, and IP, accommodating both
components seems reasonable when assigning regimens[31].

ICIs may act through multiple mechanisms, such as recovering exhausted immune cells in the tumor microenvir-
onment[37], and have been approved to treat a variety of malignancies, especially in the dMMR/MSI-H/TMB-H
population[38,14]. Camrelizumab and sintilimab are both anti-PD-1 monoclonal antibodies that were approved by the
CFDA in 2021 for treating metastatic esophageal and gastric cancer carcinomas[14,39]. They have tolerable side effects
and are relatively affordable. However, current studies have indicated that monotherapy with ICIs has limited ORRs in
unselected extrapulmonary NECs (Table 2); this may be because NECs are usually not ‘hot” tumors with moderate TMB
and stable microsatellite status[40]. Nevertheless, the effect of immunotherapy does not necessarily depend on the
biomarkers above[41], so it may still be an option.

Small-molecule antiangiogenic TKIs that have multiple targets are considered to act through various mechanisms, such
as suppressing tumor angiogenesis and reducing the tumor blood supply, and they play important roles in the posterior-
line treatment of many solid tumors[42,43]. In NENs, sunitinib and lenvatinib have been approved for the treatment of
metastatic G2-3 NETs[44,45]. Surufatinib is an antiangiogenic TKI that has been approved by the CFDA for the treatment
of locally advanced or metastatic, nonfunctional, well-differentiated (G1, G2) nonpancreatic and pancreatic NETs that are
not amenable to surgical resection[46]. Surufatinib works by inhibiting tumor angiogenesis as well as stimulating innate
immunity; however, for NECs, there is still a lack of evidence of efficacy[47]. When used in combination, antiangiogenic
TKIs are believed to normalize the microvascular structure in the tumor microenvironment, making it easier for immune
cells to infiltrate the tumor, reducing hypoxia, and regulating immune cells. TKIs can alter the composition of tumor-
infiltrating lymphocytes, increase the CD8* T-cell response and CD45RO* memory T cells, and synergistically inhibit
tumors with IClIs, thereby increasing the effectiveness of immunotherapy[48]. A combination of anti-PD-1/PD-L1
immunotherapy and antiangiogenic TKIs has been applied in the systemic treatment of many solid tumors, such as
sintilimab, camreilizumab, apatinib, and anlotinib, as well as in hepatocellular cell carcinoma, renal cell carcinoma, and
gastrointestinal tract (GI-tract) adenocarcinoma[49-51]. However, the toxicity of combination therapy cannot be ignored.
This may be due to changes in the immune environment caused by antiangiogenic TKIs, leading to an excessive immune
response to IClIs. This is usually manifested as the cumulative effect of two treatments, such as gastrointestinal toxicity,
skin toxicity, immunogenic pneumonia, and immunogenic hepatitis. Dose adjustments are often needed, and the efficacy
can still be maintained after adjustment[48].

There are certain limitations of this article due to the nature of case reports, as they provide only limited evidence for
clinical practice, the sample size is insufficient, and there is a lack of universality. Therefore, further exploration is needed.

CONCLUSION

In summary, compared with other common gastrointestinal malignancies, GI-NECs are rare and invasive, with a poorer
prognosis for patients with metastatic GI-NECs. We hope that in the future, relevant research will further verify the
efficacy and safety of anti-PD-1 immunotherapy combined with antiangiogenic targeted drugs in the treatment of GI-
NECs, explore the relationship between biomarkers and the clinical response that needs to be evaluated, and predict
patients' response to combination therapy. In addition, in-depth research on the mechanism of this combination therapy
and its impact on the tumor microenvironment will help reveal its potential therapeutic advantages and improve patient

prognosis.
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