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Background: Gastroenteropancreatic neuroendocrine carcinoma (GEP-NEC)

is a group of rare but highly aggressive malignancies. The standard

chemotherapy regimens composed of etoposide and cisplatin/carboplatin

(EP/EC) are of limited efficacy. This prospective, multicenter, phase II study is

conducted to explore the effectiveness and safety of first-line anti-PD-1

antibody (camrelizumab) combined with chemotherapy in advanced GEP-

NEC patients.

Methods: Patients with unresectable or metastatic GEP-NEC will receive

camrelizumab combined with standard first-line chemotherapy every 3

weeks (camrelizumab 200 mg, administered intravenously on day 1;

etoposide 100 mg/m2, administered intravenously on days 1–3; cisplatin 75

mg/m2, administered intravenously on day 1 or carboplatin area under the

curve 5 mg/ml per min, administered intravenously on day 1). All patients were

naïve to systemic therapy in the advanced setting. The primary endpoint is a 6-

month progression-free survival (PFS) rate. The secondary endpoints are

objective response rate, PFS, overall survival and adverse reactions.

Discussion: This is the first study to investigate the therapeutic potential of

camrelizumab plus chemotherapy for advanced GEP-NEC. It is expected that

this trial will propose a new and effective treatment strategy for GEP-NEC in the

first-line setting.
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Background

According to the 2019 WHO Classification of Tumors of

Digestive System, gastroenteropancreatic neuroendocrine

neoplasms (GEP-NENs) are classified into well-differentiated

neuroendocrine tumors (NETs), poorly differentiated

neuroendocrine carcinomas (NECs), and mixed neuroendocrine–

non-neuroendocrine neoplasms (1, 2). GEP-NECs are composed of

highly atypical cells with high proliferative activity (>20 mitoses/2

mm2 or a Ki-67 index >20%) and poor prognosis. In recent decades,

the incidence of GEP-NEC has been reported to have increased

rapidly (3, 4).

Despite progressing understanding of NECs and emerging

new therapies, the standard first-line treatment for GEP-NEC

patients is still platinum-based chemotherapy, which has been

used for over 30 years (5, 6). However, the efficacy and long-

lasting response of platinum-based chemotherapy (etoposide

and cisplatin/carboplatin, EP/EC regimens) is very limited.

The reported objective response rate (ORR) ranges from 20%

to 40%, with a median progression-free survival (PFS) of 2–6

months and an overall survival (OS) of 6–12 months (7). In the

NORDIC NEC study, investigators retrospectively analyzed 305

patients with advanced gastrointestinal NEC and found that the

ORR of the first-line platinum-based chemotherapy was 31%,

with a median PFS of 4 months (95% confidence interval (CI)

3.1–4.6 months) and a median OS of 11 months (95% CI 9.4–

12.6 months) (8). In fact, recommendations of the first-line

platinum-based chemotherapy for GEP-NECs are mainly based

on non-randomized, small sample size, and retrospective

studies. Further prospective studies with new treatment

approaches are in urgent need for GEP-NEC patients.

Recently, immune checkpoint inhibitors (ICIs) have shown

remarkable responses in various solid malignancies, especially in

tumors with a high mutational rate, deficient mismatch repair

(dMMR) status, or positive PD-L1 expression. Preclinical studies

have shown a high tumor mutational rate (TMB) and high

frequency of positive PD-L1 expression in neuroendocrine

carcinomas, which indicates immunogenic and promising

responsiveness to ICIs (9–11). In small cell neuroendocrine

carcinoma of the lung, which is similar to GEP-NEC in
02
pathology, two randomized, controlled, phase 3 trials have

demonstrated the survival benefits of ICIs (atezolizumab and

durvalumab) combined with EP/EC chemotherapy (12, 13).

Thus, atezolizumab or durvalumab combined with

chemotherapy has been recommended as the standard first-

line treatment for small cell lung cancer by the National

Comprehensive Cancer Network (NCCN) guidelines (14).

Additionally, some small size trials have revealed the efficacy

and manageable toxicity of ICIs in refractory high-grade NENs

(15–18). In the DART SWOG 1609 study, nivolumab plus

ipilimumab showed an ORR of 44% and a 6-month PFS rate

of 44% in refractory high-grade gastrointestinal and pulmonary

NECs (15). A recently published study showed an encouraging

response of sintilimab in refractory GEP-NECs with an ORR of

27.8% (18).

Inspired by preclinical work and immunotherapy in small

cell lung cancer, we conducted this study to explore the benefit of

an anti-PD-1 antibody, camrelizumab, combined with

chemotherapy as first-line treatment in advanced GEP-

NEC patients.
Methods and analysis

Study design and treatment

This prospective, multicenter, single-arm, phase II study is

designed to investigate the efficacy and safety of first-line

camrelizumab combined with standard chemotherapy

in patients diagnosed with advanced GEP-NEC. The

study protocol is formulated in accordance with the

SPIRIT (Standard Protocol Items: Recommendations for

Interventional Trials) statement (19). The trial has obtained

ethics approval by the Chinese Ethics Committee of Registering

Clinical Trials and is currently ongoing in six medical facilities in

China. This protocol is version 3.0 revised on 21 January 2022.

The main inclusion criteria are pathologically confirmed

local advanced or metastatic GEP-NEC according to the 2019

WHO Classification of Tumors of Digestive System; primary

tumor located in the gastrointestinal tract, pancreas, or bile duct;
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without previous first-line systemic antitumor therapy since

advanced GEP-NEC diagnosis; at least a 6-month interval

between cancer recurrence or metastasis and the end of

adjuvant chemotherapy for patients who received prior radical

surgery and adjuvant chemotherapy; aged 18 to 75 years; life

expectancy of over 3 months; ECOG performance status 0 or 1;

at least one measurable lesion according to the Response

Evaluation Criteria in Solid Tumors (RECIST) version 1.1

(20); and adequate organ function. Table 1 lists complete

inclusion and exclusion criteria.

Patients eligible for participation and having signed

informed consents will receive camrelizumab and EP/EC

chemotherapy every 3 weeks (camrelizumab 200 mg ivgtt on

day 1 + etoposide 100 mg/m2 ivgtt on days 1–3 + cisplatin 75

mg/m2 ivgtt on day 1 or carboplatin area under the curve 5 mg/

ml per min, ivgtt on day 1). The total dose of cisplatin can be

administered in 3 days. Treatment continues until disease

progression, intolerable toxicity, patient refusal, or investigator

decision. Patients will receive maintenance treatment of

camrelizumab (200 mg, q3w) if disease stable or remission

after 6 cycles of combination therapy. The treatment duration

of camrelizumab is at most 24 months. The study design is

shown in Figure 1.
Endpoints and assessments

The primary endpoint of this trial is the 6-month PFS rate.

The secondary endpoints are ORR, PFS, OS, safety, and quality

of life. The disease evaluation is performed every 9 weeks by

computed tomography (CT) based on RECIST version 1.1.

Patients who get radiological disease progression (PD) could

be permitted to continue treatment if investigators judge the

clinical benefit from the continued treatment (according to

physical status, clinical symptoms, and laboratory examination

results). Moreover, these patients should receive imaging

examination again to determine whether they get confirmed

PD after 4 weeks according to immune-related RECIST

(irRECIST) (21). PFS is defined as the time from trial

enrollment to first confirmed PD or death. OS is defined as

the time from trial enrollment to death of any cause. And ORR is

defined as the percentage of patients that obtain complete

response (CR) or partial response (PR).

Serum and tissue samples will be collected before treatment

start for cytokines, TMB, microsatellite instability, and PD-L1

analyses. All adverse events will be monitored during the

treatment period, which will be assessed according to the

Common Terminology Criteria for Adverse Events (CTCAE)

version 5.0. The quality of life will be evaluated at baseline and

prior to every imaging evaluation, using the validated European

Organization for Research and Treatment of Cancer Quality of

Life Core Questionnaire 30 (EORTC QLQ-C30) (22).
Frontiers in Oncology 03
Sample size and statistical analyses

The primary endpoint of this study is the 6-month PFS rate.

Previous convincing reference data are very limited. Due to the

rarity of GEP-NEC, there is no published large-scale phase III

study about first-line treatment. Due to similarities in clinical,

pathological, and prognostic characteristics between GEP-NEC

and small cell lung cancer (SCLC), the first-line chemotherapy

for GEP-NEC is recommended based on guidelines of SCLC and

some small sample size and retrospective studies of GEP-NEC.

Based on phase III results of SCLC and retrospective data of

GEP-NEC, the reported 6-month PFS rate is about 22% for

reference. In our study, the expected 6-month PFS rate is set at

40%. To achieve 80% power with a two-sided alpha level of 0.05,

we need to enroll 44 patients. Considering a dropout rate of 10%,

a total of 49 patients are required. SPSS Statistics version 22.0

(IBM, Armonk, NY, USA) will be used to perform all the

statistical analyses.
Discussion

GEP-NECs are characterized by rapid deterioration and

poor prognosis. The current recommended first-line platinum-

based chemotherapy is of limited efficacy. A new treatment

strategy is in urgent need for GEP-NECs.

As aforementioned, studies have revealed that NECs have

features of high TMB and PD-L1-positive expression, indicating

immunogenic and promising responsiveness to immune

checkpoint inhibitors (9–11). In addition, immune checkpoint

inhibitors have significant survival benefit in small cell lung

cancer (12, 13) and Merkel cell carcinoma (23, 24), both of

which are with similar biological characteristics to GEP-NEC.

Inspired by these results, we have planned this trial to investigate

the efficacy and safety of first-line immunotherapy combined

with standard platinum-based chemotherapy in advanced GEP-

NEC patients.

At present, there are a few studies investigating the value of

immunotherapy in refractory advanced gastrointestinal NECs

(15, 16). The phase II study, DART SWOG 1609, explored the

efficacy of nivolumab plus ipilimumab in refractory non-

pancreatic neuroendocrine tumors. The results showed a

relatively high ORR of 44% (8/18) and acceptable toxicity in

patients with gastrointestinal and pulmonary NECs (15).

However, to date, there is no published study exploring the

benefit of first-line immunotherapy plus chemotherapy in GEP-

NECs. We believe our study will propose a brand new treatment

approach for advanced GEP-NECs.

There are several limitations in our study, including lack of a

control group, a small sample size, and uncertain predictive

biomarkers of therapeutic effect. Besides, as this is an

investigator-initiated trial with limited budgets, the histological
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TABLE 1 Patient inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

1. Histologically confirmed local advanced or metastatic gastroenteropancreatic neuroendocrine carcinoma;
primary tumor locations including gastrointestinal tract, pancreas, and bile duct; pathologic diagnosis based on
2019 WHO Classification of Tumors;
2. Age from 18 to 75 years, either sex;
3. Life expectancy of ≥3 months;
4. Eastern Cooperative Oncology Group (ECOG) performance status score 0~1;
5. No prior first-line systemic antitumor therapy since advanced GEP-NEC diagnosis; at least a 6-month interval
between cancer recurrence or metastasis and the end of adjuvant chemotherapy for patients received prior radical
surgery and adjuvant chemotherapy;
6. Measurable disease according to RECIST criteria version 1.1.
7. Adequate hematologic, hepatic, and renal functions: hemoglobin ≥90 g/l, neutrophils ≥1,500/mm3, platelets
≥75,000/mm3; aspartate aminotransferase and alanine aminotransferase ≤3.0 × upper limit of normal (ULN), or
≤5.0 × ULN in case of liver metastasis; bilirubin ≤1.5 × ULN; creatinine ≤1.5 × ULN, creatinine clearance ≥50 ml/
min; activated partial thromboplastin time, prothrombin time and international normalized ratio ≤1.5 × ULN;
8. In case of active hepatitis B or C, antiviral therapy starting at least 14 days before experimental drug
administration and HBV DNA ≤2,500 copies/mL or ≤500IU/ml and HCV RNA within the lower limit of
detection;
9. Informed consent form signed.

1. Histologically confirmed well-differentiated
neuroendocrine tumor, mixed adenoneuroendocrine
carcinoma, etc.;
2. Severe hepatic or renal insufficiency;
3. Myocardial infarction within 3 months;
4. Other malignancy history with disease free
survival <5 years, except for curative in situ cervical
cancer, curative skin basal cell carcinoma and
curative gastrointestinal cancer by endoscopic
mucoresection;
5. Current or past history of autoimmune diseases,
including but not limited to: interstitial lung disease,
uveitis, enteritis, nephritis, hyperthyroidism, and
hypothyroidism;
6. Active pulmonary tuberculosis within 1 year;
7. Severe and uncontrolled internal medicine
diseases;
8. Severe infection needing intravenous antibiotics,
antifungal agents, antiviral drugs, etc.;
9. Pregnant or breastfeeding woman; man and
woman unwilling to take any contraceptive
measures;
10. Long-term history of chronic diarrhea, or
complete intestinal obstruction;
11. Immunosuppressant or corticosteroid (systemic
or local) use to suppress immune function within 2
weeks before inclusion;
12. Ever received treatment of immune checkpoint
inhibitors;
13. Allergic disease history, severe hypersensitivity to
experimental drugs;
14. Congenital or acquired immunodeficiency such
as HIV infection;
15. Other conditions that investigators consider not
suitable for this study.
Frontiers in Oncology 04
FIGURE 1

Outline of the study design.
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and radiological evaluations are performed in local centers

without centralized assessment.
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